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PREFACE

Hazardous Waste Management in Industry is the third number
in the Energy and Environment Series of the Industrial and
Technological Information Bank (INTIB). The following page
lists other titles in the Series as well as other, related titles.

The lead article admirably sets the scene for the subsequent
abstracts. Although lengthier than such articles in previous
numbers of the Series, it succinctly presents options for man-
agement, treabnent and disposal of existing wastes, including
criteria for site selection and the economic considerations in-
volved.

A variety of infonnation sources have been utilized to produce
this volume, which covers ways to manage as well as to avoid
environmental hazards res ulting from a range of industrial sec-
tor activities. The reader will find related infonnation in the
previous titles dealing with industrial effluents and recycling.
The main industrial sectors dealt with in this volume are metal-
lurgy; plastics, ceramics and other composite materials includ-
ing the business aspects of these materials; and chemicals and
agro-chemicals, including solvents.

Due to the receipt of material from the organizers of the First
International Symposium on Environmental Contamination in
Central and Eastern Europe, there is a concentration on environ-
mental engineering and waste/site remediation techniques for
managing or reducing the impact of the results of previous bad
management practices. Some of the topics covered in this sec-

tion of the volume include: monitoring; legislation and regula-
tions; waste recovery and recycling; risk assessment and man-
agement; soil remediation; waste disposal and conversion meth-
ods; water management and treatment. This section contains
abstracts of a mixture of reports from the Eastern European
region and proven technologies from other regions for analys-
ing, controllinglmonitoring and managing the problems which
have been identified. There are over 270 abstracts of technical
papers on the above subjects.

UNIDO also convened a meeting on the topic of hazardous
wasteS and the proceedings have been abstracted and included
in this volume.

The Industry and Environment Review, prepared by the In-
dustry and Environment Programme Activity Centre of the
United Nations Environment Programme, as before, adds a
valuable perspective to the Series. This time 3 issues of the
Review are featured, each containing around ten articles on the
subjects of solvents, technological accidents and computer tools
for environmental management in industry.

As in previous volumes of this Series, Materials Information
supplied half of the data, which were extracted from their Metals
Abstracts, Materials Businees File and Engineered Materials
Abstracts data bases. These abstracts are contained in the first
part of the volume.

ill
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HOW TO USE TmS PUBLICA nON
The Energy and Environment Series consists of a recent techni-
cal report on a current topic (in this case, hazardous waste
management in industIy), followed by two sections containing
abstracts of technical material.

The first section is entitled" Hazardous Waste Management"
and contains almost 400 abstracts of papers taken from three
leading international databases on materials technology. The
abstracts are arranged under three topics: metals, advanced
materials and business aspects of materials technology.

The second section is entitled "CLEANTEC DATA" and
contains a similar number of abstracts of technical reports
(mostly unpublished) obtained and processed by UNIDO in the
course of its energy and environment information activities.
CLEANTEC DATA is the name of the system of databases
established by INTIB.

This section is subdivided according to the source of the
information as follows: UNIDO (United Nations Industrial
Development Organization, Hazardous Waste Management

. Workshop, Vienna, 22-26 June); UNEPIIEPAC (the IndustIy.
and Environment Programme Activity Centre of the United
Nations Environment Programme); BUDAPEST '92 (First In-
ternational Symposium on Environmental Contamination in
Central and Eastern Europe, 12-16 October 1992).

All the abstracts include:
• A sequential record number,
• The title of the document in upper-case letters;

• An alphanumeric code in brackets;
• An abstract;
• Author(s) and/or corporate author(s);
• Other bibliographic details.

Three indexes are available, covering both data sections,
using subject descriptors from the Thesaurus of Metallurgical
Terms and Thesaurus of Engineered Materials, published by
Materials Information, and the Thesaurus of Industrial Devel-
opment Terms, published by UNIDO. The subject index in-
cludes the sequential record number of the abstract and the title
of the document.

There may be variations in the application of terminology
from the three thesaurii: in some cases the use of singular or
plural varies, in others American English spelling is used.

NB: Please note that the following terms willIlOt be found
inthe subjed index, as tliey are the main subject of this issue:
waste disposal; environment; industry.

The author and corporate author (which includes author afflli-
ation) index entries include the name in alphabetical order
followed by the sequential record number.

General points to note:
• In some cases, the titles of documents have been edited

or translated;
• In the second section, the technical reports are mainly

unedited, unpublished papers.
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Introduction
Unprecedemed economic growth since the second World War

has resulted in record production of industrial and consumer
goods, including huge quantities of chemicals for various' end
uses. This has led to an increased output of the waste materials
which cause air, soil and water pollution The amounts of waste
have become so large that new industries and specialist engi-
neering expertise have to be developed to minimize waste
geneIation and to establish acceptable disposal systems.

Air and swface water pollution are the most conspicuous
types of pollution and therefore receive prime attention by the
public. IncontIast, soil and groundwater pollution are concealed
from direct obseJVation and become public issues only after
massive ingestion has already taken place and/or hazardous
conditions for human health have been confumed by analytical
evidence.

There are many somces of pollution, varying according to the
particular countIy and location. Single polluting compounds are
generated in gaseous, liquid or solid forms. Many of them are
relatively inert to physico-chemical or biological degradation
and thus pose no particular threat to the natuIal environmem.
However, OtheIS are highly reactive and must be treated and
disposed of safely to minimi7P. possible environmeDtal impact

Waste products, which cannot be further reduced and treated,
end up in the fonn of solid waste on landfill sites and in
undezground repositories. Often these sites are a great nuisance
because of their appearance and molestation by smoke, odour
and windblown debris. More important is the potential danger
posed by the unknown amounts of hazardous components fre-
quently .con1ainedin household and industrial wastes. They may
find therr ~~ as leachates into groundwater, thus violating one
of the pnnclpal rules of safe waste disposal management,
namely the prevention of water resomce contaminmion

Suchcontaminmion can only be avoided ifwaSte products and
potentially toxic leachates are safely contained within the
boundaries of the repositories and no further contact occurs with
the enclosing geologic environment. This condition should be
fulfilled as far as possible for inert wastes, but it constitutes a
mandatoty provision if hazardous waste is deposited.

L APPROACHES TO POLLUTION
CONTROL

A. General
Pollution coDtroI forms an inherem part of the measures

required to safeguard the environment, while at the same time
permitting industrial and social development to proceed under
safe, controlled conditions.

There are two types of environmental considerations associ-
ated with industrial activities:

(a) The safety of the internal working environment for the
labour force;

(b) The impact of construction and subsequent operation
of a plant and waste disposal on the external environ-
ment

This report concerns (b), i.e. the effect of constIUction of
industrial plants and their subsequent opemtion on the environ-
ment. It is an extremely wide ranging topic and includes the
~t and ~t impact of constIUction, the effect of produc-
Ing unavoulable quantities of industrial waste residues solid,
liquid or gaseous, the demands made on natural reso~s (e.g.,
water, fuel and power), induced changes to social structures and
socio-economic effect This report will confine itself to the
control aspects of industrial pollution

~. ~erity of industrial pollution and the controls required
to limit Its effects to within acceptable limits depends IIOtonly
on the products manufactured and the processes employed, but
almost eq~ on the plant locations; including their proximity
to populatlon ceD1reS,as well as the absorptive capacities of
local areas to accommodate waste residues. For example, liquid
wastes may be more readily dispensable to acceptably low
enough.concentIati.ons if the large quantities of water required
~ ~ailabl~ at ~arby locations to reduce toxicities through
dilution or if bemgn reactions with co-disposed other wastes
reduce or elim;nllte their hazardous nature.

Similarly, gaseous waste products can be controlled more
~ if such gases can be removed away from population or
agncultural ceD1res by prevailing winds, e.g., through ade-
quately high stacks. Solid wastes can be more readily disposed
of when local areas coDtain candidate landfill sites which would
not cause pollution to groundwater if containmem soils have the
required sorptive and hydrological characteristics. Because the
specific sources and natures of wastes from each industIy vaty
widely, the identification and quantification of wastes is essen-
tial, if a t~hnically and economically reasonable, acceptable
and effectIve coDtroIof pollution is to be achieved.

Inmapping out an approach to pollution control, the following
steps should be considered:

(a) Initi~ screening to identify main areas of present/or po-
tential environmental sensitivity impacted on by exist-
ing plant or new plant design concept;

(b) Assessment of present or potential impact of current or
proposed activity on environment Identification and
appmisal of linkage(s) between industry or plant and
ecological and biological systems, over the short and
long terms;

(c) Identification of the action required to abate adverse ef-
fects, e.g., legislative, regulational, educational, inter-
national and financial aspects;

(d) Analysis of the effects of the action taken, including
economic, financial and technical viability of any inno-
vative action(s) and

(e) Where external funding is required, the implications of
such funding through bilateral or multilateral and inter-
national agencies on project viability.

B. Pollution control parameters
One method of designing pollution control measures is to

~uce "~nd-of-pipe" waste products according to the type of
~~ ~olved. This method is particularly relevaDt to exist-
Ing industrial plants. Where feasible, it could include the re-
placemem of existing equipment and processes by less waste-
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(b) Biocides and their derivatives other than those listed in
the prohibited group;

(c) Organosilicon compounds and substances which may
form such compounds in the marine environment, ex-
cluding those which are biologically harmless or are
rapidly converted into biologically harmless sub-
stances;

In addition, UNIDO prepared a table of waste types which it
recommended should not be dumped into any inland waterway
without the issue of a special permit from the national authorities
having such licensing poweIS. The following substances, fami-
lies and groups of substances and sources of pollution, are
included, not listed in order to priority, and have been selected
mainly on the basis of criteria used in the list of prolubited
materials, while taking into account the fact that some of them
are rendered harmless by natural processes and therefore with a
less severe environmental impact

(a) Elements and their compounds:

producing alternatives; it could also include improvements in
efficiencies (e.g., technical innovations such as energy conver-
sion processes and in plant training of peISonnel), application
of recycling or reuse potentials, and waste management alterna-
tives, the latter including emphasis on process alternatives mini-
mizing waste generntion

In earlier attempts to establish guidelines for UNIDO OfficeIS
in evaluating the environmental impact of industrial projects, *
"prohibitive lists of materials" were prepared and recom-
mended as being interdicted from dumping into waterways.
These maierials are evaluated on the basis of their toxicity,
peISistence and bioaccumulation and they include the follow-
ing:

(a) Organohalogen compounds and substances;
(b) Organophosphorus compounds and substances;
(c) Organotin compounds and substances;
(d) Mercury and mercury compounds and substances;
(e) Cadmium and cadmium compounds and substances;
(f) Used lubricating oils;
(g) PeISistent synthetic materials;
(h) Substances with proven carcinogenic, teragenic or mu-

tagenic properties, ingested in or through the marine
environment and

(i) Radioactive substances and their wastes when their dis-
charges do not comply with the principles of radiation
protection

I.zinc
2. copper
3. nickel
4. chromium
S.lead

6. selenium
7. menic
8.antimony
9. beryllium
10. titanium

11. tin
12. barium
13. beryllium
14. boron
15. uranium

16. vanadium
17.cobalt
18. thallium
19. tellerium
10. silver

(d) Crude oils and hydrocarlx)Ds of any origin;
(e) Cyanides and fluorides;
(f) Non-biodegradable detergents and other surface-active

substances;
(g) Inorganic compounds of phosphorus and elemental

phosphorus;
(h) Pathogenic micro-organisms;
(i) Thermal discharges;
(j) Substances having deleterious effects on the taste and/or

smell of products for human consumption derived
from the aquatic environment, and compounds liable
to give rise to such substances in the marine environ-
ment;

(k) Substances which have, directly or indirectly, an ad-
veISe effect on the oxygen content of the marine envi-
ronment, especially those which may cause eutrophica-
tion;

(1) Acid or alkaline compounds of such composition and in
such quantity that they may impair the quality of sea
water;

(m)Substances which, though of non-toxic nature, may be-
come harmful to the marine environment or may inter-
fere with any legitimate use of the sea due to the quan-
tities in which they are discharged.

The products of the chemical industry and the waste residues
resulting from their synthesis are a major component of materi-
als requiring hazardous waste management. They form a group
of materials that are highly heterogeneous in properties and
conditions, many toxic to highly toxic, some biodegradable,
while OtheIS do not lend themselves to treatment at all.

c. Treatment
An example of a group of chemicals, highly differentiated but

toxic innature and in extensive use, is polychlorinated biphenyls
(PCB's); many of these present special waste disposal prob-
lems. Chlorinated wastes differ from each other by the way the
chlorine is chemically present and the solid, liquid or gaseous
phase in which the waste OCCUIS.Wastes in this context refer not
only to the primary wastes produced during the manufacturing
process, but also to chemicals that are obsolescent, either be-
cause they are out of date or. because there is insufficient
demand for them.

Toxic wastes from other industries include the important
sector of electroplating, including sludges, liquid and solid
wastes. The main hazardous waste streams are shown in figure I.

Waste streams from the electroplating industry need special
treatment, as they contain potentially hazardous elements such
as cyanides, chromium, nickel, cadmium and zinc, all of which
are classified as toxic substances.

In a commonly employed treatment process, which is widely
used in the industry, chromium complexes and cyanides are

4
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Figure I.Simplified typical metal-finishing operations and hazardous wastes streams originating from each step ....

MetalPart ~ Machining Parts cleaning Pickling

Spent coolants Spent solvents Spent acids

Plating Finished metal parts

Spent baths Drag out rinse

Figure ll. Flowsheet of used oil and oil-sludge treatment

Water phase
Wastewater

sed oll, oil sludges Pretreatment (decanting, Solid phase treatment

(3 MioMgla) filtration, emulsion breaking)

Combustion
Oll phase

..... Hazardous waste

Refinement Raw material for recycling landfill site

Combustion

Additional fire for Deposition of residuals
hazardous waste in landfills

combustion

u

...From Sutter: "Review of hazardous waste management" (International expert workshop on hazardous waste management, UNIDO, 1987)
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treated at first in separate processes, the hexavalent chromium
being reduced to the less toxic trivalent chromium (usually by
gaseous sulphur dioxide or sodium bisulphate) and then passed
to a neutralization bath, while the cyanide wastes are at first
treated separately to oxidize the highly toxic cyanide by chloride
gas or sodium hypodilorite to a less toxic cyanide and ultimately
to innocuous bicarbonates and nitrogen. The two treated waste
streams are then jointly neutralized and heavy metals brought
down during neutralization as insoluble hydroxides. This is
followed by a gravity separation step to bring down the sus-
pended solids. Sludges are deposited in a chemicallandf1ll.

The electroplating industry is known to be one of the principal
causes of cont~mirultion of both soils and groundwater. It was
found that, in local areas surrounding such plants, there was
severe deterioration in groundwater quality, caused mainly by
spillage of chlorinated hydrocarbons, at times leading to such
high anomalous concentrations that wells have had to be sealed.
In other cases, the improper handling and disposal of spent
plating solutions led to severe increases in Cr and Cd concen-
trations. Machining of parts requires the use of emulsion oils for
cooling and lubrication; coDf;lmirulnt!: of these oils could in-
clude emulsifiers, biocides and special lubricating additives.
The extent and nature of these conmmin~nts will determine
whether the oil can be reprocessed in a refinery or burnt in
special incineration plants.

A flow sheet of the treatment of used oils and sludges is shown
in figure ll.

D. Water management
One of the characteristic features of developments in the

recent past is the clearly broadening scope of water manage-
ment. To the conventional tasks of protecting life and property
against floods, droughts and erosion, ensuring drinking water
supplies, satisfying the demand of industry and agriculture, and
improving water quality, the task of maintaining and restoring
the natuI3l state of the water resources has been added Respon-
sible regulating authorities have become aware that respect for
the prime characteristics and functions of water constitutes,
especially in the long-term, the only rational basis for interven-
tion in the hydraulic regime, whether it be regulation, drainage,
abstraction or waste disposal.

Over the years, the tasks and concerns of public water man-
agement have been steadily expanding in response to the new
requirements arising from socio-economic developments, in-
creasing pressure on water resources and changing perceptions
of their role and function. In the first two post-war decades, the
attention of competent authorities was focused on the provision
of quantitative supply. The aim was to satisfy, as far as possible,
any demand for water and water-related services. Towards the
end of the 1960s, when governments everywhere were begin-
ning to consider the secondary and systematic consequences of
excessive resource use and its ensuing social costs, the quality
of water became an additional and, in many instances, the main
concern of water management

While protection of the prime quality, or natural state, of water
was usually implicit, it is only now that water management is
being expressly called upon also to ensure suitable conditions

for the water-depeodent ecosystems. During the 1980s, the
concept of water as a resource in its own right, with prime
quality and functions which should be mllint~ined and restored,
gained acceptance, thus promoting a new s<H:alled ecosystems
approach to water management The underlying principle that
aquatic ecosystems should be protected in their natural state is
embedded in the many new water acts and other updated,
consolidated water legislation of recent years which have been
described; it is also apparent in current strivings for the devel-
opment and implementation of integrated policies and strategies
to deal with the complex and interrelated problems of the water
management sector.

Integration of water management has been proceeding espe-
cially between developed countries at many different levels.
With respect to administration, it would appear important eve-
rywhere to define an appropriate basic unit of management A
number of countries seem to have chosen the watershed for this
purpose. A proper balance between centralization and decen-
tralization of powers is another problem of integrated water
management, the maintenance of necessary flexibility for adap-
tation to local conditions being an important issue. Many coun-
tries have opted for making water management a part of the
government body responsible for general environmental protec-
tion policy, others are relying more heavily on a cooIdinated
network of operative links throughout the administrative struc-
ture.

In the overall planning process, consideration is increasingly
being given to the multi-purpose use of waters and the impact
of various uses on other natural resources. The linkages between
swface waters and groundwaters, as well as between quantity
and quality of the water resources are recognized. Supply plan-
ning is to a great extent being complemented, ifnot yet replaced,
by demand planning and appropriate measures to influence
consumption and use. Great efforts are also being made to create
integrated water supply and disposal systems. A very important
feature of the current situation appears to be the emphasis placed
on the cooIdination ofland-use planning and water management
in regional development In this context, "water-use planning"
is also being introduced, implying evaluation of present and
future uses as well as potential conflict or compatibility of user
interests in respect of specific water resources.

1. Preventing reduction in water quality

Whatever the eventual increase in demand for water will be
for the rest of this century, the main concern is the deteriorating
quality of available resources. Under the impact of policies to
promote water saving and pollution control, the use of water in
some economic sectors is changing. On balance, the impressive
growth in water needs, which was forecast only some ten years
ago, would not seem to materialize, and the efforts of the past
decade to put a brake on, and eventually to stop, pollution at
least from municipal and industrial point sources have had some

_ effect. This does not preclude the existence of serious local, and
even regional, pollution problems and qualitative protection of
the water environment is emerging as a major issue in connec-
tion with the mounting impact of urban and industrial expansion
on natuI3l systems.
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Even if remedial and preventive action can point at gratifying
results, any appraisal of the present situation usually has some
pessimistic undertones: restoring polluted water courses and
water bodies to their natural state has been found to be a long
and costly process; and there are a number of pollution problems
calling for urgent attention, raising intricate questions of policy.
Although the rate at which the pollution of surface waters was
growing would seem to have been stemmed or halted, and in a
few instances even reversed, the cleaning-up process is proving
to be slow and costly everywhere.

High concentrations of organic pollutants, including phos-
phorous and nitrogeneous compounds which lead to eutrophi-
cation, cause damage to many surface water bodies. Ina munber
of countries, measures have been taken to control phosphorus
in municipal sewage discharges, but the lowering of loads is
often slow to show effects. Untreated municipal sewage may be
a pollution source of diminishing importance in a few countries;
however, it is still far from having been elimirmted and full
control will require heavy investments in the years to come.

Chemical pollution, mostly from small-scale industries still
dumping their wastes on land and water, and from farms using
excessive amounts of fertilizers and pesticides, is a concern
common to allcountries. Toxic wastes in water bodies constitute
a threat which can no longer be neglected, because the time
needed to eliminate even present levels of toxic pollutants may
be exceedingly long. Toxic contamination is likely to become a
prime issue of water-management policy. At national levels, this
problem does not seem yet to have been brought under adequate
control anywhere. It involves large amounts of hazardous
wastes from various sources and leakage from landfills and
sludge deposits which often escape detection. Furthermore,
many presently used waste removal and disposal methods are
simply returning toxics to the environment. Another serious
problem is that of aitborne pollution, including acid precipita-
tion containing sulphurous and nitrogenous compounds. These
cause damage to water bodies with low buffering capacity, by
destroying the basic conditions for any aquatic life.

A general issue of particular importance is the growing threat
of contamination of ground water. Once groundwaters are pol-
luted, it becomes very difficult and expensive to clean them or
even to stop the spread of contamirmn.ts. As water in aquifers
moves slowly, it may take decades before the pollution makes
itself felt Moreover, because of communication with surface
waters, both sources of supply may eventually become polluted.
Toxic contamination of groundwaters effectively renders them
unavailable for genemtions. As groundwater is used to a great
extent for the supply of drinking water, preventive action should
be taken by drawing up vulnerability maps and establishing
protected catchment areas. Few countries would seem as yet to
have established systematic country wide monitoring of ground-
water quality, but the cases of groundwater pollution reported
to date suggest that long-term drinking water supply may in
many instances be jeopardized unless appropriate measures are
taken.

Water management authorities have recently been dmwing
attention to greater nitrate concentmtions in surface as well as
groundwaters, sometimes permanently exceeding permissible

health standaId levels. This problem is intimately linked to the
broader and intricate question of so-called non-point source
pollution which, in the near future, is likely to become one of
the main issues of water management policy. Water pollution
regulations have for a long time been mainly directed towards
readily identifiable polluters, such as industrial plants and mu-
nicipal waste-water treatment plants. However, for a large por-
tion of polluting dischaIges to water bodies, the responsibility
falls on dispersed area-wide sources such as farms, forests and
urban surfaces which are much more difficult to control.

In this very important and highly topical field of pollution-
control policy, research and experimental work is in progress in
several countries with a view to designing effective stmtegies
and policy instruments. In this context, it should be underlined
that groundwater resources, which often are of critical impor-
tance for withdmwals to provide drinking water, are now be-
coming increasingly threatened. The threat to the groundwaters
comes from a multitude of diffuse pollution sources, which are
much more difficult to control than the point sources. Diffuse
pollution is related, for instance, to agricultural techniques
relying on heavy use of fertilizers and pesticides, run-off from
urban and industrial areas, landfill repositories containil'\g haz-
ardous and toxic wastes, and outfall of air-bome pollutants. It is
in this context that new water-management policies with broad
linkages to policies in other compartments of national admini-
stmtion will be required.

In some countries, developments in this direction are already
in progress. It is becoming increasingly necessary to have access
not only to data of the conventional type but also to have a
continuous flow of information on the state of the aquatic
ecosystem. Inthe future, great emphasis will likely be placed on
biological water testing. As a support for continuous adjustment
to new situations, governments are ore;mi7:ine regular collection
of basic water statistics to assist forward planning and research
into significant relationships between socio-economic phenom-
ena and water resources.

2. Cooperation in the fidd of transboundary waters

Such co-operation is highly important in a number of regions.
For example, the Ministerial Conferences of the International
Commission for the Protection of the Rhine against Pollution,
which were held in autumn 1986 following a major pollution
accident, have set up ecological objectives for the newly re-ex-
amined protection policy. The riparian countries of the Danube
River, in their Declaration of 1985, agreed on objectives of the
same chamcter. Similar developments have been reported in
respect of both bilateral and multilateral co-operation concern-
ing othertransboundary water bodies. A tendency has also been
noticed to widen the scope of activities conferred on the joint
bodies for the implementation of agreements.

There is concern over the increasingly disturbing effects of
diffuse pollution, which is related to factors which are difficult
to tame or control, e.g., agricultural technology relying on heavy
application of fertilizers and pesticides; dischaIges from inten-
sive livestock breeding; run-otIfrom sealed urban and industrial
surfaces; seepage from old and new landfills and sludge depos-
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its; atmospheric fall-out and side-effects of expanded tourism
and recreational activities.

Awareness is growing that this type of pollution constitutes a
threat not only to surface waters, but also to groundwaters,
which in many areas remain the only source pennitting the
supply of drinking water quality to the populatiOll Groundwater
cont;!min:ltion is often a long-tenn, accumulative process; thus,
it is far more serious than SUIface-waterpollution; rehabilitation
requires extended periods of time and sometimes is not even
posSIble. Particularly critical is the need to reduce, control and
regulate the use of chemicals insuch applications as agricultuml
fertilizers and pesticides, e.g., through the use of innovative
techniques in farming. A vel)' urgent question is the discharge
of toxic wastes into water bodies. The problem of hazardous
wastes is nowhere adequately controlled, though sizeable quan-
tities of hazardous waste from various sources are involved.

Some presently used methods of waste removal and disposal
imply direct or indirect discharge to water of such toxic materi-
als as poisonous substances, including dioxin, polychlorinated

. biphenyls and chlorinated benzene, chemicals emitted by incin-
emtors and other air-borne chemicals settling on food crops,
drinking water, ingestion by fish and wildlife. Inaddition to the
immediate threat to water bodies, the presence of toxic sub-
stances in sediments is likely to affect adversely aquatic ecosys-
tems in the long-tenn. Transport of co:nt:lmin;!ted sediments
may moreover create problems in downstream reaches of rivers
and thus have eventually trimsboundaIy effects.

The increase in size and complexity of industrial plants and
the rapidly growing volume and distances over which chemical
products are transported contributes to the creation of environ-
meritaI risks. Synthetic products are often highly toxic to the
aquatic environment and, once released into water, they are
non-degradable and bioaccumulative. It is anticipated that, in
the next decade, accidental pollution of water resources will
become of even greater concem Although preventive measures
could contnbute to minimi7ing the risks of accidental spills of
harmful substances, the probability of failure of the present
sophisticated technological systems cannot be reduced to zero.
Increased international co-operation would be essential to pre-
vent accidental pollution of transboundmy waters and mitigate
the barmful effects of possible spillage of dangerous substances
beyond national jurisdiction.

One of the most basic issues of the future is the design of
practicable policies forthe maintenance and restoration of prime
~ater quality and functions. Such policies may require highly
Ullegrated management as they will have to rely on widespread
recognition that water, being an indispensable economic re-
source, is first of all a vital life-supporting system which, as a
sine qua non, must be protected so as to pennit sustainable use.
Re~~tation of water bodies and their related aquatic ecosys-
tems IS m most cases a lengthy process, involving high costs.
Often, as with aquifers, the restoration of contaminated water
resources may even be technically impossible and natural puri-
fication may take decades.

It is concluded that the protection of water resources and the
~te~e of water at drinking quality levels is becoming of
lDCreasmg concem Emphasis should be on preventive action

lather than remedial and on international Co-opemtiOIl Impor-
tant issues in this respect are the following:

• Formulation of policies needed to deal with non-point
sowce pollution;

• Prevention of further cont:lmimtion of waters by toxic
substances including wastes (e.g., waste deposition in
sanitary landfills etc.);

• Prevention of accidental pollution;
• Maintenance of water-processing equipment;
• Increased consideration of the sustainable Use concept of

available water resources and
• Limitations in the use of pesticides and fertilizers for

agricultural purposes.

ll. HAZARDOUS WASTE MANAGEMENT
1. Prevention, treatment, disposal

Hazardous waste management includes prevention (waste
minimi7:1tion, recycling, clean technology), treatment (physi-
cal, chemical, biochemical) and disposal. It is the objective of
treatment and disposal technologies to render wastes less haz-
ardous and to dispose of them insuch a manner that any negative
impact on the environment is reduced to the lowest possible
level. Pollutants and waste products affect land, water and air
and become entrapped in these media by physical, chemical and
biological reactions and mechanisms. The earth sciences are
~aluable tools in understanding these phenomena, because they
mvolve the study of geological processes and materials. Their
input is necessary and vital in order to produce a database in
decision-making processes leading to the safe management of
such wastes.

Categories of types of waste disposal methods are discussed
later in .this report. In order to arrive at an environmentally,
economlcally and technically optimum selection of one of these
under specific conditions, a thorough understanding of waste
and site characteristics is a prerogative. Consideration should
invariably be given to the feasibility of treating the wastes prior
to disposal.

Such treatment could include any or all of the following:
(a) Detoxification of the wastes (e.g., by thermal, physical,

chemical, biological processes);
(b) Sepamtion and concentration of the hazardous constitu-

, ents in a reduced volume'
(c) Stabilisation, solidificati~n and encapsulation of the

wastes to inlubit leaching.

A. Treatment of hazardous wastes prior to
deposition

The wastes deposited in whatever environment is applicable
and suitable, can be a mixture of organic and inorganic materi-
als, hazardous and even nonhazardous wastes. They can be
solids, liquids, sludges, or a combination of any or all of these.
The ~jor environmental risk at sites is from the leaching of
chemlcals and their mobility and transport to water resources.
Inmany instances it makes sound economic and technical sense
to pre-treat hazardous wastes before disposal. Ideally the treat-
ment should be carried out before leaving the producer's site.



Waste disposal processing technology, sites, type and appli-
cability depend, among others, on the particular situation, in-
cluding the type of waste, quantity, phase, degree of toxicity.
Possibly applicable technology fills into two main categories:

• Physico-chemical pretreatment to detoxify, neutralize,
de-emulsify and dehydrate the waste and

• Thermal treatment (incineration, pyrolysis, oxidation,
etc.) to reduce the bulk of the waste and the hazard it
presents.

In general, where the technology is available, economics is
the major determinant of whether or not wastes can be treated
before disposal.

Thermal processes refer to methods of degrading hazardous
wastes by the application of heat, either in the presence of
oxygen (incineration) or in its absence (pyrolysis). A number of
technologically more advanced thermal methods, such as
plasma an;;s and torches, high temperature fluid wall reactors,
microwave systems, molten salt reactors, wet oxidation and .
supercritical water reactors, have been used in the destruction
of hazardous wastes. Their application is generally restricted to
those chemicals for which othertreatmeDt is either not available
or too inefficient, as present costs of these methods considerably
exceed those for incineration.

Incineration of wastes. With the imposition of increasingly
severe restrictions on the direct disposal of hazardous wastes in
sewers and landfills, greater usage is being made of incineration
processes. When incinerators, equipped with the proper stack
scrubbers and/or precipitators are operated properly at suffi-
ciently high temperatures and residence times, they usually
yield an acceptable gaseous product for emission to the atmos-

Figure ill. Leaching behaviour of timber treatment wastes, before
and after treatment to reduce leaching .
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illustrative of the effect of pretreatment on leaching rates is the
plot of leaching rates before and after treatment in figure ill. In
some cases, pretreatment can lead to complete decomposition
into harmless materials or to recycling and reuse of part of the
wastes, in others to a reduction in volume, but in all cases a
reduction in hazardous characteristics will make the waste safer
during subsequent handling and transportation. Examples of
pretreatment are given below.

Chemical treatment processes could include neutralization,
oxidation, reduction, photolysis, precipitation, ion exchange,
catalysis, caicination, and fixation.

Examples are:
• Destruction of cyanides by alkaline chlorination, using

Na or Ca hypochlorite;
• Reduction in liquid content by settling, filtration, drying

or centrifuging;
• Neutralization of strongly acidic or alkaline materials

(sludges may form in the process and will require dis-
posal);

• Oxidation or reduction to render wastes less hazardous by
conversion, e.g., the reduction of hexavalent to trivalent
chromium by ferrous sulphate oxidation;

• Encapsulation or solidification, e.g., by the proprietaJy
SYNROC process, organic polymer coatings, encase-
ment in concrete to reduce mobility in the landfill mass;

• Pretreatment by a combination of methods, e.g., sawdust,
ferrous sulphate and lime.

Physical treatment could comprise distillation, evaporation,
cmbon, resin or mineral absorption, liquid-liquid or liquid-solid
extraction, Cl)'ogenics, flotation and foam/liquid fractionation,
sedimentation, flocculation, filtration, centrifugation, reverse
osmosis, gas stripping, dialysis and electrodialysis. All these
processes have been proven on an industrial scale and can be
readily incorporated in plant operations.

Combinations of measures are sometimes applied, as illus-
trated infigure llI,which shows the decrease in the leachability
of copper, chromium and arsenic achieved by pre-treating tim-
ber treatment sludges with sawdust, ferrous sulphate and lime.

One of the simpler and relatively less expensive stages in the
treatment is to cany out waste separation and concentration at
an early stage of the waste treatment process. Even with a
minimum amount of waste, it is possible to isolate the more
hazardous and/or toxic waste streams from the remainder.
Waste separation early in the process stream, as well as simple
isolation of similar wastes into separate disposal containers, can
reduce waste handling and disposal costs considerably. Inaddi-
tion, the recovery of some of the wastes, either physically (e.g.,
using pyrolysis) or in the form of energy (from incineration) can
improve the cost factor.

Wastes should be treated wherever this is technologically and
economically feasible, to convert them from hazardous to less
hazardous or non-hazardous materials. Where treatment is not
feasible, disposal in a specially isolated landfill repository, such
as a chemical landfill repository, may be necessary. The residues
generated in treatment processes require permanent disposal.
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phere and an inert, reduced volume of ash suitable for disposal
in landfill repositories. Figure N is a schematic flow sheet of an
incineration system.

Knowledge of the characteristics of the particular waste to be
burnt is a prerequisite to efficient and economic incineration,
i.e.:

Organic wastes. Hydrocarbons containing only carbon and
hydrogen (as well as small quantities of sulphur) are self-com-
bustible. Burning with the correct quantity of air will yield CQz,
Oz, N2 and water vapour. Heat in the gaseous products gas can
be recovered through a boiler. The presence of sulphur dioxide,
if produced, requires caustic scrubbing or other means of remov-
ing the gas to ensure clean, acceptable stack emission. For the
incineration of [dioxinbearing] wastes, the incinerator must
achieve a dioxin removal efficiency (DRE) of 99.9999 per cent
for each designated principal hazardous organic constituent
(POHC). This performance must be demonstrated on POHCs
that are more difficult to incinerate than tetra, penta and hex-
achlorodibenzo-p~oxins and dibenzofurans (EPA, 1985).

The DRE is calculated from the equation

DRE (Win- Wout)
Win

where Win =mass feed rate of one POHC in the waste stream
feeding the incinerator and

Figme IV. Generalized process for waste incineration

Wout = mass emission rate of the same POHC present in the
exhaust emissions prior to release to the atmosphere.

Halogenated wastes. Depending on the halogen content,
these may require auxiliary fuel. Halogenated wastes include
such chemicals as carbon tetrachloride, vynil chloride, methyl
bromide.

Metallic wastes. Inorganic and organic salts such as sodium
and potassium compounds are in this category. Upon oxidation,
the combustion products will contain these salts in the molten
state; the type of refractory material, the oxidation temperature
and residence times are thus critically important parameters.
Auxiliary fuel is required, because of a possible by-passing of
the burner by the wastes, to ensure complete combustion.

Aqueous wastes. These are defmed as containing at least 60
per cent water and are therefore not self-sustaining in the com-
bustion process. They will require injection through atomized
sprays "down-stream" of the flame zone.

Nitrogen-containing wastes. These include organic com-
pounds having the nitrogen bonded directly to carbon, hydrogen
or oxygen atoms within the chemical structure. The chemical
bonds between the nitrogen atom and the remainder of the
molecule are considerably weaker than the bond dissociation
energy of nitrogen. During combustion therefore, these mole-
cules can produce larger quantities of NOx than is derived by
the thermal fIxation of N2. The objective is to reduce the yield
of NOx, which can be done by a two-stage combustion scheme;
a fuel-rich condition is flI'Stapplied, to be followed by oxidising
the unburnt hydrocarbons in a secondary combustion chamber,
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an alternative is to employ a catalytic NOx abatement system to
reduce staCk NOx emissions to acceptable levels.

Incineration should be a technically planned, engineered
process intended to destroy the hazardous nature of wastes. Its
function is to apply heat directly or indirectly to destroy the
chemical structure of the organic and other compounds and to
reduce the volume and toxicity of the residuals. The basic
objective is to bring about combustion to as complete a stage as
possible and to produce an ash that can be deposited in landfills,
at the same time ensuring that staCk gases can be disposed of
safely. A secondary objective is to carry out the incineration
with minimal energy requirements and at minimal capital and
operating costs. One of the most important components of an
incineratOr system is the primary combustor, the system is
usually referred to by the type of combustor employed. Secon-
dary combustors ("afterburners") are simply chambers designed
to improve destruction efficiencies.

The requirements for an efficient incineration include: com-
pletion of the combustion process, facilities for recovering the
heat and effective cleaning of flue gases, intimate mixing with
sufficient oxygen (and support fuel gas) to ensure complete
combustion and maintenance of operating temperatures long
enough for oxidation to go to completion. Additional desirable
features are the recovery of any valuable by-products and of the
energy made available. Table 1 summarizes the applicability of

. the incinerator-type to each particular type of waste.

1. Incinerator types

A review of the characteristics of the three main incinerators
used on hazardous wastes follows.

(a) Liquid injection type
Features. Simple, refractory-lined cylinders; applicable
to pumpable liquids;
Advantages. No secondary combustion is needed if resi-
dence time inprimary combustor is sufficient. It is capa-
ble of incinerating a wide range of liquid wastes. No
continuous ash removal is required. Ther are virtually no
moving parts and low maintenance costs;
Disadvantages. Only suitable for wastes which can be
passed through a burner nozzle. Burners are susceptible
to clogging;

(b) Rotary kiln
Features. Cylindrical refractory-lined shell slightly in-
clined; normally includes afterburners; usually equipped
with auxiliary fuel firing system;
Advantages. High versatility, applicable to solids, slur-
ries and contained wastes and liquids; continuous ash
removal; retention or residence times can be controlled;
can operate at temperatures up to 1400 °C; well suited
for the destruction of toxic compounds;
Disadvantages. Needs secondary combustors; high
capital costs; spherical or cylindrical items may roll
through kiln, high particulate loadings; problems in
maintaining seals; drying of aqueous sludge wastes can
lead to clinker formation;

(c) Hearth Incinerators
Features. Basically a two-stage combustion process.

Advantages. Well suited for sludge disposal; capable of
evaporating large quantities of waste-bound water. Ver-
satility in fuel- type. For hearths with a multi-zone con-
figuration, fuel efficiency is high and improves with
number of hearths used: adjustable temperature profile
(fuel bmners);
Disadvantages. Needs a secondary combustor; solid
wastes require preheating. Not well suited for wastes
containing fusible ash, or wastes which require extremely
high temperatures for the destruction of irregular bulky
solids;

2. Dioxin wastes

Hazardous wastes grouped under the generic term of dioxins
are wastes from the production of certain (chlorophenols and
chlorophenoxy) pesticides, using tetra-, penta- and hexacblo-
robenzines, under alkaline conditions, as well as discarded
unused formulations containing trio, tetra- or pentachlor ophe-
nol and their derivatives. The dioxin wastes are defined by the
specific manufacturing processes (EPA, 1985b). Data on the
quantities produced worldwide are not completely available, but
estimates of the quantities existing in the United States and
awaiting final disposal were 5,300 tonnes (in 1985). In the
United States, incineration specifications for dioxin wastes must
meet the requirements set forth in a series of directives by the
Environmental Protection Agency (1985) .

Several thermal as well as other processes have either been
used for the treatment of dioxin wastes, tested on other chlorin-
ated waste streams or are currently under investigation. These
include the following: .

(a) The EPA mobile incineration system
This is a mobile rotary kiln incinerator, intended to
process wastes at the point of generation. The main steps
of the process are:
• primary combustion;
• secondary combustion;
• quenching and
• saubbing.
Trial burns with dioxin wastes indicated that Destructive
Removal Efficiencies (ORE's) exceeded 99.9999 per
cent for the PHOC's bmned (Yezzi etal., 1984).

(b) The Advanced Electric Reactor (AER)
The AER (owned by the J.M. Huber Company, Borger,
Texas) was specifically designed for on-site detoxifica-
tion of soil.

The reactor employs a new technology for bringing
materials up to temperatures between 2,200 and 2,800°C,
using intense thermal radiation in the infrared region. The
reactants, which can be either solid. liquid or gaseous, are
insulated from the reactor walls by nitrogen gas flowing
inward radially through porous graphic core walls. The
reactor core is heated to incandescence via carbon elec-
trodes, the heat transfer being effected by thermal radia-
tive coupling from the core to the input of waste materi-
als. Destruction is by pyrolysis rather than oxidation.
After leaving the reactor, the gaseous and solid products
pass through two post-reactor treatment zones. Solids
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Table 1.Applicability of available incinerators to different waste types

Wastetype Rotary Kiln Liquid Injection Fluidized Bed Fixed hearth
(controlled air)

Solids

Granular, homogeneous * * *
Irregular, bulky (pellets etc.) * *a
High melting point (tars etc.) * *b * *
Organic compounds with fusible ash constituents
Unprepared, laIge, bulky material *

Gases Organic, vapour-laden *c *c *c *c

Liquids

High, organic strength aqueous wastes *d * *
Toxic organic liquids *d * *

SolidslLiquids

Wastes containing halogenated aromatic * *e
compounds

Aqueous organic sludge *f *

*' Incinerator is suitable for the particular waste type.
a/ Handles large material on a limited basis.
hi Ifmaterial can be melted and pumped. .
cl If it can be properly fed into incinerator.
dI Ifequipped with auxiliary injectionnozzles.
eJ If liquid.
fI Provided waste does not become stickyon drying.
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exiting from these zones are collected and isolated from
the atmosphere, while gases are cleaned of any fine
particulate matter by cyclone treatment. Caustic scrub-
bing effects the removal of any chlorine: any residual
organic and chlorine is removed by passing the gas
through activated carbon

The solids will require disposal, while the gas product
(composed of almost entirely nitrogen), can be dis-
charged into the atmosphere.

Several tests carried out in 1984 for the process with
carbon tetrachloride over a wide mnge of opemting con-
ditions claimed a DRE of greater than six nines (more
than 99.9999 per cent).

The potential advantages claimed for this process in-
clude its mobility, high treatment efficiencies, intrinsic
safety features and detoxification in a pyrolytic atmos-
phere. The results obtained have led to certification by
licensing authorities for destroying PCB-<:ont~mimted
solids.

(c) Newer technologies
Among such technologies using chemical processes is
the NaPEG method, developed by the Franklin Institute

of Philadelphia, USA, for the destruction of certain
classes of toxic chemicals, including PCB's. The process
employs a liquid polymeric complex of modified sodium
polyethylene glycolates which dechlorinates PCB's over
a wide range of concentrations. The reaction can take
place in liquids and solids (e.g., soils) to produce dispos-
able water-soluble oxygenated compounds and common
salts. Research has been under way with this method to
dehalogenate and decontamin~te chemical plant efflu-
ents, toxic waste spills, pesticide and herbicide residues,
as well as for the destruction of selected phosphorus and
chlorine-containing chemical warfare agents (United Na-
tions Economic Commission for Europe, 1985).

(d) Biological methods
Biodegradation methods are being investigated to de-
velop, identify and test microorganisms capable of de-
gmding highly toxic and refractory organohalide pollut-
ants, including 1,2,7,8-TCDD. However, the toxic con-
stituents can inlubit microbial growth to the point where
it is difficult to maintain an active population of microbes
to metabolize the hazardous wastes at reasonably rapid
mtes of conversion The treatment processes include



Table 2. Treatment processes for solvent wastes

Potential applicability

The term "hazardous wastes" coveIS a IaDgeof industrial and
other wastes, the disposal of which calls for special procedures,
either because of their hazardous nature or physical charac-
teristics. However, as would be expected, such wastes necessi-
tate special consideration at all stages of development. The

O~anic chemical destmction
Incinetation
Wet oxidation

Organic component ~paration
Air or steam stripping
Evaporation
Drying

Solvent sludges

Stabilization/solidification
Cement base fIxation
Pozzalonic fIxation
Urea-formaldehyde polymerization
Thermoplastic encapsulation

• Recycle and re-use (including use as a fuel).

Alternatives to direct land disposal are geneIally applicable to
all types of solvent wastes. The choice of which alternative to.
use will depend on the composition of the waste, the quantities'
involved and costs of the particular treatment.

Because they contain solids, solvent sludges require modifI-
cations in treatment Possible applicable treatment processes
include air and steam stripping, evaporation and drying (for
organic component sepaIation), organochemical destruction by
incineration, wet oxidation and stabilization/solidifIcation (to
treat waste streams too toxic to be bio-degradable and too
diluted for incineration). For the latter, cements, fly ash, lime,
pozzolans and other materials are being investigated in the
United States by the Environmental Protection Agency (Wiles,
(N.D.».

Recycling of those solvent wastes conrnining sufficiently high
quantities of liquid organics for economic recovery is ptacticed
widely; wastes with a sufficiently high BTU and low chlorine
content can also be used as substitutes for fuel.

The series of waste treatment techniques by which solvents
can either be recycled or prepared for environmentally accept-
able deposition are shown intable 2.

B. The disposal of hazardous wastes
1.General

Organic component se.J)aration
Fractional distillation
Solvent extraction
Resin adsorption
Steam stripping
Air striooing
O~ic component destmciton
Incinetation

Organic solvents

Solid removal
Sedimentation/filtration
Centrifugation
Flotation/evaporation

O~ic component transformation
Biological degradation
Chemical oxidation
Incinetation
Wet oxidation

Aqueous and mixed aqueous/organic
soDvents

Phase se.paration
Decanting/sedimentation
Filtration
Flotation
Centrifugation
pH adjustment
Dissolved solids
Precioitation
O~anic component se.J)aration
Air or steam stripping
Fractional distillation
Solvent extraction
Carbon or resin absorbtion

activated sludge, composting, trickling filteIS and aero-
bic and anaerobic waste stabilization lagoons, generally
referred to as land treatment

With reference to 2,3,7,8- TCDD, research has not yet
identified an organism capable of treating this pollutant.
An organism known as white rot fungus (phaenerochaete
Chrysosporium) appealS to be "very promising", al-
though the work is still at bench-scale test stage. The
fungus secretes a unique hydrogen peroxide-dependent
oxidant capable of degrading lignin, but it is also effec-
tive in degrading organohalides such as lindane, DDT,
4,5,6-trichlorophenol and 2,4,6-trichlorophenol. Tests
have been proposed and are being planned at several
contaminated sites in the United States with the enzyme
system (Bumpus et a1., 1985; EPA, Office of Research
and Development 1985).

3. Solvent wastes

These materials include halogenated and non-halogemted
solvents, mostly toxic and some ignitable, and with sludges and
still bottoms produced in their recovety. While hitherto their
disposal was usually with the land disposal method, this practice
has become restricted; of the 3.1 billion gallons of solvent
wastes generated in the United States in 1981, 1.2billiongal1ons
were restricted. Without prior treatment, the low molecular
weight of the organic constituents may favour reaction with
synthetic lineIS used in 1andfil1s~in addition, their volatility may
lead to emissions to the air at the disposal sites.

Modification to the land disposal method includes:
• Processing to remove toxic or flammable constituents;
• Destructive treatment, including oxidation and
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Figure V. Physical and biological routes of transport of hazardous substances, their release from disposal sites and potential for human exposure
(adapted from van Hook, 1978)
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characteristics of difficult wastes are wide ranging; therefore,
each site must be judged on its merits and suitability for the types
of waste it can receive and appropriate control procedures must
be adopted; generally, more stringent measures are called for,
compared to those employed for the disposal of household or
similar wastes. Carefully planned management, maintenance
and monitoring of repository sites, during the time they are
operating as well as over the required periods of time after
closure is essential to assure their effective isolation over the
required period of time.

2. General environmental effects

The environmental effects of repositories containing difficult
industrial wastes-that is, the effects on landscape, ecology and
the local community is generally DO different from those taking
only household and similar wastes. Nevertheless, it must be
acknowledged that repositories receiving industrial waste will
be perceived as constituting a greater risk to health and safety
in the locality concerned than those that do not. It is correspond-
ingly even more important therefore, that operators of difficult
waste repositories should take all possible steps to establish and
maintain good relations with the local communities. There have
been instances in the past when poor design and site selection
and poor management have led to leakages of contaminants to
groundwater and this has caused severe impact on water supply

quality and a great deal of adverse publicity. In fact even today,
industrial wastes as well as municipal refuse are being disposed
of clandestinely or in an otherwise uncontrolled manner.

3. Categories of hazardous waste repositories

There are at least six distinct categories of hazardous waste
disposal methods:

(a) Ocean disposal and other aqueous environments;
(b) Landfill repositories;
(c) Surface impoundments;
(d) Land treatment and
(e) Sub-surface disposal: deep burial deep well injection

(for liquid wastes) disposal of contained liquid wastes
via mine shafts to underground caverns.

(f) Ocean disposal.
The oceans and their near-shore shallow zones have long
been used as disposal sites and for the dilution of liquid
wastes. The wastes are usually piped to some release
point or carried to sea by barges, where they are either
dumped without prior treatment or they are incinerated
before dumping.

The availability of the alternative of ocean dumping for
disposal of last resort is being increasingly questioned,
as it is causing concern over the likely tolerance of this
resource. In fact, in some marine environmentalist oppo-
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nents of this method of disposal allege that the limit has
already been reached. The prospect of causing destruc-
tion to the environment and to the biosphere is real;
concern has motivated investigatiominto the require-
ments for controlling disposal into the oceam. Systems
that have been investigated include portside pretreatment
processes, such as mixing, physical-chemical treatmeDl,
encapsulation and the use of concrete containers.

Resean:h is required on the kinds and limitatiom of
direct ocean assimilation There is also a need to investi-
gate the feasIbility of using controlled ocean confinement
systems. Examples of such proposals include the concept
of injecting wastes, as liquids, sludges or even solids into
sediments occurring in grabens along the edges of conti-
nental plates, particularly in such locatiom with subduc-
tion zones; others include the use of salt domes located
in the oceans and of drilling ~ection wells. The latter
technique could be somewhat similar to the use of deep
injection wells on land, except that the injection point at
sea would be an off-shore platform or ship. Clays located
in deep ocean basins would form suitable host environ-
ments, because of their high ion-exchange coefficients
and their impermeability.

Ocean dumping and incineration at sea is now regu-
lated by international and national legislation, but a major
drawback is the inadequate information that is available
on the impact and relative lack of agreement by scientific
experts of ocean dumping on the marine environmem.
The most relevant mIes governing disposal at sea include
the Oslo Convention for the Prevention of Marine Pollu-
tion Dmnping from Ships and Aircmft (15 Febl'UlllY
1972) and the London Convention on the Prevention of
Marine Pollution by Dumping of Wastes and other Mat-
ters (September 1975). The latter restricts the sovereignty
of states with regard to ocean dumping and prohibits the
dumping of high level wastes. It requires that dumping is
not permitted without the prior authorisation of compe-
tent national authorities, who must give careful consid-
eration to poSSIble environmental effects. The Conven-
tion encourages collective action through appropriate
international bodies

4. Other aqueous environments

Aqueous wastes may be stored in ponds, lagoons and pits.
They could be regarded as a type of long-term storage or as a
means of enabling biodegradation to take place. For other
wastes there are settling ponds to allow solids to settle prior to
the discharge of effiuents to surface waters.

Land disposal of hazardous wastes represents the permanent
placemem of solid, liquid, sludge, or contained gases in or on
the land. It is expected that a portion or all of the wastes will be
present at the site at closure. Unless the waste is totally and
permanently contained, mobile COJrt~min~nts could migrate
from the location at which the waste was originally placed. It is
the migration of (a) components of the original waste or (b)
decomposition or reaction by-products, as run-off, leachates or
gaseous emissions which must be controlled at a disposal site.

Careful evaluation of the relative risk associated with the land
disposal of hazardous wastes is needed Table 3 indicates which
determinatiom are important when land disposal alternatives
are being comidered and evaluated.

Figure V illustrates some of the environmental parameters
requiring comideration when selecting a land disposal site. As
precipitation and surface water percolate through the disposal
area, cont~mirulT1t!i:can be solubilized and carried to the water
table where they are tramperted through the groundwater. The
COIlrnminmedleachate will exist as a plume in the groundwater
because of incomplete mixing and diffusion Transport to and
through the saturated zone can be slow. Clay soils retard such
tramport to a greater extent than sands or gravel, partly because
of high adsorption in the clays. If drinking water or irrigation
wells intercept the cont~min~ted leachate or if the leachate
enters surface waters, adverse environmental and public health
impacts could occur. Surface waters could be contaminated by
run-off from the disposal sites.

Other adverse environmental impacts could also take place.
Contaminmion of the air may occur by loss of volatile waste
components, by gases emitted from the surface or within the site
and by wind-borne contaminated particles. In addition, vegeta-
tiongrowing on the site may be contaminated by waste that may
adhere to leaves and by the uptake of constituents such as metals
and other chemicals.

A hazardous-waste land disposal facility is designed and
operated to avoid lmman health exposure and to minimi7.e
migration of contaminants from the site. Emphasis is placed on
approaches that reduce the possibility of conrnminating surface
or ground waters, that control gaseous emissions and wind
erosion and that prevent adverse food-chain impacts. These
approaches involve one or more of the following:

(a) A Natural impermeable containment possibly rein-
forced by a man-made impervious liner;

(b) Diversion of off -site surface run-on, and control of any
on-site nm-off;

(c) Incorporation of the wastes in the soil;
(d) An impeIDleable cover for hmdfills and

Table 3. Determinations important in the evaluation of a
candidate hazardous-waste land disposal site

• Analysis of the wastes to be applied;
• Identification of reactiom or decomposition by-products

expected to occur;
• Determination of soil, hydrogeological, seismic and sur-

face characteristics;
• Assessment of the trampert and fate of mobile waste

constituents and byproducts;
• Assessment of the environmental and health impact of

the mobile components if such constituents reach critical
receptors (humans, animals, plants) in the ecosyste~

• Nature, type and extent of the environmental impact that
could affect the nutrition chain, the biosphere and plant
life-cycle.
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(e) Avoidance offood chain vegetation on the surface of
the site.

5. Landfills

Description Landfill repositories are disposal facilities where
hazardous wastes are stored in sub-soil or rock and then covered.
Inorder to prevent/minimi7p. problems that could arise through
improper siting, some of the more general procedures needed
are listed in table 3.

6. Migration of contaminants

An important consideration when selecting the type of dis-
posal facility is the characteristics and integrity of soils and rock
as well as their capacities to absorb, retain or transmit waste
materials, and their reaction products of known physical and
chemical properties. Furthermore, it is essential to know the
intensity, timing and transformation of wastes to less harmful
constituents to estimate the timing required for their isolation

Figure V shows diagrammatically the poSSIble routes by
which pollutants can migrate and are transported from waste
deposits to the biosphere. Ground water movement is the main
route by which hazardous wastes could migrate afterpenetmting
beyond the near-term engineered barriers from the repository.

Investigations of the occurrence, distribution, volume flow of
groundwater, its chemical chaI3cteristics and properties (pH,
eH, redox potential etc.) are important components in the evalu-
ation of a repository site.

The persistence of a hazardous organic chemical is a critical
determinant of its environmental fate. Certain compounds can
undergo chemical or biological degradation at repository sites,
while others resist any transformation The pattem of degrada-
tion is not only influenced by the characteristics and properties
of the particular chemical, but also by the nature and conditions
of the site. Degradation reactions could continue or be initiated
during the transport of the chemical in the leachate and in the
groundwater.

The major chemical processes associated with the degradation
of organic contaminllntll: are hydrolysis and oxidation; the latter
is considered to be particularly important in the degradation of
phenols and aromatic amines. Despite this qualitative assess-
ment, the overall significance of chemical reactions in degrad-
ing toxic material at disposal sites is not entirely understood.
The results of laboratory studies on chemical degradation can-
not be fully applied in the field and it cannot be assumed that
chemical degradation will occur to the same extent or even occur
at all in different disposal sites.

A further possible hazard in a repository is that reactive
chemicals can come into contact, possibly causing fires or
explosions. Care must be taken to avoid the co-disposal of
incompatible wastes. reactions between such wastes could in-
clude:

• Exothermic reactions, e.g., caused by alkali metals and
strong oxidising agents, may result in fires or explosions;

• Production of toxic gases such as arsine, hydrogen sul-
phide and chlorine;

• Production of flammable gases such as hydrogen and
acetylene.

Biological processes are a significant means of degrading
contaminllnts at a disposal site. Microbial ttansformations could
occur inthe landfill itself (as well as inthe groundwater), leading
to the formation of hannless or less harmful products. Alterna-
tively, these processes could lead to the synthesis of persistent
and toxic compounds, for example vinyl chloride, which resist
any further degradation The degradation of many cont:lmimntll:
is favoured under aerobic conditions, a condition which usually
prevails at the surface of a disposal site.

Anaerobic conditions predominating in landfill sites favour
the bacterial reduction of sulphates, nitrates and carbohydrates.
The reduction of sulphates leads to the genemtion of sulphides,
nitrates are reduced to nitrites or ammonia Where metals such
as inorganic mercury are present, sulphides produced under
anaerobic conditions could bring about a marlced reduction in
dissolved metals by precipitation of insoluble sulphides.

Gaseous components could also be produced through the
bacterial activity, especially where domestic wastes are co-de-
posited with hazardous wastes. These gases are usually carbon
dioxide and methane, to a lesser extent hydrogen sulphide. The
main pammeters influencing the production rates of the gases
and their C9mposition are temperature, moisture, waste density
and pH. The decomposition rates of some organic wastes are so
slow that significant quantities of methane may be genemted
years after the waste from which they are released has been
deposited. "Landfill gas" can be the cause of serious frres and
explosions at sites at a methane concentmtion mnge of 5-15 per
cent. There must be a means of allowing the controlled release
of gases.

Volatilization is a potential route of loss from landf1l1 sites,
particularly with certain organic compounds, such as chloro-
form, due to their high vapour pressure. The elevated tempem-
tures encountered at many disposal sites result from bacterial
activity and enhance the upward movement and dispersal of
volatile organic matter.

7. Migration from landfdl sites

The tmnsport of waste oils from landfill sites was examined
in several research projects (Mather & Day, (N.D.); Williams et
al., 1984), when landfill sites containing mineral oils and refm-
ery wastes were investigated. The movement of these pollutants
through various geological stmta was studied to examine the
attenuation mechanisms and corresponding pollutant concen-
tmtions within saturated and unsatumted stmta beneath the sites.
Field tests and laboratory experiments showed that soIption
processes are the most significant for retarding the movement
of mineral oils migrating through solid waste and unsatUIated
stmta. Oil wastes discharged to lagoons migrate considerable
distances, both within a thin satumted glacial sand aquifer and
a shale/sandstone succession In both of these cases the oil
migration occurred, because the landfill sites were overloaded
with a far greater volume of oil than could be sotbed by the
underlying solid waste and bedrock; co-disposal of oil wastes
with certain industrial and domestic solid wastes is likely to
prove effective, provided that the sOIptive capacity of the solid
wastes is not exceeded. where large volumes of oil or oillwater
emulsion are discharged and exceed absorbent capacity of the



underlying strata and solid wastes, a much more severe deterio-
ration of groundwater will result, since the immiscibility of oil
and water inhibits dilution

Another project (Williams etal., 1984) smdied the dispersion
pattern of liquid wastes conmining heavy metals (such as Pb,
Zn, Ba, Ni, Cu, Cr) and organic solvents into lagoons excavated
beneath the water table ina shallow, unconsolidated sand aqui-
fer, which had caused local groundwater pollution

Williams found that the geometIy of the pollution plume is
controlled by the mOIphology of the aquifer, its permeability,
its distnbution and the head distribution in the vicinity of the
lagoons. There was a transition from strongly reducing condi-
tions near the lagoons and the base of the aquifer to oxidising
conditions in the natural groundwater. Based on redox reactions,
three geochemical zones were identified down the hydraulic
gradient. It is found that heavy metals are attenuated within a
short distance from the pollution site, probably as a result of
precipitation as sulphides and carbonates. In contrast, organic
wastes travel a considerable distance in solution, some in excess
of 300 m from the site. It was found that biodegradation of the
organic wastes is not significant, due to the relatively impervi-
ous till overlying the sand, which prevented the sand aquifer
from being replenished with oxygen, a necessary ingredient in
the biodegradation processes.

8. Factors requiring consideration in planning and op-
erating a landf'dl repository

The primary consideration for the planners, builders and
operators of landfill repositories is their isolation from the
environment The design and management of landfill reposito-
ries should be directed toward the objective of preventing
leachate formation as much as possible-and to set up technical
barriers in areas with favourable soil conditions to do so. The
following aspects therefore require consideration:

• Avoidance of unrestrained liquids in or near the wastes
(liquid wastes will require dewatering and/or solidifica-
tion);

• Divetgence of swface waters, including any likely mete-
oric waters, for example, from rain, snow, etc.;

• Use of relatively impermeable material in the temporcuy
and final covers to reduce the infiltration of Waters and
the migration of leachates as much as poSSIble;

• Waste compaction;
• Isolation of different parts, using the multicell principle;
• Collection and treatment of any leachates;
• Degassing of repository under controlled conditions;
• The monitoring of groundwaters, through wells and sur-

face waters;
• Evaluation and choice of suitable technical barriers and
• Decision for monodisposal or multidisposal operation

(co~eposition of compatIble wastes).

Landfill repositories are often made up of cells in which a
discrete volume of the hazardous waste is kept isolated from
adjacent cells and wastes by a suitable barrier. Barriers between
cells commonly consist of a layer of natural soil (e.g., clays),

which restricts downward or lateral escape of the hazardous
waste constiments or leachates.

Figures vn and VllI show a cross-section of a hazardous
waste landfill. The daily intermediate and final cover that rep-
resents proper operating conditions, the discrete cells of the
landfilled material and the use of liners and a leachate collection
system are portrayed. Liners, covers, operating conditions and
closure and post -closure of landfills are discussed insubsequent
sections.

Landfilling relies on containment rather than treatment or
detoxification for control ofhazaIdous wastes. Technologically,
it is an unsophisticated method of containment. It is a common
method of hazardous waste management for both untreated
wastes and the residues from treatment processes.

Appropriate liners to protect the groundwater from contami-
nated leachate, run-on and nm-off control, leachate collection
and treatment, monitoring wells and appropriate ftnal cover
design are integral components of an environmentally sound
hazardous waste 1andfi.l1.

Although there have been instances of groundwater being
cont::lmimted by latvffills, they remain a key hazardous waste
management strategy barring of course their use in hydro-
geologically completely unacceptable conditions. The majority
(about 68 per cent) of hazardous wastes handled at North
American facilities and about 47 per cent of such wastes handled
at European facilities are disposed of by landfilling. In the
United States alone, over 75,000 industrial landfill facilities
were in operation in the early 1980s.

The primaxy concern is to prevent groundwater-contamina-
tion Design and management attention emphasizes approaches
to prevent formation of leachate and leachate migration These
approaches include:

(a) Elimination of free liquids (liquid wastes are dewatered
or solidified before placement);

(b) Diversion of swface waters (run-on);
(c) Use of relatively impermeable daily and final covers to

minimi7.e infiltration of precipitation;
(d) Compaction of wastes;
(e) Use of cells throughout the landfill;
(f) Collection and treatment of leachate and
(g) Groundwater monitoring. Approaches to keep water out

oflandfills are noted in table 4.

Table 4. Measures needed for preventing water from penetrating
hazardous waste landfills

• Correct siting, avoiding wetlands, flood plains and areas
of high groundwater;

• Diversion of swface run-on;
• Minimization of exposed waste surfaces;
• Avoidance of poDding due to precipitation in the site

area;
• U se of suitable intermediate cover material;
• Prompt covering and closing of inactive areas;
• Appropriate closure and post-closure management, in-

cluding a well designed monitoring and maintenance
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Ideally, landfill sites should be underlain by significantly
thick layers of impermeable clay and should also be in a tectoni-
cally and seismically stable area Whenever possible, they
should not be located above aquifers.

Adequate records should be made and kept, for example the
location and dimensions of each cell in the landfill should be
recorded, as well as its contents, ie. analyses, quantities of waste
contained, types of containers and matrix and liner materials
utilized.

Careful assessment of a site prior to selection and utilization
is a prerequisite. Such assessments should include detailed
knowledge of the type of soil covering the site, local availability
and characteristics of clays and their sorption and desorption
characteristics, location and distribution of groundwater and
SUIfacewaters, tectonics and seismics, location and analysis of
neighbouring wells, etc. This information is essential for the
technically and economically sound operation of a landfill. It
has already been indicated that for some types of wastes, pre-
treatment measures before disposal include:

• Detoxification;
• Separation and concentration of hazardous constituents

in a reduced volume;
• Containment of the waste in barrels, capsules, concrete

caissons or other types of technical barriers. In addition,
the waste may be contained in an isolating matrix material
before placement in the surrounding barrier material;

• Stabilization and solidification

Regulations on how landfill facilities must be operated have
not always been adhered to in the past, in some instances even
in the most technically advanced countries. For example, in the
United States, 70 per cent of such repositories are reported to
have no lining, while 95 percent have no groundwater monitor-
ing system to detect toxic cont~rniMtion Ina study of 50
industrial landfill sites in the United States, about 80 per cent
containing specific types of hazardous materials were releasing
"small fractions" of these pollutants into the ground. In the
same country the extent of the problem remains yet to be fully
evaluated As long ago as 1979, the U.S. Environmental Protec-
tion Agency (EPA) estimated that there may be 1,200 to 2,000
disposal sites that may pose significant risks to human health.
One of the more prominent examples of such a site is the
notorious Love Canal at Niagara Falls, New York (Keller,
1985), where migmting cont::Jrnin:mt!:presented serious health
hazards to local residential areas.

Despite difficulties experienced in enfon:ing regulations on
operating landfills in the past, it is expected that this method will
continue to be utilized in the future. There is now a trend to apply
engineering concepts more rigorously in new landfill facilities,
including the collection of any leachate escaping from the
immediate surroundings of the repository, followed by analysis
and treatment and the monitoring of all underground and surface
waters. Standards for monitoring include an observation period
of at least 30 years after closure. In addition, provision is now
made for a double liner under the waste material and a cover,
which must include a venting arrangement for emanating gases,
which must also be monitored.

9. The co-disposal variation of landfall repositories

Co-disposal pertains to the properly controlled joint deposi-
tion of selected hazardous wastes at a certain predetermined
ratio and is designed to degrade and reduce organic contami-
nants or inorganic constituents to lower or even background
levels, by physical, chemical or biological reactions between the
different wastes deposited.

To do so safely and effectively, certain pre-conditions must
be met; these include:

(a) The attenuation process within the landfill must be
clearly identified;

(b) The chemical composition of the waste should be
known (good record keeping, showing type and quan-
tity);

(c) Leachability (determined by standard tests) should be
known (USEPA, 1980, Young& Wilson, 1982);

(d) Pretreatment of wastes may be required before disposal;
(e) A study of compatIbility must be carried out to ensure

that the products of any reaction are significantly less
noxious than either of the reactants.

The co-deposited material could be different types of hazard-
ous wastes and even municipal refuse. Each type of waste is
deposited up to a maximum "loading rate". The particular waste
suitable for co-disposal is selected on the basis that it will
interact with the co-deposited waste, leading to degradation of
certain organic cont~rniMnt!: or the attenuation of inorganic
toxic matter, ideally to background levels. Proponents of the
co-disposal concept claim that this type of repository is less
likely to cause future problems of contarnirutted sites ratherthan
the alternative of disposal as segregated wastes, whose entomb-
ment could in effect be an open-ended storage requiring inter-
minable monitoring and control. The practice of co-disposal is
a method which does not require the complete isolation of the
waste, but rather a controlled interaction The method has been
developed and applied in a number of countries, including the
United Kingdom and New Zealand (Thorn, N.G., 1986). Unfor-
tunately, in some countries, controls over hazardous wastes are
either recent or have not yet been enacted. As a result the
uncontrolled disposal of such wastes on municipal or other
landfill sites remains a widely used practice. The wastes encoun-
tered at landfill sites-can be a complex mixture of organic and
inorganic hazardous chemicals in combination with other non-
hazardous materials wastes can be solids, sludges, liquids or a
combination thereof. The major environmental risk at the sites
is from the leaching of chemicals and the resulting cont~rni~-
tion of water soun:es.

A number of physical and chemical factors are important in
determining the behaviour of chemicals in the environment;
these can act in a complex. and interrelated series of reactions
which may themselves be dependent on the geochemical prop-
erties of the host formation and adjoining geological formations.
Generally, the higher the water-solubility of a chemical sub-
stance, the greater is its potential for leaching from the landfill
site. Many hazardous organic compounds display low water
solubilities, although water-soluble solvents, such as chloro-



Figw'e VI, contaminant transport from a land disposal site
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Figure VIT. Schematic cross-section ofa cellular. landfill repository
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form, can enhance the leaching rate of organic compound in
landfills (NUREG, 1981). A similar situation prevails when
emulsions are produced

In many cases inorganic chemicals ionize on contact with
water. Trace metals canfonn complexes with enhanced solubil-
ity. Cyanides may also solubilize trace metals by complex
formation. Bacterial degradation of domestic waste producing
fatty acids can lead to the formation of soluble complexes with
metals.

Adsorption on soil particles or waste materials is a significant
phenomenon, because it rechIces the dispersion of inorganic and
organic pollutants to the environment and can be an important
process in inlnbiting the migration of oil wastes. An organic
compound with a low soil adsorption coefficient will generally
tend to migrate away from the landfill site. An example of such
a compound is phenol, which is not only highly water-soluble,
but has a low adsorption coefficient and which migrates mpidly.

The vapour pressure pammeter is also an important factor
influencing migration rates for certain hazardous chemicals.
Compounds with high vapour pressures, including chloroform,
will migrate by voIatilization at higher rates. In coDtmst, com-
pounds with low vapour pressures and low soil adsorption
coefficients will migrate more by the liquid leaching process
from the repository site.

An understanding of the chemical, physical and biological
reactions occurring in a waste repository is important when
assessing their impact in the controlled deposition of wastes
(monodisposaI or codisposal) and in the attenuation of their
hazardous characteristics.

The main processes occurring in a landfill are illustrated in
figure IX, which shows the entry of water, the formation of
leachate and the way in which materials may leave the landfill.
Attenuation processes occur within the refuse, at the refuse/oil
interface at the base of the landfill, in the unsaturated zone and
in the final aquifer or receiving water.

10. Processes that can occur within a repository For-
mation of Primary leachate

Water diffuses through municipal refuse and comes into
contact with the hazardous material. With perimeter drainage
and good covering, the amount of leachate produced will be
much less than the rainfall (approximately 20-30 per cent). This
is due to evapo-tIanspiration and the fact that refuse has a
significant capacity to absoIb liquids.

(a) Leaching of the contaminant from the hazardous
waste
Highly soluble inorganic salts such as sodium fluoride
will be very mobile, whereas insoluble complex organic
compounds such as polychlorinated biphenyls (PCBs)
are substantially immobile. The influence of pH of the
leachate on solubilities is the basis for standard leaching
tests.

(b) Biodegradation
Some hazardous wastes will biodegrade within the re-
fuse. Chlorinated phenols and cyanides, for example, will
break down under the aerobic conditions that exist near
the working face, and during the early decomposition

stages Decomposition of a range of organics can also
occur during the anaerobic stage.

(c) Chemical reactions
There is significant potential for chemical reactions to
occurwithin the refuse site. A simple example is neutrali-
zation. Stabilized municipal refuse has a IDaIked ability
to neutralize acids.

It is also possible that chemically complex compounds
will be formed, involving ligands from the organic ma-
terial and acids (e.g., humic acid and fulvic acid). These
compounds may have significantly different values in
properties such as solubility. However, there should be a
degree of caution e.g., while most metal complexes are
largely insoluble, the presence of acetic acid may give
rise to metal compounds such as lead acetate or zinc
acetate, both of which are extremely soluble.

Metals may precipitate as hydroxides, caIbonates or
sulphides, and this is particularly effective in immobi-
lising copper compounds. Oxidation-reduction reactions
may also occur.

(d) Volatilization
By analogy with normal soil-atmosphere oxygen ex-
change, there is a basis to expect as much as a 25 per cent
exchange of gases per day between the atmosphere and
the top one metre of refuse. There is therefore significant
potential for loss by volatilization. This could be a
mechanism for the loss of low boiling point solvents if
co-disposed~ the rate ofvoIatilization would be increased
in aerobic areas, where temperatures significantly above
ambient would exist

(e) Absorption
The ability of refuse to absoIb water and hence aqueous
solutions has already been commented upon. Oils may
also, within limits, be absoIbed by solid wastes, and
many metals in solution can be removed by sorption.

11. Processes occurring at the refuse/soil interface at
the base

Biological, chemical, and physical processes will occur in the
general zone between the base of the refuse and the underlying
soil strata. These processes include further biodegradation, pre-
cipitation, sorption, filtration and dilution. The actual attenu-
ation provided will be particularly influenced by the chemical
nature of the waste and the chamcteristics of the underlying
soils. Co-precipitation of metal ion species during the precipi-
tation of ferric hydroxide in this zone can IDaIkedly reduce
heavy metal concentrations in the leachate.

12. Processes occurring in the unsaturated zone below
the landfill and above the underlying aquifer

A properly sited, atteIJUated and dispersed landfill should
have an underlying unsaturated zone. The presence of this zone
will provide further opportunity for leachate attenuation by
physical, biochemical and geochemical processes.

Physical processes include dilution, dispersion and filtration.
Where liquid flow is intergranular the presence of entrapped air
will reduce permeability significantly, thus reducing the rate of
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Figure IX. Main chemical and physical processes in a landfill repository
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flow of leachate into the underlying aquifer. Biochemical proc-
esses in the unsaturated zone will further break down many
organic compounds. Nutrient requirements for micro-organ-
isms will cause attenuation of elements such as carbon, sulphur,
nitrogen, phosphorus and potassium in the leachate.

There are many geochemical processes which can provide
significant attenuation of hazardous components. Most rocks
and soils, for example, have marked buffering capacities and
can cause an increase in the pH of acidic leachate. This in turn
would reduce the solubility of many metals. It was found for
example that of the clay minerals, montmorillonite attenuates
heavy metals more than illite, which in turn attenuates more than
kaolinite.

Also in terms of relative affinity, for kaolinite at pHS
Mixed minerals such as sand with clay can also provide

significant attenuation of some chemical species. For example,
silt/clays and claylloams act to immobilize arsenic.

13. Processes within the groundwater aquifer

Cr3 +> Cu= Pb > Cd > Zn> Cr6 +> Se.

Within the groundwater zone, all the processes referred to
above will operate to an extent, but dispersion and dilution will
predominate. Dilution may, however, be ineffective with hydro-
phobic materials such as oils. The depth of this zone, the speed
of flow, and the mixing of the leachate with the groundwater
will be the main factors.

14. Management of co-disposallandfiUs

The objective of co-disposal of various types of compatible
wastes is to initiate or accelerate processes leading to a reduction

in toxicity. The safe co-disposal of hazardous wastes relies
heavily on informed management at the landfill site. Landfill
operatOrs should have adequate protective clothing and equip-
ment immediately available and be trained in its proper use.

Considemtion must be given to the compatibilities of various
wastes as the mixing of some may cause fires or explosions,
cause the formation of toxic gases or result in the mobilization
of other hazardous components. This may appear to be a com-
plex task but some guidelines are available. Chemical advice
may be required to use these and the suppliers of mw materials
should, if necessary, be able to provide information.

Care must be taken in determining the loading rate, i.e. the
proportion of hazardous wastes to normal refuse. The loading
rate will be site specific and should ensure that the longer-term
land use of the landfill site is not unnecessarily restricted par-
ticularly by concentrations of material hazardous to plant or
other life. The mte should not be such as to adversely affect
biological degradation or to overload other attenuation proc-
esses. Again practical guidelines are available for a range of
hazardous wastes, including those containing acids, arsenic,
cyanides, heavy metals, oils, pesticides, phenolics solvents and
tannery sludges.

Finally, a regular monitoring and analysis progmmme for
incoming hazardous wastes and leachates from the landfill
should be pursued. Analysis of incoming wastes is desirable on
a random basis, as a check on the waste producer's description,
thus ensuring the appropriateness of <XHlisposal management
decisions and a safeguard for the health and safety of the landftll
operatOrs.

Leachate should be monitored with sufficient frequency to
illustrate that the attenuation processes are operating as pre-
dicted. In this way public confidence in co-disposal practices
will be encouraged.
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15. Conclusion

Co-disposal of wastes, either with other types of hazardous
wastes and/or with municipal refuse, can in certain cases lead to
the formation of less hazardous or non-hazardous products and
is a valid option for the management of many hazardous wastes.
There are processes occurring during the normal degradation of
refuse which may act to attenuate hazardous characteristics. It
is essential that these processes be understood and management
act to fully utilize co~sposal where the siting and operation of
a municipal landfill make these practices appropriate.

(a) Land treatment
Inthe land-treatment concept, wastes are plowed into soil
and allowed to react, using its natural, chemical physical
and biological properties to degrade them to less hazard-
ous materials, adsorption and precipitation reactions im-
mobilize components, with some controlled migration of
selected inorganic species such as nitrates and chloride.
Originally, refinery sludges mixed with soil were dis-
posed of with this method. This comprises mixing of the
sludges into the top layers of soil, usually by ploughing.

Land treatment of oil sludges is intended to break down
the contained organics. The land is not used for agricul-
twal purposes, in contIast with the practice in some
countries of using sewage and other biological treatment
sludges in soil fertilization.

Periodic plowing is required to m~int~ina sufficiently
high oxygen level for biological reactions to take place.
The technique uses the assimilative capacity of soil as a
means of degrading the hazardous wastes throughchemi-
cal, biological, physical and photolytic reactions (the
latter for only the top few centimeters of soil). The
organic materials are degraded by microbes and pho-
tolysis, the inorganic components by oxidation/reduction
reactions prior to fixation and adsorption onto the soil
matrix.

The application of a land treatment process requires
thorough and comprehensive understanding of the par-
ticular type of waste, the capabilities of the particular soil
and evaluations of the assimilative capacity, the type of
vegetation, topography, groundwater occurrence and lo-
cation, the presence of population concentration centres.
All these parameters must be evaluated to ensure a suc-
cessfullong-term operationa1life for the disposal site
without causing adverse effects on the environment. Be-
cause of the different climatic conditions prevailing in
southern Europe and the United States for example, the
land treatment method is seemingly more applicable than
for northern regions.

The assimilative capacity of the soil is the most critical
factor in assessing the suitability of a site for the applica-
tion of the method. The rate at which the wastes are
degraded into less or non-hazardous forms and at which
the heavy metals are immobilized by sorption depends
on the type of soil. Use of the land treatment method is
advantageous economically and technically because of
the wide range of hazardous wastes amenable to treat-

ment. Disadvantages include costs and the large area of
land required, the problem of matching the assimilative
capacity of the particular soil with the characteristics of
the waste requiring treatment, the environmental moni-
toring programmes needed, special buffering zones and
other aspects such as aesthetics, security and closure and
post~losure maintenance.

A variation of this method is the composting of organic
waste and the rapid biological decompositioning of the
material under controlled conditions. While organic
compounds are theoretically bio-degradable, the rate and
extent depends on the nature (aliphatic or aromatic) of
the material, e.g., the type and munber of halogen substi-
tutes and their positions on the chemical molecule.

Controls are necessary when the sludges contain heavy
metals. In addition to oil-sludges, other wastes that have
been successfully disposed of with this method are pes-
ticides and herbicides like aldrin, dieldrin, parathion,
malathion, 2 4-0, DOT, Kepone and piperonylic acid and
other chemicals SJ,lchas ethylbenzene, pentachlorophe-
nol and pulp milllignins.

(b) Surface impoundments
Aqueous Wastes may be treated in surface impound-
ments such as pits, ponds and 'lagoons. This may be
regarded either as storage or as a form of wastewater
treatment, allowing the settling of solids and perhaps
some biological degradation prior to dischaIge of emu-
ents to surface waters (refer to paper by Williams, G.M.,
1984).

After treatment in surface impoundments, wastewater
treatment or physical~hemical treatment facilities, the
aqueous effluents are generally discharged to sewers or
directly to surface waters. In most countries such emu-
ents are not regarded as hazardous wastes. Exceptions
include the United States, and also Sweden, where 12 per
cent of all hazardous wastes are dischaIged to sewers.

(c) Sub-surface disposal
Because not all surface and landfill methods of waste
disposal are suitable at all potential sites and because
many are subject to breakdowns in isolation, there is an
evident trend to sub-surface deposition of the more haz-
ardous wastes.

Sub-surface disposal has a number of distinct advan-
tages over landfill methods. Apart from the esthetically
more pleasing "hidden" location, sub-surfacedisposal
precludes the potential effects of weathering, e.g.,
through precipitation on repositories at the surface. Any
seismic instabilities attenuate rapidly with depth below
surface. On the other hand, there are a number of disad-
vantages, of which the cost-factor is not the-least Geo-
risks, including tectonics, land-mass instabilities, flood-
ing can be analysed much more readily at the surface,
whereas equivalent analyses below surface rely increas-
ingly on indirect and therefore less accurate methods.
Sub-surface disposal techniques fall into three broad

categories:
(1) Deep-well injection;
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(2) Disposal in cavities and mine shafts;
(3) Deep underground burial in artificially created,

mined openings in relatively homogeneous geo-
logical stratae.

The three categories are listed in rising order of costs.
(1) Deep-wdl injection
Deep-well injection of hazardous wastes has been largely
employed in the United States. Some 30 million tonnes
of aqueous wastes, 11 per cent of all hazardous wastes,
were disposed of by this method annually during the
early 1980's.

Deep well injection, the practice of pumping liquid of
fluidized wastes down boreholes, has been a common
practice in the oil industry; oil field brines are disposed
of in this manner. Deep well disposal in petroleum-pro-
ducing regions involves tens of millions of barrels of
fluids annually. The disposal of other industrial liquids
by this method, although on a much smaller scale by
volume, has been increasing and covers a broad range of
liquids, including hazardous and toxic fluids. However,
under new regulations use of this method could be dras-
tically curtailed, e.g., in the United States.

This type of disposal is mainly carried out within
sedimentaIy basins. In order to do so safely, a thorough
knowledge of the geological setting and other geotechni-
cal parnmeters is necessary. Unfortunately, even in the
technically developed countries this knowledge is frag-
mentary and inadequate. For example, while there is a
reasonable genem! knowledge of most of the sedimen-
taIy basins in the United States, many important details
are either not known or not available in the public do-
main. While the genem!lithology, distribution and stroc-
tore pertaining to a potential sedi.mentaIy formation may
be known, there is often little or no information available
on petrophysics of that formation or on the composition
of the contained fluids. Further information is often re-
quired on pammeters such as minem! composition, p0-

rosity, permeability and density of the formation, which
may be critical for the effective injection of fluids and
their safe containment. Possible reactions between for-
mation fluids and the waste fluids must also be known,
as such reactions could lead to the precipitation of solids
near the well bore, possibly sealing the formation to
further liquid uyection.

Waste injection at or near sites with active or inactive
tectonically weak zones, such as major fault systems,
could lead to negative consequences, as that which oc-
curred in the United States, where liquid-waste injection
lubricated and activated a fault system, causing earth
tremors and minor earthquakes.

Insummary, prior to deep well disposal, the following
information is required in order to arrive at a better
understanding of geological hydrological, geochemical
and tectonic conditions:
• Interactions of the injection fluid, the host formation

and contiguous formations and the contained forma-
tion fluids;

• Effect of ~ection pressure on the physical integrity
of the host formation and adjoining strata;

• Tectonic stability and
• Long-term changes in the condition of the host forma-

tion, caused for example by gas evolution from the
waste.

(2) Disposal of liquid waste in shafts
Disposal of liquid waste in mine shafts is practiced to a
limited extent in the United Kingdom. The technique
includes the re-injection of saturated brine and certain
other liquid wastes into salt cavities. A major commer-
cially available facility disposes of aqueous wastes con-
taminated with organic materials in a mine shaft which
is claimed to be totally sealed. In Spain, a gypsum mine
is used for the disposal of dewatered residues from
chemical treatment.
(3) Deep underground burial
The main objective of hazardous, toxic waste disposal is
to immobilize and isolate waste from man's enviromnent
for a period of time and in conditions such that an;y
possible subsequent release of contamirnlnt~ from a re-
pository will not result in an;y unacceptable risks even in
the long term. The goal is difficult to fulfill, since dis-
posal systems cannot be tested over sufficiently long
periods before being put into operation The long-term
behaviour of hazardous waste must therefore be evalu-
ated on theoretical assessments carried out with models
(Fedra).

The system of disposal approaching the isolation con-
cept the nearest is deep underground burial in geological
formations at depths ranging from 300 m downwards;
generally, such depths do not exceed 2,000 m. The geo-
logical media first used for this purpose was salt forma-
tions, later other types of formations, including clays,
granites and other plutonic rocks and shales were consid-
ered and investigated with this utilization in mind. Con-
siderable experimental work has been carried out over
the past two decades on this type of disposal for radioac-
tive wastes and much of the experience gained is appli-
cable to other hazardous and toxic wastes. In fact, some
countries are currently considering the co-burial of radio-
active wastes with such other hazardous wastes in com-
mon repositories but in separate cells, isolated by imper-
vious man-made or natural materials.

In genem!, deep underground burial is restricted to
hazardous wastes that cannot be recycled or treated to
reduce their toxicity, as costs of constructing and operat-
ing waste repositories at depths of 300 m plus would be
significantly higher than near-surface equivalents.

16. Innovative technologies

Despite the discouragingly high costs obtained, it is possible
~t cost differentials could be alleviated through recent devel-
opments infields as wide apart as radioactive waste disposal and
constroction of underground bulk oil storage and which could
be an indication that underground disposal costs may gradually
approach those of current shallow landfill methods. One pro-
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just a few 1ans from the copper mine of Recsk.In January of 1992, elderly people
began complaining that their breathing was impaired indoors. In February of
1992, high radon concentrations were detected in these houses, exceeding 10
kBqlDl3 in some rooms and 100 kBqlm3 in a cellar. (Deak, F.; Marx, G.; Toth,
E.; (June 1993), 371-372 [in English].)

2972 FACTORS ASSOCIATED WITH RISK PERCEPTION IN
FLORIDA AND THE UNITED STATES: A GUIDE FOR
EMERGING DEMOCRATIC STATES [Bm-BUDAOO276]'
The paper analyzes the bases of citizen evaluations concerning the health and
environmental impacts of hazardous waste facilities and nuclear power plants.
Of particular interest was the role played by capitalist values, environmental
beliefs, and traditional religious ties in the acceptance or rejection of these
technologies. Findings suggest that, after controlling for important background
variables (such as gender and age), people who value equality over capitalism
are much more likely to oppose hazardous waste facilities and nuclear power
plants than those more favorably disposed towards the economic system. (Vittes,
M.E.; Pollock, P.H.; Lilie, S.A.; (June 1993),456-458 [in English).)

2973 GEMS. AN INTEGRATED INFORMATION SYSTEM
SOLUTION FOR COMPLIANCE AND RISK MANAGEMENr
[Bm-BUDAOO277]
The Global Environmental Risk Management System (GEMS) is an integrated
information management system specifically designed to provide the practicing
environmental, health, and safety specialist with the information that is needed
to reduce a company's risk and liability for violations of the many laws and
regulations enacted to protect the environmenl The GEM System integrales
essential information about personnel, facilities and hazards (physical, chemical,
biological) to produce required governmental (e.g., OSHA and EPA) reports,
stale reports, and organizational internal reports; to lraCk hazardous malaials
and hazardous waste; to assist in the evaluation of risk; and to enhance the
management of emergency operations. (Kirkpalrick, L.; (June 1993),459-461
[in English].)

2974 TOXICOLOGICAL RISK ASSESSMENT IN THE APPLI-
CATION OF HEALTH-BASED TARGET CONCENTRATIONS
TO SITE REMEDIATION [Bm-BUDA00279)
It is important to establish clearly the magnitude and distribution of contamina-
tion at a site for evaluation of the associated environmental or human health
risks, in order to determine whether and to what extent remediation is required.
Target remedial concentrations for soils, ground water and surface water at
contaminated sites historically have been established on the basis of local or
regional ambient background, analytical detection limits, and site-specific hu-
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man health considerations for current or projected exposures. Funher, [mal
remediation target concentrations typically are influenced significantly by engi-
neering limitations and financial considerations. (Tea!, C.M.; Kuperberg, J.M.;
HemdoD, R.C.; Moerlins, J.E.; (June 1993),461-464 [in English].)

2975 DETERMINING EFFECTIVE TECHNOLOGY TRANS.
FER MECHANISMS; A CASE STUDY IN THE RUSSIAN FED-
ERATION [Bm-BUDAOO280)
In order to transfer technology efficiently, it is essential to define the context in
which technologies reside and have been developed. Historically, Russia has
experienced severe limitations in commerciali7ing advances in laboratory re-
search. Presently, there is a crisis in the scientific community regarding advances
in laboraloryresearch due to the withdrawal of government support for research.
Assistance from foreign [ums is welcome in order to preserve and commercial-
ize the results of many years of high-level research. (Colangelo, R. V.; Edgar,
D.; (June 1993),404-406 [in English].)

2976 LASER REMOTE SENSOR FOR ORGANOPHOSPORUS
WARFARE AGENTS AND AIR POLLUTANTS [BIB-
BUDA00281)
A differential absorptionLIDAR has been constructed for acontactless detection
of warfare agents and atmospheric pollutants utilizing lasers radiation TEA CO2
as a source. From the viewpoint of emiUed radiation wavelengths, this source
answers the requirements of both a minimal loss in a clean atmosphere and a
strong absorption band of detected agents. In case of organophosporus warfare
agents, wavelengths resembling emission spedrUm lines of 9P were used for the
lasers. In the course of testing the differential absorption LIDAR, sarin and
soman, ethanol, dichlorethane and SF6 were detected as modal agents. (Kadlcak,
J.; Dubina, P.;Safar, B.; Stein, B.; (June 1993), 508-509 [in English].)

2977 CENI'ER FOR HUNGARIAN/AMERICAN ENVIRON-
MENTAL RESEARCH, STUDIES AND EXCHANGES: A
FLORIDA STATE UNlVERSITYIl'ECHNICAL UNIVERSITY
OF BUDAPEST JOINT VENTURE [Bm-BUDAOO282)
This presentation will provide an overview of the Center for Hungarian/Ameri-
can Environmental Research Studies and Excbanges (CHAERSE) at the Florida
Stale University (FSU). This Center involves participation by the faculties of
Florida Stale University, the Technical University of Budapest, the FAMUIFSU
College of Engineering and other appropriate academic institutions. The
CHAERSE conducts a wide range of research and related activities in the context
of addressing common environmental problems 1ha1 are facing the U.S. and
Hungary. (Lick, D.W.; (June 1993), 1-3 [in English].)
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2961 POTENTIAL APPLICATIONS OF REMOTE SENSING
TECHNOLOGY IN MONITORING BIOREMEDIATION EF-
FORTS AT TOXIC AND HAZARDOUS WASTE SITES [BIB-
BUDAOO264]
There is currently a great deal of interest in utilizing bioremediation technologies
aI toxic and hazardous waste sites. The two general apProaches are: 1) micro-
biological - in which contaminant-specific organisms are introduced to the site
and 2) ecological - in which physical and chemical factors are adjusted to
enhance naturally occurring microbial communities. although the two stra1egies
differ in their methods, and limitations for specific sites, both require continued
monitoring, not only of physical parameters to maintain optimum microbial
activity, but also of site recovery processes (e.g. contaminant degradation,
revegetation). (Smith, A.; (June 1993), 242-244 [in English].)

2962 HAZARDOUS WASTEMANAGEMENT IN THE UNITED
STATES [BIB-BUDAOO265]
The United States is facing important decisions concerning its hazardous wastes.
A national program for the management of these ma1erials has been ongoing for
a number of years, under the twofedera1laws known by their acronyms as RCRA
(directed aI prevention) and CERa..A (directed aI cleaning up existing waste
sites). But there remains a growing public perception thaI these programs, in
most states joint endeavors of the U.S. Environmental Protection Agency and
the stale environmental regula10ry agency, cost too much and are taking too long
to show significant results. Specific criticisms of these programs include 1)
emphasis on clean-up, as opposed to prevention, (Hall, M.W.; (June 1993),
323-325 [in English].)

2963 GROUNDWATER PROTECTION FROM THE IMPACTS
OF HUGE ASH DEPOSITORIFS [BIB-BUDAOO266]
Powerful thermal electric plants can adversely impact the environment. Most
thermal power plants in Serbia use low-caloric coal and produce relatively large
amounts of ash. The ash depositories are typically situa1ed on alluvial sediments
and can be affected by hydraulic ash transport. Therefore, special attention
should be paid to the groundwater pollution by the ash depositories as well as
appropriate protective measures. General principles of protection are given in
the paper, as well as the results of field and numerical model investigations for
groundwater protection in the vicinity of a partiwlar large thermal- power plant.
(pokrajac, D.; Boreli, M.; (June 1993), 718-721 [in English].)

2964 ARCHITECTURAL IMPLICATIONS OF RADON CON-
TROL: DESIGN OF BUILDINGS - DESIGN OF RADON RE-
SEARCH [BIB-BUDAOO267]
Several years of ndon research in the United States and Europe have yielded
considerable knowledge about ndon generation and transport in the soil. More
recent work has focused on limiting ndon entty into buildings, primarily by
mechanical depresswization of the soil benea1h the building. No method has yet
been shown 100 percent effective or reliable, but with each failure comes the
opportunity for new knowledge. This paper addresses the differences in building
design and construction methods in the United States and Eastern Europe, and
proposes a research stra1egy for avoiding the mistakes made in the U.S. while
establishing ndon-resistant construction standards for the modification of exist-
ing structures and design and construction of new buildings in Eastern Europe.
(pugh, T.D.; (June 1993), 358-360 [in English].)

2965 INVESTIGATION OF RADON ENTRY INTO CRAWL-
SPACE STRUCTURES [BIB-BUDAOO268]
The deleterious health effects associa1ed with prolonged exposure to eleVated
levels of ndon have prompted research into building construction and operation
techniques thaI minimize ndon concentrations. This work presents results on
characterization measurements tha1 have been performed on a specially con-
tructed research house, with a craw1space foundation. The house is instrumented
to measure ndon concentration, temperatUres, and humidity in the house,
craw1space and attic as well as pressure differentials across walls, floor and
ceiling caused by local wind. Initial measurements performed on the house have
centered on characterizing the ventilation of the superstructure, floor and crawl-
space. (Dantin, E.; Telotte, J.; Pugh, T.; (June 1993), 361-363 [in English].)
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2966 RELIABILITY ISSUES IN ENVIRONMENTAL PROTEC-
TION [BIB-BUDA00269]
The operation of practically all technical systems, in either economic or social
sectors, has a negative impact on the environment. The machines and other
equipment contaminaIe air, waIer and earth, or they emit noise, vibrations or
other electromagnetic radiation. Pollution control systems are designed to mini-
mize these deleterious effects. As our knowledge of the long-term consequences
of these diseconomies increases more and more legal requirements for environ-
mental protection are being promulgated. The majority of these requirements
are prescriptive by nature, setting the highest permissible level of various
contaminants for different sources, which may contaminate the environment.
(Todorovic, J.; Telotte, J.C.; (June 1993), 363-365 [in English].)

2967 DECISION MAKING ON INDOOR RADON REDUCTION
TECHNIQUES [BIB-BUDAOO270]
The paper provides a review of indoor ndon concerns. Radon is a ndioactive
gas, which decays in a sequence of short-lived decay products. The techniques
to reduce indoor ndon concentrations are reviewed. The decision making in
reducing indoor ndon is considered, with particular emphasis on multicriteria
decision making. (Oprikovic, S.; Dantin, E.; Telotte, J.; (June 1993), 366-368
[in English].)

2968 TOWARDS CONSTRUCTION OF LOW -RADON
HOUSES [BIB-BUDAOO271]
Radon is the major pollutant in indoor air for most European countries. For a
country like the Netherlands, where ndon concentrations are relatively low,
ndon is estimated to cause 500-1,000 deadly lung cancers per year among 15
million inhabitants, about half the annual number of people killed in car
accidents. Since about 1980, the KVI has subsequently been involved in research
to assess this problem via a survey and to construct sensitive instruments for
measuring ndon flux and time evolution of ndon concentrations. Moreover, we
developed a diagnostic method to quantify ndon entry. (van de Graaf, E.R,;
Koopmans, M.; de Meijer, R.J.; Put, L.W.; (June 1993), 368-370 [in English].)

2969 RISK MANAGEMENT UNDER UNCERTAINTY TO FOS-
TER CLEAN-UP EFFORTS [BIB-BUDA00273]
A risk management methodology is presented with application examples in order
to help select cost- effective environmental clean-up alternatives. Ecological and
health risk and cost assessments are often associa1ed with very large uncertain-
ties stemming from such factors as contaminant transport modeling and loss
function assessment. If risk-cost analysis is conducted without considering these
uncertainties, inappropriate management policies may result. On the other hand,
considering these uncertainties may cause difficulties in decision making if they
make management altemaIives effectively indistinguishable. (Bogardi,l.; Duck-
stein, L.; Bardossy, A.; (June 1993),426-428 [in English].)

2970 EFFECI' OF AIR POLLUTANTS ON METAL CONCEN-
TRATIONS IN THE HUMAN BLOOD [BIB-BUDA00274]
Aerosol and human blood samples were analyzed by lCP-AES to investigate the
correlation between air pollution and the concentration of lead, nickel and
cadmium in the blood. Aerosol samples were collected on a filter by a simple
method. The filters were dissolved in 70 percent nitric acid, and then diluted
with the same amount of water. The samples were taken from different districts
of Budapest aI different times in order to investiga1e the different pollution
concentrations. The blood samples were chosen in such a way thaI they corre-
spond to the aerosol samples. The whole blood was mixed with 70 Ditric acid
(the dilution was 1:3). (Rozlosnik, N.; Harka, L.; Horva1h, Z.; Raa, Z.; (June
1993),917-919 [in English].)

2971 HIGH RADON ACTIVITY IN NORTHEAST HUNGARY
[BIB-BUDAOO275]
A seismologically active geological overthrust zone runs across Hungary. The
Matta mountains are the most active areas where eocenic volcanic andesite lies
upon triassic limestone karst. From below the andesite, CO2 emana1es aI
different points through breaks. CO2 containing wells and the occasionally
detected CO2 filled cellars have been also found in the village of Matnderecske,



recently by the U.S. Departments of Energy and Defense. Initial research
foaJSed on disinfection kinetics of bacteria. Our most recent experiments have
foaJSed on evaluating the effectiveness of elearon beam irradiation in treating
contaminated groundwaters. (Kurucz, C.N.; Waite, T.D.; Cooper, W.J.; Nickel-
sen, M.G.; (June 1993), 769-771 [in English].)

2951 SOIL AND VEGETATION POLLUTION STUDY: QUAL-
ITY CONTROL OF ANALYTICAL DATA [BIB-BUDAOO254]
The systematic determination of soil and vegetation pollution demands an
organized and coordinated approach to the problem. Soil and vegetation sam-
pling, preparation of samples and analysis of selected organic and inorganic
pollutants are the most important factors influencing data reliability. Designing
and executing the analytical program in the study of soil pollution impact on
certain plants in the Celje Municipality Region is presented in our work.
(Hudnik. V.; Hodnik, A.; Lobnik, F.; (June 1993), 60-62 [in English].)

2952 THE RELATIONSHIP BETWEEN GEOGENIC AND
TECHNICAL RADIOACTIVE EXPOSURE IN SAXONY AND
THURINGIA [BIB-BUDAOO255]
The areas of Saxony and Thuringia form part of the metallogenetic unit used for
uranium extraction which is in Bohemia. The radiogeochemical characteristics
of these areas show for many roclcs a significant increase in uranium content
and, on a local scale, a strong diversification of the uranium contenL The uranium
deposits in the entire geotectonical unit in the Bohemian area can be seen in this
conteXL As a result of the intensive mining activities after World War n there
exists in these areas contaminated abandoned mines, waste rock piles and
tailings ponds. Obtaining an overview of all mining remnants which are con-
taminated by radioactive sources and assessing quantitatively their impacts are
the basic activities for the planned decommissioning of these areas. (Viehweg,
N.; Stoll, E.; (June 1993), 356-358 [in English].)

2953THE RACKEVE -SOROKSAR DANUBE: INPUT WATER
- SUDD - OUTPUT WATER SYSTEM [BIB-BUDA00256]
This paper will provide a summary of the paleohydrography of the Danube River
as well as the development of the side channel near Csepel Island including:
History of the present, river-canalised side channel; Hydraulic, channel morpho-
logical review, the hydraulical connection with the main channel, problems of
the water alimentation; Review of the present situation of the water quality in
the side channel; The water management situation in the side channel; The
(Rackeve-S orolcsar) - Danube, as a special mixture of recreation area and nature
protection area, its mutual effects and problems; (Marton, B.; Szabolcs, T.; Mate,
B.; (June 1993), 113-117 [in English].)

2954 JOINT DOFiEPAllAEAlPRIV ATE INDUSTRY DEMON-
STRATION OF ENVIRONMENTAL CLEANUP TECHNOLO-
GIES IN EASTERN EUROPE I CIS [BIB-BUDAOO257]
The objectives of this initiative are: to demonstrate specific cleanup technologies
(soil and water) in Eastern Europe and the CIS that are contaminated with
radioactive and hazardous constituei1ts; to share these technologies with the
engineering team concept for deployment in the host nations, in the United
States, and in other countries; to catalyze private sector participation and open
new markets for U.S. investment; and to form partnerships between EPA, DOE,
and the international community. The demonstration will be conducted in a
mutually agreed-upon location in EasternEurope (e.g., Poland) and/or in the CIS
(e.g., Ukraine). (Garcia-Frias, B.; Dyer, R.S.; (June 1993), 909-911 [in Eng-
lish].)

2955 DEWATERING SURFACE IMPOUNDMENTS USING
FILTER PRESSES [BIB-BUDAOO258]
Industrial surface impoundments have been a common method of sludge dis-
posal in both Europe and the U.s. for many decades. Metal hydroxide sludges
and petroleum refming wastes, as well as sludges from the pigment and dye stuff
and wood preserving industries are but a few of the types of materials found in
these lagoons. In the last decade, we have come to realize that many of these
impoundments are potentially hazardous to the environment as they leach to the
underlying aquifers and/or release volatile organics such as benzene to the
atmosphere. Sound environmental practice calls on us to remove these sludges
and close the lagoons. (Wachter, D.H.; Hamm, R.W.; Davis, M.L.; (June 1993),
676-678 [in English).)
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2956 LEMNA, A NATURAL, STATE-OF-THE-ART AND
COST-EFFECTIVE WASTE WATER TREATMENT TECH-
NOLOGY FOR CITIES AND INDUSTRIES [BIB-BUDA00259]
The Lemna technology is lagoon-based and uses aquaculture to trea1 waste water
to achieve secondary, tertiary and advanced waste water treatment limits. The
process uses little or no electricity, chemicals and requires no sludge manage-

menL Lemna facilities have no odor, mosquitoes and are algae-free. The Lemna
technology is presently used in the United Stales and many parts of the world
serving from small villages to large urban areas. It can cost as little as half in
capital costs and one-third in operations and maintenance charges of the tradi-
tional mechanicalJchemical systems. The harvested biomass is very rich in
nilrogen and protein and can be used as fertilizer, protein supplement and animal
feed. (poole, W.; (June 1993), 92-94 [in English].)

2957 PROBLEMS OF COMPELLING RESTRICTIONS IN THE
USEOF CHEMICALS IN AGRICULTURAL PRACTICES ARE
TACKLED FOLLOWING A DIVERSIFIED APPROACH OF
AGRICULTURAL RESEARCH ACTIVITIES [BIB-
BUDAOO260]
An overview will be given of Dutch research, following different entries that
have been chosen for investigation: emissions - studying the damaging effects
of excessive fertilizers and pesticides - with a view to establishing valid meas.
uring instruments and aiteria for legislators; and production - studying the
economical and ecological impact of new production systems with a view to
helping the fannerlproducer change agricultural technology. With regard to the
redudion of emissions there are four subject fields comprising groups of
interrelated projects: (Eerkens, C.; (June 1993), 911-914 [in English].)

2958 BOUNDARY CONDmONS FOR THE DESIGN AND OP-
ERATION OF SINGLE SLUDGE BIOLOGICAL NUTRlENf
REMOVAL FACILITIES [BIB-BUDA00261]
At fixed influent CODIP and CODIN ratios, the activated sludge process can be
successfully operated between the following boundaries: minimum threshold
aerobic Mean Cell Residence TlDIe (MCR1) necessary for nitrification relative
to the operating temperature; and maximum limiting MCRT below which the
process is phosphorus loading limited and the phosphorus storage capability is
not exceeded. Procedures are currently available to estimate the minimum
threshold aerobic MCRT for nitrification with respect to temperature. Literature
shows that enhanced biological phosphorus removal (EBPR) can be achieved at
all reasonable temperatures provided the process is operated at MCRTs greater
than two days. (Reddy, M.P.; (June 1993), 118-126 [in English].)

2959 A SYSTEMATIC APPROACH FOR THE DESIGN AND
APPLICATION OF IN SITU BIOTREATMENT [BIB-
BUDAOO262]
A significant problem with applying in situ remediation technologies to the clean
up of hazardous waste sites is the large number of site specific variables that
warrant investigation. The resulting high costs, long time delays and difficulty
in synthesizing the collected data encourages the misapplication of "favored"
technologies. To address this problem, a holistic methodology has been devel-
oped that integrates field and laboratory investigations, technology selection,
engineering design and post performance analysis of the applied technology.
Key elements include the evaluation of site specific geological, chemical and
biological characteristics. (Montemagno, C.D.; Leo, S.; Craig, 1.; (June 1993),
632-634 [in English].)

2960 GROUNDWATER SAMPLING USING MONTEJUS SAM-
PLERS: THE DANISH AND POLISH EXPERIENCE [BIB-
BUDAOO263]
The large Dumber of substances of anthropogenic origin represent not only a
serious threat to groundwater resources, but also a challenge in the field of
sampling techniques and laboratory methods. A short review of problems
associated with collecting reliable groundwater samples is given. Five major
problems are identified: a) change of conditions from aquifer environment to the
sampling bottle, b) addition/removal of substances caused by sampling equip-
ment, c) uncertainty with regard to aquifer level from which the sample origi-
nales, d) reliability of laboratory methods and e) the high cost involved in
analyses of "exotic" parameters. (Gosk, E.; Usolnowicz, S.; (June 1993), 915-
917 [in English].)
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the feasibility of groundwa1er biorestoration technology in Italy, and is struc-
tured along the fonowing research lines: state of the art of the groundwater
biorestoration technology; evaluation of the Italian and EEC water quality
legislation with regard to their influence on the development of biorestoration
technologies, on the use and injection in groundwa1er of nutrients, electron
acceptors and bacterial strain, and on the biorestoration objectives; (Caramuscio,
P.; Imperiali, PL.; Lupi, C.; (June 1993), 766-768 [in English].)

2942 HYDRODEHALOGENA TION PROCESS IN POL Y-
CHLORINATED BIPHENYLS DECONTAMINATION [Bm.
BUDAOO245)
Polychlorinated biphenyls (PCBs) are organic compounds which were used in
the past in dielectric fluids for ttansfonners and capacitors. Owing to their
suspect carcinogenicity, PCBs were banned and their use were limited in closed
systems which are easily checked and monitored. Since 1980, several countries
have specified PCB limits in waste and oil (100ppm in Italy) to avoid environ-
mental dispersions by disposal in landfill. PCB wastes destination in Italy
depends on their degree of contamination: for PCBs range between 100-
500ppm, oils are considered special wastes and can be disposed in chemical
landfills; for higher levels (greater than 500ppm) they are considered hazardous
wastes and the only available destruction method is incineration. (Quattroni, G.;
Tundo, P.; (June 1993), 793-795 [in English].)

2943 RECYCLING OF DISCHARGED BATTERIES [Bm-
BUDAOO246]
The industrial activities of modem civilization require an increasing number of
new energy sources with resultant increased concentrations of various sub-
stances in the human environment One of the consequences of this situation is
that certain heavy metals may accumulate to toxic levels. Discharged batteries
are significant sources of heavy metal contaminants in soils and in waters. A
procedure has been developed for the separation and recovery of chemical
constituents of discharged batteries. lbis makes it possible to remove the toxic
elements from waste water and industrial dusts and to recycle the main compo-
nents of various batteries. (Sovago, I.; Papp, L.; Marton, A.F.; Kadas, M.; (June
1993), 745-747 [in English].)

2944 APPLICATION OF ISOTOPES AND OTHER TECH-
NIQUES IN GROUNDWATER POLLUTION [Bm-BUDAOO247]
Faced with the increased concentration of several organochemical compounds
into the groundWa1er designated for water supply in the southeastem (industrial)
part of Skopje, a research program established to determine the possible sources
and intensity of contamination, has been applied to the area of interest. lnstalIa-
tion of several piesome1ric tubes on the site enables us to determine the
hydrogeological conditions (characteristic) as wen as to observe the hydraulic
level and quality of the groundwater over time. By determination of d180 ratio
and tritium concentration in the wa1ers of interest (surface and underground),
valuable information about the mechanism of recharge and mean residence time
of local groundwater has been obtained. (Anovs1ci, T.; Jovanovs1ci, N.; Bozi-
novs1ci,Z.; Popov, Z.; Minceva, B.; (June 1993), 57-59 [in English].)

2945 STUDY OF THE INFLUENCE OF AGROTECHNICAL
MEASURES TO THE QUALITY OF GROUNDWATER IN
RICE PRODUCTION [Bm-BUDA00248]
The location of the main wa1er supply system (pumping of groundwater for
meeting human and technological needs of the Kocani plain population) is
almost completely surrounded with rice fields and the influence of most fre-
quently applied pesticides (ordram, orizan and basagran with molina!, propanil
and bentozane as active components, respectively) in rice production to the
qual ity of local groundwater has been studied. Parallel to the defmition of the
hydrological relationship between surface (Bregalnica River) and local ground-
wa1er (under exploatation), determination of the propogation of the pesticides
used throughout the observed aquifer has been performed. (Bozinovs1ci, Z.;
Popov, V.; Minceva, B.; Pop-Stefanija, B.; Jovanovs1ci, N.L.; Anovs1ci, T; (June
1993), 903-905 [in English].)
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2946 CONCENTRATIONS OF 14C AND 3H IN TREE-RINGS
FROM PLlTVICE NATIONAL PARK REGION [BIB-
BUDAOO249]
For reconstruction of the isotope concentrations in the past in a clean-air area,
tree-rings spanning the last three decades were collected from spruce tree grown
in Plitvice, C. Croatia. Cenulose was prepared from separated tree-rings and then
combustedfor 14Canalysis. 14Cactivity was measured by a proportional counter.
The distribution of 14C activity in tree-rings for the period 1963-1986 is com-
pared with the published data on global-scale distribution of atmospheric 14C
and with data obtained from spruce trees grown in MalTa, N. Hungary. A good
correlation among all these activities has been observed. The exchangeable
tritium was removed form cenulose samples used for tritium analysis. (Obelic,
B.; Horvatincie, N.; Krajcar Bronie, I.; Kozak, K.; (June 1993), 605-607 [in
English].)

2947 POssmn.1TIES OF APPLL YING THE POLARIMETRY
METHOD BY INVESTIGATIONS OF INTERACTION OF THE
MARINE TECHNOLOGY STRUCTURES WITH THE ENVI-
RONMENT [Bm-BUDAOO2S0]
Tbe interaction between industrial objects, energetics, marine technology struc-
tures and environment causes harmfu1 consequences to the environment It is
important to know the change in concentration of trace elements, especially
beavy metals. The method of polarographic analysis applied in the analysis of
toxic metals in aqueous solution is described. This method has a large range of
applications, particularly for the analysis of traces in aqueous solutions. Possi-
bilities of these methods are in the field of toxic metal determination. Limits of
detection are often eXtremely low. Tbe measurements show that a very low
concentration of toxic metals in sea Wa1er,meaning zinc, lead and cadmium, can
bedetected. (Dobrinie, J.; Cmic-ZaIokar, V.; (June 1993), 906-908 [in English].)

2948TRITIUM IN THE ATMOSPHERE OVER CROATIA AND
SLOVENIA [Bm-BUDAOO2S1]
Systematic measurements of integrated monthly precipitation samples started in
1976 at Zagreb, Croatia, and in 1981, at Ljubljana, Slovenia. Precipitation
samples were also collected at Plitvice National Park, as a reference sampling
point of "clean air" and at Rijeka, the North Adriatic. The yearly and seasonal
variations of tritium concentration in precipitation at continental stations in
Zagreb, Plitvice and Ljubljana generally fonow the Mid-European pattern, while
at Rijeka they are closely correlated with those at Genoa station. Tritium
concentration in atmospheric air moisture at several sampling points in Zagreb
has been also measured systematically since 1988. (Horvatincie, N.; Bronic,
I.K.; Obelie, B.; (June 1993), 163-165 [in English].)

2949 IN SITU SOn.s REMEDIATION OF VOClSVC BY HOT
AlRlSTEAM STRIPPING [B1B-BUDAOO2S2]
The remediation of soils containing volatile (VOC) and semi-volatile hydrocar-
bons (SVC) is most desirably accomplished in situ, i.e., without removal of the
contaminated soils from the ground This approach mitigates the environmental
problem, i.e., does not transport it to another location, and, when properly
applied, does not impact on the local environment during remediation. NO-
VATERRA has commercially demonstrated an in situ, hot air/stream stripping
technology to remove VOC and SVC from soils both in the vadose and saturated
zones. The technology has sua:essfuUy removed various chlorinated alipbatics
and aromatics, glycol ethers, phthalates, polyaromatic compounds, ketones,
petroleum hydrocarbons and many other compound types from sandy to clay
soils. (La Mori, P.N.; (June 1993), 630-632 [in English].)

2950 ELECTRON BEAM TREATMENT OF GROUND AND
SURFACE WATERS [Bm-BUDA00253]
The Electron Beam Research Facility (EBRF) located in the Central District
Waste wa1er Treatment Plant in Miami, F1oodahouses a 1.5 MV, 50 mA electron
accelerator. Extensive large scale (460 Linin-I) research on the use of electron
beams for the treatment of water and wastewa1er has been conducted over the
last several years. These efforts have been funded primarily by the National
Science Foundation, the U.S. Environmental PrQ(ectjon Agency, and more



2931BULKPRECIPITA TIONDEPOSmON OF AlRPOLLUT-
ANTS ANDTHEIR INFLUENCE ON THE CHEMICAL QUAL-
ITY OF FOREST SPRING WATER IN THE SALEK VALLEY
[Bm-BUDAOO234]
Within the Ecological Research Cooperation programme extensive investiga-
tions have been initialed to quantify the emissions impact of precipitation on the
chemical quality of forest sites in three different highland areas. The monitoring
programme includes sampling of bulk precipitation deposition in the open area,
seepage wa!er in sOan soil depth and spring water. The visible damage to the
forest stands with continually increasing acidification of the forest floor is
endangering the water quality of forested watersheds. Recent investigation
results of the Ecological Research Cooperation progam show tha11bis problem
has already arisen. (Gros, M.s.; (June 1993), 160-162 [in English].)

2932 SOIL POLLUTION MONITORING IN SLOVENIA [Bm-
BUDAOO235]
In Slovenia, soil pollution monitoring has begun only recently. The soil is a sink
which bolb receives fall-out from the atmosphere and absorbs or filters ma1erial
from natural sources and waste water. The case study of soil pollution, which
was done in Celjecounty in 1990 will serve as abasefor soil pollution monitoring
in Slovenia. The intent of the investigation was to obtain an approximation of
the heavy metals in soil (As, Cd, Cu, Cr, Hg, Ni, Pb, Se, Ti, Zn), fluoride, and
some organic substances (alach1or, metl1olachlor, aldrin, dieldrin, endrin, para-

. thion derivatives, DOT, DOE, ODD, TOE, hexachlorobenzene, endosulfan,
attazine, simazine, silvex, bromacil, 2,4-0, 2,4,5-T, Ma>A, Ma>P, PCB).
(Lobnik, F.; Turk, I.; Zupan, M.; Vrscaj, B.; Hudnik, V.; (lune 1993), 532-534

. [in English].)

2933 CONTROLLED STUDYING OF THE COMPOSTING
PROCESS [Bm-BUDAOO236]
A self-healing bioreactor of 810 L working volume was COnstIUcted and tested
for use in studies simulating the biochemical and thermodynamic changes which
occur during composting. A composting process is based on forced ventilation
controlled by home made PC software. Basic parameters (cone. 02, temperalUre)
can vary so that a most favorable microbial environment is created. Large
working volume and wall insulation minimize conductive heal loss, so that
experimental results can be used directly to implement highly controlled indus-
trial composting facilities which is necessary when composting hazardous
wastes like sewage sludge or urban wastes. (Mihelic, R.; Kadunc, V.; Lobnik,
F.; (June 1993),710-712 [in English].)

2934 SATURATION OF EXPANDED VERMICULITE IN ANI-
MAL SLURRIES: NEW POSSIBILITIES OF USE [BIB-
BUDA00237]
In this study, different parameters which influence the efficiency of salUrating
expanded vermiculite (Murmansk) in pig slurry, were investigated. After carry-
ing out a number of procedures we chose an expanded fraction of 3-6 mm, which
has a cation exchange capacity of 132 meq/loo g dOl. In saturation experiments
with pig slurry we managed to bind to expanded vermiculite between 80 and 90
meq NH4 + 1100 g dOl., and between 20 and 90 meq K+/loo g dOl. This is how
we were able to fill in a large part of cation spaces with these two nutrients. Two
possible uses of this phenomenon are discussed in the study: (Kadunc, V.;
Lobnik, F.; (lune 1993),712-714 [in English].)

2935 ALTERNATIVE SYSTEMS FOR MODELING THE
GROUNDWATER REMEDIATION BY PUMPING AND/OR
RECHARGE WELLS [Bm-BUDAOO238]
This paper deals with the problem of groundwater quality remediation by
pumping and/or recharge wells. The pollution, due to organic compounds
(pharmaceutical products), concerned an unconfmed aquifer in coarse to me-
dium-grained alluvial deposits, surrounded by pre- quaternary rocky hilly re-
lieves. The area is characterized by non-continuous surficial protecting layers,
deep wa!er-table, heterogeneity of the aquifer exploited by several drinking
wateT wells and then by the lack of alternative water supply. In this situation the
removal of groundwater contamination requires efficient systems planning in
order to avoid damage of the hydrogeological balance. (Bereua, G.P.; Carabelli,
G.; Colombo, F.; Francani, V.; Mariotti, C.; (June 1993), 673-675 [in English].)
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2936 A SENSITIVE BIOMARKERS SET RESPONDING TO
THE CHEMICAL EXPOSURE [Bm-BUDAOO239]
The intent of this study was to establish the possible health risks of the
contamination with environmental chemicals. The spectrum of the toxic effects
induced by xenobiotics was evalualed from the serum and hepatic biochemical
and morphological compartment in pesticides exposed rats. The time evolution
(24, 48, 72 hours) of the serum and hepatic response induced by one dose
pesticides exposure were compared with the cumulative effects obtained in short
experiments (15 days) and in long-time (18 months) chronic experiments.
(Codorean, E.; Filipescu, G.; Tanase, C.; Ciotaru, L.; Laky, 0,; (lune 1993),
898-900 [in English].)

2937 A REGIONAL NETWORK FOR THE INVESTIGATION
OF ATMOSPHERIC TRITIUM [Bm-BUDAOO240]
The relatively large amotmt of tritium which was released to the environment
during the bomb test period in the early 1960's is deaeasing but anthropogenic
sources such as the use of nuclear fuel, fusion test experiments military and
industrial uses of tritium may be offsetting Ibis deaease. Tritium originating
from natural and man-made sources is present in the atmosphere mainly in the
form of tritia!ed water vapor (HTO), tritiated hydrogen gas (H1) and as hydr~
carbons. The present background levels may be significantly altered on a
regional and global scale especially if the form of released tritium is HT.
(Urchrin, G.; Kozak, K.; Csaba, E.; (lune 1993),502-505 [in English].)

2938 TERATOGENIC PESTICIDE EFFECTS - A PROSPEC-
TIVE STUDY [Bm-BUDAOO241]
The potential toxic and teratogenic effects of chemicals upon the animals were
investigated by administration of 3 pesticides in a long-time (18 months) chronic
experiment in rat. The chemical chronic exposure induces a serum enzyme
comportment expressing a various reactivity of the intracellular enzyme system
including their susceptibility of the structural groups of xenobiotics. The study
presents the results concerning the teratogenic effects induced by the fetal and
prena1al pesticide exposure. The adverse teratogenic effects of the toxics with
the probability of malformation risk is a problem of their chemical aggressivity,
but also of their dose and time exposure and may be correlaled with the
bioenzymological serum, erythrocyte and tissue factors. (Filipescu, G.; C~
dorean, E.; Ciotaru, L.; Tanase, C.; (lune 1993), 901-903 [in English].)

2939 DEVELOPMENT OF LANDFILL LINING SYSTEMS
[Bm-BUDAOO242]
The Federal Institute for Materials Research and Testing in Berlin is c~
ordinating, on behalf of the Federal Ministry for Research and Technology of
Germany, a national research project concerning the development of improve-
ments in landfill lining technology. This major research project will cover many
aspects of mineral layers and HOPE geomembranes for both basal and surface
liners in landfill sites and slurry trench walls for abandoned hazardous waste
sites. Twenty-eight universities and research establishments will take part in Ibis
program. (Meggyes, T.; Brune, M.; Muller, D.; (lune 1993), 715-717 [in
English].)

2940 EVANESCENT WAVE FmEROPTIC IMMUNOSENSOR
FOR THE DETECTION OF TRIAZINE HERBICIDES [Bm.
BUDAOO243]
Fiberoptic sensors based on excitation of luminescent chromophores by the
evanescent field of the light- guiding fiber can be used as highly sensitive and
selective biochemical affinity sensors. As an example, a sensor for the detection
of the herbicide Atrazine, based on a competitive immunoassay will be pre-
sented In Ibis assay format, monoclonal atrazine antibody is immobilized on a
multi mode quartz optical fiber. A solution containing a known amount of
Fluorescein-labeled Atrazine and an unknown concentration of non-labeled
Atrazine is injected into the sample chamber surrounding the fiber. (Oroszlan,
P.; Duveneck, G.L.; Ehra1, M.; Widmer, H.M.; (lune 1993), 53-57 [in English].)

2941 DEVELOPMENT AND FEASmILITY OF GROUNDWA-
TER BIORESTORATION TECHNOLOGIES IN ITALY [Bm-
BUDAOO244]
ENEL (Italian National Electricity Board) - Brindisi Research Centre and
ISMES initiated a research project focused on in situ groundwa!er biorestoration
technologies. The project, to be accomplished in three years, aims at evaluating
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organisms. (Odor, L.; Csalogovits, I.; Horvalh, I.; Raincsak, G.; (June 1993),
51-53 [in English].)

2921 MULTlCONIDIAL RESPIRATION TEST: A NEW
STANDARDIZED METHOD FOR QUANTITATIVE BIO-
MONITORING OF AIR POLLUTION [Bm-BUDA00224]
A rapid and reproducible bio-assay for the quantitative detection of environ-
mental contamination is presented here. Toxic substances in ambient air can
damage the conidia of AspergiUus niger to the degree that their potential for
developing a new mycelium and new reproductive sttUctUreS is impaired. The
exposed conidia were incubated on nutrient agar and the growth of the mycelium
and the formation of new conidia were evaluated by two measurements: growth
zone of mycelium metrically and development of conidia by densitometry. In
addition, the results were documented photographically. A supplementary met-
ric and densitometric evaluation of the photographs is possible. (Bomar, M.;
Bomar, M.T.; (June 1993), 500-502 [in English].)

2922AEROSOL SAMPLING ANDANALYSIS BYPlXE IN THE
INSTITUTE OF NUCLEAR RESEARCH, DEBRECEN [Bm-
BUDAOO22S]
Aerosol samples were coUected as thin layers on nucleopore filters in the
Institute of Nuclear Research of the Hungarian Academy of Sciences during
1991-1992. In the laboratory - at the 5 MeV Van de Graaff accelerator - Particle
Induced X-Ray Emission technique (PIXE) as a sensitive, nondesttuctive mul-
tielement method has been used for analysis of aerosols. About 20 minutes
bombardment is sufficient to detect up to 20 elements: AI, Si, P, S, CI, K, Ca,
Ti, V, er, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Pb in these samples. Elemental
concentration data were used for further statistical analysis and evaluation.
(Koltay, E.; Borbely-Kiss, L;Szabo, G.; (June 1993), 896-898 [in English].)

2923 FLUIDIZED-BED INCINERATION OF SOLID WASTES
AND SLUDGES: A VIABLE TECHNOLOGY FOR ENERGY
ANDTHE ENVIRONMENT [Bm-BUDAOO226]
In this paper, the results of experimental combustion tests of different types of
wastes (Municipal Solid Waste, refuse-derived fuel, agro-industrial wastes)
carried out in a fluidized-bed pilot plant are presented. The reactor is an
atmospheric bubbling fluidized bed, with a thermal capacity of around 1 MW
and suitably insttumented for monitoring the operating conditions. The results
are analyzed and discussed, in panicu1ar, as regards the environment and the
potential of this technology for energy recovery. (Brunetti, N.; De Cecco, C.;
Zuccotti, S.; (June 1993), 707-7CY:J [in English].)

2924 REVIEW OF BUSINESS-RELATED LEGAL REFORMS
IN CENTRAL AND EASTERN EUROPE [Bm-BUDAOO227]
This paper will address the business-related legal developments that have
occurred in Central and Eastern Europe within the past 2-3 years, focusing on
steps to introduce a market economy and accompanying legal system. In
particular, I would focus on laws governing foreign and private investment, tax
structures of the various countries, a review of property rights, and the pace and
mechanisms of privatization of industry. Specific issues would include repatria-
tion of profits and investments, rules governing ownership and control of
enterprises, inteUectua1 property protection and the applicable laws and regula-
tions governing environmental matters in the various countries. (La Belle, R.D.;
(June 1993), 321-323 [in English].)

2925 INNOVATIVE TECHNOLOGIES FOR IN SITU REME-
DIATION [Bm-BUDAOO228]
The Lawrence Livermore National Laboratory is developing several innovative
technologies for in situ remediation as long-term improvements to the allTCnt
ex situ pump and treat approaches to cleaning up contaminated soils and ground
water. These technologies include dynamic underground striPPing, in situ mi-
crobial filters, and remediation using intense, penetrating brelIllIlSlrlih1ung,
which are summarized below. (1) Dynamic Underground Stripping - LLNL is
coUaborating with UC Berkeley to develop and demonstrate asystem of thermal
remediation and underground imaging techniques for use in rapid cleanup of
localized underground spills of organic contaminants. (Aines, R.; Knapp, R.;
Mathews, S.; Ragaini, R.C.; (June 1993), 668-673 [in English].)

HO

2926 INTERNATIONAL SCHOOL OF INNOVATIVE TECH-
NOLOGY FOR CLEANING THE ENVIRONMENT, ETTORE
MAjORANA CENTER FOR SCIENTIFIC CULTURE, ERICE,
SICIL Y, ITALY [Bm-BUDAOO229]
As a fust step in establishing an international training and research effort in the
development of advanced technologies for improving the environment, the
Majorana Center for Scientific Culture in Erice, Sicily, a branch of the World
Laboratory, established a School of Innovative Technologies for Cleaning of the
Environment in 1989. The goal of the School is to disseminate information
concerning available approaches to assess the risks of environmental contami-
nation and identify innovative physical, chemical, and biological technologies
to remediate and restore the environment to a safe level. (Ragaini, R.c.; (June
1993), 398-400 [in English].)

2927 PRODUCTION UNITS IN THE SCOPE OF AQUISmON
AUDITS OF ENVIRONMENTAL PROFILE ANALYSIS [Bm-
BUDAOO230]
In the scope of privatization, the assessment of the environmental status of
industrial sites and production technology is an important issue. To solve this
problem, the concept of environmental profile analysis is discussed using
selected examples from metal-manufacturing industries in Hungary and
Czech+Slovak Fed Rep. Input/output balances of chemicals used in a production
process often show that hazardous chemicals are used to a large extent during
production. Therefore, it is not surprising when these substances are found again
in soil, ground water Or uncontroUed waste disposal sites. While chemicals of
environmental contamination seems to be relatively easy, problems often arise
for the assessment of these sites with respect to the acl1Jalland use. (Simmleit,
N.; Michaels, B.; Hempfling, R.; (June 1993), 593-597 [in English].)

2928 GEOPHYSICAL METHODS APPLIED FOR THE PRO-
TECTION OF THE ENVIRONMENT AND GROUNDWATER
RESOURCES [Bm-BUDAOO231]
At the onset of geophysics as a science, the Earth was studied in whole as well
as its physical - magnetic, gravity - fields. In a short time, basic methods of
mineral row material prospecting developed from that. All these geophysical
methods investigate changes in physical parameters (magnetic susceptibility,
density, electric conductivity or resistivity, dielectric constant, propagation
velocity of seismic waves, radioactivity, etc.) within the Earth's crust and in the
rocks. Recently the uppermost layer which is simply called soil has also been
investigated. Environmental damages have impacts, fust, on the soil and the
groundwater because they are easily poUuted. (Schonviszky, L.; (June 1993),
597-599 [in English].)

2929 MICROELEMENT DETERMINATION IN THE UNDER-
GROUND WATER OF THE ROMANIAN SHORE [BIB-
BUDAOO232]
This study is a part of a comprehensive research programme on the Black Sea
Romanian shore poUution. Miaoelement analyses have been performed on
water samples, col1ected systematically from 26 points (bore holes, springs and
surface sources) located in different hydrogeological conditions in the East
Dobrogea. The insttumental neutron activation analysis (lNAA) and the atomic
absorption spectrometry (AAS) have been used for the trace element content
determination. Two irradiations bave been carried out: a short irradiation of 3
minutes in the rabbit system, in a flux of 2.1012n1cm2/s. (Dinescu, L.; Catilina,
R.; Dorcioman, D.; Orasanu, 1.; (June 1993), 530-532 [in English].)

2930 SURFACE WATER CONTAMINATION IN THE NON-
FERROUS METAL SECTOR [Bm-BUDA00233]
Waste waters assocatied with: the cleaning processes of waste gases contami-
nated with fly ash; washing of the electrolytic tubs; centrifugation; and filtering
often contain Cu, Zn, Cd, Pb, Fe, and As as oxides, sulphates and other
compounds. The techniques of precipitation of the metallic ions with calcium
hydroxide, foUowed by a phase for acid removal results in good removal
efficiencies, and the quality of the evawated waters is reflected in the foUowing
constituent concentrations: Pb-max. 0.1 mg/I; Zn-max. 0.1 mg/1; Cu- max. 0.3
mg/I; and Cd-max. 0.2 mgll, according to the existing Romanian Standards.
(Zamflt, L.; Schneider, A.; (June 1993), 207-2CY:J [in English].)



investigation performed to collect data for the evaluation and assessment of a
30-year old municipal landfill located in Northeastern Germany. (O'Shaugh-
nessy, M.; Porsch, G.; Weiland, D.; (June 1993), 701-703 [in English].)

2911 ENVIROGEN'S NOVEL APPROACHES TO CONTROL
AND REMEDIATE ENVIRONMENTAL CONTAMINATION
[Bm-BUDAOO214]
Envirogen is an innovative biotechnology company dedicated to the business of
discovering, developing, and applying new and effective solutions to the task of
degrading and transforming toxic and hazardous wastes. The traditional treat-
ment of toxic vapor streams uses vapor scrubbing and adsorption. These methods
do not destroy the toxic contaminant of interest, but mecely transfec them to
anothec media. Biological treatment of these compounds, on the other hand, can
achieve not only higbee removal rates, but also realize cost savings. Envirogen
is currently working with toxic compounds such as trichloroethylene (TeE),
styrene and methylene chloride. (Bordacs-Irwin, K.; (June 1993), 627-629 [in
English].)

2912 THE VACUUM-VAPORIZER-WELL (UVB) METHOD
FOR IN SITU GROUNDWATER REMEDIATION [BIB-
BUDAOO215]
The Vacuum- Vaporizer- Well (UVB) Method is a new, patented technology for
in situ remediation of contaminated ground wa1ec. The principle of this method,
namely how circular flow is aeated within an aquifec using the UVB Method,
is briefly described, as well as how to determine the sphece of influence. In
addition, some case studies will be presented. The UVB Method creates a
circular flow pattern in the groundwa1ec around a UVB well and thus causes
mobilization of dissolved contaminants. These are subsequently drawn to the
UVB well within which remediation units (e.g., stripping reactor, selective
ionexchangec, or activated carbon f1Iter), depending on the type of contaminants
in the aquifec, are located. (Borchert, S.; Sick, M.; (June 1993), 790-792 [in
English].)

2913 THE USE OF RAPID, SPECIFIC IMMUNOASSAY.
BASED FIELD TESTS FOR ASSESSING SOIL AND WATER
CONTAMINATION [Bm-BUDA00216]
The application of field analytical methods to site assessments can enhance the
quality of the site assessment and result in substantial savings of time and
expense relative to the conventional practice of collecting samples and submit-
ting them for laboratory analysis. With the appropriate method and adequate
quality assurance/quality control this can be accomplished without an accompa-
nying decrease in the quality of the data necessary to support the decision making
process based on the site assessment results. Field analytical testing can be used
to substantial advantage for the ''real-time'' delineation of soil contamination and
the extent of contaminant plume migration. (Carter, K.R.; (June 1993), 527-529
[in English].)

2914 DELINEATION OF A DENSE ORGANIC CONTAMI-
NANT IN THE PHREATIC ZONES OF A COMPLEX SHAL-
LOW KARST AQUIFER [Bm-BUDAOO217]
In 1990, a train derailment in middle Tennessee resulted in the release of 15,443
gallons of chloroform from two tank cars. The spill occurred in an area underlain
by horizontally bedded Middle Ordovician carbonate rocks, which exhibited
significant karst features. The chloroform immediately entered the karst system
and was detected 2200 feet away from the site within 24 hours of the release.
After the initial emergency response, a detailed Phase I hydrogeologic investi-
gation was conducted by Ogden Environmental and Energy Services (Ogden).
This investigation included the drilling and instal1ation of approximately 40
monitoring and recovery wells. Bi-weekly sampling of the wells and springs
were conducted. (Shahmir, S.E.;Levy, M.J.; Caruthers, J.; (June 1993), 588-590
[in English].)

2915 BIODEGRADATION OF PAß IN AIRLIFT BIOREAC-
TORS [Bm-BUDAOO218]
Biodegradation of Polycyclic Aromatic Hydrocarbons (PAHs) is limited primar-
ily by poor bioavailability of these substrales, caused by their extremely low
solubility in water and strong adsorption to surfaces and organic mallec. Because
of low water transport rates, PAHs contaminated soil with high clay or silt
content cannot be treated by conventional bioremediation techniques such as
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in-situ techniques, landfarming or composting processes. A biological soil
decontamination process was developed as a technique complementary to soil
washing processes. (Bryniok, D.; Brunnec, W.; Eichler, B.; Kohlec, A.; Knack-
mub, H.J.; (June 1993), 893-895 [in English].)

2916 AIR POLLUTION CONTROL STRATEGY FOR VOCS
[Bm-BUDAOO219]
A presentation on the Dutch KWS 2000 Program for the reduction ofVOC-emis-
sions will be outlined. The applicability of the program for Eastern European
countries, especially Hungary will be discussed. The program deals with the
following aspects: inventarisation, the most important sources of industrial air
pollution of VOCS will be inventarlzed; reduction program, the feasibility of
technical solutions for the emission reduction in different branches of industry
will be studied and compared, latest developments in emission reduction tech-
nologies like biological and thermic, high energy recovery systems will be
presented; implementation program. (Dragt, A.J.; Kovacs, L.; (June 1993),
89-92 [in English].)

2917 FROM REFUSE TO RE-USE: THE LADDER PRINCIPLE
WASTE MANAGEMENT IN THE NETHERLANDS [BIB-
BUDAOO220]
In the Netheclands the policy for waste management is given in ordec of priority
by: presentation; re-use; useful application; incineration; landfill. This policy
leads to a numbec of reduction and prevention programs. In the presentation, an
outline will be given of the main items of the program. Examples for different
types of waste. will be discussed, as well as the applicability of these principles
in Central European countries. (Dragt, A.J.; (June 1993), 704-707 [in English].)

2918 ISOTOPE TECHNIQUES IN THE HYDROGEOLOGICAL
ASSESSMENT OF POTENTIAL SITES FOR THE DISPOSAL
OF CHEMICAL AND COMMUNAL WASTE IN EASTERN
HUNGARY [Bm-BUDA00221]
Stable and radioactive isotopes of natural wa1ecs and dissolved substances
provide information about the processes in the hydrosphere and often help to
pin-point the source of pollution. The results of a five-year research program is
presented in two fields: as a result of a comprehensive field investigation
programme based on environmental isotope methods and hydrodynamical cal-
culations we determined areas suitable for repositories of dangerous chemical
waste in eastern Hungary; large waterworks, like near Debrecen, are modifying
the ground Wa1ecflow regime and, thus, groundwa1ec flow from unprotected
areas is expected in the future. (Hertelendi, E.; Miko, L.; Marton, L.; (June 1993),
590-592 [in English].)

2919 GEOCHEMISTRY OF A GREENHOUSE GAS - HUMAN
INTERFERENCE IN THE NATURAL METHANE CYCLE IN
HUNGARY [Bm-BUDA00222]
Methane is the third most important of the greenhouse gases. A part of atmos-
pheric methane originales in the earth's crust through baderial and thermal
transformation of sedimentary organic mallec. Sedimentary methane moves
towards the atmosphece as free gas, as dissolved gas togetbec with upward
moving Wa1ecsand by diffusion. A part of this methane flux is trapped in the
sediments and in the hydrosphere in the form of gas fields, methane hydrate in
the pore space of the sediments and dissolved gas in some tropical lakes. Another
part is potentially oxidized and only a relatively small portion enws the
atmosphere. (Veto, I.; (June 1993),48-50 [in English].)

2920 THE RELATIONSHIP BETWEEN GEOLOGICAL SET-
TING ANDTOXIC ELEMENT ENRICHMENTS OF NATURAL
ORIGIN IN HUNGARY [Bm-BUDA00223]
It has been proven long ago by systematic geochemical investigations that the
concentration of minor elements in rocks are different and at the same time
characteristic for each rock type. The average abundance of elements for the
main rock varieties can show great diffecences. In soils formed by weathering,
the inherited minor element concentrations are similar to those found in the
parent material. Certain cases of rock forming processes (e.g., the formation of
black shales) result in unusually high concentrations of elements. By the influ-
ence of the so called ore forming processes (e.g., formation of ore deposits; post
magmatic and post volcanic alterations affecting huge volumes of rocks and
large areas) the toxic element content can reach values harmful to living
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leaking from a toxic waste disposal unit into the Eibe River. (Tilly, J.; Braccio,
R.; Dawson, G.; Beba, J.; (June 1993), 585-587 (in English].)

2901HAZARDOUS WASTE MANAGEMENT PLANNING FOR
THE SLOVAK REPUBLIC [BIB-BUDA00204]
This paper presents the results of a feasibility study foe developing a hazardous
waste management and remediation program foe the Slovak Republic. This study
was funded by the V.S.Trade and Development Program and conducted foe the
Slovak Ministry of Industry. The study compared proposed hazardous waste
legislation and standards with corresponding European Community and U.S.
standards and regulations; assessed the current hazardous waste generation,
management, and treatment situation; and suggested appropriale treatment
technologies. Finally, a practical, least-cost, environmentally sound hazardous
waste management plan was provided. (Braccio, R.; Cheney, C.; Tilly, J.;
Leontiev, 0.; (June 1993),742-744 [in English].)

2902 MODELING DENSE NON-AQUEOUS PHASE LIQUIDS
CONTAMINATION IN GROUNDWATER AQUIFERS USING
3D GEOSCIENTIFIC INFORMATION SYSTEMS [BIB-
BUDAOO205]
Numerous cases of subsurface contamination and ground water pollution result
from improper storage, use, and handling of organic compounds such as chlo-
rinated solvents, aeosotes and polychlorinated biphenyl (PCB) oils. These
potentially carcinogenic compounds, which are classed in a general group called
dense non- aqueous phase liquids (DNAPLs), are characterized by densities
greater than water, and may be present as multiple phases in a contaminated
aquifer. These characteristics make DNAPLs extremely difficult to model and
analyze in the subsurface. Adequale sampling density is often impossible to
obtain because excessive drilling to locate DNAPL source areas has the potential
to worsen the extent of contamination through hydrau1ic disturbance of the
system. (Fisher, T.R.; (June 1993), 270-271 [in English].)

29032- & 3-D GIS PLUS EElS: A SOLUTION FOR ASSESSING
AND MANAGING WASTE SITE INVESTIGATIONS AND RE-
MEDIATION [BIB-BUDA00206]
A mistake commonly made during waste site investigation is the commencement
of field activities without using available background information that could
foalS the investigation on the site's most aitical problems and direct resources
in those areas. The investigation is started with no defmed scope oe tools to
manage information. The duplication of data acquisition represents a waste of
valuable resources. Two- and Three-Dimensional Geographical Information
Systems (3D GIS) are effective tools foe spatial visualization of ground water
and chemical contaminant movement, as well as modeling within the hydrologic
flow regime. (Janssen, L.A.; (June 1993), 272-272 [in English].)

2904 REVIEW OF INNOVATIVE TECHNOLOGIES FOR EX-
TRACTION OF CONTAMINATED SOIL VAPORS AND
GROUNDWATER FROM SANDSTONE AND ALLUVIUM
[BIB-BUDAOO207]
Contaminated soil vapors and ground waler have been investigated at a fonner
rocket motor production and testing facility in southern California, USA. The
contaminants, volatile oeganic compounds, are present in alluvial soils and a low
permeability cemented sandstone. While alluvial permeabilities are adequate to
permit extraction, the very low permeability of the sandstone unit limits the
ability to effectively extract contaminated vapors and groundwater using con-
ventional methods. Vapor extraction well tests produced little or no vapor flow,
and groundwater production rates are 1.9 liters/minute oe less from test wells.
An extensive study was undertaken to evaluate various technologies for vapor
and Waler extraction. (Hamer, W.G.; (June 1993),665-667 [in English].)

2905 APPROPRIATE TECHNOLOGY APPLICATION: AN
AMERICANlROMANlAN WELL DRILLING PROGRAM TO
PROVIDE POTABLE WATER SUPPLIES IN AREAS OF HIGH
NITRATE GROUNDWATER IN WESTERN ROMANIA [BIB.
BUDAOO208]
In western Romania (Timisoara area), small, efficient drilling machines are
being used to drill wells to access clean ground water supplies. The new wells
access clean water that occurs below shallow contaminated water. The shallow
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groundwater in the area is contaminated with nitrates at concentrations as much
as 5 times acceptable levels foe potable water. Nitrate contamination in the region
is known to have resulted in infant deaths. The drilling program is focused on
drilling moee than forty 100 meter deep wells to replace shallow hand dug wells
in villages in the area. Two mud rotary drill rigs, submersible pumps, and well
screens were imported to Romania as part of the program. (Hamer, W.G.; (June
1993), 319-320 [in English].)

2906 DATA MODELING AND MANAGEMENT FOR SUP-
PORT OF ENVIRONMENTAL SITE INVESTIGATION AND
REMEDIATION [BIB-BUDAOO209]
Site investigation and remediation efforts generate massive volumes of data.
These data are the basis foe conclusions concerning the nature and extent of
contamination, evaluation of remediation alternatives, and provide a historical
recoed to measure the success of the remediation effort. Data complexity and
quantity make a coherent plan for data management imperative. Data manage-
ment is complicated by activities dri ven by the associated dynamic regulatory
and legal environment, and the support of changes in the underlying science.
(Nunke, M.P.; (June 1993), 273-274 [in English].)

2907 MODELING ENVIRONMENTAL REMEDIATION
COSTS FROM HYDROCARBON RELEASES [BIB-
BUDAOO210]
A computer model and data base were developed to estimale environmental
remediation costs from hydrocarbon releases at retaiJ gasoline stations and bulk
storage facilities. Uses of the model include estimating clean-up costs for
property transfer negotiations oe budgetary purposes, identifying sites requiring
additional field investigations, prioritizing environmental remediation actions,
and developing optimum strategies for upgrading oe closing facilities. The
model, the Clean-up Cost Model (CCM), is a computer program that prob-
abilistically describes the likelihood of potential product release volumes and
soil and ground water remediation costs at terminals, depots, and service stations.
(Gancarz, D.G.; (June 1993), 275-277 [in English].)

2908 DISCRETE INTERVAL GROUNDWATER SAMPLER
[B1B-BUDAOO211]
A discrete interval sampler designed foe use in deep groundwaler monitoring
wells is a cost-effective method of obtaining high quality, representative ground-
waler samples. The sampler uses a well packer coupled to a remotely activated
point-source bailer and a small diameter, stainless steel pump. The packer
isolates the well saeen from the water in the upper well casing. The pump purges
water from the upper casing, lowering the phreatic surface; hydrau1ic pressure
in the aquifer causes Waler to flow through the well screen, the packer and the
bailer. The collected sample is representative of conditions in the aquifer because
there is no mixing with the water in the upper well casing. (Koerner, C.E.;
Rogalla, J .A.; Corbett, J.J.; Varnadore, 0.1; (June 1993),566-568 (in English].)

2909 ADDRESSING LARGE-SCALE GROUNDWATER AND
VADOSE ZONE CONTAMINATION USING SOIL VAPOR
MEASUREMENT [BIB-BUDAOO212]
Near-surface and downhole soil vapor measurement techniques were used to
determine the best locations foe ground water monitoring wells at a former
propellant manufacturing facility in southern California. Historical aerial pho-
tography and a geophysical survey were used to identify potential contamination
sources and initiale the vapor investigation. The soil vapor investigation, with
sample analysis in a field laboratory, was a rapid, cost-effective method of
accurate1y mapping the nature and extent of the two-mile long plume of
halogenated volatile organic compounds. (Koerner, C.E.; Rogalla, lA.; (June
1993),764-766 [in English].)

2910 ASSESSING THE ENVIRONMENTAL IMPACTS OF UN-
CONTROLLED LANDFILLS [B1B-BUDA00213]
Many municipal, industrial, and hazardous waste landfIlls throughout Central
and Eastern Europe are uncontrolled sources of contamination. These uncon-
trolled landfills are degrading air, soil, surface water, and ground Waler quality.
Determining the nature and extent of contamination and its effects on the
environment as well as developing corrective measures requires comprehensive
study and evaluation. This paper includes a case study detailing a phased field



the United States Environmental Protection Agency for standard procedures,
guidelines, or protocols that address site and soil contamination. (Cameron, R.E.;
(June 1993), 580-582 [in English].)

2891 AGRO-ENVIRONMENTAL PROGRAM IN CENTRAL
AND EASTERN EUROPE: WATER QUALITY [BIB-
BUDAOOI94]
Environmental degradation of water quality (and soil) in Central and Eastern
Europe has significantly affected potable water supplies and the productive
capacity of its agria1lture. Pilot projects are being initiated to determine the risk
assessment of water supply, quality, usage, and remediation (including soils).
Agria1ltural management practices in the use of pesticides and fertilizers,
necessary protective measures and remediation of contaminated water supplies,
especially those used for human consumption and agria1ltural production and
irrigation, are being given primary consideration. (Cameron, R.E.; Vitorovic,
S.L.; (June 1993), 204-206 [in English].)

2892S0IL GAS TECHNOLOGY: INVFSTIGATIVEAPPLICA-
TIONS [B1B-BUDAOOI95]
Shallow soil gas investigations can rapidly detect and delineate the real extent
of ground water and soil contamination from vola1ile organic chemicals (V0Cs).
Detection of a volatile chemical in the shallow soil gas indicates the chemical is
in the vadose zone near the soil gas sampling system or in the groundwater
below. Soil gas technology is most effective in mapping low molecular weight,
halogenated solvent chemicals and petroleum hydrocarbons possessing high
vapor pressure and low aqueous solubility. These compounds readily partition
out of the groundwater and into the soil gas as a result of their high gaslliquid
partitioning coefficients. Soil gas contaminant mapping is accomplished by
withdrawing soil vapor from a hollow steel probe inserted into the soil.
(Thompson, G.M.; (June 1993), 560-563 [in English].)

2893 INITIATING THE CLEANUP OF THE ROCKY MOUN-
TAIN ARSENAL [B1B-BUDAOOI96]
The U.S. Army's Rocky Mountain Arsenal, located outside of Denver, Colo-
rado, covers over 70 square kilometers and is one of the largest hazardous wastes
sites in the United States. The facility was used from the 1940s to the 19808 as
a chemical manufacturing facility: by the U.S. Army for the manufacture of
various chemical munitions, including incendiaries and blister and nerve agents,
and by several private companies for the manufacture of various chemicals,
primarily herbicides and pesticides. (Gabel, D.O.; Lowrey, 1.; Lytle, R.; Beny,
E.; (June 1993),46-48 [in English].)

2894 ON-SITE INCINERATION OF OILY WASTES [BIB-
BUDAOOI97]
Oily wastes and oil contaminated soils and ground water are found worldwide
and are frequently associated with the handling and mishandling ofused oils and
solvents. These wastes are frequently contaminated with polychlorinated
biphenyls (PCBs), volatile organic compounds, and heavy metals. The remedia-
tion method most often selected for these sites is to incinerate the oily wastes
and contaminated soils, to destroy the PCBs and other organics, and then to place
the resultant ash in a landfill. An excellent example of this technology is the
Bridgeport Rental and Oil Services (BROS) project in New Jersey, USA; one
of the largest cleanup projects under the U.S. EP A's Superfund program. (Lytle,
L.;Gabel, D.; Nelson, E.; (June 1993),761-763 [in English].)

2895 COST-EFFECTIVE SITE CHARACTERIZATION TECH-
NIQUES [B1B-BUDAOOI98]
Characterizing the type and extent of soil and water contamination of large
facilities can be very expensive, especially when standard drilling, sampling,
and laboratory analysis techniques are used. However, innovative and cost-ef-
fective site characterization techniques can focus site characterization efforts
and reduce the overall cost of the investigations. This presentation will demon-
strate the benefits of several techniques used during the site characterization of
the Rocky Mountain Arsenal, including: surface and aerial geophysics for
detection of waste disposal sites and unexploded ordnance; surface and borehole
geophysics for geologic characterization; (Gabel, D.O.; Lylte, R.; Cushing, D.;
Sindelar, T.; irons, L.; Blose, K.; (June 1993), 583-585 [in English].)
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2896 INNOVATIVE VOLATILE ORGANIC PROCESSING
SYSTEM (VOPS)FOR THE RECYCLING OF SITE REMEDIA-
TION OF GASES [B1B-BUDAOOI99]
Soil vapor extraction of the unsaturated zone, air stripping of ground water and
air sparging of the saturated zone are used extensively for cost-effective site
remediation of volatile organic compounds. A consequence of each of these
technologies is the transfer of VOCs into a gas phase, which must be treated
prior to discharge to the atmosphere. A novel gas phase treatment system,
(Vola1ile Organic Processing System; VOPS), for removal and subsequent
recycling of gas-phase VOCS has been developed. Chlorinated and hydrocarbon
VOCs in the concentration range from near salUration to low parts per million
(ppm) are abscxbed into various fluids. Removal efficiencies using a variety of
gas-liquid contacting devices easily exceeds 99 percent. (Haag, G.; Grasso, D.;
Carlson, H.A.; (June 1993), 663-664 [in English].)

2897 SITE REMEDIATION: SOURCE CONTROL CURRICU-
LUM DEVELOPMENT FOR CENTRAL AND EASTERN
EUROPE [B1B-BUDA00200]
The United States Environmental Protection Agency (USEPA) has funded a
major curriculum development project at The University of Connecticut
(UCONN) entailing the design and structuring of a graduate level instructor's
guide on site remediation specifically addressing source control issues. Topics
covered include: regulatory frameworks, critical issues in technology selection,
review of basic engineering principles, ground water issues, conventional tech-
nologies applicable to hazardous waste, soil vapor extraction, soil washing,
solidification/stabi1ization, chemical destruction/extraction, bioremediation,
thermal processes, and risk analysis. (Grasso, D.; Haag, G.; (June 1993),
317-319 [in English).) .

2898 FIELD APPLICATION OF ROBOTIC SYSTEMS IN HAZ-
ARDOUS WASTE SITE OPERATIONS [B1B-BUDA00201]
The cleanup of hazardous waste sites is a challenging and complex field which
offers numerous opportunities for the application of robotic technology. The
contamination problem, long in the making, will take scores of years to resolve.
Our ingenuity in using robotic tools to assist in the cleanup will be a challenging
endeavor. This paper addresses field applications of robotic systems at hazard-
ous waste sites, as experienced by members of the U.S. Environmental Protec-
tionAgency. EP A must meet the challenge offmding solutions to clean up andlor
remediate hazardous waste sites and at the same time reduce health risks and
improve the safety of waste site field personnel. (Esposito, C.; Sullivan. D.;
Frank, U.; Cibulkis, R.; (June 1993), 563-565 [in English].)

2899 HAZARDOUS WASTE INCINERATION AIR EMISSION
CONTINUOUS MONITORING: THE OPERATOR'S VIEW-
POINT [B1B-BUDAOO202]
Most hazardous wastes can be eliminated by thermal combustion. This process
reduces wastes amount and their hazardous, pollutant and toxic characteristics.
Combustion converts wastes into ashes and fumes. These residues are further
treated to allow their return to the environment. The continuous monitoring of
air emissions can provide answers to various questions. It is compulsory for a
few pollutants and allows for the control of gases and dusts in compliance with
standards. Continuous monitoring provides the most reliable method of assess-
ing plant safety and environmental impact. Operating an incineration plant with
optimized air emissions control systems also requires continuous monitoring.
(Sterin, M.; Chachuat, J.P.; Gourdon, A.; Valentis, G.; (June 1993),498-500 [in
English].)

2900 REMEDIATION PLANS FOR THE SPOLANA CHEMI-
CAL WORKS FACILITYINNERATOVICE, CZECHOSLOVA.
KIA [B1B-BUDAOO203]
This paper p-esents the results of a feasibility study for cleaning up the Spolana
Chemical Works facility in Neratovice, about 20 miles north of Prague. This
SbJdy was funded by the U.S. Trade and Development Program and conducted
for the Czech Ministry of Environment. There are three primary problems at this
large chemical plant: (1) three dioxin-contaminated buildings that have been
closed since 1966; (2) ground water contaminated with organic and inorganic
chemicals threatening an adjacent nature preserve; and (3) hazardous chemicals
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2881 A NEW ALTERNATIVE FOR INDUSTRIAL SOLVENT
CONTROL: THE BRAYTON CYCLE SOLVENT RECOVERY
HEAT PUMP [B1B-BUDAOOl84]
Emissions of VOCS, including solvents, are CUlTentlyregulated in many coun-
tries with more stringent and broader regulations assured for the future. Regu-
lations and increasing solvent costs will continue to place industries in critical
siwations, demanding tha1 either solvent use be minimized or solvent alterna-
tives be found. At the present, energy consuming control technology alternatives
are in use by industry: carllon absorption and stearn desorption, whicb allow for
recovery, and thermal destruction, with no solvent recovery. In the future,
solvent substitution and minimization will be additional alternatives. (Williams,
J.H.; (June 1993), 739-741 [inEnglisb].)

2882 A NEW ALTERNATIVE FOR ENVIRONMENTALLY
BENEFICIAL INDUSTRIAL POWER GENERATION: THE
HIGH-PERFORMANCE STEAM SYSTEM [B1B-BUDAOO185]
Industrial power generation bas been and will continue to be a fundamental
activity of industry world wide. However, the air pollution emissions from the
combustion of fuels to generate industrial power will continue to come under
more stringent regulation in the fuWre. Regulations and increasing energy costs
will continue to jeopardize the benefits that industries and nations can realize
from industrial cogeneration (i.e. combined beat and power). The current tech-
nology options (e.g. "clean coal technologies", stearn-injected gas turbines)
available to industry are often operationally complex and expensive to plD'cbase
and operate. (Williams, I.H.; (June 1993),155-157 [inEnglisb].)

2883 STRATEGY FOR ENIRONMENTAL CLEANUP UNDER
TIGHT FUNDING CONSTRAINTS [B1B-BUDAOOl86]
This SWdyproposes a strategy for planning and implementing an environmental
restoration program in Central and Eastern Europe tha1 borrows some features
from the programs in the United Sta1es but also points out whicb features a
Central or Eastern European country may wisb to avoid. Careful thought and
planning is essential to target those projects tha1 will yield the maximum
reduction in infant monality, cancer deaths, and birth defects per thousand
inhabitants as swiftly as possible. (Jump, R.I.; (June 1993),314-316 [in Eng-
lisb].)

2884 IN SITU TECHNOLOGIES FOR TREATMENT,STABILI-
ZATION, AND REMOVAL OF HAZARDOUS WASTES [BIB-
BUDAOOI87]
In siw treatment technologies are an attractive alternative to conventional
excavation technologies, because they reduce exposure to contaminants, dimin-
isb bealth and safety concerns related to excavation, and decrease impacts to
ongoing industrial facility operations. This paper will review the staQJs of
evolving in siw treatment, stabilization, or removal technologies for hazardous
wastes. One of the most successful in siw treatmentlremoval technologies
developed recently is soil vapor extraction. In this simple process, volatile
organic contaminants are removed from subsurface soils by passing air througb
soil pore space. (AmdlU'er, M.; Gabel, D.; (June 1993), 787-789 [in Englisb].)

2885 ASSESSMENT METHODS AND CLEANUP LEVEL DE-
TERMINATION FOR HUMAN HEALTH THREATS POSED
BY HAZARDOUS ENVIRONMENTAL CONTAMINANTS
[B1B-BUDAOOI88]
Risk assessment, as conducted in the U.S.A. under the Superfund Program,
consists of four basic steps: 1) contaminant identification, 2) expoSlD'e assess-
ment, 3) toxicity assessment, and 4) risk characterization. Contaminant identi-
fication is performed througb comparison of contaminant concentrations with
background levels and risk-based concentrations. Exposure assessment identi-
fies potential receptors, discusses land use scenarios, and estimaJes the type and
magniwde of buman exposures. Toxicity assessment weighs the available
evidence regarding the potential for a substance to cause an adverse bealth effect.
(DeAngeles, A.l.; Meadows, S.D.; Tumb10m, S.M.; (June 1993),424-425 [in
Englisb].)
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2886 MONITORING AND REMEDIAL TECHNOLOGICAL
DEVELOPMENT AT A U.s. DEPARTMENT OF ENERGY su-
PERFUND SITE IN NORTHERN CALIFORNIA [BIB-
BUDAOOI89]
Monitoring and remedial techniques are being developed and applied at the
Lawrence Livermore National Labora1ory (ll.NL) Site 300 facility to assess and
clean up soil and groundwater pollution. Site 300 is a 30km2 high-explosives
(HE) and materials testing site located in the higbly faulted, rugged len'ain of
the Northern California Coast Ranges. At the site, multiple sources of volatile
organic (V0Cs), HE, and metallic compounds, as well as tritium and uranium
occur. Testing bas resulted in soil contamination, five discrete VOC plumes, a
HE compound plume, and three discrete tritium plumes in groundwater. (Taffet,
MJ.; (June 1993), 555-557 [in Englisb).)

2887 FIBER OPl'IC MONITORING OF NITRITE BIOREME-
DIATION [B1B-BUDAOOl90]
Distal field fiber optic sensors have been demonstrated to be useful for monitor-
ing nitrogen oxide concentrations in cbemical and biological process vessels.
We have utilized a commercially available extrinsic fiber optic probe and light
sOlD'ces to optically excite intracellular and extracellular biomolecules and
metabolites in nitrite reducing fermentations of Pseudomonas denitrificans, and
to monitor the resulting fluorescence emissions. Observed fermentation fluores-
cence emission is strongly modulated by the presence of nitrite in solution, due
to the primary inner ftIter effecL In this investigation, the total luminescence
spectrum was monitored over the COID'seof several feeding cycles. (Stokes, E.B.;
Stokes, R.W.; Uzgirls, E.E.; (June 1993), 558-560 [in Englisb].)

2888 APPLICATION OF IMMUNOASSAY SCREENING
TESTS FOR TRIAZINE HERBICIDES IN SURFACE AND
GROUNDWATER SURVEYS IN EASTERN EUROPE [BIB-
BUDAOOI91]
Monitoring the extent of environmental contamination associated with agricul-
Wral practices sbould be an integral part of determining an environmental
protection strategy for countries in Central and Eastern Europe. Monitoring
methods for nitrate are readily available, and inexpensive. However, analytical
methods for pesticide monitoring are more complex and expensive. Recent
advances in immunoassay screening tests for triazines and other classes of
commonly used pesticides provide an accurate, inexpensive assessment tool.
These screening technologies coupled with a systematic sampling framework
for SlD'facewater and groundwater resources can provide valuable information
for policy-makers at a relatively low cost. (Kross, B.C.; Herzog, D.; Colliss, 1.;
(June 1993), 525-527 [in Englisb].)

2889 IDENTIFICATION AND ASSESSMENT OF AIR POLLU-
TION SOURCES IN THE REPUBLIC OF SLOVENIA [BIB-
BUDAOOI92]
The Ministry of Environmental Protection and Pbysical Planning in the Republic
of Slovenia is conducting Pbase I of the Slovenia Environmental Project, wbicb
includes swdy elements addressing air pollution control, water pollution control,
solid waste management, urban infrastrucQJre, and environmental assessments.
This presentation will provide an overview of the air pollution sources and
justification for the priorities of air pollution abatement within the Republic of
Slovenia. A review of existing air quality legislation, institutions, monitoring
networks, and enforcement strategies will also be presented. (Kross, B.C.;
Wallace, D.; Liegois, D.; (June 1993), 158-160 [in Englisb].)

2890 HAZARDOUS WASTE SITE AND SOIL CHARAC-
TERIZATION: METALS [B1B-BUDAOOI93]
A "knowledge book" of site and soil cbara.cteristics bas been devised for an
expert system guide to assist field personnel in the identification and interpreta-
tion of twenty-folD' parameters for hazardous waste sites (Cameron, 1991).
Empbasis is given to metals and metalloid contamination, particularly beavy
metals. For soils, the viewpoint of soil science is presented within the context of
each knowledge frame. The "knowledge book" is designed to meet the needs of



load and quality variations of the iDflowing waste waters. Based on experiments,
it has been shown that substantial improvement is feasible through the applica-
tion of dissolved air floatation (OAF) within the primary stage of the treatment.
Results are desaibed and discussed. Another application investigated was the
use of DAF as a substitute for secondary sedimentation tanlcs after biological
triclding filters. (Suschka, J.; Buczak, B.; (June 1993), 110-112 [in English].)

2871 THE USE OF CARBONIC-MUD IN AGRICULTURE AND
ITS INFLUENCE ON SOIL AND PLANTS [Bm-BUDAOOI74]
When processing potassium-humate from lignite there remains a large amount
of carbonic-mud as a by- product that contains several valuable materials. That
is why the question of using it in agriculture has arisen. For studying the effects
of carbonic- mud we started to make experiments in breeding pols with three
types of soils and three indicator plants. We concluded that if carbonic-mud is
mixed into the soil it increases the water-storage capacity of the soil, and, in this
way, has a favorable effect on nutrient management. We have noticed a fall in
drought sellSitivity which is very important mainly in the case of sandy soils.
(Fekete Agrartudomanyi, J.; Csicsor, J.; (June 1993), 624-627 [in English].)

2872 FAST ENVIRONMENTAL MONITORING WITH SUR-
FACE ACOUSTIC WAVE GAS SENSORS [Bm-BUDAOOI75]
The high theoretical sensitivity of Surface Acoustic Wave (SAW) sensors, their
fast response and their potential for versatility in the analyte to be detected make
them suitable for the determination of gaseous compounds over the wide range
of applications present in environmental monitoring. In addition, their output,
which is a frequency signal, is unaffected by many electrical interferences. In
many cases, the analyte must be detected in the midst of interfering substances
which can be present in large excess. (BIom, N.; Amati, D.; Am, D.; Ebrat, M.;
Widmer, H.M.; (June 1993), 547-549 [in English].)

2873 SAMPLE COLLECTION DURING THE TESTING OF A
SOIL REMEDIATION PILOT PLANT [Bm-BUDAOOI76]
The Office of Radiation Programs within the U.S. Environmental Protection
Agency was charged to design, construct, test and demonstrate a pilot plant
capable of on-site remediation of radiologically contaminated soils. The Phase
I testing of this pilot plant was conducted at the U.S. EPA National Air and
Radiation Environmental Laboratory. A sampling program was designed to
verify the effecti veness of the soil remediation process and to monitor the
operation of the equipment at each stage of operation. The effectiveness of the
soil remediation process was verified by collecting grab samples of the input to
and output from each piece of equipment in the plant as well as the end products
of the remediation process. (Hay,S.; Richardson,W.S.; Gifford, M.W.; Pierce,
P.E.; Cox, C; (June 1993), 523-524 [in English).)

2874 TREATMENT OF CREOSOTE-CONTAMINATED SOIL
BY FLOTATION AND A SLURRY-PHASE BIOREACTOR
[Bm-BUDAOOI77]
Creosote-contaminated soil and sediments were obtained from an abandoned
wood impregnation site which adjoined and drained into a river. Concentration
of polycyclic aromatic hydrocarbons (PAHs) approached 36,000 mglkg. Respi-
rometric studies showed that more than 90 percent degradation could be
achieved in ca. 10 days when specially adapted cultures were added, and nutrient
additions were optimized. The toxicity of the treated slurry, as measured by
Miaotox LCSO, remained unchanged over the 28 day test, even though it was
only the higher molecular weight (greater than 6 ring) PAHs that remained. 'Ibis
is in contrast to parallel studies with thermally treated, diesel-containing drill
cuttings in which biological treatment reduced toxicity by a factor of three.
(Berg, J.D.; Bennett, TE.; Nesgard, B.S.; (June 1993), 782-784 [in English).)

2875 SIMPLE COMPOSTING SYSTEM FOR BIOTREAT-
MENT OF PAß CONTAMINATED SOIL AND SEDIMENTS
[Bm-BUDAOOI78]
Bio-remediation was evaluated as an alternative for a coke works facility site in
northern Norway near the Arctic circle, which was characterized in 1989 as
having significant contamination by polycyclic aromatic hydrocarbons (PAHs).
About 20,000 tons of soil containing PAHs (ca. 500 mglkg) were excavated. A
pilot study was conducted in 1990, in which 1,000 m3 of soil were treated in an
enhanced composting system. The variables tested were: N&P, bark matrix and
dispersant addition, temperature (40-16 'C),moisture (10-40 percent), and aera-
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tion by blowers, H2Ü2.addition or pile turning. Composite soil samples from five
sampling points from each pile were taken twice weeldy for PAH analyses
(Ge-MS) and soil moisture. (Eikum, A.S.; Berg, J.D.; Selfors, H.; (June 1993),
785-787 [in English).)

2876 ENVIRONMENTAL EDUCATION AND RISK ASSESS-
MENT SOFTWARE [BIB-BUDAOOI79]
A series of seventeen environmental software applications have been developed.
The programs use computer graphics and hypertext to provide information on a
variety of environmental topics, primarily related to agriculture. The programs
are in use around the world by a variety of audiences. A series of farmstead
assessment worksheets are being converted into risk assessment and educational
software. The assessment modules use a rule-based approach to provide a risk
assessment of activities on farmsteads as related to ground water. The user
provides information needed by each module through an interactive questioning
componenL (Engel, B.A.; Jones, D.D.; Strickland, R.M.; Bland, M.; Krause, A.;
(June 1993), 421-423 [in English].)

2877 A PILOT MONITORING NETWORK SYSTEM FOR
GROUNDWATER QUALITY AND QUANTITY IN THE UP-
PER-NOTEC CATCHMENT (POLAND) [Bm-BUDAOOI80]
A regional groundwater monitoring network system will be established in a
typical agricultural catchment (4,000km2) in the Polish Lowlands. First, an
analysis of the national and regional management objectives has been carried
out. The guidelines given in the recently published National Environmental
Monitoring Program (NEM), constitute the framework for the Ground Water
Monitoring Network. The design of the networks (location, depth, frequencies
and parameters of observation) will be based on Hydrological System Analysis,
Geohydrological Units and Homogeneous Areas. The Ground Water Quantity
Network will be based on the characteristics of the different geohydrological
units. (plenzIer, W.; Uil, H.; (June 1993), 495-497 [in English].)

2878 GRUNDFOS GROUNDWATER SAMPLING PUMP [Bm-
BUDAOO181]
One major criteria of the "ideal" groundwater sampling device is that it be able
to purge a monitoring well of stagnant water at a relatively high rate of flow
(e.g., more than 10 liters per minute) and be able to sample groundwater at a low
flow rate (e.g., O.I-lliter per minute) so as not to impact the integrity of the
sample. Sampling devices for two-inch diameter wells generally have been able
to deliver water at low flow rates, but have been relatively ineffective during the
purging phase because their maximum flow rates are generally less than four to
six liters per minute. (Heegaard, J; (June 1993), 550-552 [in English).)

2879 NEW DEVELOPMENTS IN ON-LINE TOXIC ORGANIC
POLLurANT MONITORING: AUTOMATIC DATA PROC-
ESSING & POLLUTION CONTROL [BIB-BUDAOOI82]
In recent years, there have been dramatic changes in the equipment used and the
methods used for monitoring environmental contamination in liquid effluent
streams. Methods used to monitor organic pollutants in waste water streams,
ground water and the monitoring of remediation techniques have changed
dramatically in the last 24 months. This paper discusses the improvements in
sensitivity and reliability of instrumentation for the measurement of total carbon,
total organic carbon, total oxygen demand and chemical oxygen demand. It is
essential that the best and most representative parameter be measured in every
given situation. (Maley, LE.; Hoek, F.B.; (June 1993), 553-555 [in English].)

2880 INTERNATIONAL ENVIRONMENTAL TECHNOLOGY
TRANSFER FROM THE U.S. DEPARTMENT OF ENERGY'S
R&D LABORATORIES [Bm-BUDAOOI83]
Technological innovation is vital to the environmental fu1ureofthe United States
and the world in dealing with environmental restoration and waste management.
Fueled by research and development, such innovation has been the most impor-
tant generator of productivity over the last 50 years, far surpassing the contribu-
tions of capital, labor, or economics of scale. Beginning in 1980, the U.S.
Congress and the Reagan administration initiated a number of executive and
legislative actions intended to stimulate the flow of laboratory technology to U.S.
industry. The 1980 enactment of both the Stevenson- Wydler Act and the original
Bayh-Dole Act started the movement towards a more interaction national
laboratory system. (Mayfield, T.L.; (June 1993), 389-398 [in English).)
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tying miaoorganisms which results in higher flexibility, improved detoxifying
capacity of the miaobiological SysteDL (Szejtli, J.; (June 1993), 758-761 [in
English).)

2860 NATIONAL RECORDING OF ENVIRONMENTAL INCI-
DENTS [B1B-BUDAOO163]
One of the main problems in determining the environmental stanis of a teIritory
is the common failure to accurately record the ocaurence of environmental
incidents. All too often, control of pollution is the responsibility of various
independent central and local government depanments without overall coordi-
nation and recording of incidents. If an efficient recording mechanism is not in
place, determination of the number of environmental incidents that OCaJl' in a
given period of time cannot be determined, the relation of connected incidents
cannot be made, lessons cannot be learned and passed on to all those working
in the pollution control field, and assessments of improved environmental
standards cannot be achieved. (Forbes, G.I.; (June 1993),310-312 [in English].)

2861 REMOTE SENSING OF HAZARDOUS MATERIALS
[B1B-BUDAOOl64]
The instruments will be described that were developed at the Military Technical
Institute of the Hungarian Army in collaboration with the Technical University
of Budapest and TungsramLaser Technology LID. The goal of the development
was to develop a remote.sensing infrared differential absorption Iidar based on
the coherent detection of backsCa1tered CO2 laser light. The Iidar can be used
for the detection of a wide range of molecular pollutants. Two types of instru-
ments have been built: a deployable instrument and an onboard type of instru-
ment (Halasz, L.; Richter, P.; Gazdag, L.; (June 1993), 236-239 [in English].)

2862IONMOBILITYSPECTROMETRYINSITUSENSINGOF
HAZARDOUS MATERIALS [BIB-BUDAOO165]
The Military Technical Instiwte of the Hungarian Army developed a family of
ion mobility sensors. An IMS was elaborated to detect and make on-site analysis
of hazardous vapors in air. The IMS measures the arrival times and current of
ions were produced by the ionisation source from the pollutant molectlle and
from the air. The mobility spectrums are preprocessed, then stored in ROM. The
programmed information may be used to select the appropriate windows within
the spectrum, and peak measuring routines used to determine the magniwde of
the peaks associated with material of interest Stored calibration data are then
used to generate a display oUlput related to construction of material present.
(Halasz. L.; Grubala, P.; (June 1993),44-45 [in English].)

2863 CONTINUOUS AurOMATIC MONITORING OF AIR
POLLUTION IN THE AREAS INFl..UENCED BY THE MAJOR
POWER-GENERA TING PLANTS IN SLOVENIA [BIB-
BUDA00166]
Three major power-generating plants in Slovenia: the coal-fared thermal power
plants Sostanj and Trbovlje and the nuclear power plant Krsko are equipped with
local, power-plant owned automatic air pollution monitoring networks. While
the fll"st two systems monitor gas pollution in the areas with very complex
orography, the third one is designed for radiological monitoring and for diffusion
modeling. All three systems are on-line integrated in the Siovenian Automatic
Air Pollution Monitoring Network and run by a HydrometeorologicalInstitute
of Slovenia. (Lesjak, M.; Mlakar, P.; Diallo, B.; Rupnik, Z.; Bomar, M.; (June
1993), 492-493 [in English].)

2864AMODEL EDUCATION INFRASTRUCTURE FOR ENVI-
RONMENTAL REMEDIATION IN EASTERN EUROPE [BIB-
BUDAOO167]
During the last several decades, the centrally planned economies and economic-
development policies of Eastern European countries have paralleled the envi-
ronmental impact of certain business and industrial enterprises in market-driven
economies in the Westin terms of deterioration to the natural environment and
to human health. In both cases, economic externalities were prioritized with
subsequent environmental saaifice. Environmental remediation in Eastern
Europe will not OCaJl' merely through technological means; but must simultane-
ously occur within the political and educational spheres of influence. (SchultZ,
I.M.; (June 1993), 387-389 [in English).)
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2865 MODELING OF GROUNDWATER CONTAMINATION
FROM P~TICID~ POINT SOURCES [B1B-BUDAOOl68]
In 1986, a large area of Lombardy (Italy) was imported by pesticide contamina-
tion as a result of the widespread agricultural land-use practices (maize crop)
and the underground dispersion from chemical industries. The swdy deals with
a point-source atrazine contamination case of an alluvial aquifer bounded by a
narrow valley formed by impermeable bedrock outcrops and situated in the area
East of Bergamo. This case was so complicated that a three-dimensional
transport model (MT3D) had to be implemented to describe the modality of the
contamination movement, the influence of boundary conditions and the an-
thropic factors on the atrazine concentrations. (Avanzini, M.; Beretta, G.P.;
Francani, Y.; Pezzera, G.; (June 1993), 267-269 [in English].)

2866 AVOIDANCE OF RESIDUAL POLLUTION THROUGH
CONTINUOUS MONITORING - AN INTEGRATED OPERAT-
ING AND INFORMATION SYSTEM FOR LANDFILL SITES
[B1B-BUDAOO169]
The Iandfilling of wastes will always remain a necessary task of waste manage-
ment The requirements for landfill space cannot even be appreciably reduced
by inaeasing incinerator capacity. While a totally seaJl'e landfill will not exist
for decades, timely recognition of ecological nuisance and environmental dam-
age is required. Along with state-of-the-art technical installations, continuous
collection of data describing operation and behaviour of landfttls is a prereq-
uisite. (Gossele, P.; (June 1993), 891-893 [in English].)

2867 HARMONIZATION OF COMMUNITY STATISTICS ON
WASTE PROJECTS FOR THE COMMISION OF THE EURO-
PEAN COMMUNITIES [H1B-BUDAOO170]
Recent developments in European policy relating to waste management, in
particular the EC Directive 91/l56/EEC on Waste, have emphasized the need
for the compilation of accurate and compatible waste statistics. Regular collec-
tion of information and the elaboration of a statistical system on waste manage-
mentare essential for the Member States who want to exercise control over waste
management operations and adequately plan for the future. The objectives
regarding waste management in the Member States which are laid out in this
Directive can only be addressed, and any progress assessed, if acaJI'ate infor-
mation on waste generation and waste management activities is quickly available
upon request of potential users. (Krause, J.; (June 1993), 312-314 [in English].)

2868 GROUNDWATER MANAGEMENT IN DENMARK [Hmo
BUDAOO171]
The paper will present the overall organization of groundwater management and
groundwater protection in Denmark, including the legislative framework. Spe-
cial emphasis will be placed on setting up priorities for groundwater extraction
for drinking water purposes, the retention of the environmental quality in lakes
and streams, and for industrial and agricultural uses. Furthermore, the Danish
National Monitoring system will be described. Approximately 99 percent of the
drinking water in Denmark is extracted from the groundwater, and water supply
management is highly decentralized. (Strobaek, N.; (June 1993), 202-204 [in
English].)

2869CONTAMINATION ANDSPECIATION OFHEA VYMET-
ALS IN THE UPPER SIL~IA REGION [B1B-BUDAOO172]
The Upper Silesia, as one of the oldest industrial regions in the world, bas
contributed signjficantly to the soil and water pollution with heavy metals. Waste
waters from non-ferrous ore mines and smelters have discharged metals to soil
and surface waters for many years. Even if treated to some extent, pollution with
metals exceeding the standards is manifested at large areas and along river
stretches. Sediments deposited in river beds serve not only as a historical record,
but also demonstrate a serious hazard for the future, keeping in mind the
continuous changes within the environmenl (Ryborz. S.; Suschka, J.; (June
1993), 660-662 [in English].)

2870 SPECIFIC APPLICATION OF DAF IN CONTAMINANTS
REMOVAL AND UPGRADING THE EFFECTIVENESS OF
CONVENTIONAL TREATMENT PLANTS [Bm-BUDAOO173]
Although complex treatment processes are used, including chemical and bio-
logical methods, to treat coke coking phenolic effluents, the results are usually
not satisfactory. Biological processes, e.g. activated sludge, are hindered by high



tion with Vituki Innosystem, Envimark. Vitukinvest and KGI to make an
inventory of pollution sources. The one-year project, which forms part of the
EEC/PHARE Program, is a major step towards protecting water supplies of 24
vulnerable aquifers. Of these aquifers, six are classified as high priority because
they are a1 the limits of their development and cannot be replaced by other
aquifers. (Langemeijer, D.; Botond, B.; (June 1993), 199-201 [in English].)

2850 HAZARDOUS AIR EMISSIONS POTENTIAL FROM
WOOD-FIRED FURNACES [BIB-BUDAOO153]
During the fl1"St week of April 1991, the Wisconsin Department of Natural
Resources (WDNR) conducted a series of air emissions tests of a small industrial
wood-fired boiler in northern Wisconsin. The boiler was firing a virgin hogged
woodlwood waste fuel with a moisture content of about 35 percent. The
pollutants measured were partia.1lates, nilrogen oxides (NOx), cubon monoxide
(CO), total hydrocarbons (lHC), benzene, formaldehyde (CHOH), polycyclic
organic matter (POM; e.g., benzo(a)pyrene), aldehydes, and ttace metals. Two
other boilers were evaluated during March and May of 1991. One of these boilers
is a utility-scale boiler (275 MMBTUIhr) which burns wood waste. (Hubbard,
A.J.; (June 1993),454-456 [in English].)

2851 ROCKY FLATS PLANT, USA DUCT REMEDIATION
PROGRAM REMEDIATION OPERATIONS AND IMPLE-
MENTATION [BIB-BUDAOO154]
The Duct Remediation Program was initialed to remove plutonium contaminants
from process ductWork in buildings at the Rocky Aats Weapons Facility, U.S.A.
Non-desttuctive assay measurements were used to identify areas of significant
radionuclide holdup material accumulation. The U.S. Secretary of Energy
defined the aiteria for success ..... product would be remediated as low as
practicable, but in no case greater than 400 grams of plutonium would remain
in any single upward flowpath in a glovebox exhaust system ...... Process history
indicated the likelihood of plutonium holdup, and the extent of material holdup
was determined by non-desttuctive assay measurements. (Beckman, T.D.;
Davis, M.M.; Karas, T.M.; Knutson, D.E.; (June 1993), 346-348 [in English].)

2852 ROCKY FLATS PLANT, USA DUCT REMEDIATION
PROGRAM MATERIAL CHARACTERIZATION AND RE-
MOVALlHANDLING [BIB-BUDAOOI55]
The Duct Remediation Program was initialed to remove plutonium contaminants
from process dUctWork in buildings at the RockyAats Weapons Facility, U.S.A.
Non-desttuctive assay measurements were used to identify areas of significant
radionuclide hold up material accumulation. The U.S. Secretary of Energy
defined the aiteria for success .. ... duct would be remedialed as low as
practicable, but in no case greater than 400 grams of plutonium would remain
in any single upward flowpath in a glovebox exhaust system ••.". The chemical
composition of the hold up material was dependent on the process system
serviced by that ductWork. Chemical reactions and physical mixing resulted
from process exhaust systems meeting a1 a common header. (Beckman, T.D.;
Davis, M.M.; Karas, T .M.; Knutson, D.E.; (June 1993), 348-350 [in English].)

2853 ROCKY FLATS PLANT, USA DUCT REMEDIATION
PROGRAM CONSTRUCTION ACCESS RESEARCH AND EN-
GINEERING [BIB-BUDAOOI56]
The Duct Remediation Program was initiated to remove plutonium contaminants
from process ductWork in buildings at the Rocky Aats Weapons Facility, U.S.A.
Non-desttuctive assay measurements were used to identify areas of significant
radionuclide accumulation. The U.S. Secretary of Energy defined the aiteriafor
success" ... duct would be remedialed as low as practicable, but in no case greater
than 400 grams of plutonium would remain in any single upward flowpath in a
glovebox exhaust system .. :. The program relied on extensive research and
engineering to accomplish the remediation goals. (Beckman, T.D.; Davis, M.M.;
Karas, T.M.; Knutson, D.E.; (June 1993), 351-353 [in English].)

2854 ENVIRONMENTAL IMPACT OF HEAVY METAL
LEACIllNG BY ACID RAIN IN KUWAIT [BIB-BUDAOOI57]
Crude oils contain usually some quantity of heavy metals and heterocyclic
nilrogen compounds which can be toxic and mutagenic in nature and are harmful
to human and other living creatures. The increased solubilities of these com-
pounds in acidic solutions increase the potential of their acid washing. The
possibility of partial leaching of these pollutants by acid rain and hence their
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transport into the aquatic environment is of great importance. Therefore, the
leaching rate of the heavy metals by diluted aqueous solutions of H2S04 and
NHÜ3 acids is currently investigated a1ambient temperatures in this laboratory.
(Jassem, F.; Bouhamara, W.; (June 1993), 145-155 [in English].)

2855 INVESTIGATION, ASSESSMENT AND REMEDIATION
OF SOIL AND GROUNDWATER CONTAMINATION ON
MILITARY AIRFIELDS [BIB-BUDAOO158]
Experience with contaminated site charaderization and hazardous material
surveys on military airfield installations (MAI) indicates unique features which
distinguish polluted MAl from other polluted sites. These include (1) often
limited historic site information due to data confidentiality and high turn-over
rate of military personnel, (2) a wide variety and large quantities of chemicals
often impI"operly stored, handled, and utilized within various areas of the MAI
by insufficiently trained personnel, (3) lack of precise book-keeping of utilized
chemicals, (4) fuel and other chemical spills during vehicle and equipment
maintenance, and (Goth, M.; Bollow, T.; Nazari, M.; (June 1993). 657-659 [in
English].)

2856 GEOGRAPH - A WORLD-WIDE GEOGRAPHICAL DIS-
PLAY SOFTWARE SYSTEM [BIB-BUDAOO159]
GEOGRAPH combines a flexible display menu with a comprehensive world
data base for counlry and regional boundaries to allow the user a convenient
choice of 2 and 3 dimensional color graphical displays of Environmental Data
Bases superimposed over Regional Maps. A unique fea1Ure of GEOGRAPH is

the flexibility allowed the user in choice of single regions or combinations of
regions through the use of special menus and forms for data enlry. Specific
applications include fallout migration following the Chernobyl accident, air
pollution, episodes of smog, and terrestrial contamination from buried radioac-
tive materials. (Broadway, J.A.; McCroan, K.; Sajo, L.; Ferrer, H.A.; (June
1993), 353-355 [in English].)

2857 PRESENT AND PROJECTED RADIOACTIVE CON-
TAMINATION OF THE BLACK SEA FROM THE CHER-
NOBYL REACTOR ACCIDENT [BIB-BUDAOOI60]
Approximately 2400 TBq (65 lcCi) of Cs-137 and 1200 TBq of Cs-I34 have
been deposited into the Black Sea from the 1986 Chernobyl Nuclear Power Plant
accident. The Cs-137 deposition, approximately 6.5 percent of that released into
the atmosphere during the Chernobyl accident, has doubled the Cs-137 inventory
in this water body. Near Sevastopol, radionuclide concentrations in surface
waters peaked during 1986 at 840 mBqIL for Cs-137, 157 mBqIL forSr-90, and
37 mBqIL for 1-131. Approximately 1 percent of the Cs-137 associated with the
Chernobyl accident was transported to Black Sea bottom sediments. (Egorov,
V.N.; Polikarpov, G.G.; Broadway, J.A.; Curtis, W.; Livingston, H.D.; (June
1993), 353-355 [in English].)

2858 TESTING OF A PILOT PLANT FOR THE REMEDIA-
TION OF RADIOACTIVE CONTAMINATED SOIL USING
PARTICLE-SIZE SEPARATION TECHNOLOGY [BIB-
BUDAOO161]
The Office of Radiation Programs within the U.S. Environmental Protection
Agency was charged to design, CODSlrUct, test, and demonsttate a pilot plant
capable of on-site remediation of radiologically contaminated soils. The Phase
I testing of this pilot plant was conducted at the U.S. EPA National Air and
Radiation Environmental Labocatocy on soil contaminated with radium, th()-
rium, and uranium. Using radium contamination as a measure of tota1 radioac-
tivity, the feed soil contained 0.36 Bq/g of Ra-226. The basic particle-size
separation unit operations used in the plant were Irommel screen, spiral classi-
fiers, and hydrocyclones. (COx. C; Eagle. M.; Hay. S.; Richardson. B.; Gifford.
M.; (June 1993), 756-758 [in English].)

2859 CYCLODEXTRINS IN REDUCTION OF ENVIRON-
MENTAL POLLUTION [BIB-BUDAOOI62]
Depending on the type of the derivatization, Cyclodexttin (CD)-derivatives can
either enhance, or reduce the solubility of various substances in water, facilitat-
ing exttaction from multi component systems, or to remove them from solutions.
Through their enzyme like ca1alytic activity, CDs can inactiVate highly toxic
substances like soman, sarin, etc. In biological detoxication of sewage, CDs
reduce the effective free concenttation of toxic substances protecting the detoxi-
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2839 TECHNOLOGY RISK MANAGEMENT [BIB-
BUDAOO142]
A Technology Risk Reduction Management (TRRM) process was used.in the
aircraft industry to facilitate the infusion of new, and innovative high-risk
technology into the development of advanced prototypes, such as the Lockheed
Advanced Tactical Fighter (ATf). The process is a tailored version of the
"Iso-Risk Contour" method and was used to cala11ate an overa1l Technology
Risk Factor, or TRF. The TRF depends on two other factors: Probability of
Failure and Consequence of Failure. This high-tech process has been modified
by the authors to be used in the management of high risk technologies and their
infusing into on-going remediation programs. (Brown, E.W.; Plumblee, H.E.;
Whitehurst, CA.; (June 1993),443-445 [in English].)

2840ASSESSING ENVIRONMENTAL TECHNOLOGY NEEDS
[Bm-BUDAOOI43]
Much has been said and written about the EPA RIfFS process and the identifi-
cation, assessment, selection, and implementation of remedial technologies. It
has become apparent that innovative technologies must be introduced into the
remediation plan if regulatory requirements and costs limitations are to be met.
The Research and Applied Technology (R&A 1) planning and assessment
process described in this paper has been adapted form R & AT programs which
supported the development of advanced aircraft. (Brown, E.W.; Plumblee, H.E.;
Whitehurst, C.A.; (June 1993), 307-309 [in English].)

2841 FIELD SCREENING OF WATER AND SOIL SAMPLES
FROM A CHEMICAL TRAIN DERAILMENT USING PORT-
ABLE GAS CHROMATOGRAPHS [BIB-BUDAOOI44]
A chemical tank train derailment caused three rai1road cars to leak chloroform
and styrene onto the ground and adjacent drainage ditches. Site geology (Karst)
contained numerous caves and underground streams, permitting rapid spread of
contamination at a distance from the derai1ment site. Field analyses were
developed to determine the extent of contamination in water and soil mattices.
Two microchip Gas ChroIDatoiraphs (GCs), Models M200 and P200 (Mi-
crosensor Technology, Inc., Fremont, CA, USA) were set up to analyze for
chloroform and styrene. In addition, a portable dual trap concentrator was used
to purge the volatile organics out of the watet and soil samples and concentrate
them onto a trap. (Wynnyk, R.E.; Kaelin, L.P.; PoweU, G.N.; (June 1993),
232-232 [in English].)

2842 GEOPHYSICS IN BERLIN: INVESTIGATING CON-
TAMINATED SITES [Bm-BUDAOOI45]
Since the early 1980's geophysical methods have been applied in contaminated
site investigations. The most commonly used tools are geomagnetics and
geoelectrics. Geomagnetics are useful in locating meta1Iic or metal containing
objects (foundings, tanks, waste dumps, pipelines, etc.) in the subsurface.
Measuring the vertical gradient instead of, or in addition to, the total intensity
gives an increased resolution and less noise disturbed results, especiaUy in urban
areas. In detailed surveys, we measured up to 40,000 pointslba. An example
from the western part of Berlin shows the investigation of a World War II
anti-aircraft artiUery site. (Lorenz, B.; Niederleithinger, E.; Wackerle, R.; (June
1993),41-43 [in English].)

2843 RISK-BASED CONCENTRATIONS: A METHOD TO
SCREEN ENVIRONMENTAL PROBLEMS USING LIMITED
DATA [Bm-BUDAOOI46]
One of the most daunting tasks faced by regulatory agencies is choosing, on the
basis of sketchy data, environmental problems on which to act After selecting
locations, officials must focus next on specific contaminant and media, to
conserve time and resources. This paper proposes a quantitative method, using
U.S. EP A toxicological constants, to prioritize locations, contaminants, and
media according to risk to human health. U.S. EP A has developed carcinogenic
potency slopes (upper bound lifetime cancer risk per mg/kgld) or reference doses
(mg/kgld chronic dose without adverse systemic effect) for many contaminants.
(Smith, R.L.; (June 1993),445-453 [in English].)

2844 IDENTIFYING RESPONSmLE PARTIES TO ASSIST IN
FUNDING SITE CLEANUP [Bm-BUDAOOI47]
Experience in the United States has shown that the most significant obstacle to
accomplishing site remediation is funding. Through the federal Superfund
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Program and similar programs in the individual stales, the government has .
established a means by which to fund site cleanup through the contributions of
various parties who participated in creation of the contamination. Although
Central and Eastern European countries have had fewer private generators, it is
argued here that the basic liability scheme can be adapted to meet the distinctive
historic circumstances of individual countries, and improved to avoid some of
the impediments to cost contribution and recovery faced in the United States.
(Bookspan, S.; Cashier, R.; (June 1993), 655-657 [in English].)

2845 THE ENVIRONMENTAL SENSITIVITY MAP TECH-
NIQUE FOR REGIONAL IDENTIFICATION AND PREDIC-
TION OF CONTAMINATION [BIB-BUDAOOI48)
Planning for remedial activities and contamination prevention requires a means
for predicting where subsurface hazards may be found. A predictive model,
adaptable to aU regions, requires synthesis of information garnered from distinct
fields: geology, hydrology, physical chemistry, and historic geography. Using a
simple overlay mapping technique that superi mposes historic and current chemi-
cal usage and waste disposal practices onto natural soils and drainage systems
as well as engineered drainage systems, planners can see the interrelationships
among operative factors and identify threatened or tainted areas. (Bookspan, S.;
Cashier, R.; (June 1993), 263-265 [in English].)

2846 REMEDIAL ACTION OF HYDROCARBON-IMPACTED
SANDY SOILS IN CENTRAL NEW MIEXICO [BIB-
BUDAOO149]
IT Corporation recently installed and operated a full-scale vapor extraction
system (VES) at aformer gasoline service station in Albuquerque, New Mexico.
The system was operated for 249 days from January 17 to September 20, 1991.
The subsurface geologic environment is primarily dense sands and non-plastic
clays. The system consisted of a vacuum pump connected to a 65-foot-deep
extraction well located in the center of the backfilled former tank pit Four
observation wells, approximately 13 feet deep in the former tank pit, were used
to estimate the effectiveness of the VES. (Raugust, J.S.; (June 1993), 884-890
[in English].)

2847 ADVANCED X-RAY FLUORESCENCE ANALYSIS FOR
HAZARDOUS SITE SCREENING AND REMEDIATION [Bm.
BUDA001S0]
The process of screening and remediating a hazardous site requires the analysis
of hundreds of soil samples. If these analyses can be performed rapidly on-site,
the screening and remediation operations can be adjusted while they are in
progress. When the distribution of contamination is not uniform, such flexibility
can result in significant savings compared to the costs of pursuing a predeter-
mined program. X-ray fluorescence (XRF) has suffered in past years from a
variety of shortcomings including relatively delicate and bulky apparatus and
rather severe analytical interferences from common soil forming elements. A
number of recent advances in XRF technology have removed these difficulties.
(Leland, D.; Little, S; (June 1993), 233-236 [in English].)

2848 CONSIDERATION OF GEOCHEMICAL BARRIERS IN
THE DESIGN OF HAZARDOUS WASTE REPOSITORY FA-
CILITIES [BIB-BUDAOOI51]
The primary function of waste repository sites is to isolate waste or waste-de-
rived leachate from underlying soil and ground water. To altain isolation of waste
from the environment, engineering designs consider installation of a synthetic
or natura1 clay liner with a leachate collection system and a low- permeability
cover. The engineering performance standards addressing isolation systems are
mandated by regulations. However, regulations also recognize natural factors
retarding or blocking the migration of contaminants away from a repository. In
the United States, the owner of the repository can be exempted from stringent
performance standards if the "attenualing capacity of the soil present between
the landfill and groundwater is demonstrated." (popielak, R.S.; Lewis-Russ, A.;
(June 1993), 736-739 [in English].)

2849 INVENTORY OF GROUNDWATER POLLUTION
SOURCES IN HUNGARY [BIB-BUDAOO1S2)
The quality of shallow drinking water resources in Hungary is threatened by
chemical contamination. The Ministry for Environment and Regional Policy has
contracted Nethconsult, represented by BKH Consulting Engineers, in associa-



foe aquatic and soil-forest ecosystems. (Mill, W.A.; Wojcik, A.R.; (June 1993),
39-40 [in English).)

2829 SENSITIVITY OF AQUATIC ECOSYSTEMS IN THE
POLISH TATRA MOUNTAINS TO ACIDIC DEPOSITION
[B1B.BUDAOOI32]
The acidification of surface walers is generally caused by inflow of strong acid
anions, mainly sulphales and nitrates, which are deposited on the surface of the
catchment area by precipitation and dry deposition. Critical load of acidogenic
compounds transported from the air and introduced into individual environ-
mental components is defined as the highest deposition of acidic compounds
which does not result in any chemical transformations leading to long-term
adverse effects upon the structure and functioning of the ecosystems. In Poland,
the area of the Tatra mountains belongs to regions most sensitive to the acidic
deposition. The Polis Tatra mountains are situated on the boundary between
Poland and Czecb+Slovak Fed Rep. (Rzychon, D.; Mill, W.; Henriksen, A,;
Wathne, B.M.; Kot, K.; (June 1993), 197-199 [in English).)

2830 PACKAGE PLANT LEACHATE TREATMENT - THE
APPLICATION OF AMMONIA STRIPPING. [B1B-BUDAOOI33]
With the increased use of containment sites for the disposal of domestic and
hazardous wastes the development of improved leacbale treatment procedures
to reliably meet effluent discharge standards is essential. Apart from the high
and extremely variable crganic strength of the 1e3cbate one of the unique
problems facing the engineer is high ammonia levels. Wbilst conventional
aerobic biological trea1ments, such as aera1ed lagoons and extended aemtion
actiValed sludge, have successfully reduced organic levels their performance
with respect to ammonia is unreliable - the high ammonia to BOD ratio that
occurs in methanogenic leacbale can give rise to trea1ment problems. (Fletcher,
1.1.;Ashbee, E.; (June 1993), 105-109 [in English).)

2831 HYDROCARBON CONTAMINATION INVESTIGA-
TION, RECOVERY AND TREATMENT STRATEGIES FOR
GROUNDWATERS [BIB-BUDAOOI34]
In Europe, the investigation and remediation of hydrocarbon contamination
problems is becoming of increasing interest following the progressive introduc-
tion of mare stringent environmental regulations. Contaminations result from
leakage of hydrocarbons from stenge tanks, chemical refming complexes,
spillage from chemical handling and partia1\arly of note in Eastern Europe is
the unregulaled disposal of waste materials at military sites. In some instances
many thousands of tonnes of hydrocarbons have leaked into the gound resulting
in severe contamination not only of adjacent soils but also to water supply
aquifers. (reamey, K.W.; Fletcher, 1.1.; Reece, M.; Campbell, K.; (June 1993),
752-756 [in English).)

2832 THE ENVIRONMENTAL QUALIFICATION SYSTEM
FOR HUNGARIAN PRODUCTS [BIB-BUDAOOI35]
The "Environment-Friend" qualification system which pertains to domestically
produced goods is well- known in certain highly developed industrial countries
(e.g., Germany, Scandinavian Stales, and Canada). In particular, Hungary bas
followed with great intent the German "blau angel" SysteDLThe earlier Hungar-
ian Ministry (Ministry of Environment and Waler) took some steps toward
adoption of such a SysteDL The present Hungarian Ministry (Ministry for
Environment and Regional Policy) assumed, with interest, the role of adopting
such a system and improved the question of environment-friend qua1ification.
(Karoly, B.; Agnes, G.B.; Szanto, P.; (June 1993),303-304 [in English).)

2833 THE INTERNATIONAL ENVIRONMENTAL FELLOWS
PROGRAM [B1B-BUDAOOI36]
The Environmental Fellows Program (EFP) is being managed through the New
Mexico Waste Management Education and Research Consortium (WERe) and
was co-funded by the U.S. Department of Energy and the U.S. Department of
Stale. The mission of the EFP is to enhance the world's capability to address
issues associaled with management of hazardous, radioactive, and solid wastes
by establishing a prestigious worldwide community of highly qualified admin-
istrators and scientists in the field of environmental engineering. The EFP will
provide education, technology transfer, and personal interaction to qual ity
personnel throughout the world who are associated with environmental engi-
neering. (Otu, V.J.; (June 1993), 385-386 [in English).)
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2834A POLLUTION PREVENTION MODEL: ON-SITE TECH-
NICAL ASSISTANCE, TRAINING, AND TECHNOLOGY
TRANSFER IN CENTRAL AND EASTERN EUROPE [BIB-
BUDAOO137]
Pollution and resultant contamination from various sources, including industries,
can be significantly decreased using the expertise and services available in the
faculties and SUIff of most technical universities. This paper proposes and
describes an approach, which bas been fully tested and realized in the U.S., that
takes advantage of technical-university resources in a DOn-adversarial, very
forthcoming manner. The methods, properly applied and given the appropriale
perspective, result in industry, government, and the university working together
in a partnership that solves many pollution problems in relatively easy and
inexpensive ways. (Nemeth, J.C.; Paskaleva, K.; (June 1993), 304-307 [in
English).)

2835 INTEGRATED RISK ASSESSMENT (IRA) [BIB-
BUDAOOI38]
IRA is a simple management technique to assess and manage the risks posed
from chemicals to both the indoor (workplace) and external (airllandlwaler)
environmenU. A professional assessment of the complex health, safety and
environmental matters can result in both fmancial savings and compliance with
regulatory requirements. Such an environmental 'health check' can and often
will show the industrial discharger how savings can be made on raw malerials,
wastage during manufacture, and waste disposal. IRA involves information
retrieval on the chemicals used, synthesized, formulaled and wasted, their
chemistry and toxicology, leading to hazard and risk assessment and fmally risk
managemenL (Richardson, M.; (June 1993),419-420 [in English).)

2836 EFFECTIVE CLEANUP OF SUBSURFACE CONTAMI-
NATION USING VACUUM EXTRACTION [BIB-BUDAOOI39]
Volatile solvents and hydrocarbons are the most common farms of subsurface
contamination impacting ground water quality. Tbe most common solvents and
fuel components contaminating groundwater supplies are tetrachloroethylene
(PeE), trichloroethylene creE), methylene chloride, and benzene. All are
known or suspected to cause cancer and can render groundWaler unsafe far
drinking. All sources of contamination must be removed to achieve cleanup of
contaminated groundwater. Contaminated soils are a source of long-term
groundWaler pollution because of continuing leaching of contaminanU. Con-
taminant levels in soils must be reduced to achieve groundwaler cleanup. (Pineo,
C.; Malot, J.; (June 1993), 653-655 [in English).)

2837 IN SITU ON-SITE BIOREMEDIATION OF WOOD
TREATMENT SOILS CONTAINING CHLORINATED PHE-
NOLS AND PAHS [BIB-BUDAOOI40]
Field research was conducted to evaluate the influence of a palent-pending soil
amendment technology, and bacterial inoculation, on in situ and on-site bioce-
mediation of wood-trea1ment soils containing cbIoricated phenols and polycy-
clic aromatic hydrocarbons (PAHs). Soil in twenty-one in situ plots, each
covering an area of approximately 10m2, was trealed to a depth of 0.6m.
Treatment of excavated soil containing high concentrations of chlorinated
phenols and PAHs was performed in a single on-site plot composed of a synthetic
liner oovered by asteellpolyetbylene structure. (Seech, A.G.; Marvan, I.J.; (June
1993),619-621 [in English).)

2838 REMEDIATION BY GROUNDWATER AND SOll/AIR
CIRCULATION IN SITU USING THE VACUUM-VAPOR-
IZER-WELL (UVB) TECHNOLOGY [B1B-BUDAOO141]
World-wide, not only in the industrialized countries, the number of known
groundwaler and soil air contaminations by hydrocarbons, BTX, pesticides,
nitraleS, etc. increases. Efficient remediation techniques at low costs are needed.
A new method for the in-situ remediation of groundwaler and soil air is the
Vacuum- Vaporizer-Well (UVB) technology (German: Unterdruck-Ver-
dampfer-Brunnen (UVB), Inventor: B. Bernhardt, PatenU: lEG mbH, 0-7410
Reutlingen). The well known disadvantages of groundwater remediation apply-
ing current pumping methods (groundwater lowering, limited yield, insufficient
remediation) may be avoided if pumping and recharge take place in the same
well. (Burmann, W.; Wagner, H.; (June 1993), 622-624 [in English).)
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anionic organic food dye was mixed with a portion of soil and the rate of
migration of the dye in an imposed electric field was monitored photographic-
ally. (Lindgren, E.R.; Mattson, E.D.; Kozak, M.W.; (June 1993), 614-616 [in
English].)

2819 CONCEYfUAL MODEL DEVELOPMENT USING SOn..
GAS SAMPLING RESULTS FROM EXISTING GROUNDWA-
TER MONITORING WELLS [Bm-BUDAOOI22]
The U.S. EPA requires that groundwater monitoring wells at hazardous waste
sites be screened across the water table for the detection of volatile organic
carbon (VOC) releases. Due to the design of the monitoring wells, it is possible
to use existing wells to exttact soil gas samples at the groundwater/vadose zone
interlace. This paper describes an approach for using soil gas samples from such
wells to assist in developing a defensible conceptual model of VOC transport
through the thick vadose zone at a waste site in New Mexico. VOC transport
from the source to the groundwater will be in one, or a combination, of the
following phases: dissolved, liquid, or vapor. (Lindgren, E.R.; Mattson, E.D.;
McCord, J.T.; Conrad, S.H.; Booher, W.F.; Ardito, CoP.; (June 1993), 545-547
[in English].)

2820 GROUND PENETRATING RADAR FOR HAZARDOUS
WASTE SITE INVFSTIGATIONS [Bm-BUDAOOI23]
Hazardous substances in the subsurface present a threat to human health and the
environment. Investigators of hazardous waste sites require increasingly detailed
subsurface data to make informed assessments on site conditions. Most shallow
geophysical methods traditionally provide only highly averaged layered inter-
pretations. Ground Penetrating Radar (GPR) is a geophysical technique which
can provide images of the subsurface at scales that control ground water and
contaminant movement as well as the detection of buried objects. In addition to
producing high resolution continuous subsurface profdes non-destructively,
GPR measurements are made rapidly and generate a real time profile record for
immediate evaluation. (Fenner, TJ.; Vendi, M.A.; (June 1993), 575-577 [in
English].)

2821 GROUNDWATER REMEDIATION -THE OLD ANDTHE
NEW [Bm-BUDAOOI24]
In most cases, the remediation of contaminated sites involves the treatment of
contaminated groundwater and/or leachate. Although in situ methods are pre-
ferred, they are effective in only a limited number of scenarios. As a result, most

water lrealment involves pump and treat technologies. In this case, the liquid
must flI'St be pumped to the surface then treated. This means that pump and treat
also has a limited range of applicability but the range is much greater than that
for in situ techniques. This paper will discuss some of the impediments.to
successful treatment of leachate and cont.aD1inlited groundwater. It will then
focus on a selection of available lrealment technologies. (Whittaker, H.; (June
1993),649-652 [in English].)

2822 CHLORIDE ION SENSOR FOR MONITORING DECOM-
POSmON REACTION OF CHLORINE-BASED ORGANIC
SOLVENTS [Bm-BUDAOOI25]
A new chloride ion sensitive field effect transistor to monitor decomposing
trichloroethylene or tetrachloroethylene is reported. Odorine-based organic
solvents such as trichloroethylene and tetrachloroethylene are used in dry
cleaning and degreasing, but they can cause cancer, also they enter waste water
and pollute underground water, lakes and rivers. We carried out a project with
the staff of Mie Industrial Research Institute at Tsu-city in Japan to develop a
method to decompose chlorine-based organic solvents in waste water by ultra-
violet irradiation or oxidation with ozone and we developed a chloride ion sensor
to monitor the progress in the decomposing ones. (Morinaga, S.; lto, N.; Kalo,
H.; Kojima, M.; Gatto, H; (June 1993), 879-883 [in English].)

2823 STAND-OFF DETECTION OF POLLUTANTS IInB-
BUDAOO126]
The Centre d'Etudes du Bouchet initialized studies in the frame of CO2 lasers
technology for the conception of stand-off detection devices. These studies were
focused on chemical pollution monitoring. First, experiments conducted through
an exploratory development led to the vapor hazards characterization and to the
construction of an experimental model named DET ADIS. Second, efforts were
made to measure the aerosol infrared backscaltering coefficients of pollutants.
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These dala show a specific backscattering signature on each produl1 and will
allow to develop special algorithms to detel1 and identify aerosol clouds (ALGO
3). A cooperative effort with the USA has resulted in field tests in Utah. (Cunin,
P.; Adam, P.; (June 1993), 229-232 [in English].)

2824 PREDlCI'ING BERAVIOR OF CONTAMINANTS IN
AQUIFERS USING APPARENT RELATIVE RETARDATION
OF SURROGA~ [B1B-BUDAOOI27]
Two-well recirculating tracer tests can be used not only to determine porosity
and dispersivity of aquifers, but also to compare the in situ behavior of different
solutes in aquifers, thus avoiding problems of transferring laboratory-scale
resuIts to the field scale. At special field sites for the testing and calibration of
tracers under carefully controlled conditions, the behavior of certain hazardous
target contaminants can be compared to that of harmless surrogate tracers,
which, in turn, can be injected into other aquifers with minimal environmental
risk and analyzed to determine how the hazardous substances would behave
during nonna! ground water transit and during remediation. (Leap, 0.1.; (June
1993),578-580 [in English].)

2825 CHEMICAL, PHYSICAL, BIOLOGICAL PROPERTIES
OF A SOn.. AFTER REMEDIATION BYTHE RUT LOW TEM-
PERATURE TREATMENT [B1B-BUDAOO128]
To remediate, especially with organic pollutants contaminated sites, thenna!
treatment technologies are quite often used. By the thermallrealment of con-
taminated soils, high temperature (800-1200 0c) and low temperature (350-600
0c) technologies were used. In consequence of the thermal treatment of con-
taminated soils, chemical, physical and biological properties of the treated
substrates are changed. In order to assess detailed information about the possi-
bilities to recultiVale soils which have been cleaned of toxic organic compounds
(especailly PAHs) by a low temperature treatment (350-600 0c) a field experi-
ment has been carried out. (Hiller, D.A.; Burghardt, W.; (June 1993),780-782
(in English].)

2826 REMEDIATION OF CONTAMINATED SEDIMENTS IN
THE NETHERLANDS [Bm-BUDAOO129]
Contaminated sediment is a high-priority environmental problem in the Nether-
lands. It is mainly a problem associate with dredged material. Until a few years
ago, all dredged material was removed to confined disposal facilities. Recently,
treatment technologies have been applied to sediment remediation actions.
Jointly, with these full-scale operations, a research program is being conducted.
Since 1985, technology has been applied to reduce the volume of contaminated
dredged sludge. This process combines two techniques: hydrocycIones and
dewatering. Thus, a relatively clean fraction is separated from the dredged
sludge, while the volume of the residual fraction is reduced as much as possible.
(van Veen, HJ.; Bruggeman, W.A.; (June 1993), 616-619 [in English].)

2827 COMPARISON OF DIFFERENT LAB METHODS AND
SCREENING TESTS FOR WATER QUALITY ASSESSMENT
IN EAST GERMAN RIVERS [B1B-BUDAOOI30]
Water quality management procedures are commonly based on special measur-
ing programs. In order to determine raw water quality data, different chemical
measuring methods and techniques have been employed. In practice, the method
selected depends on various criteria such as the number and kind of parameters
and samples, conservation possibilities, lab capacity and the conditions of
sampling. In this paper, manual and automated photometric lab methods and
screening tests have been critically compared for their suitability in the applica-
tion field of raw water surveillance. (Muller, A.; Arndt, K.; (June 1993), 34-38
[in English].)

2828 CarnCAL LOADS FOR ACIDIFlCA TION IN POLAND -
AN ECE ASSESSMENT APPROACH [Bm-BUDAOOI31]
Poland, as a oo-signatory of the Convention on Long-Range Transboundary Air
Pollution, has undertaken a task consisting of the assessment and mapping of
critical loads for airborne acid compounds. The major goal of this task was to
determine the sensitivity of aquatic and forest ecosystems to acidic deposition
from the air, and simultaneously, to provide a reliable basis for the development
of a strategy aimed at the reduction of acidic compounds in atmospheric
emissions. As a result of the fll'st stage of the project which was accomplished
in 1991, critical loads of acidity, sulfur and nitrogen were calculated and mapped



whereas particles pass through undisturbed. Automa1ion of the laborious con-
ventional technique increases its precision and offers the possibility to perform
long-time measurements. Within this framework, ECN has developed s~ed
wet denuder systems in which trace gases are collected in a solution ftlm on the
walls of an annular rotating denuder (Keulcen et a1. 1988). The denuder is
automatically emptied and ref1lled. (Wild, P J.; Wyers, G.P.; Vermeulen, A. T.;
Otjes, R.P.; Waijers, A.; MOlsand, JJ.; Slanina, 1.; (June 1993), 490-492 [in
English].)

2809 CAUSES AND CONSEQUENCES OF GROUNDWA1ER
AND SURFACE WA1ER POLLUTION IN THE SLOVAK RE-
PUBLIC [Bm-BUDAOO1l2]
Relevant inf<rmation on water quantity and quality will be included in the paper,
including questions on water use and water quality, the extent of pollution, and
water quality monitoring systems. The strategic intentions of the ecological
policy of the Slovak Commission for Environment will be presented including
comments on the legislation, monitoring needs and economic considerations of
this policy. (Gasperikova, I.E.;Matuska, M.; (June 1993), 439-442 [in English].)

2810 MONITORING FOR GENOTOXIC AND TOXIC SUB-
STANCES IN SURFACE WA1ER [Bm-BUDAOO1l3]
Health risk assessment based on datafor single chemicals is limited by a number
of chemicals that can be identified in water for which toxicity data are not
available. Besides, prediction of biological effects of interactions between
chemicals is difficult or impossible on the basis of data for single chemicals.
Genotoxicity and toxicity of water samples taken from different chosen sites
where pollution was expected was monitored. For the same samples physical,
chemical and microbiological analysis were conducted according to the routine
water quality control. (Filipie, M.; Lovincic, D.; Erjavec, M.; Glavic, D.; Sele,
S.; Planina, P.; Klun, N.; Vrhovsek, M.; Kraigher, A.; Jan, 1.; (June 1993),
520-522 [in English].)

2811 A GIS-IN1EGRATION PROTOTYPE TO SOLVE ENVI-
RONMENTAL AND LAND USE CONFLICTS [BIB-
BUDA00114]
In the densely populated areas of middle Europe, the conflict concerning future
land use for raw material extraction - agriculture - ground water protection -
waste disposal and housing is growing. A geographical information system
(GIS) offers the possibility to integrate knowledge on ground water conditions
with the use and past and present landuse and to locate and evaluate conflict
situations. In the study area, one problem is potential groundwater contamination
by unauthorized landftlls in former pits from sand and gravel extractions. It is
difficult to identify these sites on the landscape today. Aerial photographs from
the past are typically the only information available on the location of these sites.
(Wolfbauer, J.; Hobenreich, L.; (June 1993), 258-262 [in English].)

2812 DISPOSAL OF PCB CONTAINING ELECTRIC CAPACI-
TORS [Bm-BUDAOOll5]
Electric capacitors with PCB (polychlorinated-biphenyl) content are collected
from allover the counlry and sent to a central decontamination site. During the
decontamination process, after opening the capcitor bodies, the PCB-containing
liquid is removed and the inside parts are removed using an organic solvent in
a four-step counter-current flow extractor. In the fmal (fourth) extraction step,
the capacitor bodies are washed with a solvent vapor which condenses onto the
cool surfaces of the capacitors. Using this process, PCB concentrations of less
than 5Omg1kg (related to totaJ mass of capacitor) are reached. (Ka1man, J.; Ando,
A.; Izsaki, Z.; Varga, T.A.; (June 1993), 734-736 [in English].)

2813 USING SEPARATION PROCESSES FROM THE MIN-
ERAL PROCESSING INDUSTRY AS AN ENABLING 1ECH-
NOLOGY FOR SOIL CLEAN-UP [Bm-BUDAOOll6]
A possible means of extending the range of contamination problems treatable
by soil clean-up would be to separate complex contamination problems into
simpler subunits, to enable their clean-up by existing processes. Technology
developed for the mineral processing indUSlry offers a route to achieve this
separation. This paper discusses the interim results of a substantial twl>-year
program investigating the application of mineral processing techniques for the
separation of contamination problems and the treatment of the contaminant
concentrates produced by this approach. (Bardos, R.P.; Dunn, R.M.; Lofthouse,
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A.; Martin, L.; Pearl, M.; Winter, D.G.; Wood, P.; (June 1993),775-777 [in
English].)

2814 NATURE OF HEAVY METAL STRESS TO CORN AND
PEA PLANTS GROWING ON POLLUTED SOILS [BIB-
BUDAOOll7]
Heavy metals such as cadmium, lead., and mercury are strong inhibitors of
important life processes in mammalian and plant tissues. Despite the long history
of research into their effects on the environment, we are still in the phase of
discovery and hypothesis formation concerning the understanding and, if possi-
ble, predicting and counteracting ecological implications of heavy metal pollu-
tion. With the aim of taking into account the basic stress response of plants at
the enzymatic level to exposure to heavy metals, ajoint research project has been
launched by the Plant Protection Institute of the Hungarian Academy of Science
and the Institute of Plant Physiology of the University of Bern. (Komives, T.;
Brunold, C.; (June 1993), 194-196 [in English].)

2815 THE QUALITY OF CONTAMINATED SOIL USING
LANDFARMING TREATMENT [Bm-BUDAOO118]
Biological soil treatment by landfarming is a relatively simple and inexpensive
method of cleaning soil contaminated with different organic compounds. De-
pending on the properties of the polluted substance, soil characteristics and
pollution age, 60 to almost 100 percent can be degraded by micrl>-organisms.
The residual concentration can sometimes be acceptable. In other cases residual
concentrations exceed the standards set by the national government. We assume
that the residual concentration is not bil>-available. Results will be presented
about measures to increase the bil>-availability of the residual concentration
during the landfarming process. (Harmsen, J.; (June 1993), 778-780 [in Eng-
lish].)

2816 ENVIRONMENTAL IMPLEMENTATION PROGRAM-
MING: A REAL POssmlLITY IN PRESENT CENTRAL AND
EASTERN EUROPEAN CIRCUMSTANCES? [BIB-
BUDAOO1l9]
In this article, one of the many important techniques of implementation is dealt
with: Implementation Programming. This management tool can be applied
inside and outside the environmental field. Implementation programming is of
particular use when "products" have to be produced in large quantities. This
paper deals with the aiteria that an Environmental Implementation Program has
to meet in order to be effective. Requirements learned from Dutch practices will
be presented.. The present situation in Central and Eastern Europe seems to pose
no fundamental restrictions on the application of this tool. (Hutten Mansfeld,
L.C.B.; (June 1993), 301-303 [in English].)

2817 REMEDIATION OF GROUNDWATER RESOURCES
CONTAMINA1ED BY SEEPAGE FROM A HAZARDOUS
WASTE SIlE, BY EXTRACTION FROM WELLS, TREAT-
MENT AND RECHARGE OF CLEAN WATER [BIB-
BUDAOO120]
In the past, the Ministry for Environment, Youth and Family installed at the
largest waste disposal site in Austria, the Fischer -Deponia site, a system of
extraction wells to prevent the seepage of the leachate from contaminating the
aquifer. That was the first step taken to extract the 8oo,000m2 of waste. The
ground water at this site is contaminated to a great extent with chlorinated
organic solvents but still provides water supply to about 500,000 people. To
avoid further contamination, the effluent at the dump-site should be totally
restrained by aline of extraction wells. (Urban, W.; Frischherz, H.; (June 1993),
647-649 [in English].)

2818 ELECTROKINETIC REMEDIATION OF ANIONIC CON-
TAMINANTS FROM UNSATURATED SOILS [BIB-
BUDA00121]
Electrokinetic remediation is an in situ technique for removal of ionic contami-
nants from soil or ground water. In electrokinetic remediation, a small direct
current is passed between electrodes implanted in the soil. This leads to a number
of effects which can impan a movement of contamill8Dt ions toward the
electrodes. To date, most studies of this technique have only considered saturated
soils. In this paper, the process is demonstrated for unsaturated sand (7 wt percent
water) in experiments using a novel 2-D transport visualization technique. An
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esses. (Been, K.; Goldsworthy, M.H.; Ernst, P.; (June 1993), 434-436 [in
English].)

2798 STUDIES CONCERNING PESTICIDE LEVELS IN
DRINKING AND SURFACE WATER [B1B-BUDAOOI01]
This paper presents the levels of organochlorinated insecticides (alpha, beta,
gamma HCH, aldrin, dieldrin, DOE, ODE and DD1) in drinking water for the
main towns of southern Romania and the Danube River. A Iiquidlliquid extrac-
tion procedure, followed by a GC-detennination with a linearized electron
capl1Ire detector, was used. The levels established are greater than the MAO
values in 73 percent of the localities studied and these levels pose potential risks
to human health. (Vasilesal, M.; (June 1993),436-438 [in English].)

2799 REAL-TIME MONITORING OF HAZARDOUS WASTES
[B1B-BUDAOOI02]
The requirement for immediate information during surveiUance of hazardous
waste sites is becoming more demanding today than in previous times. The
demand for laboratory analysis of field samples brought in for identification and
quantification is extensive. These demands will increase significantly as the
Department of Energy, Department of Defense and other federal agencies are
being characterized before environmental restoration can be initiated. The
European Community, particularly Eastern Europe and the former Soviet Union,
are also facing clean up problems at many sites similar to those within the United

. States. (KoulSandreas, J.D.; Thomas, J.W.; (June 1993), 484-487 [in English].)

2800 FIELD-SCREENING METHODS FOR TNT AND RDX IN
SOIL [B1B-BUDAOOI03]
Field-screening methods have been developed for detecting TNT and RDX in
munitions-contaminated soil. A 20g portion of soil is extracted by shaking with
l00mL of acetone for three minutes. After the soil settles, the supernatant is
filtered and divided into two a1iquOlS. One aliquot is reacted with potassium
hydroxide and sodium sulfite and forms the red-colored Janowsky complex
when TNT is presenL The second aliquot is passed through a strong anion
exchange resin to remove nitrate and nitrite. The extract is then acidified and
RDX is reduced with zinc to nitrous acid, which is reacted with a Griess reagent
(NitriVer 3 powder pillow) to produce a highly colored azo dye. (Jenkins, T.F.;
Walsh, M.E.; (June 1993), 222-224 [in English].)

2801 CHARACTERISTICS OF HAZARDOUS WASTES FROM
HIGHWAY MAINTENANCE OPERATIONS [BIB-
BUDAOOI04]
Highway maintenance waste consisting of road sweepings, vactor sludges, and
ditch diggings were found to be contaminated with hazardous substances. Two
indicators, the totaJ petroleum hydrocalbon (l'PH) and the Microtox solid waste
toxicity test, were used to characterize the wastes. The geometric mean for the
1PH content of road sweepings, vactor sludges, and ditch diggings were 1,054,
1,788 and 664mg lPHIkg, respectively. Road sweepings were categorized into
three age groups. The recently coUected sweepings had a higher lPH content
than the stored sweepings. Several road sweeping samples were classified into
three particle size groups. (Hindin, E.; (June 1993), 731-733 [in English].)

2802 ENVIRONMENTAL MONITORING TO ASSESS CON-
TAMINATION AT A NUCLEAR PRODUCTION SITE IN THE
UNITED STATES [B1B-BUDAOOI05]
Environmental monitoring has been conducted at the U.S. Department of
Energy's Hanford Site for almost 50 years. Resulting data are used to calculate
the radiological dose to people and assess environmental effects. Concentrations
of airborne radionuclides at the site perimeter and nonradiological water quality
in the Columbia River are in compliance with applicable standards. Radionuclide
levels in foodstuffs irrigated with river water taken downstream of the site,
on-site wildlife samples, and soils and vegetation from bOChon- and off-site
locations are generalJy attributable to worldwide fallOUL The dose potentially
received by an individual, using worst-case assumptions for all routes of
exposure was 0.03mrem in 1990. (Gray, R.H.; (June 1993), 517-519 [in Eng-
lish].)
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2803 A REMOTE CHARACTERIZATION SYSTEM FOR SUB-
SURFACE MAPPING OF BURIED WASTE SITES GA. [BIB-
BUDAOOI06]
Mapping of buried objects and regions of chemical and radiological contamina-
tion is required at U.S. Department of Energy (DOE) buried waste sites. The
DOE's Office of Technology Development Robotics Integrilted Program has
initiated a project to develop and demonstrate a remotely controUed sensor and
vehicle system, named The Remote Characterization System (RCS), to obtain
highly precise and timely subsurface data to support characterization of waste
sites. A significant component of the planned system is a low-signature vehicle.
To minimize interference with sensitive instruments, the vehicle will be con-
structed predominantly of non-metallic materials. (Sandness, D.W.; (June 1993),
224-229 [in English].)

2804 CURRENT AIR QUALITY ISSUES IN THE USA [Bm-
BUDAOOI07]
Growing public concern regarding air poUution resulted in a host of increasingly
stringent air quality regulations in the USA. After more than a decade of public
debate and legislative attempts, the enactment of the Clean Air Act Amendments
(CAAA) in 1990 represented an environmental milestone. The CAAA signifi-
cantly overhauled the previous Clean Air Act of 1977 and addressed three major
areas of concern: ozone levels, air toxic emissions and acid rain. Provisions for
attainment of the National Ambient Air Quality Standards (NAAQS) are de-
scribed in Title I including area classification, new definitions of major sources
and compliance deadlines. (Mester, Z.C.; (June 1993), 143-145 [in English].)

2805 IDENTIFYING DATA NEEDS AND DEVELOPING DATA
QUALITY OBJECTIVES [B1B-BUDAOOI08]
This paper presents an overview of data needs identification and the develop-
ment of data quality objectives (DQOs) for site specific restoration activities.
Restoration activities are generally conducted in phases which include: Phase 1
-an investigation; Phase 2 -selection of restoration activity and feasibility study;
Phase 3-restoration design; Phase 4 -restoration activity Identifying data needs
and developing quality objectives are the fIrSt steps in the restoration process.
(Rottero, T.E.; (June 1993), 487-489 [in English].)

2806 THE USE OF NATIVE BROWN COALS - SORBENTS IN
CONTROLLING THE ENVIRONMENTAL IMPACT OF MINE
WATERS CONTAINING REA VY METALS [B1B-BUDAOOI09]
The possibility for qualitative evaluation of contaminated mine waters and
technological solutions from various origins with the aim of sorption treatment
with native brown coals has been tested. This case study deals with acid
technological solutions obtained after bydrometaIlurgical treatment of low grade
precious metals containing sulphides. The thiourea leaching option was chosen
instead of cyanide because of low toxicity. After the two-stage sorption, the
solutions could be safely disposed of into a lake under today's stringent envi-
ronmental regulations. The ICPAES technique is used for simultaneous moni-
toring of the sorption kinetics. (Gaidarjiev, S.; (June 1993), 103-105 [in
English].)

2807 DYNAMICS OF POLLurANTS DURING INFILTRA-
TION [Bm-BUDAOOll0]
The basic and determining factors of ground water quality are the natural
conditions, the natural environment, where the ground waters are accumulated
and where their natural regime is created. Water penetrates into the environment
through he natural bankweU ftltration in horizontal direction or through the soil
cover filtration in vertical direction. A limiting factor in both cases is the original
quality of raw inftltrating water. Chemical, physico-chemical, biochemical,
microbiological and OCherprocesses in the environment are decisive for ground-
water quality. In addition, the resulting groundwater quality, its genesis and
formation of the chemism is expressively affected by human activity. (Lehocky,
1.; (June 1993), 191-194 [in English].)

2808 AUTOMATED WF:I' DENUDER SYSTEMS FOR ENVI-
RONMENTAL MONITORING OF ACIDIFYING AIR POL-
LUTANTS [Bm-BUDAOOll1]
Denuder systems are very suitable for measuring air concentrations of acidifying
compounds. A denuder is a tube coated with a component-specific reagent.
Diffusion gases can reach this wall-coating on which they become trapped



gas concentration can be enriched by landfill gas from 5 gas wells placed directly
into the landfill. (Roth, R.J.; KalIo, J.D.; (June 1993), 700-701 [in English].)

2788 RISK ASSESSMENTS OF INCINERATOR STACK E!\fiS-
SIONS [Bm-BUDAOOO91]
Cancer risks and chronic toxic threats can be calculated for incineralOC stack
emissions. Input data for these calculations are derived from an air dispersion
model that uses contaminant feed rate, local weather data, stack dimensions, and
emission rates. This model, the Industrial Source Complex Model Long Term
(ISCL 1) version, is used to identify the most exposed individual (ME!); the
person exposed to the highest average annual concentration of stack releases.
These average concentrations are used to calculate increased cancer risks for
contaminants that are cancer threats and relative chronic health threats of
noncancerous toxins. (Brunker, R.L.; (June 1993), 416-418 [in English].)

2789 EXPOSURE POINT CONCENTRATIONS IN GROUND.
WATER [Bm.BUDAOO092]
The EPA method of risk assessment uses long-term or chronic exposure as a
basis for determining the excess cancer risk at a Superfund site. Oftentimes, the
risk from exposure to contaminated ground water is inappropriately calculated
from the single highest confirmed concentration found in a groundwater well.
This appl'oacb is mathematically and conceptually indefensible since a single
measurement cannot represent the contamination in an entire plume at a Super-
fund site. Instead, a sufficient data base is required to effectively represent site
risk during a lifetime of exposure. The larger dalabase serves to reduce the
uncertainty iDherent in risk analysis, and a more scientifically sound evaluation
of risk can be used to trigger a remedial decision. (Forman, D.L.; (June 1993),
429-431 [in English].)

2790 A SUCCESSFUL APPLICATION OF X-RAY FLUORES-
CENCE SPECTROSCOPY FOR FIELD SCREENING [Bm.
BUDA00093]
A recent field investigation haS demonstrated the successful use of x-ray
fluorescence spectroscopy (XRF) screening analysis for elemental concentra-
tions in soils and sediments at a mine tailings hazardous waste site in New
Mexico, USA. Using minimal sample preparation and commercially available
standards, appI'Oximately 300 samples were analyzed on location for seven
elements including iron, copper, zinc, lead, arsenic, silver, and cadmium. De-
tection limits achieved were five to fifteen parts per million. Statistical and
graphical methods of analysis were used to show a statistically significant
correlation between XRF results and laboratory results using atomic absorption
and inductively coupled plasma methods of analysis. (SaCkman, A.R.; (June
1993), 219-221 [in English].)

2791 AIR POLLUTION ABATEMENT STRATEGY IN HUN-
GARY [Bm-BUDA00094]
Damages caused by air pollution emerge on local, regional/continental and
global scale related to health, acidification and climate change issues. The main
causes of air pollution are the following: inefficient use of energy in power
generation. transport, industry, domestic use and services; rapidly growing car
fleet of inadequate emission characteristics (excessive specific air pollution);
lack of adequate strategies to control urban air quality; gaps in the implementa-
tion of legal, technical and economic measures. Abatement measures compl'ise
complex action pl'ograms for the reduction of air pollution generated by urban
traffic and major stationary sources. (Kovacs, E.; (June 1993), 81-83 [in Eng-
lish].)

2792 THE BOROVAC PROCESS HELPS TO ACHIEVE A
CLEANER ENVIRONMENT AND A BETTER ECONOMY IN
THE MINING AND POWER INDUSTRIES [Bm-BUDAOOO95]
Economic pI'Oduction and environmental protection are not easy to achieve when
combusting low calorie coal for the power industry. Yugoslav electric power is
mainly produced by combusting this type of coal- lignites with a high content
of ash and moisture. BOROV AC C.E. has introduced an original coal cleaning
process named "BOROVAC" pl'imarily intended for the lignites where occur-
rence of the waste substance is mainly in the form of clay and sand. The
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BOROVAC process combined with our successful industrial solution of ash
disposal technology makes it possible to mix the separated slurry from the coal
cleaning process with fly ash from the power plants. (Grbovic, M.; (June 1993),
84-86 [in English].)

2793 GROUNDWATER IN SLOVENIA [Bm-BUDAOOO96]
On the territory of Slovenia there are 20 ground water fields (areas) with
associated areas. In 1987, we started with the monitoring of the hole fields
besides the drinking water monitoring and today the monitoring is Spl'ead to the
biggest water fields. Twice annually, water is analysed for over 165 pollutants.
In the fU'st part of the paper are described the characteristics of the water fields
and our approach taken for monitoring of the groundwater combined with the
sanitary control Of the drinking water. The second part of the paper addresses
the growing pI'Oblem of undergroundwater pollution caused by the environ-
mental contaminants of physical and chemical characteristics derived from
industry, agriculture and communal environn,enL (Lovincic, D.; (June 1993),
188-190 [in English].)

2794 PROTECTION AND SANIFICATION OF DRINKING
WATER RESOURCES [Bm.BUDAOOO97]
Most drinking water resources and some potential water resources in Slovenia
have water protection cones. Regulations pertaining to these protected cones are
very strict with a description of the activities which can be allowed within each
cone. The problem is that the most polluting facilities already are in this area for
the very long time. These facilities can apply a new technology only if it is less
harmful to water resources. The fll'St part of the paper deals with the problem of
old industry on drinking water pI'Otected areas and some areas from which
protected resources can be affected. (Lovincic, D.; (June 1993), 431-433 [in
English].)

2795 THE DEVELOPMENT OF AN INTERNALLY CONSIS-
TENT AND CRITICALLY REVIEWED THERMODYNAMIC
DATABASE FOR GEOCHEMICAL MODELING [BIB-
BUDA00098]
The usefulness of geochemical modelling as a predictive tool for assessing
contaminant behaviour in the environment depends crucially on the the quality
of the underlying thermodynamic data base. Primary quality criteria include its
internal consistency and the critical selection of data from the various sources
available. In 1986, WS Atkins initiated the development of such a dalabase in
conjunaion with partners from several EC member states. To date, ";ell over
1000 aqueous and solid chemical species have been reviewed, concentrating on
the actinide elements and major ground water components. (Falck, W.E.; Read,
1.0.; (June 1993), 256-258 [in English].)

2796 ASPECTS REGARDING THE POLLUTANT E!\fiSSIONS
AT THE POWER PLANTS IN ROMANIA [Bm.BUDAOOO99]
The paper illustrates how the RENEL power plants supply electric and thermal
energy to consumers, as well as the impacts of these plants on the environment.
Information will be provided on the fuels used, the quantities annually consumed
and the levels of pollutant emissions. Also pl'ovided will be information on
RENEL's strategy regarding the management of these power plants regarding
their impacts on the environment, in the context of measuring and continuous
control of the pollutant emissions from these facilities. (Tutuianu, 0.; Anghel,
M.; (June 1993), 86-89 [in English].)

2797 RISK BASED DECISION ANALYSIS APPLIED TO URA-
NIUM MINE DECOMMISSIONING [Bm-BUDAOO100]
One of the major problems facing Central and Eastern Europe is how to allocate
the limited fmancial resources available for environmental cleanup, so as to
maximize the overall benefit to society. It is clear in this context that the cost of
an acceptable cleanup at any given site must also be minimized, but still achieve
acceptable results. Probabilistic methods, or risk based decision analyses, pro-
vide a rational appI'oacb to ensuring that the best possible decisions are made to
protect the environment and human health, in the face of uncenainties about
future events, what lies under the ground and contaminant transportation proc-
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2778 REMEDIATION OF OIL CONTAMINATION AT FOR-
MER GARRISONS OF SOVIET FORCES IN CZECHOSLOVA-
KIA: HYDROGEOLOGICAL ASPECfS [BIB-BUDA00081]
Hydrogeological surveys at the sites of former Soviet garrisons in Czech+Slovak
Fed Rep were conducted in order to estimate remediation costs. These surveys
were completed by June of 1991. The estimation for 100 sites fluctuate about
200 million USO expended mainly on oil remediation of soil and ground water.
Preference for the oil remediation has been given to biodegradation procedures
(BP) in the fU'Stplace and to decontamination procedures in situ. Our companies
initiated application of the BP of the oil products both by in situ and ex situ
methods. In 1991, the company EKOL addressed the oil contamination at more
than 12.0 localities including the sites of former Soviet garrisons. (Landa, I.;
Mazac, 0.; Vanek. 1.; MOlhejl. P.; (June 1993). 878-879 [in English].)

2779 LIQUID HOLDUP DETERMINA TlON IN PACKED COL-
UMNS FOR SULFUR DIOXIDE ABSORPTION [BIB-
BUDAOO082]
Since the early 1960s. atmospheric pollution with sulphur dioxide has become
a major environmental problem in many developed countries in the world.
Investigations are aimed for development regenerable processes enable sulfur
dioxide removal from flue gases. Citrate solution process is recommended as it
is found that sodium citrate meets the specific needs of reversible sulfur dioxide
absorption to buffering range. buffer capacity, chemical and physical stability.
intoxity. etc. In designing absorption processes. stripping processes utilizing
equilibrium data on the efficiency of the equipment is very important, and
depends on column the type. geometry and hydrodynamics. (Skrbic, B.; Cve-
janov. J.; (June 1993), 77-81 [in English].)

2780 THE DEPOSITION AND 134CSVERTICAL DISTRIBU-
TION IN VARIOUS SOIL TYPES IN THE REPUBLIC OF
CROATIA [BIB-BUDAOOO83]
The deposition and vertical distribution of (exp 134) es in various soil types in
the Republic of Croatia were measured by gamma-spectrometry. Four basic
undisturbed soil types: flysch, terra rossa, loam-podzol and siltous soil were
sampled during July of 1986. At each location, four soil intervals were sampled:
surface 1.25cDl, 5-6.25cm, 11.25-12.5cm and 25-26.25CDL The gamma-spedra
of selected subsamples-soil intervals were recorded for 2O.000-150,000s. and
134Cs activity calculated from the 795.8 keV-peak. The vertical change of
cesium activity through the soil profile can be described by the general equation:
y (A-exp(b-1nD+c-(InD)2)-K. (Barisie, D.; Lazaric, K.; Lulie, S.; Venacnik,
A.; (June 1993). 179-181 [in English].)

2781 THE USE OF A COMBINED BEHAVIORAL AND
NEUROTOXICOLOGICAL TEST BATTERY FOR THE IN-
VESTIGATION OF CHRONIC LOW LEVEL EXPOSURE TO
XENOBIOTICS [BIB-BUDAOOO84]
The continuously increasing environmental pollution consisting of toxic sub-
stances into the air. water and soil represents one of the most important
cha1lenges facing society. The effects of this pollution on organisms and also on
humans are not well understood. Therefore, it is important to investigate how
biological organisms and humans respond to long-term exposure to different
hazardous and/or toxic compounds at different combinations and doses of
xenobiotics which are present in the environment. We developed a test battery
involving different tests and investigation parameters starting with observations
of newborn animals and including data on the behavioral, neurophysiological
and biochemical effects on developing and adult individuals. (Nagymajtenyi, L.;
Schulz, H.; Desi, I.; (June 1993),414-416 [in English].)

2782 ASSESSMENT OF THE SOIUWATER CONTAMINA-
TION IN OPERATING PETROCHEMICAL PLANTS: THE
ITALIAN EXPERIENCE [BIB-BUDAOOO85]
Regional governments have been delegated by the Italian Ministry of the
Environment to carry out both contaminated areas inventories and reclamations
plans. One of the most important Italian experiences concerning the assessment
of subsurface and ground water contamination refers to the AGIP oil refmery,
in Rho. which is northwest of Milan. This plant occupies an area of 1.31an2 and

96

employs about 500 workers. Its use will be discontinued in 1994 due to relevant
risk of accident, in a highly populated area. The survey was formerly planned
as consisting of twenty sampling points (both drillings and piezometric wells).
selected on the basis of a random net. (Ganapini, W.; Milani, A.; Tunesi-Lom-
bardia Risorse. S.; (June 1993). 182-185 [in English].)

2783 ILLEGAL DUMPSITES IN SLOVENIA [Bm-BUDAOOO86]
Since 1985. a dumpsite inventory has been made by scouts and later by a private
firm "Oikos" in 861oca1 communities in Slovenia (I. 18.okm2, which represents
6 percent of the country). This field survey provides for quantitative (geographi-
cal coordinates. estimate of area and volume) and qualitative data (nearest
settlement, land use. vicinity of water, type of waste, suspected risks. etc.) about
each site. Dumpsites are a significant problem in Slovenia. The average density
in the referenced area is 1.7 sites per km2• and 2.6m3 of dumped waste per
inhabitant.. Prevailing types of waste are household and construction waste.
(Stritih, 1.; Sebenik, I.; (June 1993). 697-699 [in English].)

2784 ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA)
SYSTEMS FOR ENVIRONMENTAL MONITORING [Bm-
BUDAOOO87]
Although broadly applied in clinical and veterinary practice, immunoassays
have gained importance in environmental chemistry and toxicology only re-
cently. Utilizing the outstanding specificity of polyclonal or monoclonal anti-
bodies towards certain target analytes (environmental pollutants), ELISA
systems often are of prominent sensitivity and are more rapid and less costly
than time- and labor-intensive traditional analytical methods. Our laboratories
focus on the development of ELISA systems for the detection of low molecular
weight chemicals of agriroltura1 and/or public health importance (i.e..pesticides
and toxins). (Szekacs. A.; Hammock, B.D.; Qune 1993). 482-484 [in English].)

2785 SURFACE WATER EUTROPHICATION SOURCES IN
POLAND [Bm-BUDAOO088]
Agrirolture, municipal activities and industry are the sources of surface water
eutrophication and contamination of under ground waters. The data on plant
production, livestock populations and amounts of organic and artificial fertilizers
was presented. Loss of nutrients in polish soils through leaching in lysimeter
filtrate, drain water and catchment area was analyzed. The influence of soil
conditions and utilization, c1ima1icwater balance. vegetation cover and type of
fertilizer was presented. The load of biogenes introduced by agriculture into the
surface waters was determined. (Ilnicki, P.; (June 1993), 186-188 [in English].)

2786MERCURY CONTAMINATlONFROMTHE BVKFACIL-
ITY IN HUNGARY [BIB-BUDAOOO89]
In November of 1990, the Regional Environmental Center for Centra! and
Eastern Europe in Budapest (REC) requested assistance from the United States
Environmental Protection Agency (EPA) in the review and evaluation of con-
tamination from the BVK Chemical complex in Kazincbarcika, Hungary. This
paper is divided into three major sections: Section I describes the review by the
EPA team of the mercury contamination at the BVK facility. It consists of an
introduction, conclusions, and recommendations for future actions. It describes
a plan for conducting a short-tenD health risk sampling assessment, a risk
assessment based upon the limited data reviewed during the visit, and a plan for
a more detailed site and risk assessment which is needed for the BVK facility.
(Voltaggio, T.C.; Brunker. R.L.; Heston, G.T.; (June 1993), 140-142 [in Eng-
lish].)

2787LANDFILL GAS COLLECTION ANDDESTRUCTION AT
BEMSIBIG HILL LANDFILL [Bm-BUDAOOO9O]
A landfill gas collection system was constructed as part of an interim remedial
action for the Big Hill Berns Landfill in Southampton, New Jersey. The remedial
action was implemented to address public health hazards associated with migra-
tion of methane gas to a community adjacent to the landfill. The objective of the
design, which consisted of 72 perimeter gas collection wells. was to provide a
protective barrier between the landfill collection wells. The wells were con-
nected to a header system of approximately 9.300 linear it. HOPE pipe. The
system is designed to operate at a VaaJum of 10-2.0 inches of water. The methane



by the heavy metal content of the roots, while the compound effect of soil and
air pollution was demonstrated by the element content of the leaves. (Kovacs,
M.; Penksza. K.; (June 1993),477-479 [in English].)

2768 FAST GC-MS ANALYSIS OF CONTAMINATED SOIL:
ROUTINE FIELD SCREENING IN HAMBURG [BIB-
BUDA00071]
After a five-year period of development, fast analytical on-site methods for
organic soil contaminants based on a mobile Ge-MS system, have become a
standard component in Hamburg's routine residual analytics. With a focus on
high sample throughput for volatile and semivolatile organics, the application
of fast high- performance analytics to field screening within 5 min per sample
has led to new site remediation strategies. For the analysis of volatiles, a fast soil
headspace technique with quantification limits in the lowppb range is employed.
Semivolatiles are ultrasonically acetone extracted and analyzed rendering limits
of detection of some ppm. (Matz, G.; Schroder, W.; (June 1993), 214-216 [in
English].)

2769 ''SPRAY ANDTRAP" FOR GC-MS ANALYSIS OF AQUE-
OUS ORGANICS [BIB-BUDA00072]
A new simple method for analyzing trace organics in water which is based on
stripping of analytes is presented. The method is customized for field application
with a mobile GeMS. Time required to process a water sample is 5 min.
Calibration is performed using internal standards. Linear dynamic range of
calibration is up to 5 orders of magnitude (tOppt-l ppm for tetrachloroethylene).
The method is capable of handling samples containing surfactants which cannot
be "purge and trapped" without foam interference. The principle of operation is
spraying the water sample together with the purge gas through a nozzle. (Matz,
G.; Kesners, P.; (June 1993), 31-33 [in English].)

2770 SEVERE CONTAMINATION OF SOILS BY IlEA VY
METALS NEAR GYONGYOS, HUNGARY [BIB-BUDA00073]
Severe contamination of soils with heavy metals was detected alongside the
Toka Brook, near the town of Gyongyos, and within the village of
Gyongyosoroszi in Hungary. In some dried soil samples 160 ppm arsenic,
23ppm cadmium, 263ppm copper, 1,618ppm lead and 3,74Oppm zinc was
detected, respectively. Most of the vegetables and fruits aIltivated on the
affected area contain lower concentrations of heavy metals than allowed by the
Hungarian standards. However, some vegetables with large leaf areas as well as
root vegetables might accumulate dangerous amounts of some heavy metals. It
is not known what chronic effects these elevated levels of heavy metals may
have on human health if consumed over several years. (Turcsanyi, G.; Kovacs,
M.; Buttner, S.;Penksza. K.; Guely, M.; Czinege, E.; (June 1993),515-517 [in
English].) .

2771 INVESTIGATION OF DILUTION AND DECAY OF PET-
ROCHEMICALEFFLUENT IN THE RIVER [BIB-BUDAOOO74]
Knowledge of the distribution of pollutant concentrations discharged into the
natural water receiver, as well as their decay rates, is essential for evaluation of
the influence of existing outfall on water quality. An essential parameter in
assessing the degree of pollution of surface waters is the rate of pollutant
degradation. The numerical value of this parameter can be determined on the
basis of radiotracer investigations by comparing measured distributions of
radiotracer concentrations with the distribution of pollutant concentrations de-
termined directly by taking samples of river water. These methods have been
applied in field conditions on Vistula River near Plock, where the biggest
refinery in Poland is being located. (Owczarczyk, A.; Szpilowski, S.;
Wierzchnicki, R.; Strzelecki, M.; (June 1993), 868-870 [in English].)

2772 THE TASKS AND METHODS OF ENVIRONMENTAL
CONTROL IN REGIONS OF EXPLOITATION OF GEOLOGIC
DEPOSITS [BIB-BUDAOOO75]
The problems of complex environmental analysis in regions with intensive
exploitation of geologic deposits, including mining, building and other activities
are considered. The author notes the diversity of geophysical consequences of
engineering activity, which are dangerous for the environment, in the context of
the near-term and long-term contamination problems. The analysis is made using
examples in some regions of the Russian Federation. On the basis of analysis,
the author discusses the directions and principles of research of geophysical
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parameters in order to make a prognosis and estimate potential dangerous or
adverse resl!lts of engineering activity and na1Ural processes in regions of
exploitation of geologic deposits. (Sofronov, V.V.; (June 1993), 870-872 [in
English].)

2773 MONITORING OF ENVIRONMENTAL CONTAMINA-
TION IN THE MANAGEMENT SYSTEMS [BIB-BUDAOOO76]
It is necessary to identify the types of environmental data that can be assessed
for environmental control purposes. While considering the significance of
information in the hierarchy of a control system, it is possible to define appr0-

priate levels of the criteria for optimization and analysis of the effectiveness of
the supply of data. At the level of monitoring, these indices make it possible to
compare various technical decisions in the context of the precision and authen-
ticity of the data obtained and on the basis of different versions of systems.
(Sofronov, V.V.; (June 1993), 479-481 [in English].)

2774 ANAEROBIC DEGRADATION OF PHENOLIC COM-
POUNDS IN UASB REACTORS [BIB-BUDAOOO77]
The objective of this study was to investigate the continuous anaerobic treatment
of a synthetic wastewater containing guaiacol, and to compare the ability of two
anaerobic mixed populations originating from different sources, namely a UASB
reactor and an anaerobic cow manure digester, to mineralize this aromatic
compound. The lab-scale UASB reactors were fed with a wastewater containing
1.5-3.0g CODII volatile fatty acids and O.5g CODII of guaiacol. Guaiacol was
found to be readily demethoxyla1ed to catechol by both inocula. This interme-
diate was only partially degraded (approx. 30 percent) in the reactor seeded with
granular sludge. (Sierra-Alvarez, R.; Bhattarai, M.; Alaerts, G.A.; (June 1993),
127-129 [in English].)

2775 APPLICATION OF A FREQUENCY AGILE C<>2LASER-
BASED DIFFERENTIAL ABSORPTION LIDAR SYSTEM TO
ENVIRONMENTAL MONITORING [BIB-BUDA00078]
SRI International has designed, developed, and demonstrated an infrared differ-
ential absorption lidar (IR DIAL) system that can be used for environmental
monitoring to detect, identify and measure concentrations of ambient or fugitive
emissions of volatile organic compounds (V0Cs) in the atmos}:t1ere. The IR
DIAL system utilizes a single frequency-agile CO2 TEA laser, a ten-inch
receiver telescope in the Dall-Kirkham configuration, a liquid-nitrogen cooled
HgCdTe photovoltaic detector, and a personal computer. The self-contained
system is mounted in a small van and provides column-content measurements
in ppm-m and displays time series plots of VOCs having significant spectral
activity in the 9- to II-micrometer region. (Carr, L.; Fletcher, L.; Leonelli, J.;
(June 1993), 216-219 [in English].)

2776 COMPUTER CONTROLLED RADIOMETRIC PAR-
TICULATE MONITOR [BIß-BUDAOOO79]
The principle of operation of this particulate monitor is based on the measure-
ment of dust mass deposited on a fiber glass f1lter from a known volume of air
forced through the fLIter. The mass of the dust is determined by absorption of
Pm-147 beta radiation. The volume of the air is proportional to dust collection
time, as the air flow rate is kept constant. A rotary source detector set enables
the measurement of the same part of the mter before and after the dust is
deposited. A reference mass sample is measured at the start and the end of
measuring a cycle which enables compensation of errors resulting from pressure
and temperature variations. (Machaj, B.; Urbanski, P.; Strza1kowski, J.; (June
1993), 872-875 [in English].)

2777 ENVIRONMENTAL GEOPHYSICS IN CZECHOSLOVA-
KIA: AN OUTLINE [BIB-BUDA00080]
Geophysical methods form one part of the integral survey used for solving
environmental problems. The methods may be differentiated into two groups
according to: a) the effects of the proper fields on the environment; and b)
possibilities of how to use these investigative methods for quantitative or
qualitative determination or estimation of such phenomena which are in a close
relation to environment and its protection. The methods applied in the second
group dominate because they are closely tied with abiotic as well as anthropo-
genic. factors. (Mazac, 0.; Landa, I.; Kelly, W.I.; Mares, S.; (June 1993),
875-877 [in English].)
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esses accompanying the calaIytic pwification of tail gases were studied in an
ullSleady slale pilot plant reactor of 80 dm3

• (Egyhazi, T.; Kovacs, J.; (June
1993), 851-853 [in English].)

2758 MODELING OF COLMATAGE OF FILTERS AND SOIL
FILTER LAYERS [Bm-BUDA00061]
Co1matage is a clogging process of filters in industrial and native soil-filtration.
The clogging process is caused by the floating and settling materials and
precipitaling products (by chemical and biological processes) on the surface area
and/or in the cavities and pores. The chemical colmataging process, excluding
the biological processes, was investigated. This was carried out by precipitaling
the salts resulting in the hardness of water with NaOH and using FeCl2-solution.
Unsoluble fern oxyhydroxide precipitate formed in the latter case. In the fust
case, a very quick outer co1matage was observed, while in the second case an
inner co1matage was observed. (Kun-Szabo, T; (June 1993), 854-857 [in Eng-
lish].)

2759 CONTRIBUTION TO THE IlEAVY METAL CONTAMI-
NATION OF THE RESIDUAL SLUDGE WITH CHEMICALS
USED IN WATER AND WASTE-WATER TREATMENT
PROCESSES [Bm-BUDAOOO62]
Contribution to the heavy metal contamination of water and waste water treat-
ment residuals with chemicals used in the processes is calculated and summa-
rized in the paper. For assessing the contribution of different chemicals in
different stages, average concentrations of raw waters and effluents were con-
sidered. Average sludge yields of Dutch water treatment practices, and average
values of sludge yields of biological waste-water treatment from wide range
surveys were used in the calculations of concentrations resulted by the addition
of chemicals. (Karpati, A; (June 1993), 858-861 [in English].)

2760 ANALYSIS OF MANAGEMENT STRUCTURE WITH-
OUT RISK OF DANGEROUS AIR POLLUTION IN COM-
BINED NATURAL AND TECHNICAL SYSTEMS
[Bm-BUDA00063]
Complex man-made technical systems (MS) impacting specific natural systems
(NS) having many restrictions for permissible levels of impacts are considered
as combined natural and man-made systems (NMS) .. The NMS are analyzed
when making ecologically proven decisions for management of multiple com-
ponents of MS. Systems structure analysis of the combined systems is performed
considering the connections between the NS and NMS for alternative structures
of MS and time to include components of their '1ife cycles" and setting risk
factors of reaching aiticallevels of NS resources. Computer modeling enables
one to determine optimal variants for a wide spectrum of alternative decisions.
(Milyaev, V.B.; Kopp, LZ.; (June 1993), 71-73 [in English].)

2761 TOOLS AND METHODS FOR SAFEGUARDING
GROUNDWATER WITHDRAWALS IN HUNGARY [BIB-
BUDAOO064]
In Hungary, more than 80 percent of drinking water originates from subsurface
water resources. Like in all industrialized countries, an increasing extent of
pollution endangers groundwater resources. In order to know if or how ground-
water withdrawals should be protected, knowledge is needed on the recharge
areas and recharge rates, on the extent and type of pollution sources, and on the
behavior of pollutants during transport to the withdrawl wells. A general
framework for groundwater protection in Hungary is given and tools and
methods are selected which are needed to address the problems of groundwater
protection in Hungary. (Lennaerts, T.B.M.; Simonffy, Z.; (June 1993),173-177
[in English].)

2762 DESIGN AND OPERATION OF MONITORING NET-
WORKS [Bm-BUDAOOO65]
Pragmatic and functional methods for the design and operation of two types of
monitoring networks will be demonstrated: reference or primary monitoring
netWork and a secondary monitoring network for safeguarding well fields. The
primary network provides data of current ground water quality and may show
long-term trends which can be used for assessment or readjustment of regula-
tions to prevent ground water pollution. It can be designed by processing
information on land use, soil type and hydrogeological conditions using remote-
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sensing techniques and a geographical information system. (Lennaerts, T.B.M.;
Miunink, J.O.; (June 1993), 861-865 [in English].)

2763 INVESTIGATION OF THE ENVIRONMENTAL IM-
PACTS OF INDUSTRIAL WASTE IN THE GREATER BUDA-
PEST AREA [Bm-BUDAOOO66]
Budapest is the eighth most populated city of Europe. It is one of the prominent
industrial centers of the continent because its industry employs half a million
workers. The capital with over 2 million inhabitants is the most densely popu-
lated area. Twenty-four percent of the industrial workforce is employed al work
sites in the capital. This concentration of industry and population is problematic
because 20% of the inhabitants of the country live in the capital and the
inhabitants of the city and its suburbs further tax the environment (Hollosy, M.;
Verraszto, Z.; (June 1993), 177-179 [in English].)

2764 SYNOPTIC INFORMATION SYSTEMS FOR ENVIRON-
MENTAL PROTECTION OF THE CENTRAL INDUSTRIAL
AREA OF HUNGARY [BIB-BUDAOOO67]
Due to the unique geological conditions and historical occurrences in Hungary,
more than 20 percent of the population lives in the capital city of Budapest. The
Middle-Danube- Valley environment Authority is responsible for both the envi-
ronmental conditions in the capital and the surrounding areas. It would not be
possible to divide the two and handle them separately due to the fact that the
activities influencing the environmental conditions are interconnected. The
result is that one-third of the Hungarian population is living within one area of
activity, and that40 percent of the industrial activity in Hungary is located here,
and as a result, half of the industrial and communal waste of the country is
genera1edinthisurban area. (Verraszto,Z.;Domokos, M.;(June 1993), 253-255
[in English].) .

2765 EVALUATION OF CHANGES OF THE QUALITY OF
GROUNDWATER SOURCES IN SLOVAKIA [BIB-
BUDAOO068]
Ground waters in the Slovak region are the most important sources of the
drinking water. The overall quality of the ground water in Slovakia, however, is
declining. The reason of this phenomenon is the influence of various natural and
anthropogenic factors. This paper displays results of the investigation of the
quality of 158 most important ground water sources located in the territory of
Slovakia. The extent of analyses performed was based on Czechoslovak stand-
ards CSN 83 0612 "Operating surveillance of the quality of water in water
treatment" and CSN 75 7111 "Drinking water" and included parameters such as
inorganic anions, cations, heavy metals and (with special attention) organic
pollutants. (Hucko, P.; Liska, I.; Tolgyessy, P.; (June 1993), 865-867 [in
English].)

2766 DEVELOPMENT S"l'RATEGIES OF THE HUNGARIAN
ELECTRIC POWER INDUSTRY AND AIR QUALITY PRO-
TECTION ISSUES [Bm-BUDA00069]
Regarding the discharge SÜ2,No,., and solid particulates, the power plants of
the Hungarian Electric Power System play an important role in the production
of such emissions. Approximately 430 Ja sulphur dioxide, 32 let nitrogen oxide
and 30 let solid were emitted in 1991. The sulfur dioxide emission is unanimously
determined by the amount of fuel used. Due to the low heating value, 6.5 to 10.5
MJIkg and the average 2 to 3 percent sulphur content of our c9als, and lignite,
the sen emissions from coal utili2ation represent more than 90 percent of the
total sulfur dioxide emission of the power industry. The No,. emission gives
approximately 15 percent of the national emission. (Szorenyi, G.; Civin, V.;
(June 1993), 74-77 [in English].)

2767 BIOLOGICAL INDICATION OF IlEA VYMETAL LOAD-
ING IN INDUSTRIAL AREAS [Bm-BUDA00070]
Biological indicators are used in monitoring networks in countries such as
Germany, United States of America and Japan. Biological indication investiga-
tions were carried out in the vicinity of Ozd and Diosgyor in northern Hungary.
This area is adversely affected by cadmium, chromium, nickel, lead and zinc
pollution. Soil and specimens of Lolium perenne and Taraxacum officinale
(recommended species for inclusion in an international Biomonitoring network)
were collected for chemical analysis at 500 and l000m from the emission
sources in all four directions. The heavy metal pollution of the soil was indicated



specific site with regard to dredging and dumping problems. (Chiavarini, S.;
Caricchia, A.M.; Cremisini, C.; Martini, F.; Morabito, R.; Pezza, I.; (June 1993),
540-542 [in English].) .

2748 MONITORING PROGRAM FOR THE EVALUATION OF
THE POLLUTION LEVEL OF THE ITALIAN HARBOUR
SEDIMENTS: III. ORGANOTIN COMPOUNDS [BIB-
BUDA00050]
Organotins contamination in harbor envirooment has been well documented and
harbors can be considered as the main source of these compounds for the marine
environment. These compounds, and principally tributyltin (TBT) and
triphenyltin (l'Phn, are widely employed as active components in antifouling
paints, to reduce the deleterious effects of foulant organisms on the hulls of the
boats and in cooling pipes. In water, TBT and TPhT are easily degraded to less
toxic compounds down to inorganic tin. At the same time they are readily
accumulated by feeding filter organisms and adsorbed ontosedimentable matter.
Degradation phenomena occur in sediments as well as in water but, in this case,
lower degradation rate and higher persistence time were observed. (Morabito,
R.; Caricchia, A.M.; Chiavarini, S.; Cremisini, C.; Fantini, M.; Ubaldi, C.; (June
1993),542-544 [in English].)

2749 REGIONAL MATERIAL BALANCES AS A TOOL FOR
.ENVIRONMENTAL MONITORING [Bm-BUDA00051]
This paper deals with the monitoring of chronic and longterm impacts on the
environment due to anthropogenic activities. Contrary to the large and rapid
impacts due to industrial accidents or the mismanagement of hazardous sub-

. stances, small and slow releases of materials pose a different analytical problem ..
Their effea on the envirooment cannot be detected early enough by measuring
concentrations. in the soil, water or air. A new strategy for monitoring is
introduced which is based on material balances of the regional anthroposphere
and envirooment The results of these balances are used to assess the longtenn
impact of urban regions on the "fmal sink" soil and the "conveyor belts" surface
waters and air. (Brunner,P.H.;Daxbeck, H.; (June 1993), 474-476 [in English].)

2750 CONTROL OF COMBINING WASTE STREAMS FROM
DIFFERING BATCH PROCESSES WITH EXTREME FLOW
RATE VARIATIONS [Bm-BUDAOOO52]
The leather industry produces strong wastes that are high in biochemical oxygen
demand, suspended solids, sulfides, and chromium. These, balch discharges
result in rapidly changing waste streams in flow rates and pH. In order to obtain
a contrOlled steady flow at the desired pH, an automated system based on the
interlocking of stream flow control with chemical addition, by an automated pH
and liquid level instrumentation. The resulting waste stream can be adjusted to
optimum conditions for coagulation and primary treatment This cost-effective
method has been used successfully in the leather industry and also for the
treatment of meta1 fmishing wastes for heavy metals removal. (Thorsteosen,
T.e.; (June 1993), 100-102 [in English].)

2751 MUNICIPAL SOLID WASTE DISPOSAL THREAT TO
THE ENVIRONMENT [Bm-BUDAOOO53]
Municipal waste from the city of Krakow is disposed of at a landfIll located next
to the historical salt mine in W1eliczka. The nearest residential areas are located
about 300 meters from the landfIll. Key enviroomental problems are uncon-
trOlled leachate permeating into high quality ground water aquifer, odor emis-
sions and easy access to the site which threatens health and safety of the
surrounding population. Surface water from the Ma11nowka stream sampled bas
been clearly degraded by leachate. The municipal solid waste (MSW) currently
disposed of is collec1ed from residential and commercial generators. (Ba-
jsarowicz, W.; Bajsarowicz, J.; (June 1993), 695-697 [in English].)

2752 EXTENT AND NATURE OF ENVIRONMENTAL CON-
TAMINATION BY LIGNITE-TAR PROCESSING PLANTS: A
CASE STUDY OF A PLANT IN THURINGEN, GERMANY
[Bm-BUDAOOO54]
The former lignite-tar processing plant was in operation for more than 70 years.
Facilities include approximately 42 ha of processing plants, above and under-
ground storage tanks, and offices and maintenance buildings. In addition, two
solid waste landfills were investigated which were former lignite open pits, and
which were refilled with tar-plant wastes, lignite ashes, and urban wastes. A third
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former lignite open pit bas been continuously filled since 1932 with approxi-
mately 250,000m3 of tar-processing wastes. Raw materials, endproducts and
production processes were changed several times during operation of the plant.
(Keller, G.; Ketler, C.; (June 1993), 17()'172 [in English].)

2753 RADIOACTIVE CONTAMINATION OF THE HUMAN
FOOD CHAIN IN THE REPUBLIC OF CROATIA [Bm-
BUDA00056]
The transfer of radionuclides from deposition on the soil to food, particularly to
milk, bas been studied for a number of areas of the Republic of Croatia since
1959. This paper provides the results of measurement of contamination of fallout
and foods by 137Cs and 90Sr in the areas around the towns of Zagreb, Zadar
and Osijek. In order to estimate the effective dose equivalents for the Croatian
population, the cesium and strontium levels in diet were calculated and analyzed.
The results showed that the risk to the population from 137Cs and 90Sr ingestion
was highest during the 19608 and after the Cbemobyl accident In both cases,
the effective dose equivalent was estimated to be approximately 100 mSv.
(Lokobauer, N.; Maracic, M.; Fraoic, z.; Bauman, A.; (June 1993), 848-850 [in
English].)

2754 GEOTECHNIQUES TECHNIQUES FOR THE PROTEC-
TION OF THE ENVIRONMENT [Bm-BUDAOOO57]
By drawing on a broad backgoWld experience gained worlwide, BACHY bas ,
developed a range of techniques which make a significant contribution to the
care and improvement of the environment These techniques include: contain-
ment by slurry trench, HPDE membrane and grounting; ground treatment by
deep mixing and injection; drainage and venting. Special sllDTies have been
developed in this respect. MICRON S, a high penetration mineral grount which
is non-polluting and used to grout fme and silty sands. It can be uti Iized in slurry
walls to produce extremely low permiability cut-offs. C3S, a high penetration
bentonite cement grout for the sealing of fmely-flSSID'ed or porous rock. "ANTI-
ACID" Plastic Concrete, a non-cementitious formulation bas been developed
for very acidic environments. (Fichtner, K.; (June 1993), 851-851 [in English].)

2755 PROBLEMS AND CHALLENGES RELATED TO THE
DECOMMISSIONING OF URANIUM MINES IN SAXONY
AND THURINGIA, GERMANY [Bm-BUDAOOO58]
Uranium production by Wismut ceased on January I, 1991. A tota1 production
of 220,000 tons of uranium by SDAG Wismut made the GDR rank third among
the world's uranium producers. The heritage of contaminated plant areas, waste
rock piles, tailings disposal sites, constitute long-term damaged sites. The
decommissioning, remediation and fmal reclamation efforts cover a tota1 surface
of 32km2 of former Wismut operations. The areas affected in the early years of
uranium mining are indeed much greater including, among others, 16 suspect
sites comprising 280 shafts and adits, 180 uranium ore loading sites, 15 tailings
impoundments and more than 3,000 dumps and residual holes. (Halme, K.;
Daenecke, R.; (June 1993), 344-346 [in English].)

2756 THE ACOUSTIC TECHNIQUE FOR AQUATIC ENVI-
RONMENTAL MONITORING [Bm-BUDAOOO59]
The industrial revolution bas left seriously polluted water and air which has
resulted in reduced recreational areas, destroyed commercial and recreational
fISheries, and endangered the existence of communities. A number of programs
have been established in order to repair this damage. Usually the flISt step has
been to "de-pollute" waters and secondly to eohance aquatic living resources.
These programs have been applied successfully in the U.S. and later in some
countries of Western Europe. In addition to accomplishing long term ecological
improvements these programs have also eohanced the local economy by creating
new jobs. To meet these demands, new technologies have been developed.
(Burczynski, J.; (June 1993),512-514 [in English].)

2757 MODELING OF AN UNSTEADY STATE CATALYTIC
TAIL GAS REACTOR [Bm-BUDAOOO6O]
Some physico-chemical processes take place more intensively under artificially
established non-steady state circumstances than under the conventional mode of
operation. If there exists an optimum of yield under the non-steady state then
this yield is never lower than in a stationary state. At the alternating state flow
of the direction of the reaction mixture, the catalytic bed of the adiabatic reactor
acts both as a catalyst and as a heat exchanger simultaneously. Thermal proc-
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Olaracteristic spectral regioDShave been coDSidered for the retrieval of CO, NO,
NCh, HCI, N2 0, SÜ2, CH4, H2O, and CO2 concentrations. (Schafer, K.; Haus,
R.; Wehner, D.; Mosebach, H.; Bittner, H.; Neureither, N.; (June 1993), 843-845
[in English].)

2738 DOUBLE EXCITATION ELECTRON BEAM FLUE GAS
TREATMENT [Bm-BUDA00040]
The air pollution in Middle Europe is particularly severe and there is a strong
need for technology that can improve this situation. Conventional air pollUtion
control technology (wet lime scrubbing and selective catalytic reduction (SCR»)
has been developed to a state of art which do not allow significant cost reduction
in the near future. The development of second generation technologies is
necessary. Electron beam technology is one of these technologies. It is a dry
process which allows simultaneous removal of S<h and NÜx and the fmal
product can be used as a fertilizer. Additionally, high reduction of volatile
organic compounds (VOC) can be acheived if they are present in pmified
off-gases. (Chmielewski, A.G.; IDer, E.;Zimek, z.;Tyminski, B.;Licki, J.; (June
1993),68-71 [in English].)

2739 MEASUREMENT OF THE CONTRIBUTION OF A SIN-
GLE SOURCE OF AIR POLLUTION TO EMMISSION CON-
CENTRATIONS USING THE SF6-TRACER METHOD
[Bffi-BUDA00041]
For controlling the quality of air, there are many regional and local networks
where the concentratioDS of pollutants are continuously monitored. However,
the measured emission concentrations are usually the sum total of the contribu-
tiODSof a large number of air pollution sources, such as industrial facilities, road
traffic, domestic heating and long-range transport of pollutants. The measured
values of pollutant concentratioDS in air therefore give no information about the
dispersion of individual plumes and their contributions to these values. Yet, for
decisioDS concerning measures to improve air quality, well founded information
is needed about the contributioDS of single sources of pollutants to the emission
concentratioDS. (Rotzer, H.; Riesmg, J.; (June 1993),472-474 [in English].)

2740UTILIZATION OF LIQUID WASTES CONTAINING AM-
MONIACAL NITROGEN [Bm-BUDAOO042]
Utilization of waste waters, particularly effluents from anaerobic reactors con-
taining ammoniacal nitrogen, wastewaters from the production plant of artificial
fertilizers, etc. have been studied. Optimal conditions of precipitation of amm()-
nia in the form of MgNH4P04 were determined. Phosphoric acid of technical
grade and magnesium oxide originating as a waste from thermal processing of
magnesite were used. In the fIrSt step, the low-reacting waste magnesium oxide
is transferred by reaction with H3I>04, in the presence of an activator, to low
soluble MgHP04, which forms, by conversion with ammonia, the MgNJW>04
saIL Optinwm conditioDS of the conversion have been determined. (Kacetl, L.;
SaIaa, T.; (June 1993), 691-692 [in English].)

2741 SÜ2AND NOx EMISSIONS IN CZECHOSWVAKIA BE-
TWEEN 1970-1990 [Bm-BUDAOO043]
During the twenty-year period (1970-1990), the emissioDS of sulphur declined
in Europe, while the emmisioDS of NOx increased. Between 1980-1990, SChfell
by 6.5 million lOns. In the Central European Region (Czechoslovakia, Eastern
FRG, Poland and Hungary) only two countries decreased slightly the SCh
emissioDS (Czechoslovakia and Hungary) and in Poland and in the Eastern part
of FRG, the SCh emissions are still increasing. The emissioDS of NOx increased
by 1.5 million tons, between 1985-1990 in Europe. (Mejstrik, V.; (June 1993),
136-139 [in English].)

2742 STABLE ISOTOPIC COMPOSmON FOR THE CHAR-
ACTERIZATION AND TRACING OF ELEMENTS IN ENVI-
RONMENTAL STUDIES [Bm-BUDAOOO44]
Pollutant lead generally has its origins in lead ores and has different isotopic
composition to naturally- occurring geochemical lead. Lead isotopic composi-
tion gives information on the origin of lead pollution and the movement, uptake
by plants, entry into water courses and entry into the food chain of accumulated
lead. Studies in Scotland are being made on the origin and movement of lead
deposited over a long period from the atmosphere and accumulated in the
surface, organic horizoDS of peaty soils. Data from different sites in Scotland
show that the strontium isotopic composition in stream waters remains constant
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and appears lO be almost independent of time and rainfall conditioDS. (Bacon,
J.R.; Berrow, M.L.; HarthiU, JJ.; (June 1993), 846-848 [in English].)

2743 HAZARDOUS WASTE MANAGEMENT IN NORTH-
WEST HUNGARY [Bm-BUDAOOO45]
10Hungary, approximately five million toDSof hazardous wastes are produced
each year, including three million tons of red mud from bauxite processing. The
paper desaibes a survey which has been carried out to identify the major
generators of hazardous wastes as well as the types and quantities of wastes
produced. Topics to be covered will include appropriate legislation, an estimate
of the potential for the reduction in the quantity of waste produced in individual
factories and recommendations for appropriate treatment/disposal routes. The
latter could involve the strengthening of local treatment technologies and other
approaches. (parker, A.; (June 1993), 728-731 [in English].)

2744 MODELING AND OPTIMIZATION OF A HYDRO-
GEOLOGICAL SYSTEM TO PREVENT GROUNDWATER
POLLUTION FROM A LEAKY LANDFILL [Bm-BUDAOO(46)
Numerical simulatioos of the groundwater flow and contamination in a confined
sandstone aquifer underlying a leaky landfill, have turned out very helpful in the
choice of the prevention means lObe taken. The geometry of a buried impervious
wall and the scheme of the associated pumping system are optimized using a
Finite Element code. The results of this study are iUustra!ed, commented and
analyzed with an eye to the further applications of this method to the other cases.
This consistent way to make use of all the available data, provides, undoubtedly,
a good tool to advise decision-makers facing these kinds of environmental
problems. (Dassargues, A.; (June 1993),250-252 [in English].)

2745 WASTE MANAGEMENT MONITORING IN POLAND
[Bffi-BUDA00047]
10 Poland, waste management monitoring is regarded as a basic tool for the
development of a waste management system. Such an assumption requires that
monitoring take into account two aspects related to industrial wastes: environ-
mental and economic aspects. Thus, waste monitoring has to determine, on the
one hand, the types and amounts of wastes generated by a polIuter, their
displacement and treatment methods, and, on the other hand, the impacts of
existing waste sites on air, water and soil pollution. The point of issue for the
development of a data base on monitoring is information which is collected from
various sources, division of information into flIes, grading of wastes into groups
concerning their material properties, together with identification of wastes.
(Mieczkowska, E.; (June 1993), 693-694 [in English].)

2746 MONITORING PROGRAM FOR THE EVALUATION OF
THE POLLUTION LEVEL OF THE ITALIAN HARBOUR
SEDIMENTS: I. ORGANOCHLORINES AND PCB CONGE-
NERS [Bm-BUDA00048]
The emissioDS of hazardous substances into coastal waters is directly related to
the increase of the human activities. Harbor sediments, that are a concentration
site far miaopolIutants, have to be frequently dredged in order to maintain open
shipping lanes for maritime transporL The conditions to be taken into account
before the disposal of dredged material, have been drawn in international
guidelines (starting from the London Dumping Convention, 1972). Olarac-
terization is necessary lO determine if the dredged material can alter chemical
and physical properties of the sediments at the proposed disposal site and cause
environmental problems due lOremobiIization of contaminants. (Cremisini, C.;
Bernabei, M.; Brandi, A.; Caricchia, A.M.; Chiavarini, S.; Morabito, R.; (June
1993), 537-539 [in English].)

2747 MONITORING PROGRAM FOR THE EVALUATION OF
THE POLLUTION LEVEL OF THE ITALlAN HARBOUR
SEDIMENTS: II. POLYCYCLIC AROMA TIC HYDROCAR-
BONS [Bffi-BUDA00049]
Polycyclic aromatic hydrocarbons (PAUs) are a class of toxic arganic com-
pounds and some of them are well known carcinogens. They have been shown
lO be ubiquitous in the environmenL The origin of these compounds is both
natural and anthropogenic (forest fIreS and volcanic eruptions represent the main
natural sources while domestic heating, industrial activities, vehicle engines and
petroleum spiUs are the main anthropogenic sources). PAUs were quantified in
sediment samples from 14 main Italian harbors in order to characterize the



solid and fluid phases. The fluid phase may include a floating ar sinking layer
of hydrocarbons where a spill has occurred. Each phase will contribute to the
measurement signal depending on phase composition and its interaction with the
detection method employed. (Brummer, C.H.; Olie, J.J.; (June 1993), 247-250
[in English].)

2728 CONVERTING FROM ANAEROBIC TO AEROBIC DE-
COMPOSmONIN OLD WASTE DEPOSITS FORLOW-EMIS-
SION WASTE TRANSPOsmON [BIB-BUDAOOO3O]
As a result of urban expansion, many former suburban sanitary landfills now are
siUlated in urban areas. Combustible and toxic gases, as well as ground water
contamination, resulting from these deposits appear on a larger scale than what
was assumed at the time when the building up of the areas was started. Only
transportation of the wastes to sealed sites can be taken as a reliable rehabilita-
tion. This method is practicable without endangering and exciting people in
associated neighborhoods. Remediation can be effected by aeration and degasi-
fication of the waste, which will convert the anaerobic decomposition to an
aerobic process, exhausting toxic gases through a filter. (Spillmann, P.; (June
1993), 686-688 [in English].)

2729 THE DETECTION OF AIR CONTAMINATION AND IN-
DOOR ENVIRONMENTAL CONTROL USING A GAS SEN-
SOR [BIB-BUDAOO031]
The air purifier is a branch of air conditioning, which has been used to maintain
comfortable indoor environmental quality (lEQ) in domestic dwellings. A tin
oxide gas sensor is used to detect air tainted by smoke and polluted air. The
sensor consists of n-type tin oxide and is widely used to detect leakage of
iDf\ammable gases. The sensor also has sensitivity to various gases, for example,
carbon monoxide, hydrogen, smoke from cigarettes and the gases oo:rmg from
human bodies, etc. So the sensor is employed to detect the airpo11ution of indoor
environments. In this sUidy, the temperature and humidity are also monitored
and controlled simultaneously using a pulse motor fan. (Oyabu, T.; Honda, M.;
Katsube, T.; (June 1993), 535-537 [in English].)

2730 DISPOSAL OF RADIOACTIVE AND MIXED WASTE IN
HUNGARY [BIB-BUDAOOO32]
Because over half of Hungary's electrical power needs are met with nuclear
power, the nation must aggressively pursue development of a technically sound
and publicly acceptable disposal option for low-level and intermediate-level
radioactive wastes and mixed (hazardous and radioactive) waste. Deep geologic
disposal of radioactive and hazardous wastes at the site of an existing uranium
mine near Pees appears to be a technically sound, economically feasible, and
publicly acceptable option. Two Hungarian fums and one U.S. flIUl have teamed
to examine the feasibility of utilizing the mine near Pees as a waste repository.
(Jstenes, G.; Benkovics, I.; Raudenbush, M.H.; Pierce, G.D.; (June 1993),
688-690 [in English].)

2731 IDENTIFICATION AND ASSESSMENT OF REMEDIAL
OPTIONS FOR THE CHABAROVICE WASTE DISPOSAL
SITE [BIB-BUDAOOO33]
In 1991, CH2M lDLL in association withAQUATESTsUidiedremedial options
for the Cbabarovice waste disposal site near Usti DadLabern, CSFR. The study
generally followed the remedial investigationlfeasibility study (RIIFS) process
prosaibed by the U.S. FPA under Superfund. Beginning in the early 197Os, the
site received chemical wastes, including hazardous liquids and sludges. Total
volume of waste is estimated at 4 million cubic meters of which about 25 percent
is chemical waste. The site is in the path of the advancing Cbabarovice coal strip
mine. Presence of the waste site will cause mine operation to be curtailed sooner
than planned. (Fleissner, J.T.A; Beba, J.; (June 1993), 724-727 [in English).)

2732THE EVOLVING ROLE OF MATERIAUl'ECHNOLOGY
EXCHANGES IN DEVELOPING ECONOMIES [BIB-
BUDAOOO34]
A tw~pronged problem faced by Central and Eastern European countries is
building an economic infrastruCUire based on free-market principles to rejuve-
nate their plodding economies and simultaneously upgrading many of their
practices in mining, agricu\Uire, manufacturing, forestry, energy and transpor-
tation to reverse the rate of degradation of their natural environments. Economic
development and growth require intrusion into the biosphere and consumption
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of its resources. At the same time the biosphere requires man's technology and
management to insure it can provide the needed resources for a growing
population and absorb the residues of bis economic behavior. (Neace, M.B.;
(June 1993), 383-385 [in English].)

2733 COOPERATIVE PROGRAM BE1WEEN THE UNITED
STATES AND EASTERN EUROPE "EFFECTS OF AIR POL-
LUTION AND CLIMATIC CHANGE ON FOREST ECOSYS-
TEMS" [BIB-BUDAOOO35]
Environmental pollution is thought to be responsible for forest decline in Europe
and North America. In Eastern Europe air and soil pollution have caused severe
damage to forests, leading to forest dieback in some locations. Stronger coop-
eration between east European and Western scientists is needed far better
understanding of the effects of environmental stress and climatic change on
forests throughout the world as well as for developing mitigation S1rategies. This
international project will provide for the lransfer of Western technology and
equipment as well as for implementation of research involving the exchange of
scientists. This effort is planned within the framework of a multi-year program
which is being developed with the USDA Forest Service and the US EPA
support. (Bymerowicz, A.; Noble, R.; (June 1993), 134-136 [in English].)

2734 SYSTEM FOR PREDICl'ING THE VULNERABILITY OF
SOILS TO ORGANIC CHEMICALS [BIB-BUDAOOO36]
Pollution of soils from air, rain, surface water, irrigation water and sludge
application was described in the literatUre for a number of different sites and
areas. For such areas, the risk of contamination by organic chemicals and the
potential fllter and buffer capacity should be known for landscape planning and
municipal planning. Therefore, it is necessary to have a simple system to predict,
for different site conditions, the behavior of pollutants in soil, the risk to reach
ground water and their uptake by plants. A classification system which fu1fills
these requirements was developed using data from field experiments with 47
different organic chemicals, which were published in the literatUre. (Litt, N.;
(June 1993), 835-843 [in English].)

2735 GROUNDWATER INVESTIGATION IN FRACTURED
ROCKS IN CONNECTION WITH CONTAMINATED LAND
[Bm.BUDAOOO37]
A new manual of ground water investigation in fractured rocks in cODDection
with contaminated land has been elaborated and published. The manual1ists a
variety of possible testing procedures and evaluates the procedures with regard
to their application, their meaningfulness and the costs. By means of this guide
the official is able to select the various investigation procedures which can help
to solve remaining problems with the assessment of the dangers. (Coldewey,
W.G.; Bauer, H.J.; Krahn, L.; (June 1993), 574-574 [in English).)

2736 RISK ASSESSMENT METHODS IN GENETIC MONI-
TORING OF HUMAN POPULATION [BIB-BUDAOOO38]
It has long been established that genetic risk of human population is associated
with certain environmental hazards, such as exposure to ionizing radiation and
different chemicals. These factors at certain doses are known to mutate pre-
viously normal cells which can, in some cases, cause different diseases. An
elevation in mutation rate in genninal cells may result in an increase of geneti-
cally defective individuals in future generations, and the mutations in somatic
cells may be the most possible causes of cancer. Health effects due to genetic
susceptibility may decrease the fitness and lifespan of individua1s, resulting in
high cost to society. It is, therefore, important to reduce genetic risk with the
research of new techniques in genetic monitoring and saeening. (Gundy, S.;
(June 1993),412-413 [in English].)

2737 FOURIER-TRANSFORM-INFRARED-SPECTROSCOPY
OF AIR POLLUTION BY A MOBILE SYSTEM [BIB-
BUDAOO039]
The high gas concentrations and the temperature of smoke stack effluents cause
a sensible infrared radiation signal so that remote-sensing is possible. The
spectral features of the gas to be searched are overlapped by other gases.
Background and foreground radiation influence the plume radiation in an
integral manner. A quantitative analysis of ground-based plume emission meas-
urements demands a radiative transfer modeling. Gas transmittances are COM-

puted by a line by line algorithm including overlap of Voigt profiles.
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chamber in which the robber and fiber are wasbed from the steel belts and beads
and emerge as a slmry of robberlfiber material which can be pumped to
combustors for the WIE (Waste To Energy) mode. The wire beads and belts are
washed free of robber and other material and are extracted in their original size
and shape and are much more marketable because they are free of foreign
materials. (Carpenter, R.K.; (June 1993), 681-683 [in Englisb].)

2719 APPLICATION OF PETROGRAPIDC AND RADIO-
CHEMICAL ANALYSIS OF RADIOACTIVE SOIL FRAC-
TIONS TO STAGES OF THE RIfFS PROCESS
[Bm-BUDAOOO21]
The Office of Radiation Programs bas developed a soil characterization protocol
for radioactive soils that bas application to (a) enhancement of the conceptual
model of the sites, (b) improvement of baseline risk assessment, and (c) facilitate
identification of potential remedial alternatives at radioactively contaminated
Superfund sites. The protocol involves separation of the bulk samples into
several size fractions with complete petrographic and radiocbemical analysis of
each size fractions. This procedure provides (1) identification of activity levels
versus grain size, (2) identification of the mineral/material composition and
pbysical properties of radioactive contaminants, and (3) differences between
physical properties of contaminants and bost materials. (Neibeisel, 1.; (June
1993), 51~512 [in Englisb].)

2720 CATALYTIC REDUCTION OF NITRIC OXIDE WITH
PROPANE OVER PLATINUM ION-EXCHANGED P ZEO-
LITES [Bm-BUDA00022]
Catalytic reduction of nitric oxide with propane was studied over plalinum ion
included Pentasil-type zeolite (PtINa-P). The cata1ytic activity of PtlNa-P was
detectable at around 473K and increased with the increase in reaction tempera-
ture until about 623K wbere the NO conversion of 100 percent was attained.
When the activity was given by the temperature at which a NO conversion of
10percent was attained, the order of the activity was PtlNa-P grea1erthanPtlH-P
greater than H-P (H: proton ion) Na-P. The difference of the activity between
PtlNa-P and PtIH-P would result from the reactivity between NO and reducing
agents on the cata1yst. (Sakamoto, E.; Arakawa, T.; Arai, H.; (June 1993),
831-834 [in English].)

2721ADVACATE: LOW COST PROCESS FORS02 CONTROL
[Bm-BUDAOOO23]
The ADV Anced SiliCATE (ADV ACA 1E) process development bas been spon-
sored by the U.S. Environmental Protection Agency in response to the need for
a low-cost sulphur dioxide (SÜ2) control. Through researcb agreements and
contracts, ADVACA TE bas evolved to a simple add-on tecbnology easily
retrofitted on existing utility boilers with minimal disruption to the existing
facility. This paper discusses sorbent cbemistry and process development of the
ADVACATE process. The sorbent is produced by high temperature (normally
90°C) slurrying of Ca(OH)2 and fly ash, as a source of silica. Slmrying results
in the formation of high surface area materials that are more reactive toward SÜ2
than Ca(OH)2. (Jozewicz, W.; Hall, B.; Singer, C.; Sedman, C.; MaxweU, M.;
(June 1993), 65-68 [in English].)

2722 A STRATEGY FOR THE ECONOMICAL AND ECO-
LOGICAL RESTRUCTURING OF AN OLD INDUSTRIAL RE-
GION [Bm-BUDAOO024]
The Freiberg Region is one of the oldest mining districts in Germany and in
Europe. For more than 800 years, metal mining and smelting had an important
influence on the social and economical profile and structure of the region. The
ecological situation of the region is especially influenced by beavy metals. The
change of political and economical conditions led to an economic slow down.
Plants were closed down and thousands lost their jobs. The regional authorities
recognized the need to stop the negative development and started an initiative
to develop new structures, to manage the ecological problems, and to create new
jobs. The region needs new industrial perspectives. For the Freiberg region the
best alternative would be to remediate the sites which bave fallen into disuse.
(Weingrau. C.; (June 1993),131-133 [in English].)
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2723 APPLICATIONS OF IN SITU SOIL VAPOUR EXTRAC-
TION AND AIR INJECTION [Bm-BUDAOOO25]
Soil vapour extraction bas become a widely recognized technique for in situ
treatment of contaminated soil in the unsalUrated zone. Soil vapor extraction
results in two treatment methods. First, volatile components are withdrawn from
the soil. As a second effect, biodegredation is enhanced by the supply of oxygen
in the soil vapor. Inthree cases, soil vapor extraction was performed as a method
of in situ soil clean-up. InCase I, contamination with toluene was removed from
the soil mainly by volatilization of the contaminant. Toluene was removed to

concentrations below the detection limit with in a year and a balf. Case 2 is the
in situ clean-up of a gasoline spill underneath a higbway. (Pijls, C.G.l.M.; van
Vree, H.B.R.J.; Urlings, L.G.C.M.; Spuij, F.; (June 1993), 607-611 [in English].)

2724 APPLICATION OF IN SITU BIOREMEDIATION TECH-
NIQ~ CONCERNING PAR AT LABORATORY ANDPILOT
PLANT SCALE [Bm-BUDAOOO26]
The application of bioremediation techniques foe polycyclic aromatic bydrocar-
bons (PAHs) bas been restricted for sometime due to unfavorable technological
and microbial reasons. In Case 1 a former gasworks site was beavily contami-
nated with PARs and cyanide. The PARs had spread in a vertical direction until
encountering a day layer 17m below ground surface. Six column experiments
were carried out to determine if biodegradation and/or chemical extraction could
be a useful option for in situ remediation. Large amounts of low molecular PARs
were biodegraded within six weeks. Biodegradation can take place without
oxygen and nitrate can be used as an alternative electron acceptor. (van Vree,
H.B.R.I.; Nijbof, A.G.; Urlings, L.G.C.M.;Spuij, F.; (June 1993), 643-646 [in
Englisb].)

2725 BIOPURR: AN INNOVATIVE BIOREACTOR FOR THE
SIMULTANEOUS TREATMENT OF GROUNDWATER AND
SOIL VAPOR CONTAMINATED WITH XENOBIOTIC COM-
POUNDS [Bm-BUDAOO027]
In many places in the Netherlands, the soil is contaminated with organic
bydrocarbons, such as BTEX, mineral oil and naphthalene. In situ techniques
are methods that can be used to remediate these contaminated sites. In situ
remediation can take place by withdrawing ground water and soil vapor. Both
of these streams can be treated in the BiopurR reactor. The BiopurR process is
a patented, aerobic fIXed film reactor filled with polyurethane as a carrier
ma1erial for the biomass. Water and soil vapor flow concurrently through the
bioreactor to prevent stripping. Bacteria auacbed to the polyurethane biodegrade
the xenobiotica in the soil vapor and groundwater. (Marsman, E.H.; Bult, B.H.;
Urlings, L.G.C.M.; (June 1993), 612-613 [in Englisb].)

2726 CONTROL TECHNOLOGIES FOR THE PREVENTION
OF ENVIRONMENTAL CONTAMINATION FROM THE
LANDFILLING OF MUNICIPAL SOLID WASTE [BIB-
BUDAOOO28]
This paper will describe the potential adverse environmental impacts that can
arise from the landfilling of municipal solid waste, and the control technologies
available to prevent environmental contamination. It will cover the use of
environmental impact assessment as an aid in engineering design and control of
landfill development, the measures to be taken to prevent pollution of surface
and ground waters, and the control of landfill gas. These will be placed in the
context of European regulalOry standards and legislation. A major landfill
development by Cornwall County Council in Southwest England will be used
foe iUustration. (Ankers, B.; (June 1993), 683-685 [in English].)

2727 SYNLOG: A COMPUTER MODEL FOR SELECTION OF
DETECTION METHODS IN THE DEVELOPMENT OF A HY-
DROCARBON PROBE [Bm-BUDAOOO29]
In order to develop a bydrocarbon probe, a model bas been developed for
selecting detection techniques to be built into a sounding device. This sounding
device is intended to detect floaling and sinking layers in the soil, caused by
spills at the surface. The methods for detection are based on techniques stemming
from petrophysical exploration and cbemical analysis. The basis of the computer
model is a complete description of the subsurface. The subsurface is divided into



many other separation techniques, the surface properties of the contaminants,
rather than their particle size, govern the separation. The technique is capable of
cleaning a large portion of the fine fraction as well, leading to very modest sludge
production. (HinsenveId, M.; (June 1993), 771-773 [in English].)

2709 INVESTIGATIONS ON CADMIUM LEVELS IN SOILS,
PLANTS, TOBACCO, AND HUMAN BLOOD IN PEST
COUNTY, HUNGARY [B1B-BUDAOOOll]
Soil investigations (n60) show the highest Cd-values in the surface layer of soils
situated in industrial areas while these values exceeded the pennissible limit only
in some of these eases. Among the different plants (n46) studied, the highest
Cd-level was found in carrots, but high Cd-values have been measured in green
beans and other vegetables as well. Some Hungarian cigarettes (tobacco and
smoke, n14) were analyzed as well, but more investigations are necessary for
the determination of further details of the Cd-circIe, and of the Cd transfer factors
in Hungary. The results gained from the blood analysis from humans show that,
among the different factors investigated, occupational exposure has the greatest
influence on the Cd-levels of blood. (Vermes, L.; Petho, E,; Marth, P.; (June
1993),409-411 [in English].)

2710 U.s. SUPERFUND SITE ASSESSMENT: APPLICATIONS
FOR EAST EUROPEAN HAZARDOUS WASTE SITE PRIORI-
TIZATION [B1B-BUDAOOO12]
This paper discusses the Superfund Hazardous Waste Site Assessment Program
established by the U.S. Environmental Protection Agency. A key to this program
is the Hazard Ranking System (HRS), a mathematical model that is used to
compare the relative risk posed by potential hazardous waste sites. By using the
HRS plus other environmental and social fattars, EPA determines which sites
pose the greatest threat to human health and the environment, and this assists the
Agency to prioritize and allocate its cleanup funds. We explain how the HRS
works in the U.S., and we draw upon actual Superfund site field experiences to
discuss how to use the HRS to determine sample strategies at a variety of
hazardous waste sites. (Courreye, P.L.; Nalipinslci, M.; (June 1993), 380-382 [in
English].)

2711 RECENT DEVELOPMENTS IN TECHNIQUES OF
GROUND TREATMENT FOR THE SAFEGUARD ANDREHA-
BILITATION OF THE ENVIRONMENT [B1B-BUDAOOOI3]
Underground water supplies are continually threatened by pollution, which can
have origins of very different naJures. These may include planned disposal or
accidental releases - resulting from the presence of either industrial processes or
domestic and industrial landfills. Each occurrence of pollution is a unique ease
and the protection of the nanJral environment and the rehabilitation of the
contaminated areas requires mobilization of highly sophisticated techniques and
expertise such as stlUcturaI diaphragm walls or plastic slurry waUs to achieve
containment, venting ttench for controlled emission and collection of gas,
traditional grouting, jet grouting, compaction grouting, and deep mixing meth-
ods to produce an impermeable base layer, and waste encapsulation. (Esnault,
A; (June 1993), 749-752 [in English].)

2712 SOLUTION OF COAL-TAR CONSTITUENTS AND
THEIR IMPACT ON GROUNDWATER QUALITY [BIB-
BUDAOOO14]
Coal-tar contaminated industrial sites represent a widespread problem in Central
and Eastern Europe. Many of the tar-constituents are toxic and/or carcinogenic
and present substantial risk for groundwater quality. However, the main proc-
esses concerning the solution and transport of these compounds in ground water
are still poorly understood. Coal-tar is a complex mixture containing phenols,
aromatics and polycyclic aromatic hydrocarbons as main constituents. They vary
in their environmentally relevant chemical and physical properties such as
water-solubility and octanol-water partition coefficient (Kow) over several
orders of magnitude. (Schuth, C.;Pynka, W.; (June 1993),168-170[inEnglish].)

2713 PERSISTENCE OF CONTAMINANTS IN SOILS AND
SEDIMENTS DUE TO DIFFUSION CONTROLLED DESORP-
TION [B1B-BUDAOOOI5]
Subsurface contamination with organic compounds has proven to be unexpect-
edly persistenL In many eases, remediation could not be achieved even within
a decade. In situ techniques such as soil-air-venting and pump-and-treat are
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typically employed under nonequilibrium conditions, and the decontamination
of the solid phase proceeds much slower than the concentration decrease in the
mobile phase (soil air or ground water) suggests. This nonequilibrium transport
of the contaminants may be due to heterogeneities on a macro- or micro-scale.
Macro-scale heterogeneities may be represented by zones on a field scale with
different permeahilities or sorption capacities such as clay and peat lenses.
(Grathwohl, P.; (June 1993), 604-606 [in English].)

2714 SOME EXPERIENCES WITH HAZARDOUS WASTE
MANAGEMENT AT MARSHALL SPACE FLIGHT AND NASA
CENTERS, USA [B1B-BUDAOOOI6]
A large amount of hazardous waste is produced each year by various centers of
research, development, testing and operations throughout by the National Aero-
nautics and Space Administration agency. Appropriate management and dis-
posal of these wastes have become desirable and mandatory in order to avoid
the shutdown of these facilities by the U.S. Environmental Protection Agency
or the respective state governmental environmental agencies. Several laws and
regulations govern the management and disposa1 of wastes at federal facilities.
Efforts are in progress to appropriately manage the electroplating wastes at
Marshall Space Flight Center, as well as the mercury spillage (April 1989) in
the wind tunnel at the Lewis Research Centre. (parate, N.S.; (June 1993),
721-723 [in English].)

2715 BIOLOGICAL TREATMENT ALTERNATIVES OF TRI-
FLURALIN PRODU.CTION WASTEWATER [BIB-
BUDAOOOI7]
In the production oftrifluralin (C13HI6N204F3) which is a dinitroaniline herbi-
cide, wastewater stteams containing 9000 mgII COD, 1000 mgß BODS, 5000
mgß TOe and 8600 mgiI CI-l are often encountered. In this study, anaerobic
and aerobic treatment of this wastewater was investigated experimentally.
Anaerobic treatability studies were carried out in two identical 71 upfIow fixed
bed filters which were acclimatized using acetic acid and propanil wastewaters.
During acclimatization, the amount of trifluralin wastewater in the feed was
inaeased graduaUy while the contents of acetic acid and propanil wastewater
were deaeased. It was found that the TOC removals were not satisfactory and
decreased with the inaeased loadings. (Altinbas, U.; Timur, H.; Alper, E.; (June
1993),95-97 [in English].)

2716 THE DIRECT REACTION BETWEEN NITRIC OXIDE
ANDTHE SUPERCONDUCTOR YBAZCU3<>1TO DELTA [BIB-
BUDAOOOI8]
We have studied the direct reaaion between nitric oxide and the superconductor
YBazCu3O, to delta in an attempt to provide the removal of nitrogen oxide. A
large amount of NO was rapidly absorbed by the YB~Cu30cs.83 superconductor
at around 573K. The maximum NO content so far achieved corresponded to x
2.S if YBazCu30cs.83(NO}x would be obtained by the direct reaction with
nitrogen monoxide (NO) gas. Up to x 1.0 the absorption rate was fast, although
in order to obtain a composition of x 2.5 several days were required. The
implanted samples were not superconducting. NO incorporation was found to
shift the crystal symmetry from orthorhombic to tetragonal. (Arakawa, T.;
Sakamoto, E.; Adachi, G.; (June 1993), 827-830 [in English].)

2717 MAGNETIC TREATMENT: TODAY'S ALTERNATIVE
[B1B-BUDAOOOI9]
An exceIlent report for the magnetic treatment novice as well as the experienced
technologist. A complete story is told and referenced to allow the reader to
perform additional research if desired. This paper covers an extensive review of
magnetic treatment theory and studies, a comprehensive discussion of the state
of the art in theoretical and praaical application of magnetic devices is covered.
The requirements for proper application of magnetic treatment is discussed and
an evaluation of several reports are included. Reports by MIT (Massachusetts
Institute of Technology), South Dakota School of Mines, Purdue University,
London University and Tulane University are evaluated for credibility by
established aiteria. (Carpenter, R.K.; (June 1993), 98-100 [in English].)

2718TIRE REFINER [B1B-BUDA00020]
An approach to processing all tires including the aircraft and off -the-road
varieties is ca11eda ''Tire Refmer". The "Tire Refmer," now in development by
a Florida company, will begin with the old tires that are placed into a multi-stage
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2699 AN OVERVIEW OF THE EVALUATION OF VARIOUS
TECHNOLOGIES TO REMOVE ORGANIC CONTAMI-
NANTS FROM SOIL [Bm.BUDAOOOO1]
Over the past three years, the Emergencies Engineering Division (EED) of
Environment Canada has investigated various ex situ methods for removing
organic contaminants from soil. A description of three of these methods is
presented and the removal and desauction efficiencies obtained using bench
scale units are outlined. The first study evaluated readily available solvents for
the removal of petroleum hydrocarbons from soil. The second study investigated
a combination of solvent extraction and enhanced oxidation, whereby organic
contaminants in soil are removed using a non-oxidizing solvent and the contami-
nant in the solvent is destroyed by enhanced oxidation. (punt, M.; (June 1993),
601-604 [in English].)

2700 SCREENING FOR ENVIRONMENTAL CONTAMINA-
TION VIA FIELD PORTABLE GAS CHROMATOGRAPHS
[Bm-BUDAOOOO2]
Field portable gas chromatographs (FPGCs) have been deployed for the OD-site
analysis of volatile organic compounds (V0Cs) at Superfund sites ~ the
United States of America. Four different FPGCs are routinely used for VOC
analysis in air, soil and water matrices. Permanent gases (CO, C<>2,<>2,N2) and
methane can be determined using the Microsensor Technologies Inc., (Fremont,
CA, USA) model P2OO,configured with dual packed columns and dual "micro-
"chip" thermal conductivity detectors (mTCDs). A P200 FPGC configured with
dual capillary columns is used for VOCs ranging in volatility from vinyl chloride
to styrene. (Kaelin, L.P.; Wyooyk, R.; Mickunas, D.; Humphrey, A.; Pritchett,

"T.; (June 1993), 211-213 [in English].)

2701 RAPID ASSESSMENT OF THE EXTENT OF ENVIRON-
MENTAL CONTAMINATION USING BOREHOLE TECH-
NIQUES AND PORTABLE INSTRUMENTATION
[Bm-BUDAOOOO3]
The U.S. EPA has used "borehole techniques" to collect the volatile organic
vapors from the soil vadose zone at hazardous wastes sites across the U.S. and
in other countries. These vadose zone vapor samples are called "soil gas"
samples. Soil gas analysis can indicate the presence of volatile organic pollutants
in the soil column or underlying ground water aquifers. The soil gas samples are
collected in inert gas sampling bags using a vacuum box of simple design. The
gas sample bags are analyzed using commercially available field portable
instrumentation to determine the concentration and the identity of the volatile
organic pollutants. (Kaelin, L.P.; Fekete, A.; Mickuoas, D.; Wyonyk, R.; Hum-
phrey, A.; Prince, G.; (June 1993),240-242 [in English].)

2702USING REGRESSION ANALYSIS INSITE EVALUATION
AND MONITORING AT A U.S. SUPERFUND SITE [Bm-
BUDAOOOO4]
Site evaluations and monitoring involve many differenttechoiques and academic
areas, including mathematics. The example given illustrates how regression
analysis can help in evaluating a site. Problem: Suppose we have several storage
tanks which either leak or give off gas. (Research has shown that nearly all
underground storage tanks leak.) Gas measurements were collected at the
enclosure boundaries and weather data were obtained at a nearby meteorological
(met) station. Both sets of data were to be recorded each hour. Our problem was
to relate the gas measurements to the weather data. (King, M.K.; Haller, S.A.;
(June 1993), 469-471 [in English].)

2703 UNIDO'S ENERGY & ENVIRONMENT INFORMATION
PROGRAM [Bm-BUDAOOOO5]
1bis paper outlines UNIDO's energy and environment information program.
which is a sub-system of the Industrial and Technological Information Bank
(INTIB), including a brief introduction to the servioes of INTIB. CLEANTEC
DATA, the concept under which the sub-system functions, is explained and the
UNIDO approach to information sourcing, preparation of dissemination pack-
ages and the problems of developing countries in assessing relevant information
are covered. The need to 'know-who' or 'know-where' to look for information
is considered as important as the 'knowhow' part of the equation. For this reason,

the utilization of existing sources of knowledge plays a large role in the program.
(pembleton, P.N.; (June 1993), 377-380 [in English].)

2704 FIELD METHODS FOR SITE CHARACTERIZATION OF
CONTAMINANTS [Bm-BUDAOOOO6]
Analytical equipment which is applicable for the characterization of contami-
nated sites provides great advantages as traDSportion time to laboratories is
avoided and rapid decisions in relation to other investigatiooJpreventive meas-
ures are possible. Moreover, this technique usually makes it possible to perform
several analyses within a short period, thus making it possible on the spot to
continuously implement an optimal strategy like determination of hot spots.
Consequently, the investigations will become less costly and a significantly
improved sampling strategy will be applied. (Kirkegaard, C.; Wille, E.; Hojslet,
L.; Grove, A.; (June 1993), 571-573 [in English].)

2705 IN SITU AND ON-SITE GROUNDWATER REMEDIA-
TION TECHNIQUES WITH VERTICAL CIRCULATION
FLOWS IN THE AQUIFER [Bm-BUDAOOOO7]
An in situ groundwater remediation technique is currently being used at numer-
ous sites in Germany where the underground is contaminated by strippable
substaooes, e.g. chlorinated hydrocarbons, BTEX. The groundwater is stripped
by air in a below atmospheric pressure field in a so called "Vacuum Vaporizer
Welf' (German: Unterdruck-Verdampfer-Bruooeo, abbreviation: UVB). Often.
the well is used for vapor extraction at the same time. The contaminated air is
cleaned employing activated carbon or in case of suitable contaminants by using
biof"Jlters. For these remediation techniques special wells with two screen
sections are employed, one at the aquifer bottom and one at the groundwater
surface. (Hurling, B.; (June 1993), 637-639 [in English].)

2706 3D VERTICAL CIRCULATION FLOWS AROUND
WELLS WITH 1WO SCREEN SECTIONS FOR AQUIFER RE-
MEDIATION: NUMERICAL RESULTS [Bm-BUDAOOOO8]
Three-dimensional vertical circulation flows around wells with two screen
sections in one aquifer are an important subject of numerical investigation. The
circulation flow is initiated by vertical pumping measures within the well casing.
The well system is used for physical or biological in situ remediation of aquifers.
Moreover, partial discharge withdrawal or infiltration vs. the lota1 discharge
through the well casing with two screen sections has been investigated numeri-
cally. The paper will clarüy the general conocpt of the numerical modelling of
such a well system and will focus in detail on the resulting complex three-di-
mensiooal (3D) flow patterns by plotting results in plane and perspective views.
(Herr1iog, B.; Stamm, J.; (June 1993), 640-642 [in English].)

2707 PROGRAM FOR PROVIDING ENGINEERING TECHNI-
CAL ASSISTANCE IN SITE REMEDIATION [BIB-
BUDAOOOO9]
10 1989 the u.s. EPA established a branch in its Office of Research and
Development to provide engineering technical assistance to its Regional offioes
in the remediation of about 4,000 contaminated industrial facilities, landfJlIs,
abandoned dumps and other sites. The program provides site-specific assistance
and also develops technical resource documents, data bases and training courses
to help a wide range of parties involved in site remediation. The Branch's small
group of technical experts has been able to significantly assist in site cleanups,
helping to assure that there is a strong technical basis for remediation technology
selection and that the design and implementation of the chosen technology is
properly done. (Blaney, B.L.; (June 1993), 297-300 [in English].)

2708 RECENT DEVELOPMENTS IN EXTRACTION AND
FLOTATION TECHNIQUES FOR CONTAMINATED SOILS
AND SEDIMENTS [Bm-BUDAOOOIO]
Soil cleaning in present aqueous extraction iDstaIlatioos is mainly a result of the
removal of heavily contaminated fines. substantial sludge production is consid-
ered a problem. Since sediments consist mainly of fines, these extraction
techniques are not successful for cleaning of sediments. Developments in
application of various separation techniques will be reported. A technique, which
largely circumvents the above mentioned problems, is flotation. As opposed to

• Source: lnlenuztionol Symposium on Environmental ContaminoJion in CentraJ and EAstern Europe. Budapest '92, Symposium Proceedings, Florida State
University-CHAERSE, Tallahassee, Florida, USA
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occupational exposure limits for halogenated solvents in the United Kingdom
are shown. Personal monitoring and biomonitoring techniques for solvents are
discussed and some da1a are provided. Finally the ICI approach to safe use of
solvents is outlined and future alternatives to CFC-113 are considered. (Hamp-
son, C; Publisher: UNEP/IEPAC, Industry and Environment, (1991),4, 14, pp.
31-36 [inEnglish]. 0378-9993)

2694 ELIMINATING ORGANIC SOLVENTS USE THROUGH
THE SUBSTITUTION PROCESS [Bm- TINFOO746]
Case studies from Danish plants are presented to indicate how dangerous
chemicals have been substituted in Denmark. These include the use of alkaline
degreasing in place of trichloroethylene in the metals industry and substitution
of solvents (a mixture of soya bean oil and modified coconuts oil) for organic
solvents in the offset printing industry. Other examples of substitution are
provided for plants producing plastic mouldings and plastics waste pipes. Steps
in substitution are examined; these are two approaches, one involving changing
the substance used in a process, the other involving a change in the process itself.
The social process of substitution is considered and the role of Occupational
Health Cen1res inDenmark is discussed. Official approaches to initiating further
substitution in plants are finally examined. (Goldschmidt;, G.; Publisher:
UNEPIlEPAC, Industry and Environment, (1991), 4,14, pp. 37-40 [in English].
0378-9993)

2695 REDUCTION OF VOLATILE ORGANIC COMPOUNDS
USE IN THE PRODUCTION OF FLEXmLE PACKAGING
[Bm-TINF00747]
Possibilities of reducing emissions of volatile organic compounds in manufac-
ture of flexible packaging are considered. Although incineration is relatively
easy to implement, other approaches are preferable from the standpoint of
environmental and fmancial considerations. Changing to water-based inks is one
possibility, and these are slowly becoming available. Another possibility is the
recovery of solvents. Government regulations are considered in relation to
implementing alternative approadtes to incineration for reducing solvent emis-
sions. (Verspoor, P.W.; Publisher: UNEPIlEPAC, Industry and Environment,
(1991),4, 14, pp. 40-42 [in English]. 0378-9993)
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2696 REDUCTION OF CONSUMPTION OF CHLORINATED
SOLVENTS: 70 TONNES PER YEAR. MOULINEX- ANEXEM-
PLARY CASE [Bm-TINF00748)
Details are provided ofhow Moulinex has reduced its consumption of a trichlo-
roethylene solvent (Altene D6 produced by Societe Atochem) at its Cormelles-6
Royal plant for producing microwaves, ovens, rotisseries and dryers. Modifica-
tion of the cleaning equipment and changes in cleaning procedures have allowed
a 60% reduction in solvent consumption as well as a decrease in solvent
emissions in the workplace. Work is continuing to reduce further air pollution
and effiuent contamination. (Dongueille, R.; Publisher: UNEPIlEPAC,lndustry
and Environment, (1991), 4, 14, pp. 43-44 [in English]. 0378-9993)

2697 CHLORINATED SOLVENTS: TIME FOR A GLOBAL
BAN [Bm- TINFOO749)
The Greenpeace view is presented, that a global phase-out of all chlorinated
organic compounds is not only feasible, but is urgently necessary. It is shown
that current national and international legislation is insufficient; theEC Project
Group is urged to prepare an assessment and action plan for complete substitu-
tion use within the European Community. Clean production criteria are advo-
cated as offering the best yardstick for evaluating products and processes,
because they recommend production systems that are socially just and compat-
ible with the ecosysteDL Applying these criteria shows the need for a tota1
phase-out of the entire chemicals group. To illustra!e the toxic life cycle
involved, a detailed discussion is presented of perchloroethylene and its use in
the dry cleaning industry. (Thorpe, B.; Publisher: UNEPIlEPAC,lndustry and
Environment, (1991),4, 14, pp. 44-47 [in English]. 0378-9993)

2698 PROTECTION OF THE ENVIRONMENT IN THE SUGAR
CANE INDUSTRY [Bm. TINFOO750)
World production and consumption of sugar is reviewed, by-products are
described and the method of preparation is discussed briefly. The industry is of
particular importance in developing countries and environmental problems
associated with sugar cane production are examined. Pollution arises principally
from atmospheric discharges, from by-products and from liquid effiuents. Each
of these causes is examined in turn in some detail and approaches to overcoming
pollution are described. The most serious problem is stated to result from
distiIlery slop. Current treatment techniques can ensure environmental protec-
tion and provide a profitable business opportunity. General recommendations
are made to overcome pollution. (Chaux, D.; Publisher: UNEPIIEP AC,lndustry
and Environment, (1991),4, 14, pp. SO-S9 [in English]. 0378-9993)
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forced-plastics pipe, a fire of lagging material caused oildripping on a hot steam
pipe, a scaffolding fire attributable to leaking organics, the presence of live 0 in
a supposedly isolated pipe sedion, a reactor sparger that dropped 1.5 m, a
historical fatal boilers explosion, and a spray of hot condensate from a vent pipe
on a blowdown header. (Dunford, N.; Publisher: UNEPIlEPAC, Industry and
Environment, (1991), 3, 14, pp. 32-36 [in English]. 0378-9993)

2686 RECOVERING METAlS FROM HYDROXIDE FILTER
CAKES ANDSLUDGES [Bm-TINFOO738]
The recovery of metals from electroplating and other process wastes is now a
viable operation in Aus1ralia, and particularly in Victoria. The changed condi-
tions involved are listed and details given of the recovery techniques. In general
the wastes are now segregated on-site before collection by "middle man"
concerns, which beneficiate them to a form acceptable by metal producers for
processing in conjunction with their ores, etc. Systems for recovering Zn, Ni,
Cu and er from treated sludges or fLIter cake are discussed in terms of oosts as
well as processes. New techniques emerging for concentrating metal hydroxide
wastes include neutralization by MgOlMg(OH)z, use of Fe colloids in foam
flotations, and separating the metals by ion-exchange and liquid membrane
adsorption. (Reeve, 0.1.; Publisher: UNEPIlEPAC, Industry and Environment,
(1991), 3, 14, pp. 36-39 [in English]. 0378-9993)

2687 IMPLEMENTING ENERGY-MANAGEMENT POLICIES
ANDSTRATEGIES: THE IMPACT OF THESE ON ENVIRON-
MENTAL PROTECTION IN TIlE CASE OF CAMEROON
[Bm-TINF00739]
Natural advantages and disadvantages of Cameroon are highlighted in extensive
presentations of demographic, geographic, geomorphological, climate, ecology
ecological, etc., data. Abpout 25 million hectares of foeest constitute a potential
energy source, the value of which is reoognized by re-afforestation. The energy
consumption in 1987-88 totalled 3.77 million TEP, 67.71% of which was used
by the domestic sector and 64.63, 21.44 and 13.93% were supplied by the mainly
wood/charcoal biomass, hydrocarbons, and eleclricity, respectively. Areas par-
ticularly susceptible to pollution by petroleum production and eleclricity gen-
eration are identified, together with ocaJITences since 1976. Reference is also
made to a project aimed at developing the use and distribution of liquid
petroleum gas to reduce the dependeoce on firewood and a degree of deforesta-
tion. (Ekello" F.N.; Publisher: UNEPIIEPAC, Industry and Environment,
(1991), 3, 14, pp. 40-45 [in English]. 0378-9993)

2688 INTRODUCTION TO SOLVENTS: SOME FACTS AND
FIGURES [Bm-TINFOO740]
Solvents as a categocy present some of the greatest challenges to environmen-
talists and some badeground information on solvents is presented. Solvents are
defined and are classified as halogenated 01" non-halogenated types. Uses of
solvents, which can contribute to their release to the environment are considered
and an indication of the quantities involved is given. Hazards to human health
posed by exposure and the effects of solvents and solvent-bearing wastes on the
environment are discussed. U.S. exposure limits and health hazards foe common
solvents are tabulated and processes and resulting solvent wastes are compared.
U.S. statistics for chlorineated sol vents in 1990 are presented and toxic effects
of common pollutants in aquatic and terrestrial environments are tabulated.
(palma;, K.; Publisher: UNEPIIEPAC, Industry and Environment, (1991), 3,
14, pp. 3-6 [in English]. 0378-9993)

2689 PROGRESS TOWARDS PHASING OUT THE USE OF
CFC-113 AND 1,1,I-TRICHLOROETHANE IN SOLVENT AP-
PLICATIONS [Bm-TINFOO741]
In order to eliminate the use of a"C-113 and l,l,l-trichloroethane in solvent
cleaning applications, a number of alternative chemicals and prooess have been
commercialized and more are currently being developed. 1bis article focuses on
progress to date in phasing out these compounds, alternatives that are being
developed and future activities to aid in the phase out of these controlled
substances. The areas of activity considered include cleaning of printed circuit
board assemblies, metals cleaning, precision cleaning, dry cleaning, adhesives,
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coatings and inks and aerosol products. A phase-out programme will require
strong government-industry cooperation in the continued development and
implementation of alternative chemicals and processes. (Anderson, S.O.; Pub-
lisher: UNEP/IEPAC, Industry and Environment, (1991), 3, 14, pp. 7-10 [in
English]. 0378-9993)

2690 SOLVENT CLEANING IN THE ASIAN ELECTRONICS
INDUSTRY: THE SEARCH FOR ALTERNATIVES TO CFC-
113 AND METHYL CHLOROFORM (1,1,I-TRICHLO-
ROETHANE) [Bm-TINFOO742]
An in-depth examination is presented of how the electronics industries in Hong
Kong, Korea,Malaysia,Singapore, Taiwan and Thailand have responded to the
demands of the Montreal Protocol to reduce useofa"es and methyl chlorofocm.
A policy framework for control of ozone-depleti ng substances is discussed and
reduction strategies as incorpocated in the practice of electronics firms are
reviewed. Benefits and costs of substituting for these solvents are examined.
Finally ,lessons for other developing countries are considered. In the longer term,
the diredion of technological innovation will be towards -no-clean" processes,
which is consistent with the goal of "zero emissions/zero waste". (O'Connor,
D.C.; Publisher: UNEPIIEPAC, Industry and Environment, (1991), 3, 14, pp.
12-23 [in English]. 0378-9993)

2691 MALAYSIAN CFC SOLVENT REDUCTION STRATE-
GIES [Bm-TINFOO743]
Malaysia is seeking to eliminate a"es through the formation of six working
groups woeking in close partnership between government, industry and aca-
demic organizations, to look into reduction strategies for various CFC applica-
tions. This paper looks at the work of the solvent woeking group, which is divided
into seven steps. Reduction strategies are shown schematically with their inter-
relationships. The fIrSt step aims to obtain accurate CFC consumption data foe
the past twelve months; the second is concerned with use of a"C solvent and its
derivatives in various industries and the respective percentages. The third step
identifies areas where immediate reduction of a"C-113 use is possible, and also
looks at conservation. Step four deals with education and publicity for CFC
reduction. In step five, effects will be made to fmd alternatives to a"C in
cooperation with industry. Step six concerns training and technology transfer
and the fmal step is obtaining a measurable yearly goal against tota1 elimination
by 2000. (Kong Yoong, X.Hin; Publisher: UNEPIIEPAC, Industry and Envi-
ronment, (1991), 3, 14, pp. 24-27 [in English]. 0378-9993)

2692 THE FORD ARBOR PLANT (BRAZIL) CFCS ELIMINA-
TION PROGRAMME [BIB-TINFOO744]
Since 1973, the Feed Electronics Assembly Plant at Arboe produced audio
systems and electronics control for automobiles and used CFC-l13 for cleaning
operations. Details are given of the CFC elimination programme at the plant.
Alternatives studies included: use of a fluxless soldering machine, terpine as
solvent, aqueous cleaning, HCFC Solvents, CO2 high pressure cleaning and
no-clean flux. CFC usage has now been reduced to only the printed circuit board
cleaning machines and the most innovative action has been the implentation of
the no-clean flux programme. Details are given of product validation and
in-process tests used to obtain an initial estimate of process potential. Future
product development will involve a solder paste with non-clean flux used in a
new technology, a top side surface mount device soldering process. (Lubraico,
M.E.; Publisher: UNEPIIEPAC, Industry and Environment, (1991),4, 14, pp.
28-30 [in English]. 0378-9993)

2693 HALOGENATED SOLVENTS: THEIR ROLE IN CLEAN-
ING [Bm-TINFOO745]
Development of the use of halogenated solvents foe cleaning industry is re-
viewed. Characteristics of individual solvents are presented (perchloroethylene,
methyl chIoeoform, trichloroethylene, methylene chloride and CFC-113 and
their applications summarized schematically. Functions of industrial cleaning
methods are described (aqueous cleaning, emulsion cleaners, and solvent clean-
ing). Factors to be considered when selecting a cleaning process are outlined.
Attention is paid to toxicological and environmental concerns of solvents and



assessment for process industries in terms of environmental and other consid-
erations. The risks of economic and community damages are quantified by a
model adopted from the Dow Chemical Company's "Fire and Explosion Index,
Hazard Classüication Guide", illustrated details that are presented. Data reuired
for the package are Jisted, and an illustrative application of it to evaluating the
risk from a 750-tonne butadiene storage tank hypothetically proposed for a
petrochemicals plant expansionldiversüication led to recommendations to rel~
cate the tank and reduce its capacity to 400 tonnes. (Modak;, P.M.; Publisher:
UNEPIIEP AC, Industry and Environment, (1988), 3, II, pp. 34-38 [in English].
0378-9993)

2679 PC PERSONAL COMPUTER APPLICATIONS FOR EN-
VIRONMENT MANAGEMENT IN INDUSTRY [BIB-
TINFO0730]
The PC applications reviewed are classüied as computationally intensive, infor-
mation-oriented, graphics-based., and interfaced with communications andlor
controls for real-time use. The categories are individually illustrated and dis-
cussed, and worked examples given of applications within them include isopleth
of long-term NH3 concentrations computed by the Bombay-developed AIR
programme, and dissolved-O surface downstream from an industrial outfall,
produced from a two-dimensional water-quality model (STREAM-II). PC-
based programmes developed by the US Environmental Protection Agency for
air- and water-quality modelling are designated, and sample data-entry screens
used to track information on industrial water-poUution potential are presented.
Reference is made to PC systems for storing audit, etc., data on hazardous
materials/substances, and to programmes available for the preparation, mainte-
nance, updating, etc., of regulated chemicals. (Modak, P; Publisher:
UNEPIIEPAC, Industry and Environment, (1991), 3, 14, pp. 2-5 [in English].
0378-9993)

2680ASSESSMENT AND EVALUATION OF FORMER INDUS-
TRIAL SITES WITH THE AID OF THE XUMA EXPERT SYS-
TEM [Bm-TINFO0731)
Expert systems are defined., their advantages and risk assessment procedures
considered., and functions of the case-oriented XUMA type under development
in Germany (where XUMA is an acronym for expert system on environmental
hazards of contaminated sites) are designed and reviewed. Features illustrated
and discussed include the preparation of site-analysis plans and examples of the
acquisition and assessment of the analytical results. An evaluation function
yielding a risk fadar, ro, which can be used to compare the hazards of various
contaminated locations is also reported, together with its objective to determine
a numerical value for ro applicable to determining the degree of porosity for
investigating and sanitizing the different sites. (Geiger, W.; Osterkamp, G.;
Wiedemann, R.; Publisher: UNEPIlEPAC, Industry and Environment, (1991),
3, 14, pp. 7-12 [in English]. 0378-9993)

2681 NEW MANAGEMENT METHODOLOGY FOR COM-
PUTER AIDED TOURISM PLANNING [Bm-TINF00733]
Details are given of a computer-aided urban management model collaboratively
developed in Delfi for tourism planning. Basically the model can establish, for
individual aspects of tourism, lower and upper limits representing the lowest and
highest growths commensurate with a minimum profit and with a maximum
expansion, termed the pollution point, where further growth would render the
aspect so unmanageable as to become unprofitable owing to desertion by the
tourists. A hypothetical scenario of this is presented for the assumed case of a
small historic town and beach resort on the Mediterranean. Establishment of
standard quality norms and an optimal decision-making system is also discussed.
(Berkhout, E.E.; Abondano, C.V.N.; Deeleman, A.P.B.; Publisher:
UNEPIIEPAC,IndustryandEnvironment, (1991), 3,14, pp. 13-14 [in English].
0378-9993)
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2682 COMPUTER-AIDED MANAGEMENT OF EMERGENCY
OPERATIONS CAMEO: A COMPUTER BASED PLANNING
AND RESPONSE SYSTEM [Bm-TINFOO734]
'-ritle m" provisions enacted in the US following the Bhopal disaster initiated
information-management problems prompting the collaborative development of
the CAMEO system Initially this was worked on Apple Macintosh computers
but is now also operable on mM and compatible systems. Nomenclatures,
properties and other characteristics of 3311 Chemicals are provided by "Code-
breaker"and "Response" data sheets, illustrated examples of which are given for
the case of C? Facilities with any of the 360 hazardous substances identüied by
the US Environmental Protection Agency are used by emergency planning
committies to conduct vulnerability analyses identifying special populations and
institutions, such as schools and fire brigades, affectable by a release. Other
features discussed include risk analyses, the ALOHA (Area Locations of Haz-
ardous Atmospheres) air-dispersion model, and the APELL (Awareness and
Preparedness for Emergencies at Local Level) programme. CAMEO has proved
to be a flexible system adaptableto local requirements, and is used in ten different
countries and at more than 2000 locations in the United States of America.
(lover;, Tony; Publisher: UNEPIlEPAC, Industry and Environment, (1991), 3,
14, pp. 15-20 [in English]. 0378-9993)

2683THE USER'S GUIDE TO INFORMATION SYSTEMS USE.
FUL TO EMERGENCY PLANNERS RESPONDERS AVAIL.
ABLE IN OECD MEMBER COUNTRIES [Bm-TINFOO735]
Designstions, locations and summarized costs, origins and other data are given
for 29 information systems covered by the Guide, which is available free of
charge in English and French editions on application to the Organization for
Economic and Cooperation and DevelopmenL Most of the systems operate on
personal computers, some entirely comprise a hazardous materials/substances
data bank, and other contain such a bank as an integral componenL (Visser, R.;
Publisher: UNEPIlEPAC, Industry and Environment, (1991), 3, 14, pp. 21-28
[in English]. 0378-9993)

2684 MODERN MATERIALS MANAGEMENT: MORE ENVI-
RONMENTAL, MORE COMPREHENSIVE, MOREINFLUEN-
TIAL [Bm-TINFOO736]
The need for environmental business management (EBM) is emphasized by
reference to the environmental damage in, for instance, the European Commu-
nity, and by that resulting from relatively minor lawful poJlutions. which in
aggregate could exceed the damage from spectacUiar disasters such as Bhopal.
Benefits of EBM to individual businesses include enhancement and reduction
of marketing opportunities and risks, successful examples of which are pre-
sented. Other aspects discussed include environmental approach to cost-effec-
tiveness, risk management in terms of environmental offences and equation with
cost management, an innovative role of materials management, and concept of
the latter as a partner in product developmenL Opportunities linked with EBM
are also exemplified by experiences of a large mail-order concern, a manufac-
turer of diamonds and cubic BN tools, and a Bavarian public authority. Refer-
ence is also made to the cooperative activitiesof academics and practitioners in
the German Management Association (BAUM). (Winter, G.; Publisher:
UNEPIIEPAC, Industry and Environment, (1991), 3, 14,pp. 28-32 [in English].
0378-9993)

2685 A STRATEGY FOR PLANT MANAGEMENT TO PRE-
VENT LOSS [Bm- TINF00737]
Failures of pipework and in-line equipment are analyzed in terms of direct and
underlying causes and preventative mechanisms involved in 502 incidents in
various countries. A three-dimensional matrix formulated from the data can be
used by management to devise a plan to prevent such mishaps, and it is suggested
that such an approach would theoretically have presented 44% of the failures
reported. The preventive actions are classüied and listed, and the underlying
causes of the failures and preventive measures in this regard are similarly
presented. Case studies described in an appendix, together with appropriate
recommendations, comprise failure at a flange joint in a PVC-lined glass-rein-
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2670 PREVENTION OF INDUSTRIAL ACCIDENTS IN THE
NFfHERLANDS [BIB-TlNF00721]
The systematic policy of the Netherlands government as regards licensing and
siting of hazardous industrial installations is reviewed in terms of its develop-
ment from guidelines prepared by the United Nations Environmental Pr0-
gramme UNEP, and an independent advisory committee set up in the United
Kingdom. Basically upper- and lowec-limits representing maximum and negli-
gible risks are established, and the area bounded by them is regarded as a region
within which the risk requires reduction in line with the ALARM (As Low As
Reasonably Achievable) principle. The approach is diagrammatically illus-
trated, together with individual and societal risk criteria. Applications to land-use
planning and the lranSpOrt of natural gas and liquid petroleum gases, etc., within
the Netheclands are also discussed, togethec with the proven usefulness of the
methods despite initial skepticism. (Kuijen, C.J.; Publishec: UNEPIIEPAC,
Industry and Environment, (1988), 3, II, pp. 2-7 [in English]. 0378-9993)

2671 IDENTIFYING AND EVALUATING RISKS [BIB-
TINF00722]
A detailed survey of hazard-control principles and practices applied by ICI
Holland BV includes different definitions of risks and hazards in the chemicals
and othec process industries, together with comparative presentations of risk and
hazard analyses. The risks consideced comprise those to which membecs of the
public may be subject as a result of accidents involving hazardous substances.
The company's approach to hazard identification in general is based on the
concept that well-designed, well-built, well-operated, and well-maintained in-
stallations will not fail catastrophically if the design intentions are not exceeded.
It is reported that further development of the QRA (Qualified Risk Analysis)
approach will not yield a means of comparing computed results with risk-ac-
ceptability standards. View of the European Council of the Chemical Manufac-
turec's Federation on the quantitative assessment of risks from chemical industry
installations are presented as an appendix. (Lans, H.J.D.; Publisher:
UNEPIlEPAC, Industry and EnvironD1ent, (1988),3,11, pp. 7-14 [in English].
0378-9993)

2672 THE ROLE OF COMMUNITY ACI'ION GROUPS IN
AVERTING AND COPING WITH INDUSTRIAL ACCIDENTS
- LESSONS AND STRATEGIES FROM THE BHOPAL TRAG-
EDY. [BIB-TINFOO723]
The International Coalition for Justice in Bhopal (ICJIB) and the United Nations
Centre on Transnational Corporations (UNCTC) are presented as examples of
groupings formed or activated by the magnitude of the Bhopal disaster, described
as the world's worst industrial holocaust. The ICJIB is a coalition of seven
citizens' groups protecting the interests of victims of the disaster, and the
UNCTC has identified important issues arising from the manufacturing and
othec activities of the TCs. Aims, operations and recommendations of the
organizations are listed and discussed, and the undue burdens imposed on the
Third World populations and environments by the lack of controls of hazardous
and toxic processes and shipments of their products are emphasized. A wide
range of ideas for action to prevent future Bhopals is presented in an appendix.
(Abraham, M.; Publisher: UNEPIlEPAC,lndustry and Environment, (1988), 3,
II, pp. 14-17 [in English]. 0378-9993)

2673 THE LEGACY OF BHOPAL [BIB-TINFOO724]
Primary and contributory causes of the Bhopal chemical-plant disaster in 1984
following the escape of 40 tonnes of methyl isocyanate (MIC) are critically
reviewed and an in-depth consideration of environmental and other factors
presented. At least 2,500 and 50,000 people were killed or seriously injured, and
a further 200,000 were perhaps affected. Other features discussed include the
legal aspectslposition, inadequate warning by the company of potential hazards
with MIC, reduction of supervisory staff, lapses by local safety authorities,
absence of automated safety systems, and the decision to produce MIC at the
Bhopal experience, problems still to be tackled, and signs of progress in these
respects are also highlighted. (Lepkowski, W.;Publisher: UNEPIlEPAC, Indus-
try and Environment, (1988), 3, II, pp. 18-20 [in English). 0378-9993)

2674 FIRE AT LIQUID PETROLEUM GAS (LPG) RECOVERY
INSTALLATION OF A REFINERY [BIB-TINFOO725]
The fue ocoorred in 1981, at a LPG-recovery plant commissioued in 1967 to
recover up to 39 and 29 m 3 of butane and propanelh, respectively, from
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crude-oil-distribution and catalytic-reforming units. An illustrated case history
of the event shows that the incident originated at a plug- and gate-valves
assembly designed to drain off the caustic propane, which had been incorrectly
re-assembled during a plant overhaul, Thus when at the time of the incident the
operator thought he was opening the gate valve, he was actually closing it, and
when no flow ensued he attempted to isolate the system by means of the plug
valve. This opened rather than closed and released caustic soda in solution and
a large amount of liquid butane, which together formed a dense vapour cloud
which was ignited within 2-3 minUtes, probably by a heater about 30m away
from the butane-salt f1Iter. The fue was under control within 50 minUtes and was
extinguished an hour later, without injury to the fJrelllen or plant personnel.
Improvements initiated in light of the incident are illustrated and described and
recommendations for later implementation listed. (UnkDowu; Publisher:
UNEPIIEP AC, Industry and Environment, (1988), 3, II, pp. 21-23 [in English).
0378-9993)

2675 THE NATIONAL STRATEGIES FOR THE PREVENTION
AND RESPONSE OF INDUSTRIAL ACCIDENTS: AN OVER-
VIEW [BIB-TlNFOO726]
Scopes and implementations of national legislation and regulations concerning
industrial health and saftey are informatively reviewed, both in genecal and with
reference to particular enactments in various countries. These include the United
Kingdom's Health and Safety at Work Act and the Control of Industrial Major
Accidents Hazards Regulations, France's PPI and POI (particular Emergency
and International Operation Plans, respectively), Swedish responses via its
National Rescue Services Board, and US Environment Protection Agency and
other enactments covering state and local officials, police, fire, public health,
transport, emergency planning, and the community "right to know". The aspects
reviewed in general co.Dprlse safety analyses, land-use planning and licensing,
and authorization systems with special reference to pollution prevention. Men-
tion is also made of EEC directives and OECD analyses of major accidents
involving hazardous substances within its member countries. (Galliot, F.; Pub-
lisher: UNEPIlEPAC, Industry and Environment, (1988), 3, II, pp. 24-27 [in
English]. 0378-9993)

2676 TRAINING NEEDS IN ACCIDENT MITIGATION AND
CONTAINMENT [BIB-TlNF00727]
Worldwide industrial disasters such as Bhopal have highlighted the need for
adequate training to prepare for and prevent- such incidents. Current courses are
critically discussed and details given of the APEU. (Awareness and Prepared-
ness for Emergencies at the Lower Level) programme drawing on international
experience. A complementary collaboratively produced audio-visual training
programme also particularly described comprises four self-contained training
modules covering prevention and preparedness, on- and off-site emergency
responses, and planning opezations and training, In this case each module
comprises an approximately 2~minute video presentation and suppon notes
designed for independent or group study or tuition. (Gajraj, A.M.; Publisher:
UNEPIIEP AC, Industry and Environment, (1988), 3, 11, pp. 28-29 [in English].
0378-9993)

2677 SAFE WAREHOUSING OF CHEMICALS [BIB-
TINF00728]
The background to the CEFlC guide to safe warehousing of chemicals, prepared
for the European chemical industry by the European Counpl of Chemical
Manufacturers' Federation, is described and its contents list presented. The fU'st
part of the guide comprises four check-list sections covering warehouse pre~-
ises and their management and protection, and the second part consists of 16
appendices dealing with pecsonnel responsibilities, site layout, warehouse-con-
struction materials, fJre-detection equipment, control of ignition sources, and
other key topics. The guide is now available in English, French and Dutch.
(CEFIC European Council of Chemical Manufacturer's Federation; Publisher:
UNEPIlEPAC,lndustryandEnvironment, (1988),3,11, pp. 31-33 [in English].
0378-9993)

2678 A COMPUTER-ASSISTED PACKAGE FOR MINIMUM
RISK LAYOUT FOR PROCESS INDUSTRIES. [BIB-
TINF00729]
Flow-chart and other data are given for an mM personal-computer-based
package developed in india to assist in the decision-making with regard to risk



2661ENVIRONMENTAL ASPECTS OF HAZARDOUS WASTE
MANAGEMENT FOR DEVELOPING COUNTRIES: PROB-
LEMS AND PROSPECTS [BIB-TINFOO712]
A systems appraoch to hazardous wastes management is suggested, which
includes minimum generation of hazardous wastes, reprocessing and re-use of
wastes, separation from or transformation of hazardous wastes to non-hazardous
types and disposal of wastes in a controlled landfill practice. The importance
and details of education and training for hazardous wastes management are
outlined. The potential role of UNIDO in such management including indUSlriai
safety in developing countries is emphasized. Who should provide training and
guidelines of waste management, play major roles by reacting immediately to
catastrophic accidents and establish a network of national and international
organizatioufor transfer of information and technology. (Biswas, A.K.; (1989),
261-271 [in English]. 1-85148-027-7)

2662 HAZARDOUS WASfE MANAGEMENT IN ASEAN:
WITH EMPHASIS ON SMALL AND MEDIUM INDUSTRIES
[BIB-TINFOO713]
Hazardous waste management under ASEAN Environment Programme is re-
vised in terms of generation, storage, ttansport, use and disposal of wastes in
various Asian countries which include: Singapore, Malaysia, 1bailand, Indone-
sia, and Philippines. The case-studies of small- to medium-size electroplating

. plants are highlighted. Rapid industrialization in ASEAN during the last decade
demands greaIer priority for management of hazardous wastes. Effective man-
agement can only be achieved when the essential data on sources, amounts, types
and characteristics of the wastes are adequate and reliable. (Uriarte, F.A.; (1989),
272-285 [in English]. 1-85148-027-7)

2663 HAZARDOUS WASTE MANAGEMENT IN INDIA: POL-
ICY ISSUES ANDPROBLEMS [BIB-TINF00714]
The problems of hazardous waste management in India lie with the lack of
information on wastes, inadequate coordination of different agencies, insuffi-
cient resources and incentives, and lack of specific legislation and standards for
hazardous wastes. Policies on waste management are explained in terms of
reduction at source and suitable treatment and disposal of wastes. New technol-
ogyies developed for handling hazardous wastes are highlighted. Waste disposal
(Mahajam, SP.; (1989), 286-292 [in English]. 1-85148-027-7)

2664 MANAGEMENT OF HAZARDOUS MAl'ERIALS AND
WASfES IN CHINA [BIB-TINFOO715]
A rapid increase in the production and usage of chemicals in China resulted in
the State Council promulgating regulations on safe management in the produc-
tion, usage, storage, transportation and packaging of hazardous chemicals, and
the punishment for violating the regulations. China produced 40 M tons a year
of hazardous wastes, which are now being regulated via legislation formulated
by the National Environmental Protection Agency. The standard levels of
toxicity in waste liquor are highlighted along with the treatment, disposal and
recovery of wastes containing heavy metals including chromium. (Qing, S.;
(1989), 293-297 [in English]. 1-85148-027-7)

2665 HAZARDOUS WASTE MANAGEMENT IN SRI LANKA
[BIB-TINFOO716]
The problems from hazardous wastes in Sri Lanka are associated with surface-
and ground water pollution and pesticides. legislations against health hazards
and environmental pollution are highlighted. The problems of hazardous waste
management in Sri Lanka are related to lack of trained persoDDel, insufficient
resources to fund treatment of wastes and shortage of floor space within
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factories. Collective treatment of effluent appears to be economical with an
introduction of indUSlriai zoning to concentrate on treating wastes at one site.
The step5 taken to control environmental degradation in Sri Lanka include
indUSlriai zoning and detailed monitoring of effluents released into the sewerage
system. (Aiwis, D.P.; (1989),298-301 [in English]. 1-85148-027-7)

2666 METHODOLOGY FOR RISK ASSESSMENT IN HAN-
DLING PETROCHEMICAL PRODUCTS IN DEVELOPING
COUNTRIES [Bm. TINF00717]
Risk assessment in handling petrochemical products in bruil is discussed, which
stipulates the essential need to fuIfi1I the legislative requirements of the Envi-
ronmentallmpactAssessment prescribed by the Brazilian Council. The classical
methodologies of cause/effect analysis, failure modes and effect analysis
(FMEA) and common mode failure are used as needed for risk management
considered in terms of environmental assessment and risk identification. The
various parameters involved in the evaluation of social and ecological risks are
highlighted. (Almeida;, S.A.S.; (1989), 302-308 [in English]. 1-85148-027-7)

2667 MANAGEMENT OF HAZARDOUS MATERIALS IN
CHEMICAL INDUSfRIES IN INDIA [Bm-TINFOO718]
lbree case studies on the management of hazardous materials in chemical
industries in India are described, which include leakage of methyl isocyanate at
Union Carbide in Bhopal, release c:l oleum from Shriram Food and Fertilizers
in Delhi and chlorine leakage at Bhadrachalam Paper Mills in Bhadrachalam.
The actions and responsibilities of industrial guidelines are outlined along with
those for the Central State and local government UNIDO's possible role is
described including involvement in classifying the processing of hazardous
materials, offering guidelines on zoning and siting of plants and organizing
training facilities to develop skills for the operational management of indUSlriai
installations. (Dave, I.M.; (1989),309-314 [in English]. 1-85148-027-7)

2668 SfRATEGIES FOR MAJOR ACCIDENT PREVENTION
IN CHEMICAL INDUSTRY: THE CASE OF THAILAND [Bm-
TINFOO719]
The present status and profile of accident prevention in Thailand are detailed.
The recommendations and proposed actions formulating strategies for preven-
tion of major accidents in the chemical industry are described. These include
establishment of a major hazard assessment system, accident prevention infor-
mation system, disposal of dangerous substances, training of personnel and a
public awareness campaign. Additional references: waste disposal; hazardous
materials (PhantumvaDit, D.; (1989), 315-324 [in English]. 1-85148-027-7)

2669 ENVIRONMENTAL CONTROL MEASURES FOR
TOXIC AND HAZARDOUS WASTES OF EASTERN SEA-
BOARD INDUSTRIAL COMPLEX IN THAILAND [BIB-
TINFOO720]
The measures taken for environmental pollution control and management of
hazardous and toxic indUSlriai wastes at the gas-fired Map Ta PhUl heavy
industrial complex are discussed. Washwater treatment plant for fertilizer, a
petrochemicals plant and a tantalum plant of the complex are detailed. The
management plan for handling hazardous indUSlriai solid wastes includes dis-
posal of wastes using sanitary landf1lls and special "gypsum pond" to store solid
waste of phospbogypsum from the fertilizer plant. A future plan to open a
polymer plant would mean that the Map Ta PhUl complex should have two
separate zones, one for organic and the other for inorganic industries in order to
achieve effective management of waste water. Waste disposal (Chakrabarty,
R.N.; (1989), 325-342 [in English]. 1-85148-027-7)
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ing probabilities and hence inclination to take risks, is to have sufficient
information. Any consideration of environmental problems and risk allocation
from an economic perspective seems to suggest that the majority of the popula-
tion supports the environmental protection policy and is willing to pay for it. It
appears impossible to reach stable solutions in the allocation of risks without an
incentive compatibility. (Abele, H.; (1989), 130-139 [in English). 1-85148-027-
7)

2651 COSTS AND BENEFITS OF RECYCLING [BIB-
TINF00702]
The incentive to recycle secondary sources varies with the price of correspond-
ing virgin resources and the strong urge recycle where prices are high. The
introduction of recycling operation is affected by the diversified interests be-
tween the public and private sectors in free-enterprise societies and the extent to
which these interests influence legislated policy which may promote or discour-
age such economic activity. The private decision to recycle is discussed in terms
of main ~ctive activity and in-plant management of residual wastes. The
public decision for recycling would be more forthcoming when public benefits
outweigh costs. (Maltezou, S.P.; (1989), 140-147 [in English]. 1-85148-027-7)

2652 COST-EFFECTIVE MANAGEMENT OF HAZARDOUS
CHEMICALS [BIB-TINFOO703]
A chemical management system SAFECHEM n for hazardous chemicals is
developed as a cost-effective solution to the problem of obtaining the right
chemical information in a timely manner. The system permits various analyses
to be made and responds to questions about management of chemicals which
include data directory, planning, and emergency reports, chemical reports,
profLIe search and storage review. (AadahI, J.; (1989), 148-152 [in English].
1-85148-027-7)

2653 LEGISLATIVE MEASURES TO PREVENT AND RE-
SPOND TO CHEMICAL ACCIDENTS [BIB-TINF00704]
An overview covers the general characteristics of the new legislations for
assessment of risks from hazardous chemicals. Both the preventive and respon-
sive regulatory approaches are described with suggestions of guidelines for
legislations in the developing nations for their own benefit. The provision for
the 1982 "SEVESO" Directive of the Council of the EC countries are detailed
along with an example of implementation and proposed improvements in
Germany. The work of UNIDO in promoting international initiatives to prevent
chemical accidents and to respond to the treatment of hazardous materials is
highlighted. (Irwin, W.A.; (1989), 153-174 [in English]. 1-85148-027-7)

2654 EFFECTS OF CHANGING REGULATIONS ON HAZ-
ARDOUS WASTES FLOW IN omo [)JIB- TINFOO70S)
A study of industrial wastes generation in Ohio shows that 24% of the annual
waste of 4M tons is shipped by the generalOI" to commercial facilities for
treatment and disposal, while the rest is treated by on-site management The
hazardous waste flow from industries indicates three types of disposition of the
wastes, which include commercial management off-site both within and outside
Ohio and management on-site. The net generation of hazardous wastes is
affeded by the economic growth within specific industries and the possibilities
for waste reduction. The changes in the available capacity for waste management
are influenced by the closure of existing waste management facilities, opening
of new facilities and the regulatory changes in the management of wastes. Such
changes along with the management of combustible wastes and spent solvents
from the plastics industry are disaJSSed. The need for analytical tool to predict
the degree and location of changing the facility requirements is emphasized for
forecasting the effects of regulatory changes on hazardous waste management.
(Clapham, W.B.; (1989),175-187 [in English]. 1-85148-027-7)

2655 HEALTH IMPLICATIONS OF HAZARDOUS WASTES
DISPOSAL [BIB-TINFOO706]
The health of people living in the vicinity of hazardous waste disposal sites
require regular monitoring to correlate with detailed analysis of chemicals
present at and escaping from the site, exploration of the transport routes of the
chemicals, concentration in the environment and estimates of the uptake and
absorption by the exposed population. The target organs which can be affected
by the chemicals, and epidemiological studies for assessment of health associ-
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ated with hazardous wastes are described. (Murti, C.R.K.; (1989), 188-199 [in
English]. 1-85148-027-7)

2656 RISK MANAGEMENT IN NETHERLANDS: A QUANTI-
TA TIVE APPROACH [BIB- TINFO0707]
The risk management strategy within an effective framework of environmental
policy approved by the Dutch Parliament in 1985 is discussed. It deals with
scientific uncertainty regarding essential toxicologyical and ecological relations
in selling its quantitative environmental targets and allowiog true public involve-
ment The process of risk management is described in terms of external safety
policy, which involves sequential steps of risk identification and quantification,
decisions about acceptability of risks, measures to reduce risk and control of risk
by maintaining a situation of acceptable risk. Applications of risk strategy via
analysis of risk criteria are outlined for Iiquified petroleum gas policy, natural
gas pipelines, plastics industry and sites of Dutch State mines. (Kuijen, C.J.;
(1989), 200-212 [in English]. 1-85148-027-7)

2657 RISK ASSESSMENT: DANISH PRACTICE AND EXPERI-
ENCE [BIB- TINFOO708]
The basic objective of Danish practice on risk assessment involves obligation
of industries with certain levels of risk to provide document of their safety
precautions to the governing authorities who would not interfere once a permit
is approved. The concept of a common risk analysis is outlined which has not
yet been widely followed by the industries for eventual risk assessment by the
authorities. It is conSidered important to introduce a legislation framework
giving higher priority to major rather than normal risk contributors. The imple-
mentation of risk analysis in several cases has demonstrated greater reliability
of the system and thereby resulting in further improvement in industrial econ-
omy. (Vestergaard, N.K.; (1989),213-217 [in English]. 1-85148-027-7)

2658 MODELLING OF UNCERTAINTY IN HAZARD ASSESS-
MENT [BIB- TINF00709]
Any dealing with uncertainty in hazard assessment can be optimized by consid-
ering Bayesian probability of correlating randomness and vagueness with inde-
terminacy. Risk analysis derived from assigned probabilities becomes credible
only if it reflects expert consensus. The importance of risk analysis as a
profession is emphasized along with an outline of standards for risk assessment
(Lind, N.C; (1989), 218-227 [in English]. 1-85148-027-7)

2659 FAULT TREE ANALYSIS AND ITS APPLICATION TO
AN EXOTHERMAL REACTION [BIB-TINFOO710]
The methodology of fault tree analysis is described, which establishes local
connections between an undesired event ina technical system or component and
operating failures resulting from it Application of the analysis for the self-ac-
celerating nitration process ("explosion") in a nitrator during the treatment of
hexamine with nitric acid for the production of hexogen is detailed. Based on
the failure rates of technical components and the probabilities of human failure,
the annual rates of "explosion" in the nitrator for different initiatiog events are
estimated by evaluating fault tree analysis using a computer programmes, which
geoerates minimal cut sets via stimulation. An examination of the contribution
of initiating events to the total estimated rates of "explosion" has indicated the
areas of failure which on modification shows an improvement in performance
by an order of magnitude. (Hauptmanns, U; (1989), 228-241 [in English].
1-85148-027-7)

2660 COMPUTER-BASED INFORMATION AND DECISION
SUPPORT SYSTEMS FOR MANAGEMENT OF HAZARDOUS
SUBSfANCES AND INDUSTRIAL RISK [BIB-TINF00711]
The design and development of an integrated set of software tools are described
along with the building of existing models and computer-assisted procedures for
the management of industrial risk on the production and use of hazardous
substances. Applications of the decision-oriented software for the management
of substances are illustrated in terms of data bases (including geographical data,
chemical database, and storage facilities, industrial production sites and waste
streams database and chemicals process technology database) and simula-
tion/optimization models (including process plant risk analysis and industrial
process simulation). (Fedra, K.; (1989), 242-257 [in English]. 1-85148-027-7)



2640 REVIEW OF HAZARDOUS WASTE MANAGEMENT
SYSTEMS AS APPLIED BY THE GOVERNMENT AND PRI-
VATE SECTORS [BIB-TINFOO691]
A review covers the ecological and legal aspects of generating and handling
bazardous wastes. The waste management technology is desaibed in terms of
low- and non-waste technologies applied to cbemical and metal finishing
industries, and the disposal technology of conversion of hazardous wastes into
less- or non-hazardous materials by physicocbemical pretreatment and incinera-
tion followed by modern landfill practice. The economics of waste management
is highlighted whicb depends on the amount of wastes to be bandied and the
method of disposal. (Sutter, Hans; (1989), 3-23 [in Englisb]. 1-85148-027-7)

2641THE BAVARIAN SYSTEM FOR SPECIAL WASTE MAN-
AGEMENT [BIB-TINFOO692]
The disposal organizations and the collection-treatment stations for regulating
safe disposal of bazardous wastes in the Federal Republic of Germany (FRG)
first enacted by the Bavarian State, are detailed to include centta1 treatment
facilities of incineration, chemo-pbysicaltreatment and landfdling operations.
Advanced techniques of treating higbly contaminated leachate are adopted to
reduce beavy metals content via precipitation and alteration of PH values. The
control of hazardous wastes in FRG includes a "trip-ticket system", which
involves a centta1 task in each disposal system to ensure lhal the waste is directed
along the right disposa1 route via transporter from the waste generator to a
disposal facility for proper treatmenL (Defregger, Franz; (1989), 24-34 [in
English]. 1-85148-027-7)

2642 INCINERATION OF TOXIC AND HAZARDOUS
WASTES [BIB-TINF00693]
An overview on different thermal oxidation systems for incineration of hazard-
ous waste materials include rotary kilns, pyrolitic or "starved air" systems,
multi-hearth furnaces, liquid injection systems and fluid bed combustors. The
energy operating cost including that of plant installation can be reduced by
introducing waste heat recovery systems using waste beat boilers, air prehea1ers
or condensing beat exchangers. Both the type and method of handling of gaseous
particulate and ash discharges from the incinerators are highlighted. (Brady;,
1.0.; (1989),35-46 [in English]. 1-85148-027-7)

2643 INCINERATION PROCESSES FOR THE DISPOSAL OF
DIFFICULT HAZARDOUS WASTES [BIB-TINF00694]
An understanding of the characteristics of waste streams in terms of chemicals
make-up or heat-content is essential for ensuring proper selection and design of
an incineration system The designing parameters of an incinerator include the
incineration temperature, residence of time, amount of excess air needed and the
type of vortex burner required. Information on the mixing aspects of an incin-
erator and the type of waste materials would also be required for satisfactory
disposal of wastes. CbIorineated waste incinerator with facilities for steam

generation and recovery of hydrocbloric acid is desaibed along with the details
of a submerged combustion incinerator dealing with difficult wastes of fluor-
ineated hydrocarbons or aqueous wastes containg inorganic salts and/or heavy
metals. (Whiting, K.J.; (1989), 47-63 [in English]. 1-85148-027-7)

2644 HAZARDOUS SOLID WASTE DISPOSAL IN THE GEO-
LOGICAL ENVIRONMENT [BIB-TINFOO695]
Waste products, especially toxic leacbates, must be safely contained within the
boundaries of the landfill site ensuring no further contact with the enclosing
geological environmenL The waste disposal sites are appraised in terms of
geological, hydrogeological and geotechnical aspects of environmenL Informa-
tion on geomorphological, geologicalllithological and hydrological features
would be essential for an assessment of the geology-related suitability of waste
disposal sites. (Egger, A.1.; (1989), 64-78 [in English]. 1-85148-027-7)

2645 THE MONITORING OF HAZARDOUS WASTE REPOSI-
TORIES AND THE PREDICTION OF CONTAMINANT DIS-
TRIBUTION [BIB-TINFOO696]
The monitoring of hazardous waste repositories is described for both the
repository operation and post sealing period. Monitoring in the operational stage
should include determination of the limits of exposure of operating personnel,
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monitoring of effluents, environment and hydrogeological parameters, ground
stability and rock mechanics parameters. The post-operational monitoring is
discussed in terms of site conditions, public safety of closed down repository,
the use of mathematical models such as ground water 3-D models, models on
solute transport and migration, and interpretation of geological, meteorological
and hydrological events. Reports on studies of physical and geochemical con-
trols on migration, sorption and mobility of contaminants are highlighted.
(Meyer, I.H.; (1989), 79-89 [in English]. 1-85148-027-7)

2646 DECHLORINATION OF PCBS, DIOXINES AND DI-
FURANES IN ORGANIC LIQUIDS [Bm-TINF00697]
A dechlorination system for organic liquids of PCB, PCDD, and PCOF as
product lines is described in terms of ca1aIytic hydrogenation of a recycling
process of the cbIoroff method where the pretreated feed is decblorinated and
partially hydrogenated by a triclde phase mechanism in a high pressure reactor
at50-6O bar and 250-300'C. An economic evaluation of the cbIorofftecbnique
is highlighted along with the results of efficient conversion by the technique,
which includes treatments of gasoil contaminated with cblorobenzene and PCB,
lube oil contaminated with PCDD and PCDF, percolation oil from landfill
deposit site and waste stream from pesticides production site. (Oosterkamp, P .P.;
(1989),90-103 [in English]. 1-85148-027-7)

2647 TREATMENT AND RECYCLING OF WASTE OILS AND
SOLVENTS [BIB-TINFOO698]
A ca1aIytic dehydrogenation (hydroprocessing) process is developed to decon-
taminate and recover valuable hydrocarbons and chemicals of the waste oils.
The process can be operated in a treatment plant with a typical capacity of 40 m
3/d at 65-454 'e under 14-70 bar pressure. The hydrogenated organic phase is
suitable for re-use as a fuel oil. The advantages of the process include improved
environment and safety, flexibility of treating hazardous materials in a cost-ef-
fective manner and re-use of a range of products. A pilot plant operation using
contaminated oil is detailed, which shows reduction of PCB from 270 ppm to
undetectable level, and the lead amount from 750 to 5.5 ppm Desu1phurization
was achieved about 73% with an overall estimated ash reduction of more than
90%. (Youtsey;, K.I.; (1989),104-113 [in English]. 1-85148-027-7)

2648 ELEMENTS OF A BALANCED APPROACH TOWARDS
HAZARDOUS WASTE MANAGEMENT [BIB-TINFOO699]
The various hazardous waste management alternatives other than the landfill
practice would generate non-hazardous, less toxic or less leachable residue (ash
or sludge), and include destruction via incineration, biodegradation and treat.
ment, recovery and re-use of water, chemicals detoxification, adoption of
low-waste generation technology and above-ground long-term storage. New
effective technologies are highlighted as source control and migration control to
address the environmental problems associated with the past landfilling prac-
tices. (Melly, A.A.; (1989), 117-119 [in English]. 1-85148-027-7)

2649 IS PREVENTION OF POLLUTION MORE ECONOMI-
CAL? THE DUTCH SITUATION. [BIB-TINFOO700]
The prevention of pollution is an attractive option for bolh environmental health
and the economy. The development and application of clean technology ought
to concentrate on preventing the generation of waste products. Environmental
pollution from the industries mainly the chemicals and metals sectors in the
Netherlands is discussed. The maiD features of a preventati ve approach should
include in-process recycling ofwaste products, improvement in plant operations,
replacement of raw materials with less harmful ones and redesigning of refor-
mulation of end products. The relation between the characteristics of the Dutch
industrial processes and the environmental pollution is outlined along with the
opportunities available for prevention of generating hazardous waste.
(Langeweg, F; (1989), 120-129 [in English]. 1-85148-027-7)

2650 RISK TAKING ANDENVIRONMENTAL ISSUES: ASUR-
VEY OF ISSUES AND PROBLEMS FROM AN ECONOMIC
PERSPECTIVE [BIB-TINF00701]
An overview on the state of the art in the analytical handling of risk management
of environmental hazards is presented in terms of utility model to explain and
describe decisions in uncertain environments. An essential ingredient for assess-

.. Source: Ht/ZIlrtÜJusWaste MQ1I(lgemenl. Selected papers from on International £:;epen Workshop convened by UNIDO in Vienna, 22-26 June 1987, Tycooly, London
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while returning almost all (95%) of the acid to the scale-removal units. Accord-
ing to fums supplying so-called spray roaster regeneration plants-the most
popular variety inNorth America-gaseous and liquid effiuenls fromthe process
are virtually acid-free and conform to the most stringent air- and water-quality
standards. (Hess, G.W.; 9, (3), 18-21 [in English]. ISSN 0897-4365)

2633 THE ALUMINIUM INDUSTRY: ITS FUTURE UNDER
THE ENVIRONMENTAL PROTECTION ACT. [B~199306-
G4-OO41]
The Environmental Protection Act, placed on the UK's books in April 1990,
marks a significant beginning in changing the way in which industry is required
to meet its responsibilities to the environment. Despite some initial discomfort
in the increased public sautiny, aluminum industry operators will examine their
waste disposal and enviromnental management systems from an environmental
viewpoint, then find ways of improving their operations to reduce waste and
increase revenue. 'Pollution prevention pays,' could become more than a hack-
neyed phrase. (Jones, P.; (1011), 17-21 [in English]. ISSN 0955-2847)

2634 NEW WASTE TREATMENT TECHNOLOGY USES
HOUSEHOLD BLEACH TO TREAT URANIUM. [B~199306-
G4-OO47]
Household bleach is the key ingredient in a new chemical process developed at
Los Alamos National Laboratory, Los Alamos, New Mexico, USA to eliminate
the potential fue hazard associated with long-term storilge of uranium waste.
The process converts depleted U into uranium oxide, a chemically stable powder,
and traps it in concrete so that it cannot leach into the environment. (Banegas,
D.; Publisher. LOS ALAMOS NATIONAL LABORATORY, Los Alamos,
New Mexico 87545, (29 MARCH 1993), Pp 3 [in English).)

2635NESTE STUDIES INCINERATION OF MIXED PLASTICS
AND COAL [B~199306-Pl~113]
As pressure to recycle postconsumer plastics mounts, Finland's Neste (Espoo)
plans to carty out a year-long trial at its Porvoo site to study the incineration of
mixed plastics and coal. The company, along with Outolaunpu EcoEnergy and
the Finnish Plastics Industries Federation, completed short tests last year using
a 7-megawatt, fluidized-bed, low-pressure steam boiler at Porvoo. These tests
concluded that for specific inorganic and organic substances, emissions were
lower using mixed household plastics as a fuel than when using coal. Neste says
that a fluidized-bed plant with efficient dust and carbon monoxide control meets
the most stringent foreseeable regulations for polychlorinated dibenzodioxins
and dibenzofurans (PCDDs and PCDFs). (Chynoweth, E.; 152, (17), 15 [in
English). ISSN 0009-272X)
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2636 GERMANY'S WASTE POLICY DRAWS MORE COM-
PLAINTS. [BIB-199306-PI-G124]
The UK govenunent, backed by France, Spain, and a number of other European
Community (EC) members, has submitted a complaint to the European Com-
mission regarding shipmenls of packaging wastes from Germany. Well-funded
German wastes collectors are able to pay recycling fams up to S350.oo/mt to
take wastes or offer refuse at zero cost, depending on quality. According to the
UK's Department of Trade and Industry, plastics wastes imports to the UK
increased 450% between 1991 and 1992-most of the hike was in German
shipmenls. Such increases, the Dn says, prevent the development of domestic
waste recycling efforts in the UK. Other counIries supporting the UK position
include Denmark, the Netherlands, Italy, Ireland, and Luxembourg.
(Cbynoweth, E.; 152, (18), 24 [in English). ISSN oo09-272X)

2637 DUALES SYSTEM FACES NEWATIACKS. [B~199306-
PI-Gl26]
The German organisation for collecting waste packaging, Duales System
Deutschland is facing a new wave of criticism from a range of sources. The
organisation is being investigated by the Federal Cartel Office, the Bundeskartel-
lamt, to see whether it is entitled to collect commercial transport packaging in
addition to consumer packaging which bears the green dol It was awarded a
monopoly to collect commercial packaging by the federal ministry for the
environment at the request of the states which feared that such material would
not. be collected. However, this commercial packaging monopoly has been
criticised by utility companies, such as YEW and RWE, which have recently
moved into waste disposal and recycling. The two companies have indicated that
they see this as an interesting area of business that they are being prevented from
entering by law. «187), 35-36 [in English).)

2638 EPA, USX INK FAIRLESS PACT: CLEANUP STUDY IS
PLANNED. [B:m.199306-S4-00S5]
The US Environmental Protection Agency and USx, Pittsburgh, Pennsylvania,
USA, have signed an administrative consent order that requires USX to study
and evaluate measures to clean up hazardous waste contamination of ground
water, soil, surface water, and sediments at its Fairless Hills, Pennsylvania,
facility and adjoining properties. During steelmaking operations, slags, air-
scrubber wastes, and sludge from waste water treatment facilities were dumped
in unlined pits. (Selland, K.J.; 101, (85), 8 [in English]. ISSN 0002-9998)

2639 MCLOUTH STEEL GETS 58.5M CASH INFUSION IN
SURPLUS LAND SALE. [B:m.199306-S9~92]
A long-sought deal between McLouth Steel, Trenton, Michigan, USA, and
Waste Management, Oak Brook, Illinois, will give the fmancially ailing steel-
maker approx S8,sM. McLouth sold the disposal company surplus land in
Gibraltar, Michigan, USA, for use as a landfill. (Wrigley, A.; 10I, (87), 12 [in
English]. ISSN 0002-9998)
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commodities be diverted for recycling. Incinerator operators would have to
prove that materials to be burned could not be recycled practically, reused or
reduced at the source, and that incinerators will not affect human health or the
environment The bill has been referred to the House Energy and Commerce
Committee. (4, (SO), 4 [in English]. ISSN 1042-802X)

2623 mDICLEAN GRANULATOR DECONTAMINATES
WASTE. (BIB-199303-P3-0097]
A new sister company to John Brown Inc. Plastics Recycling Systems has
developed equipment to decontaminate infectious medical waste, allowing for
cheaper disposal. Mediclean Teclmology Inc., of West Warwick, Rhode Island,
USA, developed the equipment using granulator technology from Cumberland
Engineering. headquartered in Providence, Rhode Island Mediclean Technol-
ogy built a prototype machine that has been tested at a Rhode Island hospital.
The equipment grinds medical waste, including plastics, glass, tubing. sharps
and paper, and douses and decontaminates the waste with chlorine dioxide. The
waste then can be disposed of safely in a landfill and reportecilyis unrecognizable
as medical waste. John Brown, Mediclean Teclmology and Cumberland Engi-
neering are units of Trafalgar House pIc. (4, (SO), 14 [in English]. ISSN
1042-802X)

2624 NEW PENNSYLVANIA WASTE RULES GET TWO
THUMBS DOWN. (BIB-199303-S4-0023]
Two Pennsylvania, USA, metals recycling companies are displeased with the
state's new hazardous-waste recycling regulations and believe the rules will
drive up the cost of recycling industrial waste. Inmetco, an Inco subsidiary based
in Ellwood City, Pennsylvania, USA, points to the fees for enviromnental
consultants and legal advice as major factors in escalating costs. Horsehead
Resource Developmeul, which reclaims Zn and other metals from EAF dust, has
scrapped plans to rebuild one of the oldest kilns at its Palmerton, Pennsylvania,
facility and shifted that processing capacity to its plant in Calumet City, Illinois.
The so-called PK-4 regulations, scheduled to take effect 16 February 1993,
tighten requirements for hazardous-waste recycling and reclamation and sharply
increase industry fces for hazardous-waste permits. The permit application fce
for a commercial hazardous-waste landfill, will rise from $3500 to $125 000.
(Marley, M.; 101, (19), 9 [in English]. ISSN 0002-9998)

2625 EXCESSIVE US ENVIRONMENTAL REGS SEEN HIN-
DERING METALS' GROWTH [BIB-199304-GW020]
Excessive US environmental regulations are stifling the growth of the metals
industry and new international restrictions being considered could damage world
trade. Excessive, expensive, and changing environmental regulations are affect-
ing new Cu-smelters, existing ones, and the recycling ofCu. Special permits are
needed for the movement of hazardous materials, treatment of waste water, and
removal of particulates from the atmosphere, with licensing taking up to five
years. (Goodwin, M.E.; 101, (35), 9 [in English]. ISSN 0002-9998)

2626 US ZINC EXECS WARNED ABOUT TOUGHER EPA-
CLINTON AGENCY TO HAVE DIFFERENT STAND. (BIB-
199304-G4-0026]
The Zn industry is likely to be placed in a more defensive position in its dealings
with the US Enviromnental Protection Agency IUlderthe Clinton administration
than it has been IUlder past governments. Negative effects are anticipated from
the reauthorization of major enviromnentallaws scheduled to come before the
103rd Congress, including the Resource Conservation and Recovery Act IUlder
which a bill attempting to restrict interstate transport of waste is likely. (O'Sul-
livan, 0.; 101, (37), 6 [in English]. ISSN 0002-9998)

2627 VDM WARNS AGAINST EXCESSIVE GOVERNMENT
INTERVENTION IN SECONDARY METALS. (VDM WARNT
VOR BUROKRATISCHER BEWIRTSCHAFTUNG VON ALT-
METALLEN.) (BIB-199304-G8-0330]
Verein deutscher Meta1lhandler, Bonn, Germany, fears that the national and
international waste laws forthe European CommlUlity will produce fundamen1al
structura1 changes in secondary metal trade that will hinder economic develop-
ment in Germany and in the EC. Under the proposed laws, members of the EC
coUDlries will be forbidden to export secondary metal scrap to developing
coUDlries, and transport of secondary metal across borders of member states will
involve time consuming bureaucratic processes. VdM feels that the current

agreement of the Organization for Economic Cooperation and Development,
signed by SO states at the Basel Convention of22 March 1989, and ratified on
19 May 1992, is a practicable policy for handling metal scrap. The current
policies of categorizing metal-and metal-alloy wastes in metallic nondispersible
form are reviewed and discussed in relation to the proposed changes. The
handling of battery scrap, Al clipping. and zinc wastes are discussed in detail.
(46, (12), 1264-1266, 1269 [in German]. ISSN 0026-0746)

2628 ALTERNATIVES TO INCINERATION BECKON IN
SWITZERLAND. (BIB-199304-P1-007S]
The problem with post consumer plastics waste in Switzerland is that it burns
too well, according to the Swiss FOlUldationfor Plastics Reintegration. Why?
Because plastics have a much higher calorific content than other forms of
mlmicipal solid waste, most of which is incinerated in Switzerland; and because
they make up the largest fraction by weight (18"10) as well as by volume in the
incinerators. Searching for solutions, the fOlUldation is investigating use of
ahemative energy-recycling teclmologies to incineration, such as pyrolysis,
fluidized beds, and cement kilns. It is also broadening malerial recycling
schemes devoted to high-purity streams such as polyethylene pallet wrap and
polyethylene terephtalate bottles. (3 [in English]. ISSN 1044-9663)

2629 AUSTRIANS WRAP UP TIGHT PACKAGING WASTE
LAW: PLASTICS TO BE CUT 80% (BIB-199304-P1-OO79]
The Austrian government has enacted laws that cut the current volume of plastics
packaging waste that is landfilled and burned by almost 80% by 2000, a move
that will force the COlUltryto drastically expand its recycling capacity. The
Vienna-based Austrian Initiative for Valuable Plastic says that in 1991, 22 000
mt of plastics packaging waste were mechanically recycled in Austria and 220
000 mt were sent to 1andiills or incinerated. The statutes slash that level to 160
000 mt in 1994, to 103000 mt in 1997, and to 47.000 mt at the century mark.
The rest will have to be either chemically, mechanically or thermally recycled.
Plastics packaging will have to be marked by malerial type after 1 October.
Commodity thermoplastics-HDPE, LOPE, PET, PP, PS and PVC-will be
stamped accordingly; all others, including composites, will receive an '0'. (3
[in English]. ISSN 1044-9663)

2630 HIGH PERFORMANCE MATERIAL FOR CONTAINING
NEUTRONS. (B~199304-PS-0031]
Nichias Corporation, Japan, with cooperation from Mitsubishi Heavy Industries
Ltd, has developed a high performance neutron confIDing malerial for use in
storing and transporting used nuclear fuel. It is intended to be used together with
other materials that shut out other types of radiation. This material consists
mainly of an epoxy resin which coDtains a high concentration ofhydrogen atoms.
It is formed by mixing bisphenol resin and polyamide resin liquids to which are
added special fillers and boron hydrides. There is said to be virtually no loss in
H atoms after one year. Moreover, heat resistance is three degrees higher than
concrete-based neutron confining materials, with a maximum usable tempera-
ture of 180°C. Also, high fluidity makes it easy to form complex shapes and
fill narrow crevices. (7, (6), 10 [in English].)

2631 KAISER SUED FOR SITE CLEANUP-CALIFORNIA
STEEL SEEKS SSS MILLION TO RIGHT FONTANA. (BIB-
199304-S4-0031]
California Steel Industries, Sacramento, California, USA, f1l~ a $SSM claim
against the estate of Kaiser Steel and its reorganized successor, Kaiser Steel
Resources, for cleanup costs of a site formerly belonging to Kaiser. California
Steel Industries is seeking to claim costs forthe cleanup of the site of the former
Kaiser mill in Fontana, California, now belonging to California Steel Industries.
Kaiser operated the mill from 1943-1983. Kaiser maintains that its bankruptcy
filing absolved the company of any responsibility for cleanup costs. (101, (36),
3 [in English]. ISSN 0002-9998)

2632 GETTING OUT OF A PICKLISH SITUATION. COLD-
ROLLED STRIP OPERATORS FIND A CLEAN ANDPROFIT-
ABLE SOLUTION TO THE DIRTY BUSINESS OFBANDLING
SPENT PICKLING UQUOR [BIB-199304-S4-0036]
By treating used hydrochloric acid solutions from cold-rolled strip cleaning lines
via sophisticated chemical processes to separate the HCI from diluting water and
eDlrained iron oxides, operators can sell recovered oxides on the open market
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2613 DIRECTING WASTE POLICY FROM BOARDROOM
LEVEL [B~199301-P4-0005]
Wavin, one of the world's largest producers of plastic pipe systems, has always
used the best material, boasting that products made by the company would
last-products even carried a long life guarantee. But it was this very claim that
startedto concern enlightened customers, the enviromnentailobby and the public
-how long would the various materials last, especially if they were buried in
land tips following the end of their useful life What damage would they do to
the enviromnent In 1988 Wavin began a searching appraisal of its enviromnentai
stance as well as examining its own responsibilities for its processes and the
products they made. A look at how Wavin moved to fulfill its enviromnentai
responsibilities is presented. «1463), 7 [in English]. ISSN 0032-1168)

2614 MODERN ALCHEMY RECOVERS METALS. [BIB-
199302-Gl.0042]
EA Technology, UK, is carrying out trials on the reclamation of metals from
hazardous organic and toxic wastes using a fluidised test bed process called
Modem Alchemy. The process was developed by KC Process was developed
ofLichfield, UK. Applications such as recovering Ni from fat, Au from grease,
and Pt from whale oil have all have been tested on the new facility, which aims
to recover fme metal particles from a wide range of industrial processes. (73,
(12), 21 [in English]. ISSN 0370-1859)

2615 INCINERATOR RECLAIMS METALS FROM HAZARD-
OUS WASTE. [B~199302-G4-0012]
EA Technology, UK, will begin testing a waste-1reatment pilot plant, designed
by KC Process, which will extract maJketable Metals from hazardous wastes in
December 1992. The Capenhurst, Chester, UK, facility will incinerate waste at
1200 °C using a fluidized bed of ceramic balls. Possible applications include
processing of spent catalysts and extraction of Ni from fat left over from the
production of margarine. (Wyman, V.; 275, (7124), 42 [in English]. ISSN
0013-7758)

2616 PROCESS RECOVERS REUSABLE MERCURY. [B~
199302-G5-0016]
Japanese scientists have developed a wet system for recovery of mercury from
dry cells and fluorescent lamps in municipal solid waste. In this process,
mercuric chloride is extracted by washing exhaust gas with sodium hydroxide,
after which stannous chloride is added, forming metallic Hg. Next, water is
added, then cooled and condensed to separate water and metallic Hg. Besides
recovery of reusable Hg, the proces can protect the enviromnent and recycle
harmful materials. Mercury contained in municipal solid waste incinerator
combustion gas is inorganic, which has low toxicity, but inorganic Hg can be
converted into organic Hg in the enviromnent. Scientists in Japan also have
developed a dry recovery system that presenlly is being tested in a pilot plant.
This system employs a bag fllterto remove Hg particles and compolDlds before
the Hg absorbed with a carbon-based material Recovery of nearly 1()()OA> of
mercury will be possible by combining both systems in the municipal solid waste
incinerator waste gas 1reatment process. (101, (2), 7 [in English]. ISSN 0002-
9998)

2617 EPA NAMES LEAD AND CALCIUM SUBSTITUTES.
[BIB-199302-C4-0001]
The US Environmental Protection Agency (EPA) annolDlces a report that
identifies Pb- and Cd-containing products that are disposed of in municipal solid
waste and provides information regardingpotentia1 substitutes for the Pb- and/or
Ca-containing components of these products. EPA will use the dOClDDentto
further vollDltary efforts to reduce toxics in municipal solid waste. The analysis
of substitutes does not, however, quantitatively assess economic factors that
affect substitution or the effect of potential substitutes on end products. Report
No. PB-92-162-551, "Preliminary Use and Substitutes Analysis for Lead and
Cadmium in Products in Municipal Solid Waste", can be ordered from the
National Technical Information Service, Springfield, Virginia. (72, (1), 49 [in
English]. ISSN 0002-7812)

2618 EPA TO REGULATE STYRENE IN SOLID WASTE. [B~
199302-~2]
The US Environmental Protection Agency recently withdrew its proposed
modifications to the Resource Conservation and Recovery Act (RCRA) Hazard-

78

ous Waste Identification Rule (HWIR), citing criticism from enviromnentai
groups and stales. The proposed changes to the HWlR would have meant that
certain styrene-containing waste would have been classified as hazardous. The
agency reported that the modifications will be re-issued within 12-24 months,
and it is likely that styrene will still be regulated under any new proposal. Under
the recenlly-withdrawn HWIR proposal, materials showing 10 mgll of styrene
in the TCLP solution were to be classified as toxic under RCRA, and would be
handled and disposed of as hazardous waste. Preliminary testing has indicated
that while fully-cured composites will not be classified as toxic, partially cured
materials may leach more than the minimum amount of styrene. (Schweitzer, J.;
9 [in English].)

2619 US STATE LEGISLATURES MAY HOST BEVY OF EN-
VIRONMENTAL Bß.J..S. [B~199302-P4-0010]
Solid waste legislation that could affect p1aastics is expected to be introduced in
at least 30 US stales in 1993. The spotlight will be on bills aimed at increasing
the demand for recycled materials. In 1992, lawmakers considered 500 bills
affecting plastics, and approved 90. US industry representatives said they
consider the passed laws to be realistic. States expected to be most active on
solid waste legislation in 1993 include Califomia, Florida, Maryland, Minnesota,
New York, North Carolina, Oregon, Vermoat, Washington and Wisconsin.
(Gardner,J.; 4, (46), II [in English]. ISSN 1042-802X)

2620 EFFLUENT TREATMENT SYSTEM FOR ALCAN. [B~
1993~16]
When Alean was faced with the problem of treating eftluent at its Al sheeting
and semi-fmished product manufacturing plant in Germany, Keramchemie
(KCH) was called in to design, build and install an eftluent 1reatment system,

capable ofhandling a variety ofhannful substances at fluctuating concentrations.
The plant is operational 24 h1day, seven ~lweek and during the surface
treatment of product, generates approx 40 m of eft1uentih. KCH designed a
bespoke eftluent treatment system with an operating and reserve capacity of 60
m31h. The eft1uent typically contains a variety of substances, including an
assortment of Al compolDld, acid and tensides. The system initially neutralises
the eft1uent with a lime suspension and then conveys it to a flocculation unit.
From this tank, eft1uent flows into the KCH counter-clarifier, where the best
possible separation of removable substances from water takes place. Clear water
flows into the fmal inspection tank prior to expulsion to the sewerage system.
Deposited sludge is conveyed to storage tanks for thickening and then to a
filter-press where the sludge is further dewatered to create a disposable f1ltercake
which can then be sent to landfill. (16, (11), 26 [in English]. ISSN 0309-3109)

2621 EPA INITIATES EFFORTS ON METALS RECOVERY,
SOLID WASTE. [BIB-199303-G4-0018]
EPA has initiated several efforts aimed at developing a regulatory regime that
encourages recycling/recovery of industrial materials, including Ni-containing
wastes. In response to a legislative mandate, EPA is IDldertaking a study of the
metals recovery industry. The study will examine the effect of existing regula-
tions on efforts to recover metals from the nation's wastes, as well as how the
materials should be regulated in order to protect human health and the environ-
ment and to effectuate the resource conservation and recovery goals of the
Resource Conservation and Recovery Act. The study is due to be completed in
April 1993. In addition, EPA staff are gathering information to lay the grolDld-
work for recommendations to establish an appropriate defmition of solid waste
and possibly to develop a separate regime for regulating industrial recycling of
hazardous materials, including Ni.bearing materials. Agency staff will be col-
lecting information from interested parties through early 1993, with an emphasis
on the cost impacts of overregulation. Then, presmning the Clinton Administra-
tion supports these efforts, EPA this spring will convene a meeting of interested
parties and attempt to draft recommendations for implementing regulations.
«10),7 [in English]. ISSN 1181-7208)

2622 HOUSE BILL WOULD BANINCINERATOR BUILDING.
[BIB-199303-Pl-00S4].
A US House of Representatives bill seeks to ban the construction of solid waste
incinerators until 2000, and then would require towns sending waste to incinera-
tors to divert for recycling 500A. of plastics waste IDlder a bill introduced in the
House. The bill, sponsored by Rep. Edolphus Towns, D-New York, would
amend the Solid Waste Disposal Act to require high percentages of six other
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to accept boxes along with baled and briquetted scrap. (Marley, M.; 100, (166),
2, 8 [in English]. ISSN 0002-9998)

2603 PLASTICS RECYCLING INCHES AHEAD: EPA SEES
2.2% RATE. [B~199210-P1-0198]
The US plastics industry has poured tens of millions of dollars into polishing its
environmental image. The payoff may be a long way off. The latest US
Enviromnenta1 Protection Agency (EP A) statistics show: plastics recycling is
up only slightly, with bottle recycling making headway, plastics are an even
larger part of the solid waste stream, more plastics are being consmned with
plastics use forecast to grow through 2000. Plastics recycling increased to 2.2%
in 1990, up from 1.904>in 1988, according to the EPA. Plastics is now 8.3 wt%
and 21.1 vol.% of the municipal solid waste stream (paper and paperboard were
32 vol.%), up from 8 and 19.90/0,respectively, in 1988. (I, S [in English].)

2604 RECYCLING SYSTEM FOR LARGE-SIZED WASTE TO
BE DEVELOPED. [B~199210-PI-0201]
Next fiscal year, the Ministry of International Trade and Industry, To1cyo,Japan,
will begin developing a comprehensive recycling system which crushes large-
sized waste such as home electrical appliances at low temperatures. MlTl aims
to begin making a prototype system in 1993, and practical application of the
system is expected by fIScal 1995. The system will use the differences in the
materials' embrittlement temperatures and low-temperature properties. Forplas-
tics, the system will separate polyolefms and vinyl chloride using the difference
in embrittlement temperature. At the same time, the agency will promote
research into the effective use of energy produced by the incineration of residues.
(IS [in English]. ISSN 026S-3443)

2605 SOUTHERN COALITION SEEKS WASTE ANSWERS.
[BIB-199210-PI-0206]
Sixteen US stales and Puerto Rico have joined a new waste management
coalition thal will seek regional strategies for recycling, incineration and landfill
garbage disposal. Among other goals, the Southern States Waste Management
Coalition will try to build regional recycling markets to reduce the mOlD1dsof
recyclable plastics and other materials building across the region, which
stretches from Maryland to Texas and Missouri to Puerto Rico. The coalition
also will seek to build cooperation among govermnent, industry and public-in.
terest groups when trying to solve regional waste-disposal problems. The group
will be taking a cue from the Coalition of Northeastern Governors, which has
been successful in working with industry and environmentalists in an effort to
reduce packaging and toxic heavy metals in packaging. (Gardner, J.; 4, (28), 3
[in Eng1ish]. ISSN I042-802X)

2606 GLOBAL PVC FIRMS HOLD FIRST SUMMIT, ISSUE
JOINT STATEMENT ON GREEN ISSUES. [BIB-199210-P4-
0052]
Reflecting concern over the increasing nmnber of attacks on the green merits of
materials, representalives of the world vinyl industry held their frn-ever multi-
continental meeting in Washington, D.C., USA in September. The industry's
frn Tripartite Conference was organized to ascertain common interests and
what to do about them. Some SO fums were able to agree on a set of common
environmental positions, including stances on recycling. incineration, and waste
disposal. The companies represent members of the Japan PVC Assoc, the
European Council of Vinyl Manufacturers and the Vinyl Institute, including
members from both North and South America. Participants agreed on the need
for ongoing information exchanges and to explore collaborative projects for the
future. A second meeting has already been proposed, probably to be held in
Europe in the spring of 1993. (7 [in English]. ISSN 1044-9663)

2607MIXTURE ANDDERIVED-FROM RULES TRY A COME-
BACK [BIB-199210-S4-0079]
The steel and recycling industries won a significant victory on the US Senate
floor when they rebuffed attempts by environmental groups and the waste
treatment and disposal industry to get lawmakers to reinstate two hazardous
waste rules thrown out by a federal court earüer. The metals industry has
criticized those rules as disincentives to recycling and has been working closely

with the EPA to draft a new rule, called the hazardous waste identificalion rule.
(Gannon, V.; 100, (180), 8 [in Eng1ish]. ISSN 0002-9998)

2608 SCRAMBLE FOR EMISSION-FREE CAR TAKES NEW
TWIST: CONCERN GROWS OVER NICKEL-CADMIUM
CELL WASTE. [BIB-199212-G4-0075]
Nickel-cadmium batteries have the considerable advantage of extensive re-
search and the fact that they are cum:ntly in wide use as small rechargeable
batteries for household appliances and toys. But the enviromnenta1 hazard and
disposal problems posed by Cd are increasingly a factor in whether the batteries
will be an acceptable option for carmakers in the future. Some US and European
automakers are taking a serious look at a molten sodimn-su1fur battery, which
offers about the same acoeleration time as Ni-Cd and has a shorter lifespan but
gives a range of close to 160 miles. (Munford, C.; 100, (199), 4, 10 [in Eng1ish].
ISSN 0002-9998)

2609NEW PROCESS DEVELOPED FOR RECOVERING ALU-
MINUM. [BIB-199212-G5-0109]
A new method has been found to recover Al from dross while avoiding waste
disposal problems posed by conventional processes. Invented by the BOC Group
Technical Center, Murray Hill, New Jersey, USA, and patented in August 1992
the process uses a plasma furnace to recover Al and other salable products from
the dross. A waste product generated by smehers, dross consists of approx SO%
by weight of Al while the balance is mostly Aloxide. (100, (20S), 9 [in Eng1ish].
ISSN 0002-9998)

2610 ODOURLESS LAVATORY SYSTEM. [BIB-199212-D6-
0273] .
A simple lavatory system which b\DDShmnan waste without odour by using
advanced ceramics has been developed by Chiyoda Planning Co Ud, To1cyo,
lapan. Almnina reinforced with silicon nitride is used for the funw:e wall as the
refractory while a composite of magnesia, alumina, and activated carbon absorbs
the smells. The system can treat the waste of approx SO people/day and is
intended for use in buses and trucks; it costs approx 1.2-1.3 million yen. (3 [in
English]. ISSN 0268-9847)

2611RECEPTACLES ANDCONTAINERS FOR EVERY NEED.
(BEHALTER UND CONTAINER FUR JEDEN BE-
DARFSFALL) [BIB-199212-S3-0294]
Since an estimated 30% of production costs can generally be attributed to
material flow, this constitutes a weak point in the logistics of plant operations
and opens the door to innovative solutions of the problem. One of them is the
need for more suitable or even tailor-made auxiliary installations or equipment
thal can help to improve storage, transfer and transport tasks in a plant, thus
enhancing overall operating efficiency. Here, receptacles, containers, cassettes,
barrels, boxes and similar storage and transport means play a key role. The
marlcet offers a huge choice in this respect. Described and illustrated are some
novel concepts and products. An analysis is made with regard to their respective
contribution, toward improved efficiency in plant operations. In addition to
tailoring the items to the particu1ar situation, such basic considerations as rolling
vs. carrying, reducing transfer time, or modular construction of containers are
discussed. Finally, the problems of receptacles for special scrap or toxic waste
and their disposal are stressed. (Sterling, W. K.;42, (7), 48-S1 [in German]. ISSN
0343-3862)

2612 COPPER: A SAFE ALTERNATIVE FOR NUCLEAR
WASTE DISPOSAL [BIB-199301-G6-0019]
Following long term development work at Outokumpu Copper R&D, a feasibil.
ity study and construction of a Cu prototype canister for nuclear waste has been
completed. Three altemalive manufacturing routes forthe canister are proposed,
namely hot extrusion or hot rolling. bending and electron beam welding. The <>2
-free Cu canisters are 4.S m long. 80 em in diameter and SQ.60 mm thic. With
the inner steel jacket (to provide mechanical support) and the fuel element, the
structure will weigh approx 1400 kg. 1200 canisters will be needed for Finnish
power stations to store accmnulated waste to the year 2000. (29, (1), 26-27 [in
English].)
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as fuel. The booklet focuses on material recycling of plastics-the recovery and
reprocessing of used plastics for use in new applicalions-but points out the
realistic 1imit to this activity. The booklet, Plastics Recycling in Practice, forms
part of an information package titled Plastics Recycling in Action. The package
also includes a European Index of Key Plastics Recycling Schemes . (7 [in
English]. ISSN 0264-7753)

2594 SOLID WASTE PROFESSIONALS PREDICT COMPOST-
INGWlLLGROWFASTERTHANRECYCLlNG. [BIB-199208-
Pl'{)161]
With recycling markets facing a dismal near-term future, source reduction and
composting are gaining in popularity as solid waste management methods. A
new survey by the Roper Organization, New York, New York, USA, shows96%
of solid waste professionals say composting will increase in the next five to ten

years. Even more telling, 38% said composting would see the most growth of
any method of handling solid waste. Another 37"A. cited recycling. Typically,
plastics would be gleaned from the waste stream before composting. (6 [in
English].)

2595 REFUSE HANDLING CONTAINERS: GLOBAL DE-
MAND TO SOAR. [BIB-199208-P6-0145]
As advanced methods for collecting 1rash are more widely adopted by the major
industrialized nations, demand for polyethylene co!ltainers used in semi- or fully
automated, recycle-friendly refuse-handling systems is expected to soar. The
processors who stand to benefit from 12% annual global growth rates are
molders of 40-90 gallon rollout carts, 300-400 gallon communal containers,
14-18 gallon recyclable bins, and commercial dumpster lids. About 15 rotational
molders make 60% of carts used in the US, butthey face a strong challenge from
other types of molders. In Europe, solid growth continues, with automated
systems being increasingly adopted in countries lilce Spain and the UK. (Leav-
ersuch, R.D.; 69, (6), 107, 109 [in English). ISSN 0026-8275)

2596 INDUSTRY GROUP REMAPS STAND ON SOLID
WASTE. [BIB-199208-P7'{)238]
A shift in the US plastics industry's response to its solid waste woes appear to
have begun now that the chief executive officers of27 corporations have joined
forces to create the Partnership for Plastics Progress. A successor to SPl's
defunct ColDlcil for Solid Waste Solutions, PPP includes 26 large, integrated
resin suppliers companies as members. The 27th is giant national packager
Procter & Gamble. The organization's new name, the involvment of company
CEOs, and an expanded $50 million annual budget all suggest that the industry
will change the ways in which it responds to its environmental critics. The new
strategies vision is seen in PPP plans that include creation of an army of activists
ready for instant mobilization to fight solid waste issue battles, as well as funding
of a nationwide television advertising campaign to convince US citizens that
plastics make positive contributions to protecting the enviromnent. (Leaversuch,
R.D.; 69, (7), 35 [in English). ISSN 0026-8275)

2597 MITI EYES RECYCLING OF JUMBO WASTE. [BIB-
199209-Pl'{)I89]
Next fIScal year, Japan's Ministry of International Trade and Industry (MITI)
will start developing a comprehensive recycling system that crushes bulky waste
such as home electric appliances. Mm aims to start building a prototype system
that will crush large-sized waste at low temperatures in 1993. Commercial
application of the system is slated for fIScalyear 1995. Waste will be cooled with
liquefied natura1 gas and then crushed to separate and recover plastics, Cu, Fe
and AI. In the case of plastics, the system will separate polyolefms and PVC
using their respective differences in embrittIement temperature. At the same
time, Mm will promote research into the effective utilization of energy pro-
duced by the incineration of residues. In Japan, approx 4.9 million mt/year of
plastics waste are generated, of which only 27"/0is reused in some form. (4 [in
English]. ISSN 1044-9663)

2598 LOBBYISTS GEAR UP FOR REVIEW OF SUPERFUND.
[BIB-199209-P4-0043]
Plastics industry representatives in the US are preparing to make their mark on
the next standing enviromnentallaw to face congressional 0verl1au1, the 1980
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act that created the Superfund toxic pollution cleanup program. Central to the
plastics industry's efforts in the reauthorization of the Comprehensive Environ-
mental Response, Compensation and Liability Act in 1993 will be changing the
scheme for fmancing the cleanup of toxic waste pollution sites identified on a
national priority list. Under the current law, the Environmental Protection
Agency identifies one or several major contributors of waste at a Superfund
site-called the .potentially responsible parties "-even though some never
disposed of toxic waste there. Industry lobbyists argue that the existing system
is heavyhanded because it can force processors who did not contribute to toxic
waste disposal problems to pay for cleanup. (Gardner, J.; 4, (22), 3, 19 [in
English]. ISSN 1042-802X)

2599 HAZARDOUS WASTE CAN HURT YOUR POCKET:
FEDS GET TOUGH WITH PLASTICS FINISHER. [BIB-199211-
P4-0064]
A court case focusing on plastics fmishing and hazardous waste could go all the
way to the US Supreme Court. Reason: Under the Resource Conservalion &
Recovery Act (RCRA) owner-operators of facilities that produce hazardous
waste must assure the safe disposal of that waste and pay for any costs should a
plant shut down. The key question: are plant owners (and even plant operators)
personally liable? A US district court judge in Michigan thinks so, and if his
order of 4 September 1992, to the owner of a now out-of-business plastics
electroplating plant is not satisfied within 90 days, then the court is prepared to
appoint a trustee to sell off property holdings, to pay for penalties and clean-up
costs. The decision, which pits the US as plaintiff against Production Plated
Plastics PPP and Michigan City Plastics MCP, part of the Detroit Plastics
Molding group, and owner-operator Michael J. Ladney, is a first in the state of
Michigan. (1,3 [in English). ISSN 1044-9663)

2600 LEAGUE OF WOMEN VOTERS PUBLlSlDNG PLAS-
TICS HANDBOOK. [BIB-199211-P7-0350]
Seeking objectivity in the debate about plastics' role in solid waste management,
the League of Women Voters in the US, is publishing a plastics handbook
intended to be distributed to local officials and activists. The Plastics Primer
examines the possibilities and problems of plastics under various waste-man-
agement regimes, including recycling, incineration, and landfill disposal. The
handbook is expected to be released this winter. The primer is an effort to provide
balance in the often-politicized solid-waste rhetoric that has yielded bans on
certain plastics products in mlDlicipa1ities across the country, without being
incomprehensible to local officials. It is being ID1derwritten partly by the Society
of the Plastics Industry Inc. 's partnership for Plastics Progress. (Gardner, J.; 4,
(32), 13 [in English). ISSN 1042-802X)

2601 RECTICEL INDICTED ON TOXIC WASTE CHARGE.
V8IB-199211-P7-0352]
A US federal grand jury has indicted the former Recticel Foam Corp., La Porte,
Indiana, and six of the company's employees for illegally treating, storing and
dlDDpingtoxic waste from the company's Morristown, Tennessee, plants. The
indictments, annolDlced 8 September in Greeneville, Tennessee, charge that the
fum, a producer of flexible polyurethane foams, and employees conspired to
violate federal environmental1aws. This is the largest prosecution for environ-
mental violations ever brought in the state of Tennessee. A 20 November trial
has been set Recticel Foam Corp. was the US subsidiary of Brussels-based
Recticel NV ISA, itself a wholly owned unit of Societe Generale de Belgique.
An October 1990 deal merged Recticel's North American operations with the
Foamex division of Knoll International Holdings Inc. to create Foamex LP.
(Gardner, J.; 4, (32), 3 [in English). ISSN 1042-802X)

2602 SCRAP BOX SURCHARGE PLANNED BY COMALCO.
V8IB-199210-(;~26]
Rising disposal costs have prompted Comalco to impose a S5.001box surcharge
on all scrap metal delivered to the plant in cardboard boxes starting I September
1992. A letter annolDlcing the new policy was sent out by Commonwealth
AluminlDD (Comalco) to 100 scrap metal dealers who supply the Lewisport,
Kentucky, USA, mill. The letter noted that in the past Comalco had borne the
full expense of disposing of the packaging material. The company will continue
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bills such as the reauthorization of the Resource Conservation and Recovery Act
(RCRA) and the government crackdown on package labeling keep waste man-
agement in the forefront In 1991,42 bills were introduced at the state level that
would mandate recycled content for packaging, and two proposals were passed
affecting plastics packaging. Nationwide, 104 bills were introduced requiring
plastics to meet a recycling standard, and 12 of these proposals were enacted.
(Block, D.G.; 38, (1), 84, 87, 89 [in English]. ISSN 0032-1257)

2585 LOS ANGELES Dm CASTERS MEET WASTE TREAT-
MENT CHALLENGE. [BIB-199204-G4-0023]
As the California legislature passes increasingly restrictive environmental leg-
islation, and the state's many regulatory agencies mandate ever-tighter controls
and limits, Los Angeles-area die casters are controlling and treating their wastes
to a greater degree than ever before. We came to the conclusion that we could
no longer comply with local industrial waste sewer discharge regulations unless
we upgraded OlD'treatment systems, says executive VP and general manager of
Lansco Die Casting, City of Industry, California, USA. Rangers Die Casting is
a Lynwood, California-based company that faced a problem similar to that of
Lansco, but devised a different solution. Hyatt Die Cast, Cypress, California,
recently began treating its wastewater as a result ofconcems over the company's
liability in having its waste hauled away for off-site treatment The three die
casters' experiences with waste treatment form a good basis for a discussion of
waste treatment teclmologies; and California's environmental regulatory cli-
mate, of which wastewater treatment is only the tip of the iceberg, which is
proving increasingly challenging to industry. (Bralower, P.M.; 35, (4), 10-12 [in
English]. ISSN 0012-253X)

2586 GREENPEACE MOVES TO RETURN WASTE TO
SENDER [BIB-199206-P4-0031]
Confusion over what constitutes good environmental intentions has sparked a
confrontation between Greenpeace International and German chemical group
Meta1lgesellscbaft. At the centre of the conflict is a Danish-owned ship, the Cito,
which moved a cargo of waste PE and PP car battery components from Germany
to a cement factory in Egypt. Greenpeace argues that the cargo comprises a toxic
waste shipment, and is now negotiating for the waste to be transported by barge
back to its original SO\D'ce.The group says the case is an important example of
the retum-to-sender principle that it has been campaigning for. However,
Meta1lgesellschaft subsidiary Blei-und-Silberhuette Braubach (BSB) denies the
toxicity charge, emphasising the shipment had been sent for hand sorting for
recycling and the residue would be destroyed using high-tech thermal destruc-
tion teclmiques at the cement factory. (57, (1518), 27 [in English]. ISSN
0014-2875)

2587 PLASTIC IMAGE IN THE Us. [BIB-199206-P7~179]
A Society of the Plastics Industry (SPI), Washington, survey shows that the US
public attitude toward the plastics industry is becoming less favorable as worry
about the environmental impact of solid waste disposal increases. In December
1991, 54% of 100 consnmers expressed unfavorable attitudes toward the plastics
industry, up from 34% in February 1990, while the nnmberthat view it favorably
dropped from 62% to 39"A.. However, SPI says the public is fmding incineration
more acceptable than before and considers a 4SOA>rateof recycling a major effort
(ISO, (19), 49 [in English]. ISSN 0009-272X)

2S88 DUAL WASTE ECONOMY IN GERMANY-POSmON
OF ALUMINUM PACKING MATERIAL (DUALE ABFALL-
WIRTSCBAFr IN DEUTSCBLAND-POSmON DES PACK-
STOFFS ALUMINIUM.) [BIB-199207-G4-0043]
In 1990 the German Federal Government issued an ordinance that waste
management must protect the environment by either reusing the waste, or
diminishing it or, best of all, avoiding it entirely. This directive had a significant
bearing on the Al packaging and container business. A major requirement is the
establishment of a collection and evaluation system with fum quotas for collec-
tion and assortment Businesses concerned with the matter have organized a
private organization called Duales System Deutschland GmbH or DSD, which
since its inception in January 1991 has grown to a membership of approx 400.
The organization handles the waste disposal problems and certifies compliance
with environmental protection laws by so-called green dot marking. Member
assessments provide funds for corrective action required by individual parties.

The article describes this constantly evolving picture in detail and relates it to
the situation encountered by AI as a packing, wrapping, canning, and container
material. (Wirtz, A.H.; 67, (5), 412-413, 416-417 [in German]. ISSN 0002-6689)

2589 MARUZEN'S HDPE BURNS SAFELY. [BIB-199207-Pl-
0120]
With the plastics conteDt of the municipal waste stream increasing-especially
in Japan-4he heat generated when refuse is incinerated is also rising. This poses
a threat to antiquated incinerators that were not constructed to withstand the
temperatures of burning plastics, not to meution the attendant environmental
headaches. But Tokyo-based Maruzen Polymer Co is lessening that threat,
thanks to its newly developed high-density polyethylene (HOPE) that burns
safely. The company, a wholly owned subsidiary ofMaruzen Petrochemical Co,
says that the materials generates one-half the heat of conveutional HOPE when
incinerated. The product, tradenamed Pepra, produces less heat because it
contains considerable amoUDtsof calcinm carbonate. Since the HOPE does not
meh and drip while burning, it inflicts less damage to incinerator furnaces.
Although the HOPE contains much calcinm carbonate, the company says it
displays the same strength as 100% HOPE. (5 [in English]. ISSN 1044-9663)

2590 SPI HOW-TO PROGRAM, MANUAL HELP COMPANmS
CUT WASTE. [BIB-199207-P4-0032]
At a time when the US federal government has focused its efforts on preventing
pollution, a Society of the Plastics Industry Inc. program and manual is offering
a how-to guide for reducing waste. About two yems in development, the manual
and program are designed to give processOl1la management framework to reduce
the amount of solid waste that either must be shipped to landfills or processed
through the hazardous waste stream. The manual is not intended to be process-
specific, but instead gives managers ideas on how to reduce waste ranging from
office paper to waste oil or toxic byproducts of manufacturing processes. Source
reduction, reuse and recycling are emphasized as methods of decreasing waste.
(Gardner, 1.; 4, (14), 10 [in English). ISSN 1042-802X)

2591 THE STRUCTURE OF THE DUAL COLLECTION SYS-
TEM FOR THE REDUCTION AND AVOIDANCE OF PACK-
AGING WASTE-PANEL DISCUSSION ON STEEL
RECYCLING. [BIB-199207-S1-0093]
The dual system of collection and recycling of packaging waste without a
negative impact on sales outlets is described in terms of localised collection
system with guarantees, organization and fmancing of collection. The legal
background of waste disposal law and packaging regulations are highlighted.
(Albrecht, H.K.;SYDNEY, AUSTRALIA, 7-IOOCT.I990,Publisher: INTER-
NATIONAL IRON AND STEEL INS'ITIUTE, Rue Colonel Bourg 120, B-
1140 Brussels, Belgium, (I99O), 2417, Pp 5 [in English].)

2592 SECONDARY CONTAINMENT TRENCHES MADE OF
ISOPOLYESTERs. [BIB-199208-D6-0201J
When US legislation requiring secondary containment of hazardous materials
was initiated in 1985, Fiber-Trench Inc., Santa Ana, California, was ready with
athree-fold plan: (I) design and buiId modular trench parts that can be assembled
on site to follow virtually any pipeline path, (2) develop a bonding agent that
could be applied in the field, and (3) fabricate trench parts from the same
materials typically used for hazardous material transport pipes and storage tanks.
All these---«ench parts, gluing agent and primary pipes and tanks-were
produced from glass fiber reinforced isopolyesterresin systems based on Amoco
Chemical Company's isophthalic acid. The state-of-the-art Fiber-Trench system
was installed in 1987. Designers selected the system for its superior corrosion
resistance. It will not rust like metal or crack like concrete, and is also lighter in
weight and is easier to work with than either of these traditional materials. (16,
(9),2-3 [in English].)

2593 EUROPEAN MANUFACTURERS SPELL OUT THE OP-
TIONS. [BIB-199208-PI-0157]
The main options for sound waste management of plastics have been listed in a
booklet published jointly by the Association of Plastics Manufact\D'ers in Europe
and the European Centre for Plastics in the Environment These options are:
preveution of waste at SOlU'Ce,re-use and recovery by material recycling,
recovery by chemical recycling, and thermal recovery of energy content by use
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loadlweek. from the stainless steel manufacturing process at the company's plant
near Pittsburgh, Pennsylvania, USA. Representing a significant reduction in the
costs and liabilities associated with disposal of this hazardous waste, the im-
provement was achieved in 1988 with a virtually closed-loop system called the
Aquatech Systems Acid Recovery Process. In addition to saving the company
$825 OOOlyearfrom reduced disposal of acid and sludge, the system improved
plant safety by minimizing acid handling, aided in recovering acid for recycling,
and colllributed to more consistent steel quality. (7, (8),35 [in English]. ISSN
0897-4365)

2576 GERMANY'S DUAL WASTE DISPOSAL SYSTEM IN-
AUGURATED. [BIB-19911()..Gl~164]
On 14 November 1990 the German government issued a directive in respect of
recyling used packaging. The directive obliges the retai1 trade to provide
collection systems for all types of packaging either inside their stores or just
outside their premises. The disposal of such collected materials must be carried
out outside of the public waste stream and at no costs to the local authorities. To
counteract the directive, the corresponding industries jointly agreed to set up a
totally separate waste management system, the Duales System Deutschland
(DSD), GmbH. Within schedules set up by government, DSD will build up
collection and soning systems. Quantities sorted must be recycled Packaging
which can be eliminated such as transport packaging may be replaced by
multi-way systems and secondary packaging phased out. The existing infrastruc-
ture of collection systems will be integrated, emphasis being placed on collecting
and sorting, glass, tinplate, Al, paper/cardboard, plastics, brick packs, laminates.
(24 [in English]. ISSN 0955-8209)

2577 MANDATORY GLASS RECYCLING Bll.L INCLUDES
REPORTING CULLET USE. [BIB-19911O-C4-0001]
The Resource Conservation & Recovery Act Amendments of 1991, S.976,
recently introduced in the US Senate, is designed to e1imiDateor reduce hazard-
oIlS substances used in production activities. The bill contains a number of
provisions to accomplish source reduction and strengthen waste management of
toxic materials by improving disposal and waste treatment. Section 502 would
mandate that within two years of the bill's enactment the EPA would have to
promulgate specific recovery and utilization standards for glass. The standards
would have to specify minimum recovery and utilization rates for individual
glass products, product lines, product groups, or some other aggregated basis
that EPA thought appropriate. Consequent1y, standards concerning the degree
to which glass products could use toxic substances, and the degree that these
products would have to be recoverable, would be set by EPA within two years
of the statute's passage. (Calderwood, JA; 137, (3), 17 [in Eng1ish]. ISSN
0009-(220)

2578 TRANSPORT EXEMPTION SOUGHT FOR PLASTICS.
[BIB-199110-Pl~113]
A group ofimemational waste management organizations has asked the Organi-
zation for Economic Cooperation and Development, Brussels, Belgium, to
exempt recyclable materials such as plastics from controls on the imemational
movement of wastes. Representatives of the Bureau International de la Recu-
peration told the OECD in June 1991 that regulations controlling the movement
of wastes across national borders would be economically irresponsible as well
as ecologically suicidal. The 1989 Basle Convention on waste transportation
calls for a notification procedure that would apply to recyclable plastics. If an
unconditional exclusion for recyclables is not available, BIR asked for an
exemption for materials that pose no significant health or environment risk when
they are transported, which the agency believes would include plastics. (News
Brief). (3, (27), 8 [in English). ISSN 1042-802X)

2579 AUTOMOTIVE FLUFF A GROWING PROBLEM [BIB-
199111-Pl~121 ]
Of the 130 million cars operating in the US, auto dismant1ers and shredders
currently recover approx 9-10 million vehicleslyear-90-95% of the nlDDber
scrapped. Almost all of the Fe and steel is recovered, representing approx
70-75% of total vehicle mass. But most of the increasing amomt of plastic-
which now composes 6-12"/0 of total vehicle mass-is not being recovered.
Shredder fluff has become a major problem in ElD'Opebecause of skyrocketing
land fill costs. Consequeut1y, the focus in ElD'Ope is on minimi:>ing their
contribution to the waste stream. In addition, the recovered plastic is seen as an
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untapped-and valuable--i'Csource for either virgin material or feedstock for
recycled plastic products. (3, (31), 4 [in English]. ISSN 1042-802X)

2580 GUNDLE EXPECTS SURGE FOR LANDFILL LINERS.
~199111-~4]
The first US federal standards for mllllicipallandfills will boost sales of plastic
liner systems, according to the head of Gundie Environmental Systems Inc.,
which claims to be the largest US geosynthetic manufacturer. The regulations,
announced 11 September 1991 by the US Environmental Protection Agency,
require states without EPA-approved programs to use a synthetic liner covering
a 2 ft clay liner under new and expanding landfills. Fewer than 10% of the
nation's 6000 solid waste landfills currently follow those regulations. Although
mUDicipallandfills account for 60% of sales, Gundle serves other liner marl<cts
of mining, industry, utilities, hazardous waste landfills, and specialty applica-
tions such as canals. GundIe eXlludes the flexible liners out of high density
polyethylene and very low density polyethylene, then welds them together using
heat and presslD'e.(Bregar, B.; 3, (32),4 [in English]. ISSN 1042-802X)

2581NEUTRON SHIELDING CERAMIC OFFERS TEN TIMES
THE EFFICIENCY. [BIB-199112-C6-0091]
A neutron shielding ceramic called Krafton N Type has been developed in Japan
by Sanoya Sangyo Co., Ltd, in association with the Ship Research Institute of
the Ministry of Transport. The ceramic is made from boron and Cd based
compounds, which are highly efficient thermal neutron capturers, and from a
Ni-Mg based hydrogen storage alloy, saturated with H, which shields high
energy neutrons efficiently. The material has a specific gravity of2.8 A 15 em
thick shield of Krafton N Type shields 90% of the incident neutrons, while a 35
em thick shield absorbs 99% of incident neutrons. The ceramic is ten times more
efficient at capturing electrons than ductile steel and graphite shields. It is more
durable than polyethylene, another material used as a neutron shield. The
ceramic is fracture, water, and acid resistant and Sanoya and the Institute are
currently studying the possibi1ity of its use to make containers for shipping spent
nuclear fuel. (News Brief). (8 [in English].)

2582 SHREDDER WASTE UNDER DISCUSSION~ISPOSAL
BRINGS TROUBLES, [BIB-199112-s4-008S]
A summary of the discussions at the Workshop on the Disposal of Light Shredder
Waste held in Duisburg by the Institut fur Umwelttechnologie und Umwelttech-
nik is followed by a description of the plant at the Entsorgungszeutrum Duisburg
conveived by Essener Thyssen Engineering for the simultaneous fludised-bed
incineration of clear slurry and shredder waste. Advantages of the proecess
include (i) compensation of the heat required for the slurry incineration by the
excess heat from the shredder-waste incineration, (ü) restriction of combustion
emission to within threshold limits, (iii) low noise emission and (iv) lower
investment and operating costs than for other disposal methods. Axuiliary
processes for reducing or destroying dioxines and furanes are planned. «8-9),
14-15 [in German].)

2583 FAREWELL CSWS; NEW GROUP ENTERS SOLID
WASTE FRAY. [BIB-199202-Pl-0030]
The Comcil for Solid Waste Solutions (CSWS), which has led the US plastics
industry's fight in the solid waste battle for the past three years, ceased to exist
in January 1992. The group's work will be carried on by the Society of the
Plastics Industry (SPI) and the new Partnership for Plastics Progress, which will
operate as an SPI activity. Membership in the CSWS required a set fee, while
the Partnership dues will be based on pounds of materia1processed. The group
also will seek.support from processors, end users, and machinery manufacturers.
In early December, there were 27 companies enrolled, all resin producers. The
CSWS received high marks for its lobbying work, but did not succeed in making
a big dent in public opinions about plastics' role in solid waste. The organiza-
tional changes signal a desire to move solid-waste activities more clearly IDlder
the aegis of the SPI and to widen the base of support. (SO, (2), 70 [in English].
ISSN 0032-1273)

2584ALL EYES ONENVIRONMENTAL ISSUES IN 1992. [BIB-
199202-Pl.oo36]
In the US, with approx 500 bills proposed in 1991, solid-waste management is
sti11 the plastics industry's greatest regulatory concern. Although issues on clean
air, clean water, and worker safety will also demand industry attention in 1992,
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disposing of polychlorinated biphenyls (PCBs), which are known to cause
cancer, and other toxic wastes at the AI smelting and fabricating plant. The
misdemeanor violations occurred in 1989, when company employees evacuated
33 railroad cars full of PCB-contaminated soil and abandoned the soil for more
than three mouths while preparing to install a drainage system. (pollock, B.; 99,
(133),2,7 [in English]. ISSN 0002-9998)

2567 SIC PRECURSOR FROM AGRICULTURAL WASTE.
[BIB-199108-C5-0148]
Fukuoka Industrial Research Institute has produced a method of turning the
byproduct chaff into a material for making silicon carbide. The chaff is a form
of agricultural waste, readily available. The chaff is fust crushed and then
subjected to treatment with an a1ka1i solution and boiling at a pressure of30 atm.
The treated chaff is then conditioned with enzymes (micro-organisms) so as to
degrade cellulose. The remainder is burned, leaving an ash which contains Si
and carbon, to which additions ofSi and C can be made as needed. (News Brief).
(2 [in English].)

2568 HAZARDOUS WASTE: THE TOXICITY CHARAC-
TERISTIC. [BIB-199108-P4-0040]
On 29 March, 1990, EPA promulgated the Toxicity Characteristic (TC) greatly
expanding the amount of waste considered hazardous. Regulatory levels were
established for an additional25 organic compounds, expanding the TC constitu-
ents list to 39 substances. The regulatory level for vinyl chloride was set at 0.2
mgll, a sufficiently high level to assure that most PVC wastes will not be
hazardous because of VCM. The history of this regulation and its effects on
industry are discussed. PVC wastes continue to be at risk of becoming hazardous
due to their heavy metal content. Those facilities managing wastewater on-site
in surface impoundments should determine whether their wastewater contains
any TC constituent at or above the regulatory level. If the source of the
constituent cannot be controlled, the facility may need to submit a RCRA Part
A. (Ledvina, J.C.; 13, (2), 101-103 [in English]. ISSN 0193-7197)

2569 EPA MAY CHANGE FURNACE DUST DISPOSAL
CODES. [BIB-199108-S4-0051]
During 1991 the US Environmental Protection Agency is expected to come out
with fina1 regulations regarding the handling of hazardous waste classified as
K061 under the Resource Conservation and Recovery Act (RCRA); which was
originally enacted in 1976. Representatives of the mini-mills are concerned that
the fmal regulations might require the mills to dispose of slag from treated arc
furnace dust in hazardous waste landfills. The cost of disposal would increase
operating expenses dramatically. The preferred method of handling arc furnace
dust under RCRA is recycling rather than disposal. The proposed EPA regula-
tions could force disposa1 of the slag rather than recycling, which would be ironic
and inimical to the national interest, according to the Steel Manufacturers
Association. The current industry practice is to put the dust generated by electric
arc furnaces into a high-temperature metal recovery (HTMR) furnace to recover
the valuable metals that remain. An a1temative is to stabilize the dust by mixing
it with concrete and shipping it to a landfill. (Connaughton, D.; 99, (98), (SuppI.
Ferroalloys), lOA, 14A [in English]. ISSN 0002-9998)

2570 REYNOLDS SYSTEM GIVEN GREEN UGHT. [BIB-
199109-G4-0084 ]
The Environmental Protection Agency has given a conditional green light to
Reynolds Metals Co. to proceed with plans for industria1-scale processing of
spent potliner. The EPA conditionally removed spent pot1iner-for years a
disposal headache for the US AI industry-from the hazardous waste list. This
could make potliner eligible for disposal in landfills. Richmond, Virginia-based
Reynolds Metals maintains that a thermal process it developed and worked
through the pilot-plant phase can recycle the waste into a nonhazardous and
potentially II1lUketableproduct. (Abrahamson, P.; 99, (141), I, 12 [in English].
ISSN 0002-9998)

2571 HAZARDOUS MATERIAL TRANSPORT REGULATION
CHANGE FOR ALUMINUM WASTE. [BIB-199109-G4~]
On 25 AprilI99I, a new regulation (V0-E-70: Transport of Aluminum Waste)
was passed. This regulation applies to the areas of railand tractor trailer transport
of AI waste and cancels a previous regulation in effect since 1May 1990, which
was under unanimous criticism from the nonferrous metal and transportation
industries. Each year in the FDR, approx 40 000-50 000 tons of Al waste are
produced. In contact with water, AI waste with a high surface to volume ratio
can produce a flammable gas. Therefore, in the FDR, AI waste falls into Class
4.3 of the Hazardous Materials Transport Regulations. Depending on the rate of
gas evolved, under the new regulation VO-E-70, AI waste can fall into one of
three groups, with powdered AI falling under a separate regulation. Regulation
VO-E-70 establishes guidelines for protection from water and moisture, mate-
rials leakage, registration of material with authorities and means of fire protec-
tion of the three groups of AI waste. (Eckert, M.; 67, (6),515-517 [in German].
ISSN 0002-6689)

2572EPA CITES THREAT OF LEAD IN RESIDUE AT SHRED-
DERS. [BIB-199109-G4-0089]
Lead contained in the residue from shredded autos and appliances might pose a
greater environmenta1 risk than either Cd or polychlorinated biphenyls (PCBs),
according to a pilot study by the US Environmental Protection Agency. The
study focused on seven US shredders; its fmdings appeared to suggest that the
amount ofPb likely to leach from the residue into the environment is higherthan
the guidelines allow. Cadmium and PCBs, while still a threat, are believed to be
within acceptable leaching levels. The study reaffmned suspicions that the fluff,
and not the metal output from the shredding, was where much of the PCBs were
to be found. The PCB concentrations in fluff were 50 times greater than those
fOlD1din nonferrous shredded metals and 200 times greater than the levels fOlD1d
in ferrous metals. (Goodwin, M.; 99, (137), 8 [in English]. ISSN 0002-9998)

2573 GREENPEACE TO RENEW ATTACK ON INCINERA-
TION. [BIB-199109-P4-0045]
Just as European industry faces up to the many difficulties in recycling its waste,
the environmentalist group, Greenpeace, has reaffmned its opposition to the
alternative solution of incineration. A Greenpeace report against incineration has
been prepared and the campaign is to get fully under way in August. Greenpeace
maiIItains that incineration does not destroy waste but creates dioxins and furans.
Incineration aside, the group maintains its antipathy to PVC as a material, and
also alleges that all of the UK's current tally of34 incinerators are substandard
in relation to forthcoming EC legislation on the matter. The Chemical Industries
Association has responded that incineration is an essential, safe and practical
means of waste disposal which offers the opportunity of using waste as an energy
source. (News Brief). «1390), 1 [in English]. ISSN 0032.1168)

2574 PROCESS REMOVES DIOXINS FROM SOUD WASTE.
[BIB-199109-P4-0046]
In the past, there has been considerable controversy over PVC's presence in
incinerated municipal solid waste and whether more dioxins are formed ifPVC
is present. Now, however, that whole discussion may be moot. Hitachi Zosen
Corp. has developed an incineration system which drastically reduces dioxin
emissions from incinerated garbage. In one company test, dioxin coDlent de-
creased by 99.6%. With the Hitachi system, a mixture of air and water is blown
from a nozzle fIXed to the wall of the furnace at a speed close to the speed of
SOIUld.This causes more efficient mixing of the materials to be incinerated, thus
more complete combustion that removes the dioxins from the exhaust gases.
(News Brief). (4 [in English]. ISSN 1044-9663)

2575 CURING A SPENT PICKLING UQUOR HANGOVER
VBIB-199109-S1~7]
Leading specialty steel manufacturer, Washington Steel Corp., has reduced
disposal of spent pickling liquor from nearly one truckload/day to just over one
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particular have four major means of dealing with solid wastes: reduction, reuse,
recycling, and disposal. One of the best ways for foundries to meet the solid-
waste disposal challenge is through joint efforts, especially regional efforts.
Issues confronting the foundry industry in dealing with mounting legislative and
public pressure to handle solid wastes are discussed. (East, W.R.; 119, (5),47-49
[in English]. ISSN 0360-8999)

2556EDDY CURRENTS HELP SAVE OLD ALUMINIUM. [BIB-
199107-GI-OI03]
Modified equipment used in the metal reclamation business is being tested on
refuse to salvage discarded Al. According to Eriez Magnetics, the Newport-
based company which makes the eddy current machines, Oxfordshire council
buries 2500 toDDesof AI each year because it cannot separate it from the other
refuse. Ifthe eddy current equipment is made use of, Oxfordshire stands to malce
nearly pounds sterling 1.5million outofitsrubbish. (272, (7043), 35 [inEnglish].
ISSN 0013-7758)

2557BARMET ALUMINUM INNOVATION ELIMINATES EN-
VIRONMENTAL PROBLEM. [BIB-199107-C4-0060]
Barmet Aluminum Corp., a leading AI recycler and coil producer based in
Akron, Ohio, USA, is the flTStAI manufacturer to treat AI strip for the exterior
building products market with a Cr-free system. Bannet commissioned Paricer
+Amchem, Madison Heights, Michigan, to develop ahighly customized system.
The system that Parker + Amchem developed for Bannet utilized Bannet's
five-stage pretreatment line. The AI is flTStcleaned with an alkaline solution to
remove oils and Al fmes. After a warm water rinse, an organa-metallic, chrome-
free treatment is applied by spray application. After a second water rinse, the
material is treated with a chrome-free fmal rinse that seals the coating. This eutire
process produces a Ti-based, organo-meta1lic complex, ready for paint applica-
tion. (30, (2), 14 [in English]. ISSN 0026-05SX)

2558 BIOLOGICAL FILTER REMOVES URANIUM POLLU-
TION. [BIB-199107-G4-0065]
Metal-eating microbes may provide a solution to the problem of how to clean
up uranium pollution. Bacteria known as GS-15, found four years ago in the
Potomac River, USA, were known to be able to live on Fe, and to decompose
toluene and benzene. The US Geological Survey, looking for ways to remove
U from polluted water near U mines and toxic waste from nuclear weapons
plants, found that GS-l 5 is also partial to U. The microbes ingest the water-sol-
uble tf+ ions and change them into insoluble if ions. A filter chamber
containing GS-I 5 could thus precipitate out U for collection and disposal. (News
Brief). (11 [in English].)

2559 DEVELOPMENTAL RESOURCE RECOVERY TECH-
NIQUE GETS BOOST FROMDUPONT. [BIB-199107-Pl-0073]
The Du Pont Company has agreed to participllle in the development and
marketing of a new resource recovery technology with application to both ends
of the plastics life cycle-polymerization and ultimate disposal. The process,
originally developed by Molten Metal Technology (MM1), Cambridge, Massa-
chusetts, USA, involves use of a metal bath into which practically any type and
form of waste material can be thrown-for separation, for sterilization if
nccded-and for ultimate recovery and reuse. Du Pont will fund the develop-
ment of application of the technology to specific but yet UDDamedwaste streams.
Examples of the genera1 applicability of the MMT process to plastics include
the reduction of auto "fluff'. (the material that currently remains when recover-
able metals have been extracted from scrapped automobiles) to its component
molecules for reuse. Medical waste, which now contains twice the percentage
of plastics and more PVC than is present in the municipal waste stream, would
likewise be reduced to its elemeDla1molecules, eliminating any problems with
infectious matter along the way. (5 [in English]. ISSN 1044-9663)

2560 IMPETUS FOR SOPIßSTICATED RECYLING TECH-
NOLOGIES FROM ITALY. MODEL TESTS IN CITIES FOR
DISPOSAL AND RECOVERY OF USED PLASTICS PROD-
UCTS. [BIB-199107-Pl-0088]
The latest Italian developements in plastics recycling machines, as exhibited at
the Milan Plast '91, and stimulated by recent legislation, have resu1ted in
recycling in Italy of 400 000 t of plastics: approx 100/0of consumption. The
household waste contains up to 11% of plastics, with 85 250 t of PET and 62
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000 t of PVC being utilized in the packaging each year of approx 6.4 billion I of
drinks. A typical model test in 31 Milan supermarkets permitted recovery of
7000 bottles/month corresponding to 4.2 tlyear. The Italia Trade Centre in
Dusseldorf also hosts frequent symposia on the subject «8), 12-14 [in German].
ISSN 0342-7099)

2561 PLASI1CS WERE THE PACEMAKERS. THE "EURO-
PEAN WASTE STOCK EXCHANGE" CONTINUED TO
FLOURISH IN 199(t [BIB-199107-Pl-0090]
Plastics and other residues are clear leaders in the "European Waste Stock
Exchange" set up in 1974, operated by the chambers of industry and trade and
already serving non-European countries including Canada. The plastics business
fell slightly in 1990, but offers for sale and for purbase still totalled 50.6 and
41.8% of the total waste transactions. Chemicals were next in succession with
14.8 and 18.3% respectively. «9), 1-2 [in German]. ISSN 0342-7099)

2562 SOUND WAVES REDUCE SOOT EMISSION FROM
BURNT POLYElHYLENE WASTE, SAYS EPA. [BIB-199107-
P4-0036]
If loud rock music was able to drive Panama strongman Manuel Noriega out of
his hiding plaCe, can sound waves of 170 db clean up combustion gases in a
municipal or hazardous waste incinerator, making them move faster, mix better
with oxygen, and produce less stack emissions? That is the question the Office
of Research and Development, US Environmental Protection Agency (EPA), is
trying to answer while testing a prototype "pulse" combustor developed by
Sonotech, Inc., Atlanta, Georgia Approximately 75% less soot was emitted
when the pulse combustor was used to bum polyethylene material-primarily
HDPE milkjugS-than when a conventional (nonpulse) combustor was used. The
pulse combustor reduces products of incomplete combustion such as soot,
carbon monoxide, and organic chemicals, increasing "complete" combustion. (5
[in English]. ISSN 1044-9663)

2563 PRODUCE BORATED STAINLESS STEEL SQUARE
PIPE AS SPACE-SAVING SPENT NUCLEAR FUEL STOR-
AGE. (BIB-199107-S6-0096]
Since 1977, Nisshin Steel Co., Ltd., Tokyo, has manufactured stainless steel
squarepipe-UNS S 30400, Ni 8.00-10.5O-foruse as storage vessels forspeDl
fuel from nuclear power plants. Boron, BIO, has a large thermal neutron absorp-
tion cross-section, and its addition to stainless steel increases the material's
absorption capacity. In 1990, Nisshin's NSS 304 NFB 1square pipe_idth 154
mm, length 4300 mm-became the first borated stainless steel in Japan to be
used in spent nuclear fuel storage vessels. (6, (4), 12 [in English].)

2564 EC TIGHTENS UP WASTE LANDFILL L1EGISLATION.
(BIB-199107-S7~92]
A fw1her directive on waste landfill was adopted by the EC in AprilI99I. This
controls procedures for various kinds of landfill, dealings with existing difficult
sites and similar matters. The question of the necessary fund raising has not been
revealed. Present legislation does not differeDliate between scrap and waste and
the new directive is aimed at preventive action, deflDing those responsible for
action. h also aims at being a European standard, acceptable to all. The new
directive will include matters applying to metal type industries. «7586), 21 [in
English]. ISSN 0026-0533)

2565 ALCOA PLANNING S50M (ENVIRONMENTAL
CLEANUP) PROJECT. [BIB-199108-G4-0071]
Aluminum Co. of America will spend $50 million at its Massena, New Yolk,
works for a remedial environmental cleanup project that is expected to take eight
years. The remediation work will include the design and construction of a secure
vauh for the disposal of treated soils and sludges, landfill and lagoon closures
as well as the restoration of stream and wetlands. Alcoa's Massena plant is a
primary AI smelterwith continuous casting capability and extrusion presses. (99,
(119),7 [in English]. ISSN 0002-9998)

2566 ALCOA HIT WITH S7.5M PCB FINES. [BIB-199108-G4-
0072]
Aluminum Co. of America has pleaded guilty to four violations of New York
State pollution laws at its Massena, New Yolk, USA, plant and agreed to pay
$7.5 million in fmes. The Alcoa plant was charged with storing. shipping. and
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and record-keeping violations. In addition to the stiff fme, the company has
agreed to fund an independent audit of its waste-handling practices and plant
records. (Lashinsky, A.; 3, (1), 22 [in English]. ISSN 1042-802X)

2545EPAACCUSES THREE STEEL FIRMS OF HAZARDOUS
WASTE DISPOSAL (BIB-1991~15]
Chaparral Steel Co., Midlothian, Texas, National Rolling Mills Inc., Paoli,
Pennsylvania, USA, and Structural Metals Inc., Seguin, Texas, were among
eight companies that the US Environmental Protection Agency has filed lawsuits
against for alleged hazardous waste disposal violations with fines of up to $25
OOO/daylviolation.The land disposal restrictions under the Resource Conserva-
tion and Recovery Act (RCRA) require treatment of most hazardous wastes,
allowing only adequately treated wastes and residues to be disposed of on land.
Through these laws, the EPA seeks to replace land disposal with advanced
treatment, recycling, waste minimization and alternate hazardous waste control
teclmologies. (Abrahamson, P.; 99, (37), 1, 16 [in English]. ISSN 0002-9998)

2546SEARCHING FOR SOLID ANSWERS (TO SOLID WASTE
DISPOSAL PROBLEM). [BIB-199104-S4-0020]
Steel and AI producers are faced today with solid waste problems thatthey didn't
know they had until the implementation of the RCRA laws in 1976 that
empowered the EPA to designate materials as hazardous wastes. Examples
include PCB filled transformers, baghouse dusts, and coke oven gas drip legs.
Each cite must be studied and an individual plan tailored for compliance. Electric
furnace dust is the most pressing problem, along with scrap contamination with
radioactive material. Several techniques have been developed to deal with
furnace dust as well as techniques to reduce the amount of dust produced.
(BrookS, R.; 29, (1), 22-25 [in English]. ISSN 0149-1210)

2547 POTENTIAL BENEFICIAL USES OF STEEL SLAG
WASTES FOR CIVIL ENGINEERING PURPOSES. [BIB-
199104-84-0024]
Large tonnages of slag wastes are produced in the iron and steel industry and
space for dumping them has become a problem. Any means ofutiIizing the slag
would be welcome. Although blast furnace slags are known to be widely used
in the manufacture of cement, the use of steel slags for civil engineering purposes
has not been given much encouragement in the literature. This commlDlication
reports efforts to assist the Nigerian steel industry to ease the problem of waste
disposal. An effort has been made to make their slag potentially useful in civil
engineering with, hopefully, some revenue earned from the disposal of the now
unwanted material. (Akinmusuro, J.D.; 5, (1), 73-80 [in English). ISSN 0921-
3449)

2548 GROUP EYES NEW SOLUTIONS TO OLD BATTERY
PROBLEM. (BIB-199105-Gl-0063]
Members of a Ph-acid battery advisory committee have agreed that landfilling
batteries should be banned and instead some type of battery take-back system
and more consumer awareness about recycling are needed. The group was
formed in early February by the Environmental Protection Agency. Its aim is to
try to come up with some consensus on how to attain as close to a 100%recycling
rate for Ph-acid batteries as possible. The association has asked the agency to
consider regulations that would: require a maximum content of recycled Pb in
new batteries, limit the annual production of primary Pb, ban or restict the export
of spent Pb-acid batteries; and ban or restrict the importation of new batteries,
battery components and fmished Pb in metallic form, and battery power sources.
(Abrahamson, P.; 99, (55), 9, 11 [in English]. ISSN 0002-9998)

2549RECYCLING ROUND UP. UK. [BIB-199105-Pl-0056]
Al present 0.1% of The 1.3 million tennes of packaging consumed each year in
Britain is reclaimed. the government is contributing polDlds sterling 40 million
to set up recycling schemes. By the end of the century, the UK intends to collect
and recycle 50% of domestic waste (this compares with a figure of 85% in
Germany by 1995). (10 [in Eng1ish]. ISSN 0264-7753)

2550 (pLASTIC MODULES FOR HAZARDOUS WASTE.) (BIB-
199105-~]
Unique composite plastic modules for managing hazardous waste have been
developed by Environmenta1 Protection Polymers, Inc., Hawthorne, California,
USA, IDlder a US Depar1ment of Energy SBm program. Particulated toxic

wastes are combined with polybutadiene resin and molded into cylindrical cores.
The cores are then sealed by fusing high-density polyethylene (PE) pellets onto
their surfaces, thereby encapsulating them in seam-free PE jackets. The resulting
48 gal modules approximate the shape of 55 gal drums. The process provides
an attractive, cost-effective option for stabilization/solidification of toxic wastes.
Pilot studies are IDlderway. (News Brief). (7, (4), 11 [in English]. ISSN 0888-
1227)

2551MG GROUP TACKLES CLEANUP. (BIB-199106-G4-0050]
German metals and engineering company Metallgesellscbaft AG is to head an
international consortium aiming to clean up and modernize the massive YEB
Mansfeld AI and Cu-producing complex, one of the largest and most polluted
industrial zones in eastern Germany. Tbe cost of the operation could eventually
exceed 1 billion deutschemarks ($571.2 million). It teams Fran1cfurt-based
Metallgesellschaft and private-sector partners from the US and Europe with
Germany's state-rim Treuhand privatization agency. The agreement calls for
Metallgesellschaft to lead the group, which is to prepare a project feasibility
study in the next three months. The next phase would focus on cleansing the soil
around Mansfeld, modernizing its smelters, installing a new power plant and
attracting new investors. (Regan, J.G.; 99, (88), 8 [in English]. ISSN 0002-9998)

2552 L'AIR UQUlDElMMT TO COMMERCIAUZE WASTE
PROCESSING METHOD. (BIB-199106-Pl~2]
A resource recovery and waste processing technology with application to both
ends of the plastics life cycle-polymerization and waste disposal-will be
jointly marketed and developed by Mohen Metal Teclmology (MM1) and L' Air
Liquide, Paris, France. Over a period of four years, the firms will devote $30
million to a worldwide coounercia1ization project for a process they call cata1ytic
extraction processing (CEP), originally developed by MMT. The technology has
at least two applications to plastics. First, it can be used to process fmished
materials such as plastics and rubber that may be part of a hazardous stream such
as medical waste. In addition, the process can be applied to catalyst removal in
monomerization and polymerization processes. (News Briet). (4 [in English].
ISSN 1044-9663)

2553 JAPAN ISN'T REUSING POST-CONSUMER PLASTIC.
VBIB-199106-Pl~5]
Plastics recycling in Japan is overwhelmingly an industrial affair, while incin-
eration oUlnJnslandfilling in a densely populated COlDltrythat generates far less
municipal solid waste/person than the US. According to new figures assembled
by charles River Associates, the Japanese recycle very little post-consumer
plastic waste, and ofwbat they do incinerate-tbe disposal choice that accounts
for 65% of plastics waste-most is converted to steam rather than electricity.
Japanese plastics processors and users only now are beginning to form alliances
to address solid waste issues, a process which should gather steam in coming
months. Japan's primary plastics trade association, the Plastics Waste Manage-
ment Institute of Japan, recently has begun working with the powerful Ministry
of International Trade and Industry to coordinate plastics solid waste manage-
ment. (Lashinsky, A.; 3, (10), 5 [in English]. ISSN 1042-802X)

2554 (US) SENATE TO HEAR PROPOSED RCRAREVISIONS.
(BIB-199106-Pl-0071]
A comprehensive waste-management bill introduced in the US Senate would set
ambitious plastics recycling goals, mandate minimum recovery and recycled
content rates for plastics and perhaps increase greatly the permitting burden that
recyclers face. Those are just some of the measures contained in an opening bid
by Sen. Max Baucus, D-Nevada, to rewrite the country's major statute governing
waste, the Resource Conservation and Recovery Act. The bill is being viewed
as the vehicle to begin the Resource Conservation and Recovery Act reauthori-
zation process in the Senate. When completed, the bill could change the way the
country produces, handles and disposes of all kinds of waste. (Lashinsky, A.; 3,
(11),5,20 [in English). ISSN 1042-802X)

2555 SOLID WASTE-NO PLACE TO GO. (BIB-199106-84-
0031]
Foundry waste may be the most innocuous nonhazardous industrial waste.
Unfortunately, it is competing for dwindling landfill space with hlDldreds of
millions of tons of other waste-both municipal and industrial-tbat are pro-
duced in the US each year. The US, in general and the foundry industry, in
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them out of the landfills. A cosor1ium of molders for the automotive industry
has used a pyrolysis system developed for disposal of automotive tires. It was
found that shredding the CRP waste makes pyrolysis much more effective.
Two-inch chip appears to be optimum. In pyrolyzing the GRP, the material is
heated to high temperanIre in a vacuum chamber (eliminating oxygen), so no
combustion actually occurs. Byproducts are gases, oil-like residues, and inor-
ganic reinforcements/fillers which are relatively low in volume and hence easier
to dispose of. (News Brief). (7, (3), 4 [in English). ISSN 0888-1227)

2536 DATA AVAILABLE ON WASTE MANAGEMENT. [BIB-
199103-P4-0015 )
"A Competitive ADalysis of Hazardous Waste Management", from Leading
Edge Reports,. Cleveland Heights, Ohio, USA, gives market size growth and
forecast figures for the muJtibillioo-dollar hazardous waste trea1ment and dis-
posal maria:t. The report covers competitive straIegies, new legislation, new
markets, industry trends and company profiles. Markets covered include the
plastics, rubber, chemical and petroleum industries. Cost of the 160 page study
is $1950. (News Brief). (2, (49), 10 [in English]. ISSN 1042-802X)

2537 MASSACHUSETTS FIRM TO MARKET MOLTEN MET-
AL TECHNOLOGY. [BIB-19910J-SW01l)
A hazardous waste treatment process based on steel-making techniques is being
brought to market by Moben Metal Teclmology, Inc., Cambridge, Massachu-
'setts, USA Wastes with a high metals colllent (0.5%) or a high halogen content
(up to 15% by weight) ean be handled by the technology. The system involves
the injection of waste and oxygen into a bath of molten steel (with a temperature
of 2900 OF (1593 0C». The waste falls to the bottom and cycles its way up

. through the bath. As the high temperature causes the waste to break down to its .
elemental components, carbon is absorbed into the steel and then stripped by the
O. An air pollution train can be employed to capture waste gases, such as
hydrogen chloride, and in some cases, a low-Btu gas can be recovered Inor-
ganics are incorporated into a moben layer on top of the steel that can be tapped

" to produce a nonleachable glassy slag. Develoment work has fOC1lSedon steel
as the moben metal, but other metals could be employed for articular waste
streams. An Fe bath may be suitable for wastes with a high er content as a means
of producing stainless steel, and that a lower temperature bath is being developed
for the recovery ofZn. (6, (2), 10 [in English].)

2538 DEALING WITH CHEMICAL WASTE. [BIB-199104-G4-
0039)
Primary metal producers are being singled out as seri01lS polluters of toxic waste
and EPA prosecution is being upheld by the courts forcing manufacturers to
impose expensive controls on their operations. Waste minimi7.ation and waste
management are seen as the keys to meeting this crisis. Communication with the
public is important to ensure that programs are understood. Once the toxic
substance is identified, a program to take care of it can be initiated. In some
cases, the waste ean be processed into a useful product such as lime residue for
agriculture or pickle liquor for wastewatertrea1ment. PCB problems are a major
concern, but hope for a biological treatment or a chemica1fmcineration method
offer the greatest hope. The EPA still faces a struggle to fmd a middle grolD1d
between strict environmentalists and an industry plagued by increasing costs of
environmental control. (Lavoie, F.J.; 29, (1), 26-28 [in English]. ISSN 0149-
1210)

2539ALCAN SET TO APPEAL TOXIC WASTE RULING. [BIB-
1991~2)
Alean Aluminum Corp., has elected to appeal a January 1991 federal court ruling
that itmust ante up approx S3.2milion in connection with a Pollution Abatement
Services (PAS) case involving a toxic waste site near its big Oswego, New Yark,
USA, rolling mill. The former PAS property, once dubbed the seventh-worse
toxic waste site in the US, has cost the federal government $13 million to clean
up. Alcan Aluminum had been accused of dumping four million gallons of waste
emulsion containing Cr, Pb and Zn there between 1970-1977. In 1987 approx
82 companies acknowledged responsibility for generating a toxic brew of
arsenic, heavy metals and carcinogens and repaid the government a total of$9.1
million. Alcan demurred, maintaining that the wastes generated from rolling Al
at Oswego were harmless. The EPA, which initially had concurred with Alean's
position, reversed itself on the basis of an in appropriate test precedure following
Alean's misreading of pertient EPA regulations. The resuh was a finding that a
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single sample was hazardous. Upon reverting to the correct procedure, the
sample in question and all other samples passed EPA muster. (Regan, B.; 99,
(33), 2, 7 [in English]. ISSN 0002-9998)

2540 WASTE WATER TREATMENT PLANT AT
METALEUROP WESER BLEI GMBH AND METALEUROP
WESER ZINK GMBH NORDENHAM-REDUCTION OF THE
WASTE WATER VOLUME AND THE AMOUNT OF RESI-
DUES. [BIB-199104-G7~132)
Waste water of the Pb smelter and the electrolytic plant are treated together.
Domestic sewage waters flows to the municipal sewage purification plant
Weakly contaminated surface water is collected and used for cooling and as
process water where the requirements are less strict. Contaminated waste water
flows in a volume of 40-50 m3/h - i.e. 2 m3ft of metal prodction-4o the
three-stage waste water trea1ment plant The toxic agents are precipitated by
addition ofNa2S and NaOH in the fust stage in an acid medium, an in the second
stage in an alkaline medium. The third stage mainly works as a flocculation stage
by adding lime, FeCIS04 and caustic soda. The demand of the 39th. Adminis-
trative Regulation of article 7a of the Clean Water Act are reliably met (Menge,
R.; 44, (2), 75-80 [in German]. ISSN 0044-2658)

2541HONG KONG FAULTED ONPLASTICS. [BIB-199104-P1-
0041)
A recent study by Australia-based consultant Sira International, Canberra, fOlD1d.
that Hong Kong still has a long way to go to bring its plastics waste management
under control. The study suggests industry assumptions that recycling plastics
waste is unprofitable are inaccurate. Export of plastics waste has doubled each
year over the three years to 1989-when they totaled HK$200 million ($15
miIlion)-with moderate growth to 1990. The report sees further growth poten-
tial in increasing demand from Japan, the US and Australia. Key growth areas
are polyethylenes, polystyrene, and po1yvinyl chloride. (News Brief). (148, (9),
34 [in English). ISSN 0009-272X)

2542 21 MlLUON TONNES OF PLASTICS WASTE BY YEAR
2000: SHELL [BIB-199104-Pl-0044)
A useful set of papers on plastics waste, produced originally for intema1
briefings, has been published by Shell International Petroleum, ID1derthe title
Plastics: a Renewable Resource. Shell forcasts that the estimated 13 million
tonnes of plastics waste produced in western Europe at present will increase to
16.5 million by 1995 and to 21 million tonnes by year 2000, and itmakes some
interesting projections. While, with the significant exception of vinyls, as
plastics (including thermosets) will grow in the waste mountain, the major
growth factor will be polypropylene, currently about22 million tannes of waste
but forecast to rise to approx 6 million tonnes by 2000. (News Brief). (16, (1),
18 [in English). ISSN 0309-4561)

2543 FORMOSA AGREES TO PAY RECORD EPA FINE. [BIB-
199104-P4-O(20)
Formosa Plastics Corp. has agreed to settle a dispute with the US Environmental
Protection Agency over alleged violations of the federal hazardous and solid
waste law. Without admitting or denying guilt, the Taiwan.basedresin supplier's
Point Comfort, Texas, plant will pay a $3.38 million penalty, the largest ever
under the Resource Conservation and Recovery Act. The Point Comfort facility
manufactures PVC powder and in the process produces crude ethylene dichlo-
ride, EPA lists waste from the EDC distillation process as well as waste from
the purification of crude vinyl chloride monomer into PVC as hazardous. (News
Brief). (3, (1), 2 [in English). ISSN 1042-802X)

2544 EPA CRACKS DOWN ON REGULATION VIOLATORS.
[BIB-199104-P4-00(1)
Fulfilling its promise to punish violators of its hazardous waste laws, the US
Environmental Protection Agency has annolD1ced a nationwide crackdown
against 28 companies that have run afoul of the agency's record-keeping,
trealment, storage and disposal regulations. A Du Pont Co. plastics-producing
plant in Deepwater, New Jersey, led the list of alleged violators, and the company
agreed to pay $1.8S million, one of the largest fmes ever under the Resource
Conservation and Recovery Act ban on hazardous waste land disposal. Regula-
tors lodged five allegations against Du Pont for infractions including unlawful
disposal oftoxic solvent and liquid hazardous waste, inadequate waste analysis
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of tools, proper elimination and santitation in the work area. Factors to be
considered in developing a plan are described (Guimond, M.; 2-3 [in English].
ISSN 0011-2199)

2526 PROCESSING PACKAGING PLASTICS. [BIB-199102-Pl-
0023] .
The European Community generates 2 billon tonnes of potentiaIly valuable
waste every year. The latest report-Recycling Polymers From Scrap Products
-from the Rubber and Plastics Research Association of Great Britain (RAPRA)
estimates that the UK alone throws away recyclable material worth polUlds
sterling TSO million/year. About 7 millon of this waste is plastics most of which
has been used in packaging applications, and it is the recycling of this particular
post-consumer waste which is becoming one of the growth areas of the 199Os.
However, all recyling schemes face two major hunlles: collection of the new
material and fmding a market for the recycled plastic. For these reasons BASF
has said that it favours incineration with heat recovery as the best solution for
plastic waste. Many other companies believe that recycling is the way forward
and levels of investment in both R&D and new plant are at an all-time high.
(Ottewell, S.; (485), 19-20 [in English]. ISSN 0302-0797)

2527 UPDATED STUDY CONSIDERS LEAD IN PLASTIC
PRODUCTS. [BIB-199102-P4-0004]
SPl's Vinyl Institute has sponsored a study to supplement and revise a report on
Pb in plastic products in municipal solid waste, which was originally published
by the US Enviromnenta1 Protection Agency (EPA) in 1989. The new study
reanalyzes the sources of Pb in heat stabilizers in plastics, using more detailed
information than previously was available. Results indicate that the estimates of
total 1986 discards ofPb in plastics are 11% less than those contained in the
original EPA report. Overall, discards of Pb in stabilizers in polyvinyl chloride
are projected to be lower in the year 2000 than those projected in the 1989 report.
Both studies were conducted by Franklin Associates, Ltd. (News Brief). (46,
(12),3 [in English]. ISSN 0091-9578)

2528 MANY SMALL LEGISLATIVE ISSUES COULD ADD UP
TO MAJOR BURDEN. [BIB-199102-P4-OOO7]
The Society of the Plastics Industry and the ColUlcil for Solid Waste Solutions
have pegged solid waste as the most significant area to watch for US govern-
menta1 involvement in 1991. At the federa1level, the issue is likely to focus on
one ml\ior piece oflegislation: reauthorization of the Resource Conservation and
Recovery Act. Besides solid waste, a host of issues will affect the US plastics
industry, including: the potential for the list of substances considered hazardous
to be expanded; new environmental or energy taxes; and the .possible lowering
of the regulatory threshold for hazardous substances. One area that is sure to
affect the industry is the Environmental Protection Agency's new stormwater
regulation, released in mid-November, which will require every processor to
obtain a permit of one form or another. (Lashinsky, A.; 2, (44), 13-14 [in
English). ISSN 1042-802X)

2529 J& L SPECIALTY STEEL USES DERECO SYSfEM TO
MANAGE HAZARDOUS WASTE. [BIB-199102-S4-0007]
Hazardous electric furnace dust and other waste materials produced in J & L
Specialty Steel's Midland, Pennsylvania, USA, stainless steel operation are
processed in a briquetting facility that produces a recyclable electric furnace
charge material Cost savings are approx $10.oo/liquid steel ton compared with
dust disposal in a landfill. A future thermal separation plant will produce
feedstock to a metal refmer for fma1 resmelting from progressively Zn-enriched
dust (Marino, D.J.; White, J.F.; Deszo, R.L; 67, (12), 47-SO [in English). ISSN
0021-1559)

2530 WASTE CHARACTERIZATION AND ANALYSIS: NOW,
IT PAYS TO KNOW YOUR WASTES. [BIB-199103-G4-002S]
The benefits of knowing all about plant waste materials and processes make
possible intelligent decisions regarding waste management options such as:
whether wastes are being disposed or handled according to regulations; the
minimization or reuse of certain waste materials; and whether disposal or
constructive use options can reduce costs and liability. A typical foundry can
generate from 8-40 individual wastes. Idenitification of each generation point is
importaDt to avoid overlooking wastes generated infrequently or in small quan-
tities. Points to consider in setting objectives, sampling, laboratory analysis and

interpretation of results is discussed. (Streblow, S.; 81, (I), 30-31 [in English].
ISSN 0026-7562)

2531 ENVIRONMENTAL ASSESSMENTS ANDAUDITS. [BIB-
199103-G4~I]
The single most importaDt reason for conducting environmental assessments and
audits is the effect of the Comprehensive Environmenta1 Response, Compensa-
tion and Liability Act of 1980 (CERCLA). This law, better known as "Super-
fund", requires the cleanup of sites which pose a threat to human health or the
environment. It is critical for a folUldry seller or buyer to IUIderstand the purpose
of the assessment or audit. There are many types serving different purposes.
Generally, as used here, property reviews faIl into two categories: assessments
and audits. An assessment focuses on CERCLA or Superfund liability for past
practices; the audit on present and future compliance issues. (Aldred, J.P.;
Euvard, LE.; 81, (2), 33-35 [in English]. ISSN 0026-7562)

2532 FOUNDRY WASTE RESEARCH: AMODEL FOR INDUS-
TRY. [BIB-199103-G4-00(3)
Foundries constitute one industry group that has developed and maintained an
extensive waste managment research effort since the early 19705. Their research
has not only earned the praise of EPA officials, but has also resulted in a series
ofimportaDt EPA decisions that have saved the industry many millions of dollars
in waste disposal costs. A history of the research conducted by the American
Foundrymen's Society over the past 20year.; on waste disposal is given. (Smith,
J.D.; 81, (2), 24-27 [in English]. ISSN 0026-7562)

2533 RCRA'S SOLID WASTE REGULATION AND ITS IM-
PACT ON RESOURCE RECOVERY IN THE MINERALS IN-
DUSTRY. (REPORT). [BIB-199103-G4-0034]
The application and impact of the Resource Conservation and Recovery Act's
(RCRA) regulations on the US minerals industry's efforts at resource recovery
were analyzed, and some major regulatory conflicts, which hinder these efforts,
discussed One major conflict was the ambiguity in determining materials
considered to be solid wastes under the Environmental Protection Agency's
(EP A) jurisdiction. In addition, it was fOlUldthat some rules have combined
effectively to discourage reuse efforts and that EPA has provided only a few
limited exclusions for recyclable materials. As a case study, Al industry's spent
potliner was examined to demonstrate these adverse impacts. Prior to regulation,
this material was being recycled for legitimate economic and resource recovery
purposes to extract its energy and fluoride values through environmentally sound
processes. However, virtually all efforts to reuse the material ceased after
regulation, which has resulted in increased land disposal of mineral resources
and increased costs to industry. Presently, the fully utilized reuse of this material

could produce estimated avoidable costs and savings for industry of approx $24
million. However, this amount may greatly understate the potential savings as
hazardous waste land disposal costs increase thorugh the anticipated imposition
of increased state taxation. (peterson, S.D.; Publisher: Bureau of Mines, US
Department of the Interior, Washington, D.C., USA, (Sept. 1990), Pp 13 [in
English).)

2534 COMPUTER MODEL FOR NUCLEAR WASTE CON-
TAINMENT USING GLASS. [BIB-199103-C3~13]
Researchers at Lawrence Livermore National Lab, Livermore, California, USA,
are developing a computer model of a proposed repository which could combine
and safely store chemically resistant borosilicate glass with radioactive waste.
The computer model calls for glass to be combined with Pu, Am, and Ne, housed
in a double-waIled metal coJrtainer and placed in the US high-level waste
repository at a proposed location of Yucca MolUltain, Nevada. Research is
focused on understanding the chemical reactions taking place when the glass
contacts the groundwater and rocks present at the repository site. When the
research is complete, the computer model will be a total performance assessment
incorporating the computer simu1ations and predictions with graphics and three-
dimensional images. This model will enable an optimal site and repository
design to be selected. (News Brief). (70, (2), 204 [in English]. ISSN 0002-7812)

2535 PYROLYSIS FOR DISPOSAL OF WASTE GRP. [BIB-
199103-D4-OOO2]
R&D studies by several organizations indicate the feasibility of high- tempera-
ture pyrolysis as the way to dispose of waste glass-reinforced plastics-to keep

69



HAZARDOUS WASTE MANAGEMENT - BUSINESS ASPECTS

storage of pellets away from areas subject to flooding. (46, (9),5 [in English].
ISSN 0091-9578)

2515RECYCLING WASTE, SAVING MONEY THROUGH IN-
PLANT RECYCLING. [BIB-199010-S1-OO58]
Bethlehem Steel Co. has embarked on an all encompassing recycling program.
Al Bums Harbor, there is a multi-phase program being instituted that will
ultimately recycle nearly 100"10of all reverts or wastes. The cost is estimated to
be $14 million but could potentially save $10 million/year in transportation,
landfill costs and reclaimed Fe and carbon. This plan includes equipment to
remove contaminants from the environment, waste minimiza1ion, and everyday
actions to recycle common material's such as wood and paper. The Bethlehem
position is that recycling can be a low- or nCK:ostprocess. «2), 4-6 [in English].)

2516 NEW RESEARCH CONSORTIUM TO TACKLE FOUN-
DRY WASTE PROBLEM IN ONTARIO. [BIB-199010-S4-0069]
Ten of OIItario's Fe foundries are combining forces with the Manufacturing
Research Corporation of Ontario (MRCO) to investigate ways of recycling
industry waste. The Foundry Group Consortiwn is focusing initially on the
reclamation of moulding sand which becomes contaminated by chemicals used
in the foundry casting process. Some fowdries are having difticultyeven fmding
sites capable of taking the thousands of tons of waste sand produced by the
industry each year. One solution is a waste exchange program in conjunction
with the Ontario Waste Management Corporation. This would involve providing
the waste sand for use in the manufacture of other products, principally asphah
and other road construction materials. (32, (3), 10-11 [in English]. ISSN 0380-
1969)

2517 GENEVA COMPLETES PHASE I. [BIB-199010-S4-0070]
Geneva Steel has completed the tim of four phases in its $226 million environ-
mental modernization program. In this phase, Geneva constructed a $7.5 million
biological wastewater trealment plant in a project that reduces the amowt of
ammonia in its coke flushing water. Activated mirco-organisms in reactors
remove ammonia from wastewater by converting it into water, nitrogen and
carbon dioxide. The plant also will eliminate the current practice of cooling blast
furnace slag with coke oven wastewater. The slag now will be cooled with treated
water, which will result in approx 85% reduction in particulate emissions from
slag cooling. (98, (178), 3 [in English]. ISSN 0002-9998)

2518 NORWEGIAN GRANT TO SOVIET UNION TO CLEAR
NICKEL POLLUTION. [BIB-199011~131]
The Norwegian government is to give the USSR approx US$50M to clean up
pollution from the country's two Ni plants in the Kola Peninsula. The plants, at
Monchegorsk and Pechenga, are thought to be responsible for sulphur gas
emissions which are damaging vegetation in neighbouring Norway. The cash is
to be allocated from the government budget pending parliamentary approval. It
will be part of a joint Nordic environmental package, worth approx $164M and
includes Sweden, Finland, Norway and the USSR (News Brief). «75), 5 [in
English].)

2519 GLASS ENCAPSULATION OF HAZARDOUS WASTE.
[BIB-199011-C6-0074]
Coming's Business Development Group in UK and France is assessing the
potential of glass and glass ceramics as "ultimate "long term protective materials
for hazardous waste storage. (News Brief). (7 [in English].)

2520 PLASTICS WASTE PROBLEM [BIB-199012-PI-0170]
The production of plastics in Japan has exceeded 10 million tons annually since
1987 and, it is estimated that the used plastics waste may reach close to 5 million
tons yearly. The recycling of the plastics waste is becoming an important
problem for the industry. About 50-60% of the plastics waste is estimated to
come from the house and city garbage. The remaining amoUDtis considered as
the waste by-produced in various, industrial circles. The plastics waste of the
industrial circle is already recycled and reused and is handled by about 600
special fums. For example there is ajoint venture between Mitsuhishi Chemical
Industries Co., Oainippon Ink and Chemical Co. and Nissei Plastics Industrial
Co. called Nippon Palletech Co. The joint venture has been established for
studying the recycling ofbeer bottle crates for Kirin Brewery Co. Kirin is using
the recycled materia1 of their crates for producing new crates. Recycling is
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gradually becoming a new type of business. But there are yet many problems to
be solved for the handling and treating of the general city waste. (News Brief).
(36, (10), 147-148 [in English]. ISSN 0032-1206)

2521 DOW EUROPE GEARS UP FOR INTENSE RECYCLING
EFFORTS. [BIB-199012-PI-OI72]
Dow Europe has signed a letter of intent with Germany's Otto Group to
co-operate in the recycling of plastics from the conswner and commercial waste
stream. Both parties are hopeful of an annual rate of approx 8-10 000 tolUles of
recycled plastics once the scheme has been nmning 2-3 years in full production.
Dow and Otto, which specialises in waste management systems, have already
been worlcing together for several months, and the project will continue at a
development phase level for the next 12-18 months. (News Brief). «1360), 3 [in
English). ISSN 0032-1168)

2522 B.U.S.-FINDING VALUE IN WASTE. [l8IB-199012-SI-
0070]
Benelius Umweh-Service emphasises the environmental impact of its services,
which are centered on the disposal of all kinds of industrial residues and wastes.
However, in terms of its metal activities, BUS is already a substantial recycler,
which is looking to expand further into the US, the Far East and the Eastern Bloc
countries. The company's activities in terms of metal recycling can be divided
into three main categories-the treatment of Zn-and Pb-bearing residues from
the Fe and steel industry, the treatment of Ni. and Cr-bearing residues from
stainless steel mills and the recycling of AI salts. «80), (Suppl. Scrap), 6, 8, 16,
20 [in EngJish].)

2523 WASTE DISPOSAL: A SUMMARY OF THE FINAL
RULES. [BIB-199101-G4-0002]
The Land Disposal Restrictions for Third Scheduled Wastes, or land ban
regulations, will bring sweeping changes to the fOlD1dryindustry. EPA identified
in the regulations the best demonstrated avai1abletechnology (BOAT) for a large
nwnberofwastes. The BOAT was demonstrated on a full-scale level, the results
of which are currently available to generators. A constituent-specific maximum
concentration to be allowed in the waste after treatment also was established for
some waste types. Where treatment standards have been proposed, the generator
has the option of applying the BOAT or an alternative treatment method that
achieves the same treatment standard a swnmary of the regulations for corrosion,
ignitable and reactive wastes and dilution prohibition is provided. (Bremer, J.;
80, (12), 38-39 [in English]. ISSN 0026-7562)

2524 RECYCLING: A VAST PROGRAMME. [BIB-199101-PI-
0014]
Production scrap and that from treatment of plastic materials is often recycled
where produced or sold to separate recyclers. More and more, the recycled scrap
is used for new applications. The main industries involved include automobile,
packing and agriculture. Joint schemes exist in France, involving manufacturers
and also environmental organisations and increasing amounts of plastics are
being recycled, particularly from domestic waste. The amounts and types
recycled can vary between different localities, according to the populations and
industries involved. In the UK, out of20 million tonneslyear of domestic rubbish,
150000 tolUlesof plastics are recycled. Forthe future, attention will be necessary
for the increasing amounts of plastics involved in scrapped cars and re-use in
new ones. (News Brief). (Topuz, B.; 42, (9), 74-77 [in French]. ISSN 0032-1303)

2525EMERGENCY RESPONSE: OSHA AND YOUR RESPON-
smlLITlEs. [BIB-199102-G4-0014]
One of the more overlooked and mislD1derstood standards in the OSHA regula-
tions is 1910.120, Hazardous Waste Operations and Emergency Response. This
federal regulation went into effect in March 1990, and has been a problem for
both industry and OSHA enforcement personnel to fully understand how it
applies to industry. This standard, therefore, affects those operations that gener-
ate, treat, store, or dispose of hazardous waste as defmed by the EPA regulations.
In addition, it also affects those companies who handle, store, or in any way use
a hazardous substance. If your facility falls woo these regulations, you will
need to develop a very comprehensive written program on responding to any
spills or releases, a study characterizing and analyzing any potential hazards
resulting from the handling of this material, medical surveillance of employees,
training of employees, engineering cOlllrols, monitoring, and decoutamination
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2503 TI<>2PRODUCERS CLEAN UP. [B~199009-G4-010lJ
Several of the major TiÜ2 producers have armounced substantial investment in
acid waste recycling and waste minimi""tion. UK company SCM Chemicals Ltd
is spending pounds sterling 14 million on technology to reduce waste from its
85 000 Vyear chloride route plant at Sta1lingborough in South Humberside. New
plant will convert the acid wastes into hydrochloric acid and metal oxides and
reduce solids and dilute acid discharge. «274), 19 [in English]. ISSNOOI9-8S44)

2504 GOVERNMENT CONFIRMS STAND ON LICENSING
DESPITE PLEAS FOR THE SCRAP INDUSTRY. [B~199009-
G7-0268]
In the House of Lords Committee stage of the Environmental Protection Bill,
the Government reiterated its refusal to exempt the scrap industry from waste
management licensing. but was willing to consuh relevant organizations such as
the British Secondary Metals Association in framing licensing guidelines. It
added that possession of a Waste Management Industry Training Advisory
Board qualification may be a requirement for holding a waste management
license. (IS5, (26), 18-19 [in English]. ISSN 0025-5386)

2505 CERAMICS COULD LOSE IN CONTINUING PUSH FOR
SOLID WASTE DISPOSAL LEGISLATION. [B~I99009-C4-
0002]
Legislative proposals concerning municipal solid waste disposal, which are
pending. or about to be imroduced, in approx 12 US states will significantly
affect the ceramic industry if enacted. A New Jersey bill would effectively
eliminate the sale and distribution of any glass or ceramic products with a Pb-
or Cd-coDlaining pigment, enamel or glaze in the state. The statute would cover
such ceramic items as plumbing fIXtUres,tile, flat glass, stained glass, scientific
ceramic items, and coffee mugs. Also introduced in New Jersey is the "Toxic
Packaging Reduction Act", endorsed by the Coalition of Northeastern Gover-
nors. The Society of Glass & Ceramic Decorators (SGCD) is mobilizing various
aspects to the industry to deal with the New Jersey situation. (Calderwood, J.A.;
134, (4), 22 [in English]. ISSN 0009-0220)

2506 MIXED PLASTICS PROCESS ON OFFER. [B~199009-
PI-OI33]
Austrian company CA Greiner und Sohne has developed technology for the
recycling of mixed plastics from household waste. The system is up and nmning
in Austria, with commerically viable recycled products on the market, and is
now being offered under licence to processors worldwide. The Greiner process
is claimed by the company to offer higher outpUls and the possibiltiy of making
from the reclaimed material a wider range of profile products than is possible
with other mixed plastics processes. The technology involves reprocessing of
mixed waste as received from collection without washing or sorting. (News
Brief). «1346), 6 [in English]. ISSN 0032-1168)

2507 PVC IS A GOOD BET TO SURVIVE ITS GLOBAL ENVI-
RONMENTAL TRAVAILS. [B~I99009-P7-o114J
The PVC industry has mobilized on environmental issues, and most available
data support its claims that PVC is more environmentally sound than alternative
materia1s (as well as more versatile and less expensive). Among the points which
are central to the PVC regulatory situation: Incineration and recycling will grow
in importance, and efforts by vinyl suppliers to increase collection and sorting
technologies for recycling. as well as clean waste-t~ergy incineration sys-
tems, will help. Packaging is the fust target, but other markets, including
construction, have been named in some proposals. Regulations could affect PVC
markets on a global basis. More proposals are being considered in Western
Europe, but some US jurisdictions are attempting to limit PVC use. Ahernative
materia1s such as polypropylene grades that run on conventional PVC processing
equipment have been introduced. (Kreisher, K.R.; 67, (6), 6()"62,64 [in English].
ISSN 0026-8275)

2508 ENVIRONMENTAL BENEFITS FROM CONTRACTING.
[BIB-199009-S4-(066)
MuhiServ International is the world's largest specialist colIlractor for steel
industry waste materials handling and metal recovery. The company's environ-
mentally positive procedures include pelletising waste, recovering meta1lics and
the processing of EAF and AOD flue dust using plasma process technology.
Unlike other technologies, MuhiServ's solution to EAF dust disposal can be

economically viable for a single customer mill. (218, (7), 358-359 [in English].
ISSN 0039-095X)

2509 METALS IN SOLID WASTE RISING. [B~19901O-Gl-
0200]
The presence of metals in municipal solid waste will increase by approx 6o/olyear
overthe next five years, but the proportion of waste that it represents will decline,
according to a recent report by the federal Environmental Protection Agency.
Between 21-29% of thrown-away materia1s recovered for recycling in 1995-
not counting industrial scrap-will be metals. By 1995, it is expected that
municipal solid waste will total almost 200 million tons, and metals are expected
to comprise approx 16.2 million tons of that total. By 1995 Al cans are expected
to grow to approx 1.8 million tons while the steel beverage can portion is likely
to hold still at 100000 tons and 0.1% of the total. (Kuster, T.; 98, (161), 9 [in
English]. ISSN 0002-9998)

2510STATISTICSFORLEGISLATORS. [B~199010-G4-0103]
Statistical data which can be used with US state legislators are tabulated They
include estimates of waste disposal costs, OSHA-EPA compliance costs and
tons of waste disposed by ferrous and nonferrous foundries, for all states with
ACMAmembers. These numbers were derived from ACMA's Foundry Industry
Performance Study (FIPS). Data obtained as follows: column I, 1986 County
Business Patterns , US Department of Commerce; colunms 2-4, average per
plant based on responses to 1990 FIPS Survey. (21-22 [in English].)

2511 SURVIVING IN THE 21ST CENTURY (WITH ENVIRON-
MENTAL REGULATIONS). [B~199010-G4-0106]
Major changes in environmenta11aws have placed corporate executives in line
for prosecution for violations of these laws. Emphasis on environmental clean-
up has paid off, buttoday's industries must remain aware of their responsibilities.
To stress this, the EPA has developed standards for waste management consis-
taIIl in all ten regions. Violators can be subject to jail terms and fmes up to $25
OOO/dayof violation. Several pitfalls that a CEO faces are outlined to provide
guidance for corporate survival while still keeping our environment clean.
(Jacobs, J.; 35, (6), 15-18 [in English]. ISSN 0015-2358)

2512 AIR POLLUTION CONTROL SYSTEMS CLEAN FUR-
NACE EXHAUST. [B~199010-G4-01l1J
The new anode baking furnaces installed by Alean Smehers and Chemical Ltd.,
Jonquire, Quebec, Canada, are near pollution free because of the air scrubbers
that process the exhaust to remove condensable tars and HF. The total system
consists of indirect gas coolers that circulate furnace gas around cooling tubes,
electrostatic precipitators and dry scrubbers. The tars not condensed in the
coolers are electrostatically precipitated into a heated hopper for pumping into
trucks for disposal. The dry scrubber removes HF in a fluidized bed of Al2Ü3.
The Al2Ü3with adsorbedHF is collected in a baghouse for disposal. This system,
which was designed by the Milaopul Environmental Systems Division of
Hosokawa Micron International, allows only 2.5 mg to escape to the atmosphere
for each 1250 mg ofHF entering the system. (4, (7), 18-19 [in English].)

2513 JAPANESE SLOW TO ADOPT PLASTICS RECYCLING.
DB~19901~PI-0141]
Compared to the US and Europe, Japan has been slow to adopt plastics recycling.
Technology has not been a critical problem hampering recycling. Numerous
curbside collection systems are in place, and the country also has a good network
of incinerators. Nationwide, there are nearly 1900 incinerators, many of which
are designed to prevent the emission of dangerous gases. Thus, the incinerators
are able to burn most plastics safely. An estimated 70% of all plastic waste is
burned. (Scbreffier, R.; 2, (29), 22 [in English). ISSN 1042-802X)

2514 SPI PRESIDENT URGES PROPER PELLET HANDLING.
DB~19901~P4~28]
The Society of the Plastics Industry is offering a "Plastics Marine Debris
Education Kit". A focal point of the kit is a brochure, which suggests a number
of specific corrective actions, including: installation of closed-loop pellet con-
tainment and collection system in resin-production facilities; prompt cleanup of
pellet spills, followed by recycling or proper disposal; increased attention to
pellet containment during cleaning of hopper cars; closing of valves on unload-
ing shoes of rail cars and hopper trucks after they have been unloaded; and
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million/year. This shows why Du Pont place great importance on waste. Pre-
viously discarded paint is sold for purposes other than that for which it was
originally manufactured Increased efforts are being made to increase recycling
activities. Waste is recovered where possible from all Du Pont plants, including
materials which are not plastics, e.g. electroplating sludges. Only the minimum
ofwaste is destroyed (84, (1), 2-4 [in English].)

2493 EUROPEAN ASSOCIATION TO PROMOTE RECY-
CLING PLANS. [BIB-199006-Pl-0(92)
The European Recovery and Recycling Association (ERRA) was launched in
Brussels in March 1990. It is currently made up of 19 major international
companies, including such names as CMB, Coca-Cola, Eastman Chemical and
Solvay, and will be established in Brussels as a DOn-profit organisation to
promote and accelerate the understanding and resolution of issues concerning
solid waste management. The members have committed substanital funds to
support, develop and implement projects demonstrating new techniques for the
collection of a wide range of a wide of materials from household waste for
recycling. ERRA will also sponsor scientific research and studies, seminars and
conferences and will provide an information source. «1328), 2 [in English].
ISSN 0032-1168)

2494 PLASTICS ONLY 11.8% IN JAPAN MUNICIPAL SOLID
WASTE STREAM. [BIB-199007-PI-OI03)
A survey on the composition of household wastes in Nishinomiya City by the
Plastic Waste Management Institute of Japan shows that 37.3% is paper, 32.SOAl
is garbage and I1.SOAlis plastics. The proportion of plastics in the municipal solid
waste is II.SOAl(by weight on a wet basis), but since approx 30% moisture, dirt
and foreign substances stick to the plastics, the proportion, says the Institute,
really becomes SOlo, when such substances are eliminated By resin, polyoletins
account for the 1argest share, 65.4%. By type, fIlms account for approx 50%. (6
[in English]. ISSN 1044-9663)

2495 PLASTIC BEADSFROM WASTE PLASTIC. [BIB-199007-
PI-0114)
A waste plastic reprocessing plant has been developed by Taiyo Electric Industry
Co. Ltd. This uses waste plastic at low cost. The enormous piles of waste plastic
are causing trouble in disposal. This process eases this problem, and others at
the same time. The plant is termed TK-8602 and uSes a special washing
technique using ultrasonic waves. In so doing it does not generate further
pollution. Crushing, washing and dewatering processes take place, followed by
drying, recovery and further use. One plant can regenerate 2000 t/year. (17, (12),
44 [in English]. ISSN 0385-6542)

2496 WASTE GROWTH waL SLOW AFTER 1995. [BIB-
199007-PI-0115 )
A report from Helmut Kaiser (Germany) suggests that 23.9 million tonnes
plastics were consumed in West Europe in 1989. West Germany took 27.5%,
Italy and France over 140/0,and UK 11.4%. Refuse of9 million tonnes was
produced, again with Germany leading. It is predicted that European plastics
waste will grow at II million tonnes/year until 1995 but that environmental
pressure will see decreasing acceptance of plastics after that. In 1989, 1.7million
tonnes Western European plastics were recycled; this should be 3.5 million
tonnes by year 2000. (17, (5), 51 [in English]. ISSN 0306-3534)

2497 BIG CHANGES IN UK WASTE REGULATIONS: THE
STEEL INDUSTRY'S NEW DUTY OF CARE. [BIB-199007-S4-
OOSO)
Existing British regulations on waste disposal are being strengthened in the
spring of 1990 by the Environmental Protection Bill. All waste producers will
have a statutory duty of care to ensure that their wastes are disposed of
responsibly. This will affect the entire steel industry, from integrated steelworks
to small picklers or steel stockholders. Itwill relate to all type of waste, such as
toxic waste and steel scrap. Even IDlder current regulation steel companies
should already be carrying out many basic checks, details of which are given.
The local authority will, in future, have to compile a register of all carriers of
waste (including scrap for recycling). The new legislation will have an effect on
steel producers' costs. A pickling plant of even a medium sized company can
credit an acid waste disposal cost of pounds sterling 20 OOOlyear.Landfill costs
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could rise 30-60%inthenextyear. (Lausence, D.; 218, (3),133,139 [in English].
ISSN 0039-095'0

2498 THERMAL SANDRECLAMATION: A STRATEGY FOR
WASTE MINIMIZATION. [BIB-199008-G4-0078]
With the rapid closing of existing landfill sites and the prohibition against
opening new ones, the need to limit all types of industrial waste is imperative.
The restriction and eventual ban on classified waste dumping has increased the
need to fmd alternatives to waste fOlDldrysand Iandftlls. Based on economics
alone, sand reclamation may be the only technology the foundry industry has to
meet the requirements of the Resource Conservation and Recovery Act (RCRA).
Combining waste separation with recovery strategies and thermal sand reclama-
tion could reduce the spent waste sand stream by as much as 95%, and the
associated disposal and handling costs decrease by a like percentage. New sand
casts are also reduced. (Reier, O.J.; 80, (5), 37.39 [in English]. ISSN 0026-7562)

2499 FOUNDRIES FACE STRICTER AIR QUALITY, POLLU-
TION MONITORING. [BIB-199008-G4-0079]
For years, fOlDldries, like other heavy industries, have worked to eliminate or
minimize air pollution by utilizing dust collector systems, scrubbers, precipita-
tors and other devices to capture a broad range of airborne contaminants. By and
large, these efforts were successful, but now new air quality regulations have
stiffened the requirements on effluents, exhaust gases, fumes, impurities and
other waste materials. Methods for reducing these pollutants to bring foundries
into compliance with these new regulations are suggested. (80, (5), 33-35 [in
English]. ISSN 0026-7562) .

2500 BASFOFFERS RECYCLING PROGRESS REPORT. [BIB-
199008-PI-0120)
BASF, one of the world's three largest chemical companies, is spending DM 10
millionlyear ( approx S6 million) on recycling research. Planning is almost
complete for a plastics-incineration plant designed to process 44 000-66 000
tonslyear of waste. That size of plant would enable the handling of household
and industrial plastic wastes from as many as 3 million people. BASF will be
seeking a partner, such as an electricity-generating utility, that ultimately will
take over management of the plant. lbe company is following a similar path
with recycling, preferring to develop recycling methods that others will use.
(Short, H.; 2, (19), 13 [in English].)

2501 DUTCHPVCINDUSTRYFACESPOSSmLEBANs. [BIB-
199008-PI-0124)
The first of a series of talks that could decide the fate ofPVC in the Netherlands
took place 22 May 1990 between officials of the Dutch govermnent and the
Dutch Plastics Federation (NFK-Nederlandse Federatie voor Kunststoffen).
Discussions centered on a position paper presented by NFK's steering group on
PVC, which is designed to serve as a basis for negotiations on an environmental
policy for PVC. There is agreement on the need for recycling. phasing out of Cd
stabilizers and waste measurements for short-cycle materials, but not for long-
cycle materials. The government plan--<:aIIed National Plan Plus-is that waste
streams should be stabilized at 1986 levels, meaning that landfilling will be
reduced, and incineration and recycling will be increased. (SIis, N.; Short, H.;
2, (15), 7 [in English].)

2502 "PURGATORY" FOR SPECIAL WASTE (IN STEEL
BATH). [BIB-199008-S4-00(5) .
A waste disposal process has been developed by Domier GmbH, Friedrich-
shafer, FRO, which breaks down toxic wastes chemically in a bath of mohen
.steel at temperatures 1600 °c .The chemical elements which are released during
the high temperature incinerating process do not react to form toxic chemicals
but rather, end up in afoml which can be recovered or disposed of easily. Nickel,
Cu, arsenic, as well as C and oxygen dissolve in the mell Manganese, Cr and
mineral rock components such as Si and Ca collect in the slag in an oxidized
form. Heavy metals, which have a high vapour pressure at the bath temperature
(pb, Sn, Zn, Cd, Hg) excape as gas from the meh with the halogens, hydrogens,
nitrogen, and carbon monoxide from "burned" carbon. The waste gas does
contain a series of potential pollutants but they can easily be neutralized before
being released into the atmosphere. (Steinert, H.; 6, (2), 9.10 [in English]. ISSN
0933-7814)
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moval of PVC from the waste has no effect on dioxin formation under proper
incineration conditions. (Short, H.; 1, (SO), 5 [in English]. ISSN 1042-802X)

2481 EMISSION CONTROLS: NEWEST SYSTEMS MEET
REGS, DELIVER EXTRA BENEFITS. [BIB-199005-G4-0043]
Combustion Engineering, Wellsville, New York, USA, produces the Combu-
Changer regenerative oxidizer system which can eliminate not 95% of volatile
organic compounds from air streams in a bed of silica gravel heated to 1000 °C.
Up to 980.4of the heat can be recovered. The capacity of an operational unit in
a paint fmishing plant is 100 m3s -I. The waste water is treated to remove
organics and metals. American Colloid and NALMET by Nalco Chemical are
other systems widely used in the plating industry. The systems remove residual
metals from waste water as a dewatered sludge ready for disposal in hazardous
landfills. By compliance with EPA regulations, substantial fmes can be avoided.
(Cassidy, V.M.; 45, (12),20-22,24,26,28 [in English). ISSN 0026-8127)

2482 "BACKYARDBOYS"TOCOMEUNDERREGULATORY
YOKE. [BIB-199005-G4-0048]
At present, "conventional" Al secondary refmers in the UK are controlled by
HM Inspectorate of Pollution using the Best Practicable Means guidelines
published in 1981. Aluminium slags must be disposed of at a controlled dumping
site, while bag filter dust must be bagged before disposal. Following the UK
Enviromnent Protection Bill (1989), pollution could be coJIlrolled more closely

. and fairly. (News Brief). (Cowhig, J.; (7468), 13 [in English). ISSN 0026-0533)

2483 NGK METALS FINED FOR WASTE DUMPING. [BIB-
199005-G4-0050 ]

. NGK Metals Inc. was ordered to pay $300 000, including $20 000 to a local"
environmental group, after entering no-contest pleas to charges stemming from
the illegal disposal of chemical wastes at its Muhlenberg, Pennsylvania, USA,
facility. NGK manufactures a rare alloy, Be-Cu, for use in spark plugs and
other components. The complaints also charged that NGK and a fonner em-
ployee attempted to conceal illegal discharges of waste by submitting falsified
reports to the state. (Elson, J.; 98, (58), 5, 10 [in English]. ISSN 0002-9998)

2484 NORDENHAM LEAD SMELTER CLAMPS DOWN ON
EMISSIONS. [BIB-199005-G4-0052]
Plants in West Germany are being forced increasingly to adopt better coJIlrols
for emission pollution. Some Pb smelters have decided to adoptnewteclmology,
such as QSL. The Nordenham plant is, however, not changiDg from its present
shaft furnace teclmology. The reason for this is that it is not feh that new
teclmiques have yet been proved fully. Considerably improvements have already
been achieved by Nordenham, sufficient to meet present requirements. There
are some problems storing waste jarosite. (News Brief). (Anyadike, N.; (7467),
7 [in English]. ISSN 0026-0533)

2485 RHONE-POULENC PINJARRA RE (RARE EARTH)
PLANT HALTED. [BIB-199005-G4~8]
Plans by the French-based Phone-Poulenc (RP) company to build a IS 000
t1year monazite-processing facility at Pinjarra, in Western Australia, have been
halted by continued governmental refusal to approve the second phase of the
project The problem concerns disposal of by-product Nli4NÜ3 and radioactive
Th and Ra, and the delay has prompted R.P to withdraw from the project, which
would have generated export earnings of A$100 million/year. The raw material
would have been supplied by Associated Minerals Consolidated Ltd., which
presently ships its entire Austra1ian output of monazite to a RP plant in France.
(News Brief). «270), 19 [in Eng1ish]. ISSN 0019-8544)

2486MS TAKE PLASTICS WASTE TO THE CLEANERS. [BIB-
199005-P4..oo14]
Ms of all parties have been calling for better coJIlrols on plastics waste. One,
Andrew Bennet, offered an amendmentto a bill which would have placed greater
pressure on the packing industry and its use of plastics. This would ensure the
return of waste products for re-use but was defeated by a small majority. There
has been united urging for biodegradable types of plastics to be pushed forward,
to the extent of compulsory use for certain purposes in commerce. (Lunney, A.;
(1326), 1-2 [in English]. ISSN 0032-1168)

2487 UCENSING OPPORTUNITIES: ALL-PLASTIC SEW-
AGE TREATMENT PLANT. (pAMPHLET). [BIB-199005-P9-
0070]
Mechano-biological sewage treatment plants developed by Polytechna, Czecho-
slovakia, constructed from injection-molded thennoplastic structural foam parts
(except for the shaft and electric motor) are resistant to chemicals and corrosion,
they are light, and operate with an extremely low consumption of energy.
Transport and installation is simple because of the low weight. They work
automatically with a high purification efficiency under all climatic conditions.
The units do not cause air or noise pollution and the service life is long. The
main application is for hotels and campsites, residential buildings, agricultura1
and foodstuffplants involving 6-120 people. Over 600 plants have been installed
in Czechoslovakia Inexpensive material, simple processing technology, and
modular design facilitate efficient production. An injection molding machine for
structural foams with 30 kg capacity is required. (News Brief). (Publisher: Kiser
Research, Inc., P.O. Box 33608, Washington, D.C. 20033, USA, (Jan. 1990),5,
(1),4 [in English].)

2488 DISPOSAL OF FOUNDRY WASTE PRODUCTS-PRO-
FESSIONALACTION. [B~199005-S4-0030]
The French ferrous foundry industry generates approx 2.4 million tons of waste,
2 million tons of which is used sand. The factors to be considered in the disposal
of these waste products are defined. Subjects covered include original use of the
sand, quantities, contained pollution and its elimination and protection of the
environment. (Charbonnier, M.; E1ary,M.; (91), 8-14 [in French]. ISSN 0249-
3136)

2489USLEAD INDUSTRYUNDER SIEGE FROM POWERFUL
ENVIRONMENTAL LOBBY. [BIB-199006-G4-0061]
With effect from 8 May 1990 secondary Pb smelters in the US will be prohibited
underthe Resource Conservation and Reclamation Act (RCRA) from disposing
of their untreated hazardous Pb waste in landfill sites. Under new RCRA
regulations a limit ofO.51 mgil ofPb in landfills has been sel Currently there is
no set limit as to the conten1 of Pb in landfills. The new limit will effectively
stop secondary producers dumping their waste, as the teclmology necessary to
render Pbwaste "safe" isnot available. The Secondary Lead Smeher Association
has rued with the Environmental Protection Agency for a two-year administra-
tive stay to be placed on the ruling, to enable the smelters to assess and advance
their waste management technology. «56), (Supp1.: Scrap), 10 [in English].)

2490 PLASTICS: CAN MORE BE MADE INTO LESS? [BIB-
199006-Pl..oo71]
Although plastics constitute a relatively sma1l portion of the weight of the solid
waste stream, they are important in volume tenns. According to De Witt & Co.,
Houston, Texas, USA, plastics constitute l8OA.of the waste stream against 38OA.
for paper and papetboard, 14% for metal, only 2% for glass, and 280/0for other
materials. To successfully solve the waste disposal problem, three actions are
urged: source reduction for plastics materials needs to be implemented; recycling
needs to move ahead faster; and the waste disposal industry needs to be
encomaged to build new incinerators. (Wood, A.; 146, (17), 36, 38, 40 [in
English]. ISSN 0009-272X)

2491 IS BURNING PVC A PROBLEM? [BIB-199006-Pl-0084]
Ogden-Martin Systems Inc., a major US builder and operator of municipal
waste-to-energy incinerators, was once a tough critic of vinyl's role in the solid
waste stream. In 1984, in a submission to the US Food & Drug Administration,
Ogden-Martin labeled PVC a contributor to acid rain. It had also pegged PVC
a top cause of the corrosion often found in incinerator boilers. In its 1989
submissions to the FDA, however, Ogden-Martin has reversed those initia1
positions, citing new data that support the position that the disposal of vinyl in
a modern incinerator is technically feasible and environmentally safe. (67, (4),
(Supp1.: Waste Solutions), 72-73 [in English]. ISSN 0026-8275)

2492 SOLVING THE PROBLEM OF WASTE. [BIB-199006-Pl-
0085]
About lib of dry waste is produced for every 10 Ib of product made by Du Ponl
In 1985, the figure was higher at 1.25 lb. This is a saving of approx $25
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2470 TITANIUM SEEN PLAYING KEY ROLES IN "GREEN
REVOLUTION". (BIB-199001-G6-0035]
A strong potentia1l1111rlcetenvisaged for Ti is sewage treatment plants, in view
of its cOlTOsionresistance. Brown & Caldwell, a Phoenix-based builder of such
plants, has been experimenting with Ti as well as painted and coated steels,
plastics and stainless steel. Titanium shows promise of withstanding the corro-
sive gases normally encoUJllered and should last the 20-30 years lifetime of the
plant (Stahl, D.; (7427), 25 [in English).)

2471 EPA GETS TOUGH WITH STEEL'S TOXIC CLEANUP.
(BIB-199001-S4-0003]
Recent US Environmental Protection Agency (EPA) announcements regarding
leaks from gasoline and other chemical storage tanks and emissions of leuke-
mia-causing benzene from a host of sources-including metallurgical and
f01D1cbycoke plants-are creating headaches for the industries involved, and
new business opportunities for engineering companies that specialize in devel-
oping and implementing solutions to environmental problems. The federal
agency has estimated that controlling benzene emissions at 36 active coke and
coal-chemical plants could roo up a tab of approx $74 million and hike the price
ofblastfumace and fomcby coke 1% or more, or approx S1.201ton.(Hess, G.W.;
5, (11), 29-31 [in English). ISSN 0897-4365)

2472 LEAD AS A CONTAINMENT MATERIAL FOR NU-
CLEAR WASTE. (BIB-199002-G4-0016]
With a steady increase of30 tonneslannum from each of the world's expected
510 nuclear plants, the amount of high-level nuclear waste will soon reach a
figure of 15300 tonnes annually by the year 2000. Lead-even with its tendency
toward grain growth, which results in decreased colT'OSionresistance and a need
for struc:tura1 support-is potentially the ideal material from which to manufac-
ture high-level nuclear waste "coffms" for subterranean burial. The mechanical
stability and cOlTOsionbehaviour ofPb are briefly reviewed. (Krysko, W.M.; 41,
(12), 28-29 [in English). ISSN 0148-6608)

2473 DEGRADABLE PLASTICS GET DEPLORABLE MARK.
[BIB-199002-Pl-0018]
Degradable plastics in products and packaging do not offer all the environmental
or recycling benefits their promoters claim, according to a recent report by the
EnVironmental Defense Fund and the Environmental Action F01D1dation.The
groups called for a national boycott of degradable plastics in response to the
questionable or false claims that these products are good for the environment
Other environmental organizations endorsing the report included the Coalition
for Recyclable Waste and the Natural Resources Defense COIDlci1.(97, (247), 6
[in English). ISSN 0002-9998)

2474 INCINERATORS TOBURNmGHPOLYMER WASTES.
[BIB-199002-Pl-0035]
A range of incinerators are offered with alumina cement walls, assuring high
combustion efficiency and thermal insulation. Any polymer except PVC may
be burned, the tertiary combustion chambers and cyclone separators producing
only one tenth of the ash of conventional models. (News Brief). (6, (12), 12 [in
English). ISSN 0265-3443)

2475 RESIDUALS RECOVERY-SERVICE OF A METAL-
LURGICAL CONCERN. [BIB-I99003-Gl-0054]
The fum Berzelius Umweh-Service GmbH (B.U.S.), Fran1di.u't. FRG, has
directed its service enterprise to deal with the recovery of nonferrous metal
values in industrial waste and scrap metal accumulations, and the ensuing
fmancial gains. This approach balances the burdensome obligation by the
nonferrous meta1 industry to control effiuents and wastes, limit impacts on the
environment, and reduce contamination and pollution, as prescribed by law. In
fact, the economic advantages may be such that the position of the particular
metal producer or fabricator may be appreciably enhanced by domestic or
foreign competitors. Several considerations are noteworthy when analyzing the
pros and cons of a residuals recovery program. From the standpoint of plant
economics, the program may provide cost savings and price cushioning from
rising or strongly fluctuating raw materia1 costs involving temporary disloca-
tions or permanent declines in virgin metal supplies. From the broader aspect of
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the national economy, the program aids in preserving both raw material and
energy resources. The program is also environmentally protective, as dumping
of metallic wastes (which often are toxic) is reduced, and filling of increasingly
scarce sites is eased. (Maczek, H.; 43, (9), 886-888 [in German). ISSN 0026-
0746)

2476 PROFESSIONAL DISPOSAL AS A FIRM STRATEGY.
[BIB-199003-G6-0085]
The fum ofEdlehoffhas recently been involved with the manufacture of refuse
vehicles and containers as well as air equipment The "Multi-Service- Transport-
System" (MSTS) is a noteable innovation in the logistics of disposal. With
MSTS, collection and transporting of refuse is separate. The link between the
two is an exchange container with which waste and secondary raw materials are
collected separately, transported to ceutra1 reloading points and reloading there
by collecting and transport vehicles. This is suitable for use on road, rail and
water. The material is sorted at the reloading points. Containers and essential
components are made of AI. «5),50 [in German). ISSN 0175-6273)

2477 DESIGN-INTEGRATED MANUFACTURING SOLVES
SOLID-WASTE PROBLEM. [BIB-199003-P3~I]
A joint coniplller-aided engineering project between Abbott Diagnostics Divi-
sion, Irving, Texas and Nypro, Inc., Clinton, Massachusetts, USA, will remove
500 000 Iblyear from the solid-waste stream by improving the design and
processing of a disposable medical diagnostic product Hospitals and laborato-
ries will be able to cut incineration bills that can rlDl as high as SIllb without
sacrificing product performance; and the molder is realizing a 40% productivity
boost. Mold flow analysis and other software proved that the wall thickness of
the relatively mature injection molded product could be successfully cut in half.
Complller simulations facilitated use of a second technology-nmnerless mold-
ing--that further reduced the shot-volume by one-third. (Kirkland, C.; 48, (2),
13-14 [in English). ISSN 0032-1273)

2478 WASTE MlNIMISATION IN THE METAL FINISHING
INDUSTRY. [BIB-199003-s4-OO12]
The first of the two 1D1derlyingprinciples of the Australian government's
industrial waste strategy is that effective management of industrial waste re-
quires an integrated approach encompassing all aspects of waste generation,
storage, treatment, transport and disposal. The second 1D1derlyingprinciple is
that waste minimisation is the preferred option for managing wastes. The
implementation of clean technology waste minimisation projects at Gainsbor-
ough Hardware Industries, Stokes, Australasia, and Quality Heat Treatment Ltd.
is described (Reeves, F.; 21, (8), 16, 17 [in English). ISSN 0047-6897)

2479 CONTROLLING NUCLEAR WASTE VIA CERAMIZA-
TION. [BIB-199004-C6-0021]
At the FRG nuclear research center (Kerforschmgszentrum, Institut fur Nuk-
leare Entsorgungstechnik), the transformation oftransuranic (TRU), and high-
level liquid waste (HLLW) streams into a ceramic waste product has been f01D1d
to be a reasonable alternative approach to conditioning nuclear waste, compared
with conventional immobilization methods currently used Well-defmed mix-
tures of clay minerals and reactive corlDldum are used. These are then homoge-
nized with the pretreated waste. A stable aluminum silicate ceramic product is
generated after carrying out forming (extrusion and cord cutting), followed by
heat treating at a maximum temperature of 1350 °c . This composition was
selected as the host matrix both because of its stability against attack by aqueous
salt solutions and radiation, and because of its fabrication from common, easily
obtainable materials. (4, (11), 4-5 [in English). ISSN 0887-1949)

2480 DANISH MAY CHANGE PLANS AND NOT BAN PVC.
[BIB-199004-P4-0009]
Ina coWJlrythat incinerates approx 70010of its waste, the Danish Environmental
Protection Agency estimated that dioxin emissions from municipal waste incin-
eration were 1600-3200 g of dioxin equivalents/year. The estimates were based
on a 1984 government study. A more recent EPA study conducted in 1986-1987
and made public in September 1989, indicates that 34 g of dioxin equiva-
lentslyear is a more accurate quantity. That figure is considered negligible 1D1der
the fIxed upper limits for ingestion of dioxin recommended in Denmark. Re-
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affecting the indus1Iy were briefly reviewed. (Luce, z.R.; Anaheim, California,
USA, 9-12 Jan. 1989, Publisher: Society of Manufacturing Engineers, One SME
Dr., P.O. Box 930, Dearborn, Michigan 48121, USA, (1989), EM89-102, Pp 7
[in English].)

2460 WEST GERMANS SET TO TAKE THE INCINERATION
ROUTE. [B~19891l-Pl-0096]
A seminar at BASF was told that West Germany should soon give the go-ahead
for construction of 10 or 12 high technology incinerators for industrial waste,
with the aim of eliminRting landfill disposal. Export of waste was described as
IUlSatisfactory. BASF already treats all its own waste and is studying special
treatment plants forplastics residue. Its Ludwigshafen plantproduces 1.8million
tomes of waste annually, of which one third is burnt for electricity generation.
About 900 000 tomes is recycled internally and externally. (News Brief).
«1304), 1,32 [in English]. ISSN 0032-1168)

2461 A PLASTIC SOLUTION TO KITCHEN WASTE. [B~
19891l-~217]
Ecoplastics of Toronto, Canada, Husky Injection Molding Systems of Bohon,
Ontario, and Etablissement Pour Ecovert, a European. investment company
represented in Canada by Aitken Lees Capital Ltd., have formed Green Cone.
The new company will manufacture and distribute the Ecolyzer digestor/com-
poster, a backyard HDPE bin in which organic kitchen waste is turned mto
compost Kitchen waste represents 30% of the waste stream, compared to approx
goAl for plastics. Eco came up with the idea and is providing the technology for
the venture, while Husky will produce the tooling necessary to manufacture the
product. The digestor/composter is expected to be on the market by early 1990.
(47, (7), 6-7 [in English]. ISSN 0008-4778)

2462 RECYCLING POSTCONSUMER PLASTICS. (BIB-
198912-Pl..ol04]
The increasing resin prices stimulated a move to recycle the plastics confined to
polyethylene terephtha1ate (PET) and high-density polyethylene (HOPE) con-
tainers. The waste plastics account 7% of the total weight of municipal solid
waste in the USA, which in terms of volume is two to four times greater than
the weight percent and is readily using up the landfills. Additives are available
to upgrade scrap PET and HDPE so that they can be injection- or blow-molded
to produce construction parts. Progress in plastics recycling may be hindered by
the growing use of degradable plastics. (Garino, R.J.; 46, (5), 121-122, 124,
127-130 [in English]. ISSN 0036-9527)

2463 OLD PACKAGES NEVER DIE. [B~198912-Pl..ol05]
Packages are designed with fewer layers for easy recycling, which would
otherwise account for approx 20% of the US' total volume of solid waste in
landfills. Worb are in progress for conversion of recycled paperboard into
cartons, photodegradable plastic grocery sacks into industrial-packaging prod-
ucts and recycled polystyrene and other resins iDto fast-food trays and office
accessories. Patented "compatibilizers, tougheners and additives" would enable
reprocessing scrap into high-value engineering plastics. (Nelson-Horch1er, J.;
238, (17), 88-90 [in English]. ISSN 0039-0895)

2464 CALIFORNIA GETS RECYCLING MANDATE. [B~
198912-P4-OO28]
Governor George Deulanejian ofCalifomia, USA, has signed legislation requir-
ing the state's local governments to initiate recycling programs designed to
achieve a 25% reduction in buried solid waste by 1995 and a 50% reduction by
the year 2000. This legislation will reportedly put California far ahead of other
states in dealing with its waste management problems. Slated to take effect 1
Janwuy 1991, the bill replaces the nine part-time members of the existing Waste
Management Board with an Integrated Waste Management Board comprised of
six full-time appointees who will oversee implementation oflocal recycling/gar-
bage disposal operations throughout California. The measure also creates a stale
agency to develop new markets for recycled materials. (News Brief). (Home, J.;
1, (32), 2 [in English]. ISSN 1042-802X)

2465 CLEARING THROUGH THE CLOUDS OF ENVIRON-
MENTAL LAW. [B:ffi.199001-G4-0003]
The two principal US statutes of concern to scrap processors are the Resource
Conservation and Recovery Act (RCRA), which regulates solid and hazardous

wastes, and the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), or Superl'und, which controls the cleanup ofhazardous
spills. RCRA is important because it sets up a complex federal regulatory
program that requires a lot of paperwork. CERCLA can be much more devas-
tating because it establishes broad liability for the cleanup of sites contaminated
in the past by actions which, at the time, may have been whoUy legal. The legal
background and the possible implications of these statutes are discussed. (Wolfe,
J.T.; 46, (6), 82, 83, 85, 87 [in English]. ISSN 0036-9527)

2466 HANDLING METALLIC BY-PRODUCTS: EPA'S VIEW.
[B~199001-G4-0004]
Solid waste is considered hazardous if it either is listed as such in EPA
regulations or exhibits hazardous characteristics such as toxicity. Numerous
metals, such as Pb, Cd, Ni, and Cr, fail the toxicity test even when present in
only minute amounts. The only factor that precludes most scrap processors from
being regulated as hazardous waste treatment, storage, and disposal facilities is
a current provision in the EPA rules that exempts scrap metal processors and
battery handlers from the comprehensive record-keeping and reporting require-
ments applicable to hazardous waste facilities. To add a layer of complexity,
some by-products of scrap operations, such as slags and drosses, are regulated
differently. By-products that are disposed of are clearly waste materials. Those
that are reclaimed or sold for reclamation are exempt from regulation as solid
wastes (and thus cannot be considered hazardous wastes) if certain criteria are
met. The nine-part documentation that is required is outlined (Wolfe, J.T.; 46,
(6), 19,21 [in English]. ISSN 0036-9527)

2467 JOINT VENTURE PLANNED TO BUILD FOUR METAL
RECYCLING FAClLITIES. [B~199001-G4-0005]
A joiDt venture to build four metal waste recycling centers in the US is being
planned by Compliance Recycling Industries, Inc., Englewood, Colorado, and
Sybron Chemicals Inc., Birmingham, New Jersey. The centers would supply
individual ion exchange cleanup units to metal wastewater generators, such as
electroplaters and makers of electronic components, and regenerate the units at
a central site. The CR! unit installed at the generator's site includes a sand filter
to remove particulates from the wastewater, and two modules containing plastic
beads that serve as ion exchange resinto remove metal contaminants. Thetreated
water can be released to a sewer or reused. When the beads are saturated, CR!
picks up the material for regeneration at the central site. (4, (22), 167, 168 [in
English].)

2468 COUPLED MEMBRANE SYSTEM DEVELOPED TO RE-
MOVE METALS FROM WASTE. [B:ffi.199001-G4-0007]
Two methods for selectively removing metals from aqueous wastes have been
developed by Bend Research, Inc., Bend, Oregon, USA The finn's coupled
transport membrane system can treat wastes colIlaining high levels of metals,
while low concentrations (afew parts per million down to parts per billion levels)
can be handled by a system using polymeric beads containing solvents. Bend
has operated a pilot-plaDt system to recover pure Cu, Ni and chromic acid from
chrome-plating waste sludges. Based on today's prices, a payback period ofless
than two years is projected for a system to process 520 000 lb of sludgelyear.
Long-term field tests on chromeplating rinsewaters suggest that a system de-
signed to recover 5000 lb/year ofCr would have a payback period of about one
year. (4, (20), 149, ISO [in English].)

2469 IMP RECEIVES STATE GRANT TO STUDY FOUNDRY
SANDRECOVERY. [B~199001-G4-0009]
A S2SO000 grant from the Michigan Department of Natural Resources Quality
of Life Bond Program to develop a process for recycling cold set bonded foundry
sand was received recent1y by the Institute of Materials Processing (IMP) at
Michigan Technological University (MTU), Houghton, Michigan, USA The
US foundry indus1Iy annually produces approx 9 million tons of solid waste,
which is primarily spent casting sand that must be disposed of in landfills.
Foundry waste represents nearly 10% of the total volume of waste that is
landfilled in Michigan. The present project's objectives are to understand the
mechanisms involved in removing organic cold set binders by combustion,
identify systems for effective removal and secondary-use binders, develop a
separation method to reduce the amount of material that must be treated and
design a complete system based on this information. (79, (12), 9 [in English].
ISSN 0026-7562)
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particularly interested in the High Temperature Gasification process of Voest-
Alpine with whom it has been working. The HTV process takes plastic waste as
soils or slurry and combusts it as a reactor with other fuel to produce gas, usually
carbon monoxide, and hydrogen. Non combustible residues emerge as liquid
slag, useful as granulates. (News Brief). «1291), 10 [in English). ISSN 0032-
1168)

2450 MEN AT THE SHARP END OF THE PROACTIVE RE-
SPONSE. [B~198909-P1-0069]
The plastics industry is facing increasing problems arising from fears of spoiling
the environment This is causing many firms to appoint to senior positions staff
to attend to such difficulties and these are experienced and articulale, and not
always technical experts. One key item is the decision as to whether a company
recycling scheme is worthwhile, feasible and viable. Higher atlcDtion to these
problems is certainly needed, particularly with all aspects of collection. One
main problem is the handling of PVC wastes. (News Brief). (Whitehead, J.;
(1291), 12 [in English). ISSN 0032-1168)

2451 DIFF1CULTIES IN DIVERTING THE WASTE STREAM.
[BIB-198909-P1-0070]
Local authorities should playa vital part in the recycling of plastics in the future.
Industry may have a task in involving them in a commercially successful way.
Collection is the first major problem to be solved and involves separate bins for
different waste classes. An experimental scheme is in hand in Sheffield starting
with bins and going on to bulk collection of recyclable material. Other major
cities are waiting to see the best methods which they can employ. (News Brief).
«1291), 13 [in English]. ISSN 0032-1168)

2452 THE COMMUNITY'S RIGHT-TO-KNOW AND THE
COMPOUNDER'S REQUIREMENT TO COMPLY. [Bm-
198909-P4-0018]
Plastics compounders are being significantly affected by the requirements of the
Emergency Planning and Community Right-ta-Know Act (Trtle IlI), passed 17
October 1986, as part of the US Superl'und Ammendmeuts and Reauthorization
Act of 1986 (SARA). Nearly every facility tha1 produces, stores, uses, or ships
certain hazardous substances is required ID1der Title ill to make available
information about those substances to federal, stale, and local officials-as well
as the general public. Another provision of the law requires facilities to report
the amounts of certain substances they released into the air, land, water, and
waste-1rea!ment facilities during the year. In addition to what are termed ex-
tremely hazardous substances, the substances regulated include many com-
monlyused compounding additives, such as acrylic acid, antimony oxide,maleic
anhydride, and heavy-mctaI-containing compounds found in pigment formula-
tions. The requiremeuts under each section of this law are analyzed. (Brewer,
D.; 12, (4), 25-26,28,30 [in English]. ISSN 0148-9119)

2453 NEW JERSEY'S WARREN COUNTY SLATES AUTO
BATTERY RECYCLING PLAN. [BIB-19891o-G1~170]
Faced with the problem of disposing ofPb-coutaminated ash from a waste-to-
energy incinerator, Warren County, New Jersey, USA, officials have announced
a program to collect automotive batteries for recycling. Interstate Battery Co.
has entered an agreement with the county's Pollution Control Financing Author-
ity to pick up Ph-acid batteries at 1S service stations. Action was taken after the
county incinerator produced some ash with high amolD1tsofPb and Cd. Disposal
transportation costs rose because the ash could not be taken to regular landfill
sites and had to be taken to hazardous waste facilities instead. (97, (17S), 9 [in
English). ISSN 0002-9998)

2454 COMPOSITES POSE SERIOUS HAZARDS. [BIB-198910-
D4-OOO7]
The disposal of composite materials including CFRP is potentially an environ-
mental hazard, since they are non.flammable and do not decompose. Workers
exposed to the dusts of composites complain of health problems and health
officials fear the problems will grow. Management must be involved in the
solution of these problems since capital investment and liaison with regulatory
agencies are required. Finally, education of employees and the local communi-
ties is necessary. (Kuzela, L; 238, (13),64 [in English). ISSN 0039-089S)
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2455 GERMANS PROPOSE WASTE DISPOSAL PLAN. [BIB-
198910-Pl-ß084]
The West German Association of Plastics Manufacturers (VKE) has presented
disposal and recycling proposals to the West German minister of the environ-
ment The VKE proposals state: generation of all waste must be minimized by
the development of higher-performance plastics, better production methods and
increased use of reusable packaging; material recycling must be implemented
in all possible cases; although methods such as hydrogenation, hydrolysis and
pyrolysis are not fully operational, VKE actively supports further development
of these methods and fU'Sttests of their application; and energy recycling appears
to be the most advantageous option for disposal of remaining plastic waste,
particularly for mixed plastic waste because of the high calorific value of plastics
and the fact tha1 proven and enviromneutally friendly incineration technologies
with continuous cleaning of flue gas are available already. (Short, H.; 1, (28), I,
24 [in English]. ISSN 1042-802X)

2456 PETROCHEMICAL FIRMS FACE CHALLENGE AS
COMMUNITIES TRY TO RECYCLE OR BAN PLASTICS.
[BIB-198910-Pl-0086]
The industry is now pushing the recycling of plastics to counter the growing
crisis of waste disposal_ problem to which plastics are considered to be a
major contributor. Plastics accOlD1tfor about 7.3 wt % of the 140 million
tonslyear of solid wastes generated in the USA. Consumers believe biodegrad-
ability is the answer to reducing plastics waste, but some authorities doubt
whether it works, and tha1 in any case it is a squandered resource. Several
companies have begun to recycle plastics, which appears to be economically
attractive for producers as well as for communities, but is ominous for surplus
production capacity in the 199Os. The industry can learn a lesson from the
banning ofCFCs. (Williams, B.; 87, (30), 13-1S [in English]. ISSN 0030-1388)

2457NAVYHAS ITS TROUBLES MARAGING SOLID WASTE.
[BIB-198910-P4-0022]
US Navy researchers are seeking ways to recycle the plastic and other waste
generated onboard the nation's 600-ship fighting fleet A successful effort would
pave the way for limiting marine plastics debris from other major sources,
including merchant and fishing fleets and leisurecraft. The program follows a
string of recent edicts: federal approval of Annex V of the MlIIJlOlAgreement,
barring ships from discharging plastics at sea; Congressional enabling laws
committing the Navy to comply by 1993; and the fleet guidelines implemented
in early 1989, requiring tha1 ships retain plastics not used in food contact for at
least 20 days and plastics used in food contact at least three days. The Navy has
already developed the necessary densification technology, and specifications are
to be issued soon for waste reduction equipment capable of producing a 30: 1
reduced, sanitized block of waste that can be stored for onshore disposal. (66,
(8),17-18 [in English]. ISSN 0026-827S)

2458 PVC INDUSTRY COUNTERS DUTCH DIOXIN CHAL-
LENGE. [BIB-198910-P4-0026]
A report by the Dutch RIVM committee suggested that the presence ofPVC in
incinerated waste in the Netherlands caused higher levels ofharmfu1 dioxins in
emissions. The PVC industry has challenged this fmding as the basis that the
analysis was performed at the Rotterdam incineration unit, whose emission
levels are greatly above typical European figures. Studies are cited which
suggest that there is not a direct link between PVC and PCDD (dioxin) and PCDF
(furan)formation. (News Brief). (Whitehead, J.; (1298), 1,32 [in English]. ISSN
0032-1168)

2459 COMPOSITES AND THE INTEGRATED MANAGE-
MENT APPROACH TO ENVIRONMENTAL PROTECTION,
HEALTH AND SAFETY. [B~198911-~]
Special problems preseutcd by composite materials manufacturing in complying
with environmental, health and safety regulations were addressed by the Society
of Manufacturing Engineers at the Composites in Manufacturing 8 Conference,
Anaheim, California, USA, in January 1989. A new, determined approach was
recommended to keep composites from becoming overregulated. For example,
an enviromnental, health and safety committee formed by the society to address
the impact of composites OIl the enviromnent was suggested. Major laws
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process, called the HTV process, could provide a solution to polymer waste
management. (16, (3), 16-17 [in English].ISSN 0306-3534)

2437 EPA EYES TOXIC BAN. [BIB-198907~22]
The EPA is proposing a new strategy of "soID'Cereduction", which advocates
preventing waste by minimizing its production, rather than manage waste after
it has been produced. This proposed new focus on sOID'Cereduction could mean
trouble for the Pb business, since it can be a euphemistic way of saying "ban
it"-which so far h$ been a last, ratherthan afust, choice. The perceived danger
is that shrinkage in the bauery-recycling industry might lead to an increase in
the number of batteries going to landfills, with resultant health risks. (Sc1unitt,
B.; 97, (88), (Suppl.Lead & Zinc), 10, 14 [in English].1SSN 0002-9998)

2438 EFFECTIVE UTILIZATION OF WASTES. [BIB-198907-
Pl..0044)
A new method for the utilization of mixed and contaminated plastics wastes has
been developed in Berlin at the GDR Construction Academy. The materials are
processed in conventional extrusion machines to give foams with a density
0.29/cm3 by mixing low-boiling solvents with the material before the extrusion
process. The foams are of the closed cell, humidity resisting type. (News Brief).
«390), 4 [in German].)

2439 GERMAN PLASTICS INDUSTRY DEVELOPS WASTE
CONCEPT. [BIB-I98907-Pl-0047]
West Germany's plastics manufacturers have developed a concept for thermal
treatment of w$les which they plan to publicise at the K '89 plastics exhibition
to be held in November 1989 in Dusseldorf. The concept is based on incineration
of plastics w$les to produce heat,ratherthanrecycling. The industry association
VKE is in talks with West Germany's largest utility company, Rheiniscb-West-
falisches-Elektrizitatswerk (RWE) about coordinating the energy supply.
RWE's subsidiary UK Wesseling has also developed a process for thermal
treatment a plastics wastes. (News Brief). «1287), I, 24 [in English). ISSN
0032-1168)

2440 APME ACTS FAST ON WASTE MANAGEMENT. [BIB-
198907-P~12 )
A pan-European approach to the waste management of plastics has been adopted
by the Association of Plastics Manufacturers in Europe (APME). It has formed
an emergency sub-committee to put proposals to DOli in Brussels priorto the
publication of a directive early in 1990. To avoid the proliferation of national
me$ures taken in isolation, the APME intends to coordinate all sections of the
industry, local authorities and the public to establish an effective European
consensus. (News Brief). (Sommer, G.; (1287), I [in English]. ISSN 0032-1168)

2441 THE PLASTICS DEGRADABllJTY ISSUE. [BIB-I98908-
Pl~]
Business Communications Company, USA, in drawing attention to the impact
of degradable plastics on litter and solid waste, has stressed that neither photode-
gradation nor biodegradation will present a panacea to the growing plastic waste
problem. Legislation will ensure that a feasible response is found to the devel-
oping crisis. Poteutial candidates for controlled degradation include refuse bags,
merchandise bag$, fast food containers and medical waste. (News Brief). (6, (8),
11-12 [in English). ISSN 0264-7753)

2442 now PICKS UP WASTE CHALLENGE. [BIB-198908-Pl-
0057]
Dow Europe are formulating plans for managing and recovering plastics waste
from cars. Plastics consumed by Europe's automobile industry are expected to
increase by 3% per year, adding another 400 000 tonnes by 1995 to the existing
1.3 mi1lion tolmes in car body and interior parts. Incineration of the organic
shredder fraction is not normally permitted and much of it is currently disposed
of in landfill sites. Dow is examining state of the art incineration, and believes
that over two trillion joules of energy could be recovered annually. (News Brief).
«1289), 1 [in English]. ISSN 0032-1168)

2443 WASTE RECLAMATION FOR ENERGY "MOST PRU-
DENT" AIM. [BIB-I98908-Pl-0059]
Waste-t<Hmergy reclamation is "the most prudent approach" of the a1tematives
available to address the world waste problem. In a paper presented to the Fourth
Annua1 ASMIESD Advanced Composites Conference D.R. Barr of Mobay
Corporation reported some of the benefrts of waste- to-energy relamation. These
include: development of a long term means of waste disposal, implementation
of waste disposal systems, reducing the tipping ofhazardous waste and reduction
oflandfill volume. (Dempster, D.; (1289),7 [in English]. ISSN 0032-1168)

2444 PLASTICS IN SWITZERLAND DOMINATED BY IM-
PORTS. [BIB-198908-P4-0016)
The six mi1lion Swiss consume, per capita, about the same as their neighbours
in Europe but only 20"10 of the products are made in house, about the same
proportion as raw material. It is suggested that the position is unlikely to change
because of the structure of govemment at all levels and their abiding concern
with environmental protection. For example, PVC food packinging is to be
elminated by the early 19905 while CFC propelled aerosols will be banned at
the end of 1990 and permitted styrene levels have almost prohibited the manu-
facture ofGRP laminates. (News Brief). (Sommer, G.; (1290), 8-9 [in English].
ISSN 0032-1168)

2445 AUSTRIAN GREENS PUT PVC UNDER STRONG PRES-
SURE. [BIB-198908-P~17]
The Austrian environment rDinistry is considering a total ban on PVC for
packaging. Aiready the tonnage has fallen from 8000 t in 1983 to 6000 t in 1986,
down 25%. For containers the figures are 3750 t, to 2500 t,34% down. The main
problem is in waste disposal. Over 90"10 is buried with only 6% bumL There are
some 200 landfill sites, 19 composition plants and just two incinerators. With
the existence of a well developed glass colllainer re.cycling system and pressure
to eliminate PET for carbonated drinks containers, the prospects for the glass
industry look good. There is also pressure from the Greens to phase out PVC in
building on the grounds that it will eventually create a severe waste disposal
problem. (News Brief). (Sommer, G.; (1290), 12 [in English]. ISSN 0032-1168)

2446 NEW LEAD CORROSION DATA FOR NUCLEAR
WASTE USE. [BIB-198909-G5-(339)
Battelle Pacific Northwest Research Laboratories has been studying the corro-
sion resistance of Pb in envirolDllents simulating those expected in a repository
located in a Yucca Mountain, Nevada, USA, site. The corrosion rates of three
leads-corroding Pb, Ph-1.5Sb, and Ph-1.5Sn and Alloy 825, a Ni base
superalloy-were determined over a six-month test duration in environments of
humidified air at 100 and 150°C, in water-saturated air at 100°C, and in J-13
(tuff) ground water concentrated 25 times at 100 °C . (2 [in English].)

2447 PLASTIC RECYCLING. [BIB-198909-Pl-0064]
The fU'st plant for the processing of plastic wastes has gone into operation in
Rodental. The plant cost 10.7 million DM and can process 4000 tons/year in two
shifts, yeilding 3000 tons of granulate for new plastics production. (News Brief).
«393), 1 [in German).)

2448 WEIGHING UP THE PARTS IN THE WASTE EQUA-
TION. [BIB-198909-Pl-0065)
Increasing interest is being shown in the disposal of waste. Two well known
methods are used in Western Europe, land infill and incineration: and others are
also in use. Plastics waste accounts for S-6 wt.% of domestic waste. These are,
in Europe, S5% polyolefms, 15% PS, 10% PVC, 5% PET and 5% assorted.
Recycling can dispose of many of these wastes and involves a fair amount of
initia1 sorting. Chemical recycling requires more sophisticated technology and
is in the development stage for plastics. Continuing research into waste disposal
will be needed. (News Brief). «1291), 8 [in English]. ISSN 0032-1168)

2449 DOW BACKS INCINERATION. [BIB-198909-Pl-0068]
Dow Chemicals has turned its attention to ultimate disposal and, having looked
at most systems of disposal, is backing incineration as the best one. They are
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related to PVC and perceived environmenlal problems. The conclusion, PVC is
an economical maJerial which has outstanding properties and numerous uses.
An analysis of its energy requirements, recycling possibilities and pollution
potentials leads to the conclusion that the use of PVC has a positive effect on
the enviromnent.. (Flury, M; (9), 20-21 [in Getman]. ISSN 0023-SS98)

2427THE ENVIRONMENT TOPS THE AGENDA. [B1B-198904-
Pl-0027]
The group, Friends of the Earth, are again campaigning about disposal of waste
plastics products, and other materials. Plastics cause much trouble in disposal,
unlike metals, for example, and trends are generally towards more plastics.
Difficulties are being experienced in fmding enough landfill space for the
non-biodegJlldable plastics. Atteution is also being paid to over-packaging of
many foodstuffs, so adding to disposal problems. It is feh that further examina-
tion is needed of disposal methods, including better forms of incineration. (News
Brief). «1274), I, 28 [in English]. ISSN 0032-1168)

2428APME TO BOOST ITS WASTE EFFORT. [B1B-198904-Pl-
0028J
In response to solid waste management problems, the Association of Plastic
Manufacturers in Europe is increasing its resources, being very worried about
at least three markets (in Europe). These are Denmark, Germany and Italy.
Denmark operates a deposit scheme, preventing imports of drinks, but allowing
global exports of Danish products. In Gennany there is a compulsory deposit
scheme on plastic drink bottles. In Italy responsibi1ity is placed on both local
authorities and industry, putting costs fumly on industry and trade. (News Brief).
«1274), 1 [in English]. ISSN 0032-1168)

2429 GERMAN BUND GROUP TARGETS DRINKS BOTTLES.
[BIB-198904-Pl-0029J
Germany's largest group protecting the environment is setting up a national
campaign against the flood of plastic beverage bottles. Pressure is naturally being
put on both retailers and constmlers to boycott such products. At present, only
a quarter of retailers will do without such bottles. There are roughly 2.7 billion
bottles with a weight of 83 tonnes dtmlped in Germany per year. Of these, 7S0
million are of "environmentally dangerous" PVC, most originating in France and
Belgitml. Some companies are co-opcrating to lessen the problem, with limited
success. (News Brief). «1274), 1 [in English]. ISSN 0032-1168)

2430MAKING PLASTICS THAT BIODEGRADE; [B1B-198904-
PS-0093]
Development of degradable plastics for reduction of solid wastes is discussed.
Growth of solid wastes, stability of normal plastics and legislation to restrict the
use of plastics are described. Problems with current degradable products are
discussed. Three categories of degradables are described. Technology and
applications for biodegradables are discussed. Chemical and pbotodegradables
are described. Current uncertain status of technology, specifications and needs
are discussed. (Gibbons, A.; 92, (2), 69-73 [in English]. ISSN 0040-1692)

2431 IMS WINS CONTRACT TO PROCESS EAF DUST AT
NUCOR-YAMATO. [BIB-198904-S4-0011J
In its second electric arc furnace contract, International Mill Service, Philadel-
phia, Pennsylvania, USA, has signed a long-term agreement with Nucor- Yamato
Steel Co. to process EAF flue dust at its new Blytheville, Arlc.ansas, mill. While
IMS is negotiating several other long-term contracts for EAF dust on-site plants,
it is constructing its fust on-site EAF dust treatment facility at Florida Steel
Corp. 's mini-mill in Jackson, Tennessee. Under the terms of the Nucor- Yamato
con1ract, IMS will process 12 000 tonsIyear of EAF dust using the Tetronics
Plasma Process. The processing teclmology is being licensed by IMS from the
British research and development fll'll1,Tetronics. (News Brief). (S, (2), 13 [in
English]. ISSN 0897-436S)

2432 BATTELLE STUDYING CADMIUM PLATING TO RE-
DUCE HEAVY METAL WASTES. [BIB-198904~12]
Cadmium-plating processes and alternative materials are being studied by
Battelle Laboratories, Columbus, Ohio; USA, with the goal of reducing heavy
metal wastes while. allowing products to retain the required properties of Cd.
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Battelle researchers are trying to identify new or modified coating processes as
well as substitute coatings and surface treatments that could lead to revised
standards, practices and specifications for materials and end-use applications.
The study involves six specific tasks: reviewing specifications; identifying
ahernative materials and specifications; comparing potential Cd replacement
materials with end-use applications and requirements; determining possible
waste generation reductions that could resuh from changes in the Cd-plating
process; receiving comments from users regarding recommended changes; and
submitting a fmal report to the Defense Construction Supply Center, which has
commissioned the study. So far Battelle has identified 200 specifications using
Cd plating as a degradation protection coating forfasteners and other metal parts.
Pre-treatment, post-treatment and testing procedures required from the specifi-
cations will be documented and analyzed in relation to new or modified coatings.
Project manager al Battelle Columbus is Russell Smith. (News Brief). (4, (3),
22 [in Eng1ish].)

2433 HRD TO CONVERT TENNESSEE ROTARY KILN TO
WAELZ PROCESSING OF EAF DUST. [BIB-198904-S4-0013J
Horsehead Resource Development Co., Inc., Palmerton, Pennsylvania, USA,
has bought a rotary kiln in Rockwood, Tennessee, that will be converted to the
treatment of electric arc funw:e dust. The kiln had been used in preparing carbon
maJerial for the ferrosilicon industry and its configuration is suited to conversion
to the Waelz process for recovering Zn from EAF dust. Initially, the kiln will
service primarily electric arc steel producers in the Southeastern US. The 60 000
tonlyear facility is expected to be fully operational by January 1990. HRD
currently processes approx 3S0 000 tons/year of EAF dust at kiIns in Chicago
and Palmerton. The fum also owns the flame reactor technology for handling
EAF dust and plans additional treatment facilities in the Southwest and on the
West Coast in the near future. A flame reactor, which is less capital intensive
than the ki1n, is more economical when lower vohunes of dust must be treated.
The feasibility of a specialized operation to thermally process C steel EAF dusts
containing low levels of Zn is IDlder investigation by the company. A 19.9"10
interest in HRD, a subsidiary of Horsehead Industries, Inc., New York.City, was
acquired by MetaUgesellschaft AG, Frankfurt, FRG, last year. (News Brief). (4,
(3),21 [in Eng1ish].)

2434NEWWASTEDISPOSALREGULATION: CROSSFRON-
TIER TRANSPORT OF SCRAP AND RESIDUES CONTAIN-
ING NON-FERROUS METAL [BIB-198906-G7-0163J
The monitoring procedures of the new waste regulations apply, amongst others,
to all substances which are classified as dangerous by any EEC state-involved
via transportation-independently of whether or not it is waste in accordance
with German waste regulations. Residues (including scrap) containing non-fer-
rous metals are affected. In particular with regard to secondary materials, an
explanation is given of when and, where necessary, how the new regulation is
to be applied. (6S, (3), 210, 212, 214-216 [in German]. ISSN 0002-6689)

2435 SCRAP DEPOSITION IS ANTICIPATED BY A MODEL
SOLUTION. ENERGY RECYCLING OF SHREDDER RESI-
DUE IS PROMISING IN THE SHORT TERM. [B1B-198906-Pl-
0039J
The waste management of old cars is a troublesome problem. Debates on the
composition of shredder rubbish resuh in precise listing, cost accounting. etc.
Detailed programmes have been developed for optimising the treatment of this
rubbish. Treatment of the organic fraction involves some material recycling
followed by burning of residues as a source of energy. This appears to be
promising in the short term. (peters, I.; (388), 21-22 [in German].)

2436 THE NEED TO INDUSTRIALISE. [B1B-198906-P6-0143J
The success of plastics usage in automotive manufacture hinges on the accep-
tance of polymer substitution for metal in economic volumes and the creation
of an acceptable method of waste disposal. Cannon's Compotec system is
specifically designed for the development and potential production of high-vol-
ume large resin transfer moulded parts. Dow Europe, believing that the European
automotive market will account for 20 000 t of maJerial for RTM applications
this year, is offering four basic families of resin for reaction injection moulding
under the Spectrim tradename. Voest-Alpine's high temperature gasification
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2417 INTERNATIONAL MILL SERVICE BUILDS FIRST EAF
DUST FACILITY. [BIB-198901-S4-0003]
International Mill Service, Inc. (IMS) is engineering and building its flISt EAF
dust processing facility. It will be located at Florida Steel's electric furnace mill
in Jackson, Tennessee, USA, and have the capacity to process 7000 toDSofEAF
dust lIIIDWllly.IMS will own, operate and maintain the system on-site at the niill,
and expects to begin plant operations next moDth. The facility will utilize the
Tetronics plasma process, a thermal teclmology that recovers prime western
grade Zn metal from EAF dust. IMS licensed the technology from Tetronios in
the UK, and has exclusive rights to IIIlIJket the process to steel mills in North
America and ElII'Ope. (IS, (12), 8 (in English]. ISSN 0097-8388)

2418 W-P RAIL MILL CLEAN-UP STALLS BETHLEHEM
BUY. (BIB-198901-sw004]
A delay in the sale of Wheeling-Pittsburgh Steel Corp. 's rail mill to Bethleham
Steel Corp. centers on a dispute over environmental clean-up costs at the
Monessen, Pennsylvania, USA, facility. The Bethlehem, Pennsylvania, steel-
maker is seeking a Wheeling- Pittsburgh clean-up of stored waste at the site or a
credit of at least $600 000 on the pre-established purchase price of the mill before
it agrees to finalize the purchase. Bethlehem agreed in September to purchase
the modem rail mill for $20 million but has balked at closing the deal. The delay
has prompted attorneys for Wheeling, West Virginia-based Wheeling-Pittsburgh
to consider seeking bankruptcy to court approval to sell the mill to another bidder
or abandon it altogether ifBethlehem does not soon take possession ofit A status
conference on the matter is slated for 14 December. At issue are hundreds of

. drums at the site containing what is believed to be non-hazardous material, such
as waste oil, grease and lubricants. The drums are said to constitule disposed
wastes because they have been in storage at the site for more than a year. Some
1000-1200 drums are at the site. It is believed, however, that only 300A,contain
waste material, which is starting to leak. (News Brief). (Balcerek, T.; 96, (236),
2 (in English]. ISSN 0002-9998)

2419 RECYCLING GROWS UP: A BIG FUTURE FOR RECY-
CLING PORTENDS GROWTH OF A NEW RAWMATERIALS
STREAM AND NEW ROLES FOR PROCESSORS AND RESIN
PRODUCERS. [BIB-198902-Pl-0006] .
The new shape of the reclaimed plastics supply/processing/marketing chain in
the US is described Topics of discussion include questions concerning whether
1arge producers of virgin plastics for packaging become reclaimers and/or
processors of recycled material or will they leave this field to the C:UlJtf>1 c:neurial
fums that have already established their niches. One recent development which
could challenge the current dominance of entrepreneurial finn.s over plastics
recycling is the agreement between Dow Chemical, Midland, Michigan, and
Domtar, Moutrea1, to form a joint venture to recycle and market materials
derived from primarily PET soft-drink bottles. Separation technology develo~
ments are discussed. (Rogers, J.K.; 34, (13), SO-S6 (in English]. ISSN 0032-
1257)

2420 RISE IN PLASTIC WASTE ALARMS CAR SHREDDERS.
[BIB-198902-Pl-OOll J
CoDSideration is given to the increasing problem of plastics waste resulting from
the growing use of plastics in automobiles. Association of Plastics Manufactur-
ers in Europe is monitoring car waste disposal and hoping to coordinate national
industry efforts. Possible options are disposal in landflll sites or incineration.
Another approach is labelling of different polymer components for easy identi-
fication and designing cars for sysu:matic dismantling. This would make recy-
cling easier. A levy could be charged on purchase to cover the eventual cost of
plastics disposal. (News Brief). «1266), 20 (in English]. ISSN 0032-1168)

2421 HORSE HEAD MAY BUILD SEVERAL REGIONAL
FLAME REACTORS TO TREAT EAF DUST. (BIB-198902-S4-
OOO6J
Following successful testing of its Sl Joe flame reactor for recovering Zn and
other metals from electric arc furnace dust, Horsehead Resource Development
Co., USA, is considering construction of several reactors to handle EAF dust
containing 15% Zn. No sites have been selected yet as the fum is discussing
marla:t needs with potential customers. Regional facilities with a capacity of at
least 20 000 tonslyear would be the most economical. Net processing costs for
a 20 000 t/year facility, excluding transportation expenses, are estimated at

approx S871ton for EAF dusts containing 4OOA, Zn, and $I6Ilton for dusts
containing 5% Zn. For 40 000 tlyear plants, the costs range from SS4lton for
50010Zn-dusts, to SI28/ton for 5% Zn-dusts. (3, (25), 190 (in English).)

2422 STAINLESS STEEL INWATER POLLUTION CONTROL
[BIB-198902-S6-0038]
A number of examples serve to illustrate the growing contribution of stainless
steel in environmental engineering, in particular to water pollution control. The
"Boat" clarifier, now buih in the UK almost entirely in stainless steel by
Simon-Hartley Ltd. of Stoke-on-Trent, is used for sludge clarification. Other
applications include a rotating drum screen for filtration, centrifuges, disc
skimmers for the removal of surface pollutiODS,as well as range of ancillary
equipment. (16, (94), 16 (in English]. ISSN 0306-2988)

2423 METALLGESELLSCHAFT BUYS 19.9% STAKE IN
HORSEHEAD'S RECYCLING SUBSIDIARY. (BIB-198902-S9-
0039J
The West Genoan conglomerate Meta1lgesellschaft AG has bought a 19.9%
stake in an industrial.waste recycling company owned by Horsehead Industries
Inc. for an undisclosed sum. Horsehead Resource Development Co. Inc., based
in Palmerton, Pennsylvania, USA, recycles inorganic hazardous wastes, primar-
ily Zn-containing waste from the steel industry, extracting nonferrous metals for
resale. In operation since 1980, the company uses high-temperature pyrometal-
1urgical technology to process hazardous fumes collected from electric-arc
furnaces used by mini-mills. The Horsehead acquisition is part ofMG's strategy
for its new subsidiary. Berzelius Umweh-Service GmbH, through which MG
bought its interest in Horsehead Resource. Berzelius currently processes approx
300 000 shon tons of industrial residues containing nonferrous metals. Horse-
head will account for an additional 200 000 toDS.Within the next five years the
MG subsidiary expects to be involved in processing 1 million tons of waste. In
addition to Horsehead Resource, Berzelius has a stake in a Spanish company
involved in recycling industrial waste, and plans to join forces with French and
Italian companies in the future. The agreement between Horsehead Resource
and MO's Berzelius calls for technical cooperation. The companies will also
exchange technical know-how and cooperate on research and development
projects to provide u~to-date, safe and cost-effective remedial services for the
recycling of a variety of metal-containing industrial residues. Currently, Horse-
head Resource has three processing plants, in Palmerton and Monaca, Pennsyl-
vania, and Calumet, Illinois. The company plans to open additional facilities in
the US South and West (News Brief). (Tunney, J.; 96, (153), 2 (in English].
ISSN 0002-9998)

2424 RECYCLING OF PLASTICS SCRAP. (BIB-198903-Pl-
0014J
The focal point of a study by the South Genoan Center for Plastics was plastic
scrap recycling. The study showed that in many cases recycling is possible but
that for some plastic waste, thermal recycling is the more sensible disposal
method. The use of household waste for plastics production is economically and
environmentally unacceptable because of the large variety of food products
contaminating its surfaces. Plastics have a high heat content and incineration for
energy production appears to be a sounder method for recycling. Results of the
study were presented at a January 1988 seminar in Stuttgart. A report on the
study and the discussioDS at the 1988 seminar are given. «9), 26, 27 (in German].
ISSN 0023-5598)

2425 ARE SHIPBOARD PLASTICS (WASTE) ALL WASHED
UP? (BIB-198903-P4-0002]
The amount of plastics discharged at sea is significant and is cause for concern.
The US has signed an international treaty and enacted a new law-the Marine
Plastics Pollution Research and Control Act- which bans plastic disposal at
sea. Business will be lost because of these environmental concerns and the Dew
laws, but recycling and incineration should probably create new commercial
opportunities. (Smock, D.; 46, (9), 75-77, 79 [in Eng1ish]. ISSN 0032-1273)

2426 THE PVC (ENVIRONMENTAL) THEME: PVC (NEEDS)
CLEANING (UP). [BIB-198903-P4-0003]
There has been much media publicity in recent years about polyvinyl chloride.
This has created the impression that PVC is a significant pollutiOD source.
Discussed are vinyl chloride, Cd, dioxin, HCI, dioctylphtha1ate and recycling as
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softening or melting down to a salUration level. The melted plastic material is
mixed with a given dose of a catalyst, e.g. calcium hydroxide, at a temperature
of 220-300 °C • Then, a resultant mixture is shaped to a solid fuel product, or if
saturated with the plastic material, to a predetermined form disposable in a
landfill. (Matsuzaki, T.; [in English]., Patent no.: EP0475556 (European Patent)
Convention date: 14 Feb. 1991)

2408 CONVERSION OF MUNICIPAL WASTE TO USEFUL
OILS. [BIB-I99301-DI-P-0086]
The invention is directed to a method for converting municipal waste containing
plastics to a high quality synthetic aude oil which can be separated by fractiona-
tion into gasoline, diesel fuel and gas oils suitable as a feedstock to a catalytic
cracker. The presence of cellulosic and proteinaceous waste materials in the
municipal waste does not inhibit the process of the invention for converting the
municipal waste into a synthetic crude oil. The process generally includes the
steps of heating the municipal waste in a reaction gas of a mixture of H sulfide
and hydrogen or H at moderate temperatures and pressures. (Stapp, P.R.; [in
English]., Patent no.: US5158982 (USA) Convention date: 4 Oct. 1991)

2409 CONVERSION OF AUTOMOTIVE TIRE SCRAP TO USE-
FUL OILS. [BIB-I99301-DI-P-0087]
The invention is directed to a process for the conversion of waste plastics and
scrap rubber to a high quality synthetic aude oil which can be separated by
fractionation into gasoline, diesel fuel and gas oils suitable as a feedstock to a
catalytic cracker. The process generally includes the steps of heating the plastic
scrap and scrap automotive tires in a hydrogen atmosphere at moderate tempera-
tures and pressures. It bas also been determined that the polymeric waste material
must be present in combination with the scrap automotive tires to atlain conver-
sion of the scrap automotive tires to liquid hydrocarbon. (Stapp, P.R.; [in
English]., Patent no.: US5158983 (USA) Convention date: 4 Oct. 1991)

2410 RADIATION-DISORDER AND APERIODICITY IN IR-
RADIATED CERAMICS. FINAL TECHNICAL REPORT,22
JUNE 1989-21 JUNE 1992. [BIB-I99302-A4-C-0018J
This research forms the latest part of an on-going program. begun at MIT in 1983
under DOE support, which has had as its objectives investigation of the re-
sponses in radiation environments of ceramics heavily-irradiated with electtons,
neutrons and ions, with potential applications to fusion energy technology and
high-level nuclear waste storage. Materials investigated have included SiÜ2,
MgAb04, AI230z7Ns, SiC, BeO, LiAlÜ2. Liilr03, CaTiO:lKTaO:l, and
Ca(lr,Pu)Ti2Ü7. The program initially proposed for 1980 had as its major
objectives two main thrusts: research on defect aggregation in irradiated non-
oxide ceramics; and research on irradiation-induced amorphization of network
silicas and phosphates. (Hobbs, L.W.; Pp 79 [in English]. ISSN 0097-9(07)

2411 LOW-TEMPERATURE ASHING OF HAZARDOUS
PLASTIC WASTE. [BIB-I99303-C4-P-0131J
A system and method for low temperature treatment of organic wastes contain-
ing potentially toxic concentrations of metals are described. The method com-
prises forming the waste material into pellets of preselected size, mixing the
pellets with inert material, and incrementally heating the mixture in air from
approx 200 to approx 600 °C to oxidize the pellets to the corresponding ash
containing the metals, collecting the ash, and combining the ash with inert
material and binder to form a solidified compact for disposal. (Wichner, R.P.;
Spence, R.D.; Morgan, IL.;Jermyn, H.W.; [in English]., Patent DO.: US5167711
(USA) Convention date: 3 Jan. 1992)

2412 REDUCTION OF COST OF COMPOSITES IN USE
THROUGH WASTE MINIMIZATION. [BIB-199303-DI-D-
0388J
An environmental rationale is presented for using thermoplastic matrix compos-
ites (!PC) in place of thermoset composites (TSC). TPC offer advantages over
TSC in waste reduction, safety, recycling, energy use, and processing. For most
applications, performance properties are equivalent or higher for 1PC, giving
clear, cost-effective solutions to high performance material needs in production,
use, and disposal. TPC are more stable than TSC, having long shelf life without
need for refrigeration or disposal of unused, "out-of-date" materials. 1PC's have
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essentially DO volatile organic compounds (VOC) in processing or use. As
opposed to TSC, they are non-hazardous and can be disposed as ordinary solid
waste. Recycling of carbon fiberlPEEK composites is addressed. 12 ref. (Saun-
ders, C.S.; SAN DIEGO, CALIFORNIA, USA, 21-23 MAY 1991, Publisher:
SOCIElY FOR THE ADVANCEMENT OF MA1ERIAL AND PROCESS
ENGINEERING, P.O. Box 2459, Covina, California 91722, USA, (1991), (Eng.
Mat., 9303-G2-Z-(086), 463476 [in English].)

2413 AN OVERVIEW OF ADDITIVES AND MODIFIERS FOR
POLYMER BLENDS: FACTS, DEDUCTIONS, AND UNCER-
TAINTIES. [Bm-I99303-DI-P-0484J
Polymer blends with enhanced properties and processability for specific appli-
cations are modified through the incorporation of a variety of additives. The
performance of these additives is often difficult to predict from considerations
of their mown behavior in the separate blend coostituents. This overview
disQlSSes additives and modifiers in terms of types and specific functions (e.g.
impact modifiers, compatibilizers, flame retardants, stabilizers) and provides an
analysis of the possible effects of their repartition in the constituent phases and
at the interface. Graphs. 20 ref. (Mascia, L.; Xanthos, M.; MIAMI BEACH,
FLORIDA, USA, FEB. 1992, II, (4), 237-248 [in English]. ISSN 0730-6679)

2414 AN OVERVIEW OF THE REGULATIONS AND PROCE-
DURES FOR DISPOSAL OF EPOXY AND PHENOLIC HAZ-
ARDOUS WASI'FS. [BIB-I99303-DI-Z-0548J
This paper focuses on the regulations and procedures in disposing of epoxy and
phenolic wlistes in the forms of prepregs, coatings and solvent rinsale. California
TItle 22 and Code of Federal Regulations (40 CFR) are the state and federal
regulations that govern the identification and handling of these wastes. Identifi-
cation, is the critical flI'St step in properly disposing of waste. Incineration,
supplementary fuels for incineration al a cement kiln, solvent recovery, and
landfill disposal are the four most common commercially available methods of
disposal. Each of these processes is touched on and the regulations that apply
are discussed. 21 ref. (Ferrier, T.M.; San Diego, California, USA, 21-23 May
1991, Publisher: Society for the Advancement of Material and Process Engi-
neering, P.O. Box 2459, Covina, California 91722. USA, (1991), (Eng. Mat.,
9303-G2-Z-(086), 204-215 [in English].)

2415 A DISPOSAIlRECYCLING MODEL FOR COMPOSITE
WASTE MATERIALS. [BIB-I99303-DI-Z-0549J
An accurate and simple disposallrecycling model for composite waste materials
will help to evaluate practical and cost effective disposal or recovery methods.
First, the volume and composition of waste materials are analyzed. The base for
all cost estimates is the current or projected, adjusted tota1 cost of solid or
hazardous waste disposal. Then, disposa1 andlor recycling options are identified
and arranged for decision making. A level offers material disposal by waste
exchange. Actual material recycling is considered with brealcdowns for end
products and process costs. Pyrolysis, reinforcement recovery, size reduction
for reincorporation as fillers, reinforcement or foam, production of cast products
and energy recycling are examined for sitb-specific practicality and cost effec-
tiveness. Evaluations can be made after avoided disposal costs, estimated
revenue, labor costs, and additional processing/material handling equipment
expenses are integrated into a per kg material cost. The model compares each
adjusted disposal method, allowing composite manufacturers to consider recy-
cling in waste disposal practices. 5 ref. (Wood, 1.1.; San Diego, California, USA,
21-23 May 1991, Publisher: Society for the Advancement of Material and
Process Engineering, P.O. Box 2459, Covina, California 91722, USA, (1991),
(Eng. Mat., 9303-G2-Z-(086), 384-392 [in Eng1ish].)

2416 PLASTIC IN PUBLIC CONTROVERSY. (KUNSTSTOFFE
IM OFFENTLICHENMEINUNGSSTREIT.) [BIB-I99303-GI-P-
0013J
The public perception of plastics as a polluter, environmentally hazardous, is no
longer true. A histogram shows that, from the recycling point of view, waste
containing plastics weighs less, consumes less energy, has less volume when
compressed, and costs less to recycle. (45, (8),414 [in German]. ISSN 0176-
1625)
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discarded cars go directly from final owners to licensed rec:yc:lingcenters without
being compacted for transportation. The Volkswagen pilot project at Leer
addresses separation of components by disassembly. Presently, plastics are
deposited in landfills. The l.A:erproject is directed toward re-use of plastics in
the same application as the original materia1 rather than tumingthem into lower
grade materials for applications such as park benches, flower pots, etc.
(Brudgam, S.; Davos, Switzerland, 3-5 Apr. 1991,4, (6), 4O~20 [in English].
ISSN 0952-69(0)

2398 BLEEDING OF PVC STABILIZERS CONTAINING
HEAVY METALS. [BJB.199209-C4-P-0390]
Four PVC profiles containing differem Pb, Cd and Bastabilizers were examined
for heavy metal bleeding and the poteutial effect on landfills. The four materials
were subjected to leaching tests in three environments: acetic acid, alkaline with
soda, and water with active carbon. Results indicate that under normal condi-
tions, PVC molded part debris exhibit almost no bleeding of the heavy metal
stabilizers. The conclusion is that these materials would have very little effect
on percolating water in landfills. \In English p. 17-181. 10 ref. (Griebenow, W.;
82, (l), 46-47 [in German]. ISSN 0723-0192)

2399 ECONOMICS AND CONSERVATION DRIVE RECY-
CLING. [BJB.199209-DI-P-2027]
Crellin Inc. produces spools and reels in sizes from 1 in. flange diameter for
packaging solder to 30 in. reels capable of holding 1000 lb ofwire products. The
polymers used most often are polystyrene and ABS (acrylonitrile-butadiene-
styrene). These thermoplastic resins are capable of being molded, gromd back
into a granular consistency, and remolded into spools, reels or other products.
This process can be repeated many times, making it economical and environ-
menta1ly advantageous. The recycle program started in 1972, when an unprece-
dented polymer shortage prevented Crellin from purchasing enough virgin
polymer from suppliers. The economic advantages and elimination of disposa1
problems are the major driving force for the success of the program. Camden
Wire uses the reelto package single end, concentric:, and blDlched Cu conductors.
Camden reuses the reels until they are damaged, at which time they send them
back to Crellin for the value of material in the reel and they are recycled. (01sta,
P.; 20, (I), 18-19 [in English]. ISSN 0898-9850)

2400 THE CHARACTERIZATION OF NUCLEAR WASTE
GLASS. [BJB.199209-GI-C-0054J
The most relevant properties of vitrified high-level nuclear waste glasses are
being determined, as part of the quality assurance/quality control verification
action set up by NIRAS/ONDRAF (the Belgian Authority for Nuclear Waste
Management). Verification includes the following properties: chemical and
radiochemical composition, homogeneity, thermal stability and chemical stabil-
ity. Existing but not standardized techniques were used. Photomicrographs. 22
ref. (Iseghem, P.; 21, (6), 179-183 [in English]. ISSN 0391-4259)

2401 FIBERGLASS-REINFORCED PLASTIC EQUIPMENT
FOR WASTE INCINERATION GAS CLEANING. [BIB-199210-
FI-D-0594J
During the past IS years, fiberglass reinforced plastics (FRP) based on vinyl
ester resin have been widely used in the highly corrosive wet glass cleaning
process of incinerators. The waste incineration process is discussed. FRP based
on vinyl ester resin has been a cost-competitive and reliable material for the
construction of gas cleaning equipment for the highly corrosive wet cleaning
process. Compared to bis A and chlorendic anhydride resins, FRP based on
novolac vinyl ester resin provides improved resistance to thermal degradation,
blistering, and delamination. Successful operation in hypochlorous acid (HOCI)
has been achieved by lining an FRP caustic sc:rubbingtowerwith PVC.lmprove-
ments in thermal performance, hydrogen fluoride resistance, and ftre resistance
were obtained by using conductive filler, synthetic surface veil, and brominated
vinyl ester resin containing Sb, respectively. Graphs. (Kelley, D.H.; 31, (5),
34-38 [in English]. ISSN 0094-1492)

2402 THERMOPLASTIC LININGS MECHANICALLY
BONDED TO CONCRETE. [BJB.199210-Fl-P-0633]
Mechanically bonded thermoplastic linings are a new generation of corrosion
barriers that make concrete an effective and economical construction material
for storing and treating of highly corrosive chemicals and chemical wastes. They

offer many advantages over various bonded linings, including the following:
optimum chemical resistance; resistance to external hydraulic pressure; intersti-
tialleak detection systems; exterior waterproofmg not required; can accommo-
date a positive air pressure behind the lining as a means of leak detection;
satisfies many of the US Environmental Protection Agency mandates; availabil-
ity in UV -resistant grades; eliminates need for surface preparation and expense
of removal of blasting grit; reduction of moisture; elongation capabilities permit
the lining to bridge small cracks. Lining materials discussed include PE, PPR,
PVC and PVDF. Graphs. (Boova, AA; 31, (4), 34-37 [in English]. ISSN
0094-1492)

2403 GEOTEXTILES IN AGGRESSIVE sons [BIB-19921l-
C5-P-0242J
Geotextiles are polymers used in ground engineering for purposes such as
f1ltration, drainage and reinforcement, requiring durability over long lifetimes.
In spite of concern with their chemical, biological and ultraviolet degradation,
the principal damage identified so far is that generated during compaction of the
surrounding soil. Tests have been performed using a variety of geotextiles and
backfills to establish the extent of this damage, and to determine the reductions
in strength and appropriate safety factors. The test method described will form
the basis of a standard method of evaluating insta1lation damage. HOPE, LOPE,
PVC, polypropylenes and polyolefms are discussed Photomicrographs, Graphs.
8 ref. (Greenwood, J.H.; 6, (I), 15-18 [in English]. ISSN 095~618)

2404 THE RECENT INVESTIGATION ON RECYCLING OF
SMC(FRP) PRODUCTS. [BJB.19921l-Dl-D-2460]
In Japan, the production of plastics amounted to 12.26 million tons in 1990, and
the amOlDltof waste plastics (in subject) and wasted plastics are estimated as ten
million and five million tons, respectively. The combustion method, the pulver-
izing method and the thermal decomposition method have been investigated.
SMCAA in the USA and ERCOM in Europe have already started the activity,
while the SMC makers are becoming a center of activity in Japan. Both the
Reinforced Plastics Association and the Synthesized Resin Industries Associa-
tion recently formed committees for investigation of recycling. Photomicro-
graphs. 8 ref. (Shibata, K.; 44, (6), 15-28 [in Japanese]. ISSN 0386-3700)

2405 PYROLYSIS OF GLASS FIBER REINFORCED PLASTIC
USING STEAM STREAM [BJB.199212-Dl-D-2630)
Application of steam stream in pyrolysis of fiber reinforced plastic (FRP) was
effective in reduction of deposition of phthalic anhydride and charcoal.tar on
furnace walls. The pyrolysis of FRP using a steam stream mder atmospheric
pressure was completed in 5 min at SOO°C ; the main compounds recovered
were styrene and phthalic acid The pyrolysis at 350°C was not completed in
60 miD, and produced 6% less decomposition oil components than the pyrolysis
at 500 °C . The steam stream did not seem to participate in the decomposition
of polystyrene of FRP. However, when steam was replaced with nitrogen gas,
phthalic anhydride was produced by pyrolysis. The production of gas in the
process using steam was not so much; approx 70% of it was carbon dioxide.
Graphs. 13 ref. (Hamada, K.; 49, (8), 655-660 [in Japanese]. ISSN 0386-2186)

2406 RECYCLING POST-CONSUMER POLYMERS INTO
CONSTRUCTION MATERIALS. [BIB-199212-Dl-P-2697]
The construction industry is one of the major consumers of polymers and a
significant poteutial customer for recycled plastics products. The growing
problems with mlDlicipal solid waste (MSW) disposal space, the proliferation
of polymer products, and public awareness of environmental issues makes it
necessary for the construction industry to become actively involved in post-con-
sumer polymer recycling efforts. Technical problems with utilisation of post-
consumer polymers, poteutia1 recycled plastics products, and otherre1ated issues
are covered to provide an understanding of the current status of plastics recycling
technology as it relates to construction materials. PP, PVC, PS, polyolefms,
nylons, PET, and polyethylene are discussed. Graphs. 35 ref. (Kibert, C.J.; 6,
(2),67-75 [in English]. ISSN 0950-0618)

. 2407 PLASTICS WASTE PROCESSING. [BIB-199212-Dl-P-
2725J
A waste plastic material, e.g. hard plastic waste of vinyl chloride, polyethylene,
and foamed styrol, soft plastic waste, or other plastic waste containing metal
fragments, is immersed into a vegetable orminera1 oil heated to 110-180 °C for
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2388 INDUSTRIAL WASTEDIVERSION PROGRAM: FINAL
REPORTS NO. 9: EVALUATION AND RESEARCH REPORT
ON THE USE OF A NEW BIODEGRADABLE RESIN. [B~
199207-Dl-P-1593]
A study was undertaken for Uthane Research Ltd. to identify potential markets
and detennine existing competition and prices for a new biodegradable resin
developed by the company. The amount of waste generated by Ontario munici-
palities and their characteristics, the attitudes of the commercial-industrial
sectors toward biodegradability, the ultimate usefulness of biodegradability in
managing wastes, the problems with plastics, the acceptability of existing
teclmologies and their end products, and potential markets for degradable
polymers are summarized. (Irwin-Whylie, S.; MIC-92-00119/XAB, Pp 50 [in
English]. ISSN 0097-9(07)

2389 ENVIRONMENTALLY SAFE MEmOD FOR THE RE-
MOVAL OF RESIDUAL POLYETHERS FROM AQUEOUS
WASTE STREAMS. [B~199207-Dl-P-1625]
An environmentally safe method is given forthe removal and disposal of residual
water soluble polymers from waste streams, wherein the polymers have a
molecular weight of approx 200 and are present in the waste stream in a
concentration of approx 1%. The method comprises the steps of: (a) pretreating
a bentonite adsorbent having a surface area of from approx 500-1000 m2tg by
heating at a temperature offrom approx 650-750 °C; (b) contacting the waste
stream with the bentonite adsorbent for a period of time offrom approx 1-10min;
(c) separating a waste stream essentially free of the polymers from the bentonite
adsOIbent; (d) heating the bentonite adsorbent to a temperature of from approx
650-750 °C for a period of time sufficient to convert the polymers to carbon
dioxide and water; (e) treating the bentonite adsorbent after heating with at least
one acid, alkali or neUlral wash for a period of at least 1h to restore the interlayer
spacing of the bentonite to at least approx 10 A, as determined by X-ray
diffraction analysis; and (f) recycling the bentonite adsorbent for contal:t with
additional aqueous waste stream containing polymers. (Ananthapadmanabhan,
K.; 7, (2),139 [in English]., Patent no.: EP0406846 (European Patent) Conven-
tion date: 4 July 1990)

2390 DIFFUSION OF CESIUM IN SODIUM BOROSILICATE
GLASSES FOR NUCLEAR WASTE IMMOBILISATION,
STUDIED BY LOW-ENERGY ION SCATTERING. [BIB-
199208-A2-C-0394]
Low-energy ion scattering (LEIS) is shown to be a convenient tedmique for
measuring the diffusion coefficient of Cs in sodium borosilicate glass. A 3 IceV
4He+ ion beam if first used to c:reate an a1kaIi depletion layer in the outermost
60 nm of the glass. After annealing. to remove the vacancies from the glass
matrix, the return ofCs to the surface is monitored. Diffusion coefficients at 815
and 842K are determined. Both are found to agree, within experimental error,
with the values from the concentration couple method. The latter analyzes the
Cs prof11es by SEMIEDS. The present technique, however, can be applied at
lower temperatures, where the concentration couple method would require too
long times. This gives the possibility to predict the diffusion coefficient of Cs at
actua1 temperatures in nuclear waste glass cylinders. (Kessel, 0.; Eindhoven,
Netherlands, 1-5 July 1991,864, (1-4), 593-595 [in English]. ISSN 0168-583X)

2391 COMPATIBILISERS AND POLYMER MODIFIERS FOR
VIRGIN AND RECYCLED THERMOPLASTICS. [B~199208-
CI-P-1805]
The inhomogeneous composition of non-segregated p1astic waste presents chal-
lenges in recycling to produce materials that have useful mechanical properties.
Blends of plastic waste may be modified with another compatible polymer,
mixed with other muhi-fimctional polymers to effect bonding or mixed with
fillers or reinforcing coupling agents. Thermoplastics and thermop1astic elas-
tomers which may be used as modifiers and compatibilisers are described in
terms of their effects on impact strength and tensile strength. Graphs. 1 ref.
(Fuzessery, S.; Davos, Switzerland, 3-5 Apr. 1991,4, (6), 399-407 [in English].
ISSN 0952-6900)
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2392 THE ACCELERATED BIODEGRADABILITY OF PLAS-
TIC MATERIALS IN SIMULATED COMPOST AND LAND-
FILL ENVIRONMENTS. [B~199208-C4-P-0344]
Degradation ofp1astics such as PE, cellophane, PHBV, polycaprolactone, kraft
paper, PVA, EVA, PET, chitosan blends and PHBV blends in an accelerated
landfill simulator vessel is investigated. Percent weight loss of materials in
simulators is plotted as afimctionofage. Graphs. 7ref. (McCarthy, S.P.; Detroit,
Michigan, USA, 3-7 May 1992, Publisher: Teclmomic Publishing Co., Inc., 851
New Holland Ave., P.O. Box 3535, Lancaster, Pennsylvania 17604, USA,
(1992), (Eng. Mat., 9208-G2-z.o230), 816-818 [in English].)

2393On. CONVERSION TECHNOLOGIES OF WASTE POLY-
OLEFIN PLASTICS. [B~199208-D1-P-I836]
The oil conversion teclmologies of waste p1astics which were developed by Fuji
Recycling Co, in cooperation with the Hokkaido Industrial Research Institute of
the Science and Teclmology Agency of Mm and Mobil Oil Corp. are intro-
duced. The features of the technologies are the use ofzeolite catalyst, ZSM-5.
About II of oil is recovered from 1kg of waste polyolefin plastics. It is estimated
that approx 3 million k1 of gasoline and kerosene can be recovered from waste
polyolefm plastics, which amount to 3 million tons/year. The Fuji Recycling
Co. 's pilot plant, with annual capacity of 500 tons, was cons1Iw:ted in 1988 and
is in smooth operation. (43, (10), 34-36 [in Japanese]. ISSN 0386-3700)

2394NEWLY DEVELOPED On. CONVERSION APPARATUS
OF WASI'E PLASTICS.[lI~199208-DI-P-I837]
Nippon Sangyo Co. started the operation of one ton capacity experimental plant
based upon ZZZKURATA oil conversion process of waste plastics which was
developed by Rikaga1aI Kenkyusho (Japan Research Institute for Physico-
Chemistry), in June 199t Main characteristics of the process are: low thermal
decomposition temperature of 200-250 °C , the uSe of combined c:ata1ysts of
special metals, and the use of special reaction accelerating reagent. About 1.2 I
of oil (kerosene grade) can be produced from 1 kg waste plastics. Photomicro-
graphs. (43, (10), 37-39 [in Japanese]. ISSN 0386-37(0)

2395 GLOBAL ACTIVITIES IN INDUSTRIAL ENGINEERING
RESINS AND POST CONSUMER PLASTIC WASTE RECY-
CLING. [B~199208-DI-P-1881]
The role ofDu Pont as a world leader in the development oftecbnical solutions
and business approach to at-source waste reduction and recycling is described.
The company has 12 reclamation centers in the US and Europe handling 100
000 tonnes of recycled material annually. Polyethylene terephthalate (pEl) and
high density polyethylene (HPOE) are major candidates for recycling. Alliances
and joint ventures have been developed for recycling various types of p1astics,
resins and rubber. (Williams, V.; Davos, Switzerland, 3-5 Apr. 1991,4, (6),
388-393 [in English]. ISSN 0952-69(0)

2396 AUTOMOTIVE PLASTICS: RECYCLING AND APPLI-
CATION-ORIENTED PRODUCT DEVELOPMENT. [BIB-
199208-DI-P-I882]
An account of DSM Polymers and Hydrocarbons concems and involvement in
the prevention and recycling of automotive plastic waste is presented. Waste
prevention is the primary responsibility of the automotive designer and manu-
facturer to use thinner wall cons1ruction through better materials, use of "envi-
ronmentally friendly" materials, standardization of material grades and
designing for recycling. Co-partnership of materials producers ~ an end user
is essential. Recycling of some PP and PP-modified bumper scrap, for example,
depends on whether the scrap is manufacturer-specific or material-specific.
DSM encourages disassembly of automotive components to improve recycling
potential. (Hansen, 0.; Davos, Switzerland, 3-5 Apr. 1991, 4, (6), 394-398 [in
English]. ISSN 0952-69(0)

2397 RECYCLABILITY-A NECESSITY IN THE DESIGN OF
AUTOMOBILES. [B~199208-DI-P-I883]
Volkswagen's plans for dealing with the problem of recycling scrap vehicles are
discussed. State-of-the-art recycling of automobiles can only be ensured if
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recycling of plastics is relatively new but showing signs of becoming an
important means for reducing the amotmts of plastics in SW. Plastics are unique
among recoverable materials in that they require stabilizers for processing and
fabrication and to withstBnd end-use conditions. Some information regarding the
needs of plastics for stabilization is presented and some strate gies for dealing
with the stabilization needs of recovered pIastics of unkown composition and
history are proposed. Above all, it should be pointed out that much more must
be learned about the stabilization of recovered pIastics before routine practices
for the purpose can be established. 6 ref. (Klemchuk, P.P.; Philadelphia, Penn-
sylvania, USA, 3-5 JlDle 1991,32, (2), 123-124 [in English]. ISSN 0032.3934)

2378 POST-CONSUMER PLASTIC RECYCLING: WADING
THROUGH THE MYTHS, UNDERSTANDING THE COST OF
COLLECTiON. [B~199204-GI-P-0035]
The farst myth discussed is that "plastics are bad because they do not degrade"
has recently come IDlder fife by its early promulgator, environmental groups.
Within the last year critics who demanded all packaging plastics be degradable
have criticized those bags which contained degradable additives. Myth two is
"burning plastics causes toxic emissions". The corrollary is that "plastics
production releases toxics". Both statements are so broad as to be useless. Myth
three is "plastics are not recyclable". Thermoplastics are, ofcolD'Se, eminently
recyclable as is demonstrated daily by regrind levels regularly in the 10-25+%.
The grandest myth is "plastics are bulging OlD'landfills and will bury us". This
myth may have its basis in the confusion of litter, a h\DJ18Dshortcoming, and
solid waste. NIDDer0u5studies, including Rathje's eight national landfill field
studies, show the pIastics colllribution to the landfill is approx 7 wt%. (Cornell,
D.; Detroit, Michigan, USA, 8-11 Oct. 1m, Publisher: ASM International,
Materials Park, Ohio 44073-0002, USA, (1990), (Eng. Mat, 9204-G2-Z-0138),
265-269 [in English].)

2379 TOXIC POTENCY MEASUREMENT FOR FIRE HAZ-
ARD ANALYSIS. [B~199205-C4-P-0197]
A comprehensive methodology has been developed for obtaining and using
smoke toxicity data for tire hazard analysis. This description of the methodology
comprises: determination thatthe post-flashoverfue is the properfocus of smoke
inhalation deaths; criteria for a usefu1 bench-scale toxic potency (LCso) meas-
urement method; a method which meets these criteria, especiaIly validation
against real-scale tires; a computational procedlD'e for correcting the results for
the CarlXlDmonoxide levels observed in real-scale post-flashover fues; proce-
dures for reducing the usage of animals and broadening the applicability of data
by interpreting gas measurement data using the N-Gas Model; and a procedlD'e
for identifying whether a product produces smoke within the ordinary range of
toxic potency for post-flashover fifes. Results using the methodology are dis-
cussed for materia1s which include polyethylene, ASS resins, PMMA, and rigid
polY\D'e1hanefoam. Graphs. 100 ref. (Babrauskas, V.; NIST SP-827, Pp 107 [in
English].)

2380 SYNTHESIS OF THERMAL STABILITY AND WEAR
RESISTANCE OF GLASS CERAMICS. [BIB-199205-Dl-C-
0933]
Previously abstracted from original as item 9106-Dl-C-I030. The solid fuel
industry generates large quantities of mineral wastes. The aim of this paper is to
develop a means of using these coal-enriching solid eftluents to produce glass
crystalline material with useful properties. The experimental waste materials
used (ex-Chmnakov and Gorlovsk) have a constant composition (analytical data
provided) and were subjected to glass making technology with additives to help
stimulate crysta11isation. The products were crystalline, being largely of a tine
pyroxine structure, and possessed a good resistance to temperature, abrasion,
and aggressive media These glass-crysta11ine material fmd use in the coal,
cement, chemical, and power industries as protection for or replacement of
metals. The economic effects of introducing production of these materia1s were
calculated and are very favourable. Graphs. (Goikhman, V.Yu.; 47, (5-6),
165-168 [in English]. ISSN 0361-7610)

2381 BLOW MOULDING AND RECYCLING. (BLOW
MOULDING E RICICLO.) [B~199205-EI-P-0358]
The use of blow moulding in the recycling of plastic waste is described. The
surface finish of the product is improved to an acceptable standard by co-exlrud-
ing the recycled waste with inner and outer layers of virgin material. A suitable

procedure for collection, sorting and washing, followed by the removal of
foreign bodies and grinding, is used to prepare the recycled waste for c~xIru-
sion. The extruded thick walled tube is used as a base material for the blow
moulding of large bottles and other containers. Detai1s are given of operating
parameters, quality of product and future prospects for the process. Graphs.
(Dohmen, W.; 39, (407), 58-59 [in lta1ian]. ISSN 0032-2768)

2382 TEST RESULTS HELP POLYETHYLENE MANUFAC-
TURER SELECT EXPLOSION PROTECTION SYSTEM. [B~
199205-GI-P-0041 ]
Fike Corp., Blue Springs, Missouri, USA, manufactures equipment to vent,
suppress, and isolate processing explosions. Fike also operates a testing center
to determine the explosion severity of various dusts. The test apparatus produces
an explosion lDlder controlled conditions. Test results have shown that polyeth-
ylene dust presents an explosion hazard. Details of the testing techniques,
explosion criteria, and the design of an explosion protection system are provided.
(5, (9), 52-55 [in English]. ISSN 0897.6627)

2383 COUNTERMEASURE OF REFUSE PLASTICS IN AUTO-
MOTIVE INDUSTRY. [B~199206-Dl-P-1299]
Since January, 1991, CAFE has increased up to almost 40 mpg in 2001. Weight
reduction pushes more use of pIastics. A chart comparing stee~ nonferrous
alloys. and nonmetals used in the automotive industry is provided. Plastic use in
cars is summarized. JIDlk car plastic recycling becomes important Treatment
methods for refuse plastics are discussed, along with their problems. Graphs. 2
ref. (II, (12), 44-54 [in Japanese]. ISSN 028~835)

2384 PRAVDA-AN ORGANIZATION ESTABLISHED BY
THE GERMAN CAR INDUSTRY FOR REGENERATION.
[B~199206-Dl-P-I300]
The German car regeneration organization PRAVDA (Projektgruppe
Autoverwertung des Deutschen Automobilindustrie) is an initiative associated
with a VDA 1990 report on vehicle based waste and pollution reduction. New
(1993) German laws are expected to require cannakers to provide a logical
recuperation system with particular regard to plastics. Already VW, Audi,
BMW, Mercedes, Ope~ Ford, Du Pont, ICI and Dow have participated in the
initiative, which covers, e.g. polypropylene, ASS, polyurethane, amide plastics
and polymethyl methacrylate. (Edshammar, I.-E.; (11), 16-18 [in Swedish].
ISSN 0347-8262)

2385 STUDIES ON PVCILLDPE BLENDS. [B~199207-CI-P-
1592]
Methods of improving the mechanical properties of poly(vinyl chloride)llinear
low density polyethylene (e.g. Ladene 218 W and Ladene 118 W) have been
investigated as a means of reprocessing polymer wastes containing such mix-
tures. Chlorinated polyethylene was fOlDldto be a useful additive in such blends
for improving their tensile strength and processing behaviolD'. Co-crosslinking
of the blends by chemical means or by inadiation was also fOlDldto improve
their strength and stiffness. Graphs. 19 ref. (Francis, J.; 24, (2), 151-166 [in
English]. ISSN 0095-2443)

2386 EXPANDABLE POLYSTYRENE RECYCLING. [B~
199207-Dl-P-1591]
Plast-Ex Inc. has been operating a pilot expanded polystyrene (EPS) recycling
project over the past four moDlhs, studying both post-industrial and post-com-
mercial EPS waste. The flDdings are summarized, some preliminary conclusions
on the economic efficacy ofEPS recycling are drawn, and some future require-
mellts that will enable a comprehensive program across Ontario are highlighted.
(MIC-92-001581XAB, Pp 30 [in English]. ISSN 0097-9007)

2387 INDUSTRIAL WASTE DIVERSION PROGRAM: RECY-
CLING OF FLEXIBLE PVC WASTE. [B~199207-Dl-P-1592]
Canadian General Tower disposes of more than two million pounds of vinyl
waste/year from their main product lines. Because of the increasing landfill cost,
an investigation was undertaken on recycling of the waste. The sourcing and
characterization of the waste, the possibility of reprocessing. an evaluation of
the waste products, the design of a product, and the molding of the prototypes
are described. (Law, F.; MIC-92"()()122/XAB, Pp 88 [in English]. ISSN 0097-
9007)
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2370 LONG-TERM BEHAVIOUR OF TRU-WASTE-BEARING
CERAMICS. TASK3. CHARACTERIZATION OFRADIOAC-
TIVE WASTE FORMS: A SERIES OF FINAL REPORTS, 1985-
1989.NO.16. [BIB-199201-C5-C-0004J
The aluminmnsilicate ceramic matrix KAB 78, developed for the immobi-
1ization ofTRU-wastes, has been doped with 20 wt% ofPu(238)02, to irradiate
the matrix by the same alpha -dose over a period of three years, as accumulated
within a storage time of approx 100 years, when loaded with real TRU-waste.
The Pu(238) doped ceramic KAB 78 was investigated, by means of cera-
mographic methods, while the accumulated alpha -dose increased up to 8,33 E
9 Gy (9,4 E 18 alpha -decays/g). Special atteution was directed to the develop-
ment of the microslructUre, the crystalline stale and the lattice constants of the
matrix phases, and to stored energy, as a fimction of the accumulated alpha -dose.
The lattice constants of the matrix phases corundlDD and mullite were found to
be only slightly enlarged Any sign of a beginning metamictization has not been
detected Changes in the microstructure have not ocC\UTed,and the amount of
stored energy has been determined to be II J/g. To study the corrosion behaviour
of the Pu(238) doped ceramic and ceramics loaded with real dissolver residues,
leach tests were performed over a period of 214 days, using either Q-brine or
DI-water of up to 200°C. Leach rates, based on the total alpha -activity, were
found to be slightly higher, when leaching the Pu(238) doped ceramics. Reaction
zones of 150-600 mu m thickness were formed, with a significant decrease of
Si, whereas the concentrations of Al and Pu remained unaffected Graphs,
Photomicrographs, Diffraction patterns. 12 ref. (Loida, A; EUR Rep. 13602, Pp
53 [in English].)

2371 STAGED MOLD FOR ENCAPSULATING HAZARDOUS
WASTES. [BIB-199201-Fl-P-0068J
A staged mold for stabilizing hazardous wastes for final disposal by molding an
agglomerate of the hazardous wastes and encapsulating the agglomerate is
disclosed Three stages are employed in the process. In the fU'st stage, a fU'st
mold body is positioned on a fU'st mold base, a mixture of the hazardous wastes
and a thermosetting plastic is loaded into the mold, the mixture is mechanically
compressed, heat is applied to cure the mixture to form a rigid agglomerate, and
the fU'st mold body is removed leaving the agglomerate sitting on the fU'st mold
base. In the second stage, a clamshell second mold body is positioned around
the agglomerate and the fU'st mold base, a powdered thermoplastic resin is
poured on top of the agglomerate and in the gap between the sides of the
agglomerate and the second mold body, the thermoplastic is compressed, heat
is applied to meh the thermoplastic, and the plastic is cooled, jacketing the
agglomerate on the top and sides. In the third stage, the mold with the jacketed
agglomerate is inverted, the fU'st mold base is removed, exposing the former
bottom of the agglomerate, powdered thermoplastic is poured over the former
bottom, the first mold base is replaced to compress the thermoplastic, heat is
applied to meh the new thermoplastic and the top part of the jacket on the sides,
and the plastic is cooled, jacketing the bottom and fusing with the jacketing on
the sides to complete the seamless encapsulation of the agglomerate. (Unger,
S.L.; [in English]., Patent no.: US4932853 (USA) Convention date: 8 July 1988)

2372 PROPERTIES AND BEHAVIOR OF THE PLATINUM
GROUP METAI.S IN THE GLASS RESULTING FROM THE
VITRIFICATION OF SIMULATED NUCLEAR FUEL RE-
PROCESSING WASTE. [BIB-199202-C4-C~J
Two types of Pt group metal particles were found in borosilicate nuclear waste
glasses: needle-shaped RuÜ2 particles and spherical PdRbxTey alloys. They
form a dense sediment of high electrical conductivity and relatively high
viscosity at the bottom of the ceramic mehing furnace. The sludge shows a
non-Newtonian flow behavior. The viscosity and conductivity of the sludge
depend not only on the Pt group meta1 content but also on the texture and
morphology of the RuÜ2 particles. RuÜ2 forms long, needle-shaped crysta1s
which are caused by alkalimolybdate sah mehs that formed in the calcine layer.
The sah mehs oxidize the Ru present as small RuÜ2 particles after calcination
to higher oxidation stales. Ruthenium (VI) compounds are formed, preslDD8bly,
which are not stable with respect to RuÜ2 under the mehing conditions. RuÜ2
precipitates and crystallizes into long, needle-like particles. Graphs, Photomi-
crographs. 16 ref. (Krause, Ch.; 6, (12), 2535-2546 [in English]. ISSN 0884-
2914)
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2373 ACTIVATION CHARACTERISTICS AND WASTE MAN-
AGEMENT OPTIONS FOR SOME CANDIDATE TRITIUM
BREEDERs. [BIB-199203-A4-C-0047]
Activation and transmutation characteristics are calculated for the candidate
breeder compositions Li20, LiAIÜ2, LhSiÜ3, Li2Zr03. LiVÜ3and 17Li-83Pb.
Inadiation conditions comprise a 2.5 y continuous exposure to the neutron flux
appropriate to the outboard blanket zone of the EEF reference reactor with an
asslDDedfU'St wall neutron loading of 5 MW m -2. Resuhs are presented for
specific activity, surface gamma -dose rate, ingestion and inhalation doses and
compositional changes. Neglecting any retained tritium, activity is least for LhO
and LiVC>3and greatest for Li2Zr03 and 17Li-83Pb. The silicate and allDDinate
are intermediate in level. Following reactor service, all the materials should be
suitable, after appropriate conditioning, for geological disposal as intermediate
level waste. Ahernatively, they could be considered for recycling to reclaim the
unused Li. Inall cases, recycling is probably feasible within ten years of removal
from service and should be easier for the oxide, silicate, and vanadate. Graphs.
20 ref. (Butterworth, G.J.; 184, (3), 197-211 [in English]. ISSN 0022-3115)

2374 THE DISPOSAL OF COMPOSITES. [BIB-199203-Dl-D-
0546J
There is an increasing need to conserve natura1 resources and protect the
environment. It is important, therefore, that scrap materials are disposed of by
acceptable routes and, wherever possible, "recycled n. Composites are not easy
to recycle as they are made of a mixture of different materials with different
properties. Composites based upon thermosetting polymers are particularly
difficult, as the polymer cannot be remoulded in the same way as thermoplastic.
The problems of recycling and disposing of thermoset composites are described
and some of the ways of addressing the problem are considered Current
developments in this area are reviewed. 9 ref. (Pickering. S.J.; The Hague, The
Netherlands, 15-17 Oct. 1991, Publisher: The Plastics and Rubber Institute, 11
Hobart Place, London SWI WOHL, UK, (1991), (Eng. Mat., 9203-G2-0-0(84),
7.1-7.6 [in English].)

2375 INDUSTRIAL APPLICATIONS OF AUTOMOTIVE
SHREDDER FLUFF. [BIB-199203-F1-z,022SJ
Automobile shredder residue was submitted to mild pyrolysis using a unique
patented process based on twin screw extruder teclmology. The processing
resuhed in a coarse, granular solid fuel product of uniform consistency, substan-
tially upgraded in heating value, storage, and handling characteristics. Ash
produced from the combustion of this solid fuel product easily met federal
standards for disposal in conventionaiJandf1lls. Graphs. (Jones, F.L.; Detroit,
Michigan, USA, 30 Sept-3 Oct. 1991, Publisher: ASM International, Materials
Park, Ohio 44073-0002, USA, (1991), (Eng. Mat., 9203-02-0-0(87), 601-609
[in English].)

2376 IDENTIFYING THE BARRIER ISSUES IN COMPOSITES
APPLICATIONS, [BIB-199203-Gl-~10J
Some of the questions that need to be answered and issues that must be addressed
before composites can reach their full use potential are identified These include
design, environmental/safety issues, materials characterization and data stand-
ards, computer hardware and software, and education. Both current needs and
future opportunities are explored. 54 ref. (Wilkins, D.l.; Publisher: US Depart-
ment of Commerce, National InstinIte of Standards and Technology, Gaithers-
burg, Maryland 20899, USA, (1990), NIST GeR 90-577-1, (Eng. Mat.,
9203-G2-O-oo88), 163-181 [in English].)

2377 PERSPECTIVES ON THE STABILIZATION OF RECY-
CLED PLASTICS. [BIB-199203-Gl-P-0016J
As concerns about the disposal of increasing quantities of municipal solid waste
(MSW) have grown, several approaches to solid waste disposal are being
investigated Source reduction, recycling, composting. incineration, degradable
plastics and sanitary landfills are all being considered for MSW disposal. Many
states and municipalities have adopted recycling laws and have implemented
recycling prog7:lllIlS.Recycling is experiencing a "grass roots" upsurge of
interest and, although much remains to be accomplished, especially to increase
effectiveness of collection and reduce costs of recycled materials, recycling is
likely to be a major means of resource recovery and MSW reduction. The
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deposited in a container for loading into wcb for proper disposal. This
equipment economic:a1ly handles the small quantities of dust produced by small
fOllDdriesand processes the powders into a manageable fonn. Graphs. (Fartini,
W.; 4, (I), 92-93 [in English]. ISSN 0934-7348)

2J68 ELECTROCHEMICAL ARRAY SENSORS FOR PLAT-
ING WASTE STREAM MONITORING. [BIB-199305-S8-0543]
Electrochemical sensors are being developed to aid in waste reduction efforts
for plating operations and in enviromnenta1 remediation. An important feature
of these sensor systems is solid.state multielement mic:roelec:trode arrays. The
individual elements of these arrays will be selected so that a variety of chemical
species can be detected using a single device. Inaddition, a compact electronics
plll:kage, consisting of a potentiostat, signal generator, and mic:roc:omputerwith
user-friendly software is being developed to use in conjunction with the arrays.
The selection process for array elements is discussed along with advantages of
the use of mic:roelec:trodes, and application to the analysis of actua1 plating rinse
tank systems. Graphs. 20 ref. (Glass, RS.; Hong, K.C.; Estill, J.C.; Reibold,
RA; Thompson, W.M.; O'Brien, D.W.; Ciarlo, D.R; Granstaff, V.E.; AT.
LANT A. GEORGIA. USA. 22-25 JUNE 1992, Publisher: AMERICAN ELEC.
TROPLATERS AND SURFACE FINISHERS SOCIE1Y, INC., 12644

Research Parkway, Orlando, Florida 32826-3298, USA. (1992). (Met A,
9305-72-0264),83-102 [in English].)

2369 POLLUTION PREVENTION WITH ADVANCED TECH-
NOLOGIES: A SUCCESS STORY-WITH A PAYBACK [BIB-
1993OS~63]
The principal sources ofCu waste are a small number of rinses and bath dumps,
mainly etcher and microetc:h sources. About 75% of the sludge came from the
alkaline etcher and mic:roetch rinses and the mic:roetch bath dumps. Therefore,
it is recommended that ACT (Altemate Circuit Technology) look into wastewa-
ter treatment systems designed to minimize waste production. Ion exchange
technology coupled with elec:trowinning is the cleanest solution available-it
virtually eliminates water contaminants without producing hazardous sludge.
Proposals were sought for ion exchange and elec:trowinning systems capable of
producing acceptable water and of recovering the metal as metallic sheets
suitable forrec:ycle. (Greene, M.C.; ATLANTA. GEORGIA. USA. 22-25 JUNE
1992, Publisher: AMERICAN ELECTROPLATERS AND SURFACE FIN-
ISHERS SOCIE1Y, INC., 12644 Research Parl<way, Orlando, Florida 32826-
3298, USA. (1992), (Met. A, 9305-72-0264), 483-490 [in English].)
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reference (NASS-3) could be analyzed accurately by using these techniques.
Graphs. 9 ref. (pering, J.-Y.; Chen, S.-H.; (6), 103-108 [in English). ISSN
1015-6070)

2359 GUIDES TOPOLLUTION PREVENTION: METAL CAST-
ING AND HEAT TREATING INDUSTRY. [BIB-199305-51-
0790]
The guide provides an overview of the major waste generating process of metal
casting and heat treating operations and presents options for reducing the waste
through source reduction and recycling. Most waste generated by the metal
casting, or foundry, industry is from mehing operations, metal pouring, and
disposal of spent molding materials. Most waste generated by the heat1reating
industry is from spent blllhs (e.g. cyanide solutions), spent quenchanls, waste-
water from parts cleaning, spent abrasive media, refractory material, and mask-
ing processes. To help companies in the metal casting and heat treating industry
determine waste reduction opportunities, the guide provides a set of worlcsheets
which take the user step by step through an analysis of the on-site waste
generating operations and the possibilities for minimizing each waste. The guide
is also intended to be instructive to consultants who serve the industry and
government agencies who regulate it. (pB93-127793/XAB, Pp 78 [in English].
ISSN 0097-9007)

2360 WASTE MINIMIZATION ASSESSMENT FOR A MANU-
FACTURER OF PENNY BLANKS AND ZINC PRODUCTS.
ENVIRONMENTAL RESEARCH BRIEF. [BIB-199305-51-0791]
The WMAC team at the University of Tennessee performed an assessment at a
plant manufacturing penny blanks, dry cell battery cans, and other Zn products-
approx 120 million Ib/year. Zinc ingots and scrap Zn are melted in an electric
furnace. The molten Zn is formed into coils of strip for further procesing or sale
to industrial customers. The circular penny blanks are formed in a press, upset
to form a rim on the edge, copper-plated, and visually inspected Battery can
blanks are pressed from the strip, drawn into can shape, cleaned, and dried The
team's report, detailing fmdings and recommendations, indicated that the most
waste was generated as dross in melting the Zn and that the greatest savings
could be obtained by reducing drag-out from the plating tanks to reduce
downstream sludge formation and installing driers to dewaterthe sludge before
shipment for disposal. (Jendrucko, R.J.; Maginn, J.C.; PB93-123107/XAB, Pp
6 [in English]. ISSN 0097-9007)

2361 THE WELDABll.JTY OF LOW ACTIVATION CR-W
STEELS. [BIB-199305-55-0851]
A series ofCr-W ferri1ic steels patterned on the Cr-Mo alloys, 2.25Cr-lMo,
9Cr-Mo VNb, and 12Cr-lMo VW, were tested for weldability. These steels
are being developed as candidaus forthe frn wall and blanket structure offusion
reactors. Use of these materia1s will minimize the long-term radioactive hazards
associated with disposal after service. In these low activation alloys, long
haIf.life elements (Mo and Nb), which become activated during irradiation, are
replaced Autogenous bead-on-plate welds were performed using the gas tung-
sten arc welding process. Experimental results showed that all welds were free
of cracks. Sounds welds were achieved in 2.25 and 5o/oCr-W low activition
steels while loss of ductility was observed in 9 and 12% Cr-w steels. This
resuh suggests that post-weld heat treatment is necessary to restore toughness
to the 9-12"iOCr-W steels. Photomicrographs. 17ref. (Wang, CA; Chin, B.A.;
Klueh, R.L.; CLEARWATER, FLORIDA, USA, 17-22 NOY. 1991, 191-194,
831-835 [in English]. ISSN OO22-311S)

2362 MICROSTRUCTURAL AND MECHANICAL CHARAC-
TERIZATION OF NEW LOW-ACTIVATION CR-MN
AUSTENITIC STEELS. [BIB-199305-56-0705]
On the basis of alloy design considerations, and aiming at the disposal by shallow
land burial of the waste of fusion tokamak reactors (to be achieved by limiting
the long-lived radioactivity of the frn wall through the optimization of the
composition of the conventional Ci-Ni austenitic steels), a series of new
low-activation austenitic steels are designed The results of the last stage of the
development, concerning the microstructure and the tensile properties of these
steels, which have been subject of extensive experimental characterization work,
are presented Graphs, Photomicrographs. 15ref. (piatti, G.; Boeman, D.; Santos
Marques, F. ; CLEARWATER, FLORIDA, USA, 17-22 NOY. 1991, 191-194,
662-667 [in English]. ISSN 0022-3115)
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2363 RECYCLING CHEMICALS ON THE ANODIZING
LINE-COST SAVINGS AND QUALITY IMPROVEMENTS.
[BIB-199305-57-0572]
Aluminum is anodized with simple water-based chemicals that can be treated
easily. However, many plants now use recycling equipment to extend chemical
life and reduce waste treatment costs. Etching and anodizing solutions are the
ones most frequently recycled but technologies are available for other finishing
solutions as wen. As most recycling approaches involve some degree of purifi-
cation, anodizers often fmd that quality improvements go hand in hand with
chemical savings. The technologies avai1able to anodizers and some recent
developments that have helped to enhance the anodized surface finish are
discussed (Munns, K.; ATLANTA, GEORGIA, USA, 22-25 JUNE 1992,
Publisher: AMERICAN ELECTROPLATERS AND SURFACE FINISHERS
SOCIElY, INC., 12644 Research Parkway, Orlando, Florida 32826-3298,
USA, (1992), (Met A., 9305-72-0264), 153-176 [in Eng1ish].)

2364 IMPINGEMENT: THE KEY TO EFFECTIVE AQUEOUS
CLEANING. [BIB-199305-57-0575]
The effective application of surface impingement in the aqueous cleaning
process, coupled with the many innovative technologies discussed, are critical
factors in efforts to successfully replace chlorinated solvent processes with
environmentally friendly ones. (Rowny, M.J.; Temple, S.D.; ATI.ANTA,
GEORGIA, USA, 22-25 JUNE 1992, Publisher: AMERICAN ELECTRO-
PLATERS AND SURFACE FINISHERS SOCIETY, INC., 12644 Research
Parkway, Orlando, Florida 32826-3298, USA, (1992), (Met A., 9305-72-0264),
413-422 [in English].)

2365 RECYCLING AND RECOVERY OF CLEANING SOLU-
TIONS. [BIB-199305-57-0576]
Aqueous and alkaline cleaners, both the concentrated solution and the rinse
water, pose many handling problems not previously encountered with solvent
cleaners. Aqueous cleaners require component rinsing followingthe clean cycle.
Companies are fmding that the new cleaning processes actually remove dirt and
solid material, which the solveuts never touched The cleaners are relatively
expensive, and the aqueous cleaners cause severe upsets when introduced into
many waste treatment operations. An altemative to the discharge of the cleaners
now exists. Most cleaners may be selectively filtered to produce a cleaner which
is free of oil, grease, and other contaminates while allowing the wetting agents,
additives, dispursants and cleaner components to pass through the membrane.
This regeneration of the cleaner maintains a fresh cleaner, increases the opera-
tionallife of the cleaner, reduces the amount of cleaner used in the operation and
ensures continuous quality cleaning of the componeuts. (Weaver, T.J.M.; AT-
LANT A, GEORGIA, USA, 22-25 JUNE 1992, Publisher: AMERICAN ELEC-
TROPLATERS AND SURFACE FINISHERS SOCIElY, INC., 12644
Research Parlcway, Orlando, Florida 32826-3298, USA, (1992), (MeL A.,
9305-72-0264), 431-438 [in Eng1ish].)

2366 CLEANING-EMERGING TECHNOLOGIES. [BIB-
199305-57-0577]
Mandated by the EPA in the early 19808 and later of their own initiative, the US
metal finishing industry has been looking to replace chelated and solvent-based
cleaners. The availability of specialty polymers and surfactants has led to the
development of new liquid cleaners which often meet the above criteria, perform
better, and last longer than the traditional powder cleaners. They are also easy
to waste treat and can be safely fed through automated pumps. Such emerging
technologies in cleaning, which will be increasingly used during the 19908 and
beyond, are discussed (Srinivasan, B.; ATLANTA, GEORGIA, USA, 22-25
JUNE 1992, Publisher: AMERICAN ELECTROPLATERS AND SURFACE.
FINISHERS SOCIETY, INC., 12644 Research Parkway, Orlando, Florida
32826-3298, USA, (1992), (Met A., 9305-72-0264), 439-442 [in English].)

2367 TREATMENT AND DISPOSAL OF FILTERING POW-
DERS IN FOUNDRY CUPOLAS. [BIB-199305-57-0695]
The powders produced by cast iron foundries must be collected and disposed.

. This presents a problem for small to medium sized foundries because the
quantities of powders they produce are not readily handled by conventional
methods. A powder handling machine is proposed for just such applications. It
consists of a small humidifier to moisten the powders, a mixing chamber to
ensure complete wetting, and a discharge chute. The moistened powders are
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METALS & MATERIALS SOCIETY, 420 Commonwealth Dr., Wanendale,
Pennsylvania 15086, USA, (1992), (Met A., 9305-72-0288), 389-392 [in Eng-
lish].)

2352 THE SPLIT PROCESS: ALUMINIUM PECHINEY
MEmOD FOR THE SAFE DISPOSAL OF SPENT POTLIN-
ING. [BIB-199305-42-0606]
Spent potlining (SPL) is a well known hazardous waste rich in soluble cyanides
and fluorides. A full size industrial unit has been buih and operated by Alu-
minium Pechineyformore than one year, on atest basis, using the spur process
(spent pot lining insolubilization technology) in order to detoxify SPL prior to
disposal. Cyanides are thenna11y destroyed, fluorides are included in synthetic
nonleKhable minerals, so that the fmal product is compatible with regular
1andfilling, and meets the Environmental Protection Regulations in most of the
World countries. Aluminium Pechiney is presently preparing the erection of
several spur plants attached to its smelters. (Bontron, J.-C.; Laronze, D.;
Personnet, P.; DENVER, COLORADO, USA, 21-25 FEB. 1993, Publisher:
TIlE MINERALS, METALS & MATERIALS SOCIETY, 420 Commonwealth
Dr., Warrendale, Pennsylvania 15086, USA, (1992), (Met A., 9305-72-0288),
393-397 [in English).)

2353 SPENT POTLINING: WATER SOLUBLE COMPO-
NENTS, LANDFlLLAND ALTERNATIVE SOLUTIONS. [BIB-
199305-42-0607]
An overview is given about water soluble components of spent potlining.
Fluorides and cyanides and their environmental impact are reviewed. Landfill
problems are out1ined and alternative solutions to reduce ore1iminatethe therma1
insulation part of the potlining are discussed and recommendations are given.
72 ref. (PawleJc, R.P.; DENVER, COLORADO, USA, 21-25 FEB. 1993,
Publisher: THE MINERALS, METALS &MATERIALS SOCIETY, 420 Com.
monwealth Dr., Warrendale, Pennsylvania 15086, USA, (1992), (Met A.,
9305-72-0288), 399-405 [in English].)

2354 PROCESS OPTIMIZATION FOR ELECTROWlNNlNG
OF CALCIUM [BIB-199305-42-0620]
Fused sah elec:lrolysis of asah mix containing 10 Wl% calcium oxide in calcium
chloride has been carried out in an electrolytic cell. The technology is aimed at
resolving a contaminated waste disposal problem and improve the cost and
process efficiency in Pu metal production where a similar sah mix is produced
as a resuh of calciothermic reduction of plutonium oxide. A model has been
developed based on the reaction rate theory to identify the influence of compo-
nents on the cell-potential. On the basis of this model and extensive work done
with various cell parameters, significant modification has been made to the cell
to achieve the ability for elemental Ca recovery within the system. A porous .
ceramic sheath has been used around the anode to prevent the dissolution of
elec:lrowon Ca as oxide or carbonate and to prevent the contamination of sah by
the anodic carbon. An ionic diffusion measurement has been made to understand
the critical behavior of the ceramic diaphragm in terms of its porosity. Design
and selection of electrodes has been performed to maintain a high rate of Ca
deposition and to discourage back reactions. This work has been discussed with
the objective to use the electrowon Ca for in situ reduction of a reactive metal
oxide within the cell. Graphs. 10 ref. (Ferro, P.D.; Mishra, B.; Olson, D.L.;
Averill, W.A.; DENVER, COLORADO, USA, 21-25 FEB. 1993, Publisher:
TIlE MINERALS, METALS & MATERIALS SOCIETY, 420 Commonwealth
Dr., Warrendale, Pennsylvania 15086, USA, (1992), (Met. A., 9305-72-0288),
1129-1136 [in Eng1ish].)

2355 RECOVERY OF METALS FROM SLUDGES AND
WASTEWATERs. [B~199305-43-0150]
The state-of-the-art of metals treatment and recovery technologies is presented
to assist in identifying waste management options for metal-bearing sludges and
wastewatets. Nine metal-waste producing industries are discussed: metal coat-
ings, smehing and refming of nonferrous metals, paint and ink products, petr0-
leum refming, iron and steel manufacturing, photographic industry, leather
tanning, wood preserving, and battery manufacturing. These industries were

selected because of the high metal concentrations associated with the sludges
and wastewatets generated by plants within each of these industry segments.
The techniques presented are also applicable to meta1-bearing waste streams in
all other industries. Graphs. 76ref. (Krishnan, E.R.; Uhrecht, P.W.; Patkar, A.N.;
Davis, J.S.; Pour, S.G.; Foerst, M.E.; Publisher: NOYES DATA CORPORA-
TION, 120 Mill Rd., Parle Ridge, New Jersey 07656, USA, (1993), (Met. A.,
9305-72-0285), Pp 137 [in English].)

2356 RECOVERY OF CHROMIUM IN HIGH PURITY STATE
FROM WASTE MATERIALS OF ETCHING OPERATIONS.
[B~199305-43-0158]
The present invention is directed to a method for treating a sludge containing
substantial amounts of chromilDD, aluminum, calcilDD, iron, and phosphorus.
The method comprises forming a slurry of the sludge; reacting the slwry with
an acid to dissolve substantially all the Al and er and provide a solids residue
comprising mostly calcium sulfate; separating the CrlAl-containing solution
from the solids residue; raising the pH of the CrlAl solution to precipitate Cr as
chromium hydroxide; and separating the chromium hydroxide from the remain-
ing Al-containing solution. The chromium hydroxide is then enriched with an
alkali or earth alkali compound and calcined in an oxidizing atmosphere to
convert the Cr to a chromate. The calcine is leKhed in an aqueous medium at a
controlled pH to yield a high concentration, high purity chromate solution
suitable for producing metallic Cr or a variety of Cr chemicals. (Cmojevich, R.;
Case, A.B.; Rando, F.D.; Sweeney, J.D.; [in English]., Patent no.: US5171S47
(USA) Convention date: 19 Septl990)

2357 MEmODS FOR PROCESSING BATTERY WASTE AND
OTHER LEAD-CONTAMINATED MATERIALS. [BIS199305-
43-0161]
The present invention is directed to improved methods for processing battery
wastes, batter casing debris and other Pb contaminated materials. The improved
processes of the present invention provide less environmentally stressful meth.
ods for recovering Pb from such materials while at the same time producing
scrap or recyclable ebonite and plastics having reduced and environmentally
acceptable Pb and leachable Pb levels. Most of the Pb is fU'st removed by
trommel scrubbing. Inanother aspect of the present invention, ebonite and other
hard surface materials to which are adhered Pb contaminants are mixed with
water and abraded in a high energy scrubber to remove the adhered contaminants
prior to separation of the cleaned ebonite from solution. This simple and
environmentally preferred hydromechanical process provides clean scrap or
recyclable ebonite. Inanother aspect of the present invention, plastic and other
soft materia1s contaminated with Pb are mixed with a solution having a pH
approx 7, preferably approx 1-5 Wl % alkali hydroxide solution, to dissolve Pb
C()IItBnÜnant~. Separation of particulates produces clean scrap or recyclable
plastic while carbonation of the wash water permits recovery of lead carbonate.
Finally, the present invention provides methods for controlling dust contamina-
tion prior to and during processing by spraying the fine, raw materials with an
aqueous solution of a wetting agent, preferably approx 2 Wl% alkali carbonate,
bicarbonate or sequicarbonate in water. (Montgomery, A.ß.; Kube, W.H.; [in
English]., Patent no.: US5173277 (USA) Convention date: 22 Feb. 1991)

2358 SEA WATER ANALYSIS BY ICP-AES GFAAS AND ICP-
MS. [BIB-199305-45-0503]
The application of analytical technique to monitor trace heavy metals contami-
nants in such matrix samples has always received much attention owing to the
high salt content in sea-water. Co-precipitation and ion-exchange methods have
been most frequently used for sample pretreatment in seawater analysis. Pel's
methods of separation and preconcentration were adopted in this study, and trace

heavy metals of interest were concentrated 120-fold which is considered as a
suitable concentration level for ICP-AES, GFAAS and ICP-MS analysis. Vari.
ous pretreatments were necessarily made for the sake of minimizing contami-
nation, and different precaution measurements were required to be taken during
sample handling. Results obtained form ICP.AES, GFAAS and ICP.MS were
compared. The application of each instnunent to routine sea water analysis was
also discussed Both the coastal seawater reference (CASS-2) and open seawater
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decreased exhaust gas emissions approx 90% compared with a conventional
incinerator, with absence ofNOx and S02IS03 in the exhaust gas. (Kloters, W.;
(4),75-77 [in German). ISSN 0941-(821)

2344 WASTE TREATMENT AND METAL REACTANT AL-
LOY COMPOSmON. (BIB-199305-34-0706]
An alloy composition of Al, Zn, Fe, Cu, and Ca when held molten at approx 800
°C by induction heating is capable of complete destruction of organic com-
pounds that may be liquid or associated with sludges and at the same time is
capable of reacting with metallic compounds in the sludges or liquid wastes to
either dissolve or render the metals non-leachable. (Wagner, AS.; [in English].,
Patent no.: US5167919 (USA) Convention date: 15 Mar. 1990)

2345 USE OF ZINC COATED STEEL AS BUILDING PANELS
ANDROOFING MATERIALS IN AGRICULTURALAPPUCA-
TIONS. (BIB-19930S-3~7S]
Since 1986, the International Lead Zinc Research Organization Inc (llZRO) has
sponsored North Carolina State University to investigate the corrosion behaviour
ofZn coated steel (galvanized steel) in exposure to animal wastes and to provide
quantitative Zn corrosion rates for design engineers. Zinc coated steel hasproved
its good corrosion resistance in an agricultural almosphere. For the fm experi-
ment, several types of steel panels were exposed to animal wastes as encountered
in agricu1tura1 environments, starting in March 1986. The types of exposure
panels included bare steel (cold rolled 1020 steel), Galfan (commercial name of
the Zn + 5% Al + mischmetal alloy coated steel) coated steels (GF-90, GF-60),
epoxy coated stee~ stainless stee~ galvanized steel and drawing quality (DQ)
galvanized steel (0.90). Four different environmental stations were tested for
three animal types: swine, dairy cattle, and laying chickens. Each panel was
weighed prior to exposure test. The sample panels have been removed, inspected
and re-installed ten times since the fm insta11ation of March 1986. Batch
galvanized and stainless steel test panels were found to provide superior corro-
sion resistance as compared to epoxy coated steel and other Zn coated steels in
animal waste environments. Graphs. 2 ref. (Kim, M.M.; Safley, 10M.; BAR-
CELONA, SPAIN, 2-7 JUNE 1991, Publisher: EUROPEAN GENERAL GAL-
VANIZERS ASSOClAnON, London House, 68 Upper Riclnnond Rd., Putney,
London SW15 2RP, UK, (1991), (Met A, 9305-72-(296), GB2/1-GB2I6 [in
English].)

2346 CORROSION STUDIES ON SELECTED PACKAGING
MATERIALS FOR DISPOSAL OF BEAT-GENERATING RA-
DIOACTIVE WASTES IN ROCK-SALT FORMATIONS. (BIB-
199305-3~92]
In previous corrosion studies, carbon steels and the alloy TI99.8-Pd were
identified as promising materials for heat-generating nuclear waste packagings
tha1 could act as a barrier in a rock-salt repository. To characterize the corrosion
behaviour of these materials in more ~ a research programme including
laboratory-scale and in situ conosion studies has been undertaken jointly by KtK
and ENRESAIINASMET. Besides C steels and Ti99.8-Pd, Hastelloy C4 and
some Fe-base materials are being examined to complete the results available to
date. (Smailos, E.; Schwarzkopf, W.; Gago, J.A; Azkarate, I.; TIBlB92-
03l751XAB, Pp 31 [in English). ISSN 0097.90(7)

2347 THE INFLUENCE OF RED MUD IMPOUNDMENTS ON
THE ENVIRONMENT. (BIB-19930S-41~1S8]
As a res.ult of the expanding metal consumption in the world and the increasing
exploitation of low-grade ore deposits, mining tailings continue accumulating.
Their disposal gives rise to ecological problems. Special problems occur with
wastes that contain various noxious constituellls (heavy metal ions, flotation
reagents, acids, and others), which may seriously endanger the quality of surf ace
and underground water. One such waste is red mud, which, besides great

amounts of very fme particles and iron oxides, contains a significant quantity of
extremely dangerous sodium oxides. The paper discusses the red mud disposal
systems applied, in the areas of former Yugoslavia. Possible noxious environ-
mental influences of these deposits and the protective measures are brougb1
forth. 3 ref. (Salopek, B.; Strazisar, J.; DENVER. COLORADO, USA, 21-25
FEB. 1993, Publisher: TIlE MINERALS, METALS & MATERIALS SOCI-
ETY, 420 Commonwealth Dr., Warrendale, Pennsylvania 15086, USA, (1992),
(Met. A, 9305-72-0288), 41-44 [in English).)
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2348 A NEW CONCEPT FOR TA.U..INGSDISPOSAL (BIB-
19930541~159]
Mineracao Rio Norte SA (MRN) started operations in 1979 with tailings from
bauxite washing dumped into the nearby natura11ake Balata, thereby upsetting
its environment From 1982 a series of studies, laboratory tests, and field trials
were carried 0111 seeking to characterize the tailings composed of clay and water
at a 7-9% solids concentration. In 1986 reliable data were available making it
possible to fonnulate a1ternatives for tailings disposal tha1 would not entail
silting oflakes or similar natural valleys. The most environmentally "clean" and
economically viable a1ternative was based returning the tai1ings to mined-oll1
areas. Besides characterizing the technical behavior of the tailings, it was also
necessary to revise the mining geometry, drainage, and the operational modes
required to physically accommodate the tailings. The present paper details the
operational aspects of the new tailings disposal method, and mentions the
evolution of the environmental rehabilitation of silted parts of lake Balata.
Graphs. (Lapa, RP.; DENVER. COLORADO, USA, 21-25 FEB. 1993, Pub-
lisher: TIlE MINERALS, METALS & MATERIALS SOCIETY, 420 Com-
monwealth Dr., Warrendale, Pennsylvania 15086, USA, (1992), (Met. A,
9305-72-(288),45-49 [in Eng1ish].)

2349 ELECTROCHEMICAL STUDIES OF IRON SULPHIDES
IN RELATION TO THEIRATMOSPBERIC OXIDATION AND
PREVENTION OF ACID DRAINAGE. IT. (BIB-19930S-42-OS61]
Oxygen reduction ofpyrite (FeS2) and related redox reactions have been studied
using ROE and RRDE. The mechanism of charge transfer and the role of the
semi-conductor phase in the oxidation and dissolution of pyrite has been
examined in light of the energy level diagrams. Amechanistic analysis indicates
tha1 02 is sequentially reduced to water via H202 route. H202 itself is reduced
by the mechanism of hole injection in the valence band. The holes subsequently
either recombine with e- ob or lead to other oxidation reactions. The problem
of the "acid mine drainage" resulting from the almospheric oxidation of the iron
sulphides has also been examined. Methods of preventing the AMD by cathodic
protection or by growing passive, iron oxide f1lms on FeS2 (on electrodes only)
have been developed. Graphs, Spectra. 25 ref. (Alnned, S.M.; Giziewicz, E.; ST.
LOUIS, MISSOURI, USA, 17-22 MAY 1992, Publisher: TIlE ELECTRO-
CHEMICAL SOCIETY, INC., 10 South Main St, Pennington, New Jersey
08534-2896, USA, (1992), PV-92-17, (Met A, 9305-72-(280), 372-390 [in
English].)

2350 A PROPOSAL FOR WASTE RECOVERY AND RECY-
CLING IN ELECTROPLATING. (PROPOSTA PERIL RICI-
CLO EIL RECUPERO NEI PROCESS! GALVANOTECHICL)
(BIB-19930S-42-OS72]
A new concept based on a flexible modular construction of waste processing
installations has as its central piece a completely sealed interchangeable car-
tridge with ion exchange resins. These units may be regenerated in a specially
built plant with all the required facilities. A survey of the present situation in
waste treatment in Italy is covered, analyzing the types and compositions of
effiuents (data are given). The proposed AFIG-FOESSEL method is technically
described, emphasizing its advantages. Efforts to initiate the new project in
Northern Italy (Emilia Romagna) are outlined. Iron, nicke~ zinc, and chromilml
are recovered. (Bonapace, M; Brambilla, G.; Frenquellucci, F.; 31, (6), 69-76
[in ltalian).ISSN 0041-1833)

2351 FURTHER DEVELOPMENT OF THE COMTOR PROC-
ESS FOR SPL TREATMENT. (BIB-19930S-42-060S]
Comalco Aluminium Limited (CAL) has developed the COMTOR process to
treat spenl pot1ining (SPL) and recover valuable constituellls, a1 its Boyne
Smelter. A feed preparation circuit supplying 10 000 tlyear of crushed SPL to
an expanded calcination facility has been constructed. Commissioning of the
second of two production calciners, designed on the basis of prototype testwork,
has coincided with that of the feed preparation circuit. Trealment of the calcine
to recover chemical values has been demonstrated in a pilot plant and the design
of a production facility is planned. The integration of the feed preparation,
calcination and calcine treatment stages (the COMTOR process), provides
aluminilml smeltm; with an effective teclmology for the waste management of
SPL. Graphs. 2 ref. (Kidd, 1.1.; Rodda, D.P.; Gillett, G.D.; Nugent, K.; DEN.
VER. COLORADO, USA, 21-25 FEB. 1993, Publisher: TIlE MINERALS,
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keep the recirculating quantities low and to adjust correctIy and then conlrol the
parameters of the process that uses the lubrication. Spent cooling lubricants need
not necessarily be directly disposed of, but can undu most circumstances be
reprocessed to crude oil. To facilitate this approach-and delegate disposal to a
second choice position--certain steps must be taken: any substitute ingredients
should preferably be botanic in nature; dilution by mixing with harmful or toxic
ingredients should be avoided, as should substances containing microoganisms
that adversely affect stability; [mally, nitrate contents must be closely monitored.
Ways to diminish the quantity of recirculating fluids for simulataneous lubrica-
tion and cooling are discussed. (Wiese, H.A.; 98, (21), 28-30, 32, 34 [in German].
ISSN 0341-5775)

2337RECYCLING STAINLESS STEEL PICKLE LIQUORS BY
AN ELECTRODIAL YTIC METATHESIS PROCESS. IBm-
199306-57-0705]
The stainless steel industry relies on nitric-hydrofluoric acid (HN03/HF)
pickling solutions to remove surface contaminants and maintain the corrosion
resistance of the steel. More stringent environmental guidelines are expected to
be placed on the disposal of these solutions which could significantly increase
processing costs. The US Bureau of Mines has been conducting research to
develop a process for recycling depleted piclcling solution, thus reducing the
quantity of by-product acids generated. Research has shown that r can be
liberated from the predominant iron fluoride species (FeP 2)by using oxalic acid
in an electrodialysis cell. Ion selective membranes allow dissolved metals in the
depleted solution to be replaced with hydronium ions by metathesis, thereby
regenelating the HF. The regenerated HNoYHF is then retained in the pickling
solution. This paper reports on the research effort at the US Bureau of Mines
Rolla Research Center to apply electrodialytic recycling to HNoYHF pickling
solutions. lOre!. (Rivers, S.P.; Horter, G.L.; Schluter, R.B.; DENVER, COLO-
RADO, USA, 21-25 FEB. 1993, Publisher: THE MINERALS, METALS &
MA1ERIALS SOCIETY, 420 Commonwealth Dr., Warrendale, Pennsylvania
15086, USA, (1992), (Met. A., 9306-72-0303), 1035-1046 [in English].)

2338 WATER CONSCIOUS-ALTERNATIVE METHODS
FOR THE CLEANING AND PRETREATMENT OF METAL-
LIC GOODS. (WASSERBEWUSST-ALTERNATIVE VERFA-
HREN ZUM REINIGEN UND VORBEHANDELN
METALLISCHER GUTER.) IBm-I99306-57-0723]
Cleaning and preliminary handling of metallic goods comprises not only the
intrinsic treatment process, but must also take into consideration washing
purification and waste-water disposal compatible with the environment Further-
more, for reasons of cost effectiveness, an optimal method must be initially
selected from the water-managing viewpoint as well. Various types of cleansers
are described. The present advanced technology for degassing installations and
conlrol of toxic metallic residues, nitrites, sulfates, and fats and oils is presented,
and the processing of oil emulsions is described. Waste-water treatment with
specific reagents, and a detailed discussion of the ultrafiltration-type physical
and emulsion-splitting-type chemical-waste-water treatment processes now in
operation in the most up-t<Hiate plants is given. 1 ref. (Locke, F.-J.; 97, (38),
32-34, 36-37 [in German). ISSN 0341-5775)

2339 MATERIALS DEVELOPMENT FOR ENVIRONMENT
ENGINEERING. (WERKSTOFFENTWICKLUNG FUR DIE
UMWELTTECHNIK.) IBm-I99306-61-0612]
One key aspect of Kropp VDM's materials development policy is to refme
proven materials and to provide new materials for environmental engineering.
Motor vehicle exhaust conversion, flue gas desulphurization, waste-water
evaporation, cooling water recirculation and refuse thermal disposal investiga-
tions and resulting products, are reported. Graphs, Photomicrograpbs. 17 ref.
(Heubner, U.; (4), 41-44, 47-48 [in German].ISSN 0941-0821)

2340 DENTAL AMALGAM-ENVIRONMENTAL ASPECTS.
VBIB-I99306-61-0712]
Increasing knowledge about the risk of toxic effects caused by anthropogenic
Hg accumulation in ecosystems has resulted in a growing pressure for reduction
of the discharge of Hg waste. Consequently, the Hg waste problems of dental
clinics have been given increased attention, and restrictions on handling and

discharge of contaminated waste have been established in several countries.
Major amalgam particles from tri1Uration surplus of those produced during the
carving and burnishing of new amalgam restorations are generally collected in
coarse filters and sold for refmement Minor amalgam particles released by
production of new fillings or by removal of old restorations partly sediment in
tubes and drains. The remaining particles are carried with the waste water stream

to the local purifying plant. In Scandinavia, the industrial discharge of Hg-con-
taminated waste water has been reduced to a minimum Accocding to recent
investigations, dental clinics appear to be responsible for the major amount of
Hg collected in the sludge generated in purifying plants. If threshold values for
heavy metal content, including Hg, are exceeded, the sludge is not allowed to
be recycled as fertilizer. Installation of an approved amalgam-separating appa-
ratus in dental clinics is now mandatory in several countries-for example,
Switzerland, Germany, Sweden, and Denmark. Approval of amalgam separators
is based on national testing programs, including clinical or laboratory tests
demanding 95-99% separating efficiency. Graphs. 18 ref. (Arenholt-Bindslev,
D.; BETIIESDA, MARYLAND, USA, 26-28 AUG. 1991, 6, 125-130 [in
English]. ISSN 0895-9374)

2341 DIRECT ELECTROPLATING OF PC BOARD~EXPE-
RIENCES OF THE USER. (DIREKTGALVANISIEREN VON
LEITERPLA TTEN-ERFAHRUNGEN BEIM ANWENDER.)
[Bm-I99306-63-0377]
Direct eleclroplating with copper of the walls of holes drilled through printed
circuit boards is made possible by a permangante treatment of the polymer
substrate exposed to convert it to an intrinsic conductor. The need is reduced for
capital investment in waste disposal plant, less space is required for plant suitable
for mass production, and replacement of electroless plating systems is relatively
quick. Graphs, Photomicrograpbs, Spectra. 3 ref. (Beatoc, K.; Bressel, B.;
Grapentin, H.J.; 46, (9), 384-389 [in German]. ISSN 0026-0797)

2342 THE POTENTIAL OF AIR-SPARGED HYDROCYCLONE
FLOTATION IN ENVIRONMENTAL TECHNOLOGY. IBm-
199306-71-0186]
Air-sparged hydrocyclone (ASH) flotation is a high-capacity flotation technol-
ogy originally developed in the Department of Metallurgical Engineering at the
University of Utah for processing minel-a1resources. However, the technology
has been found to be useful in industrial waste processing, in the recycle of
secondary resources, and in remediation of environmental problems. For exam-
ple, areas in which the ASH technology is expected to have potential application
include cleaning of waste coal [mes, air stripping to remove volatile organics
from drinking and process water, water disinfection by ozone or chlorine
sparging, dispersed oil removal from water, and contaminated soil remediation.
Recently, the ASH has been studied extensively for deinking flotation in the
wastepaper recycling industry and has been shown to have excellent effi-
ciency/capacity. In fact, a $20M plant has been in operation since June 1992.
The ASH technology can provide a specific capacity hundreds of times more
than that which can be achieved with conventional flotation equipment and in
certain instances is expected to provide superior separation efficiencies when
compared to other technologies. The design and principles of ASH flotation are
described. Experimental data for fine coal flotation, volatile organics stripping,
and deinking flotation for paper recycle are presented and discussed. Fmally,
other potential areas of application for environmental technology are considered.
Graphs. 17 ref. (Miller. J.D.; Yi, Y.; Hupka, J.; DENVER, COLORADO. USA.
21-25 FEB. 1993, Publisher: THE MINERALS, METALS & MA1ERIALS
SOCIETY, 420 Commonwealth Dr., Warrendale, Pennsylvania 15086, USA,
(1992), (Met. A., 9306-72-0303),123-135 [in English].)

2343 DISPOSAL OF CLARIFIED SLUDGE BYTHE VERTECH
DEEP SHAFT PROCESS. (AUFBEREITUNG VON
KLARSCHLAMM MIT DEM VERTECH-
TIEFSCHACHTVERFAHREN.) IBm-I99306-71-0190]
The VerTech wet oxidation process for environmentally friendly disposal of
c1arüied sludge is described. This vertical technology, located underground,
through addition of oxygen at approx 300.C and 100 bar decomposes virtually
all organic constituents into H20, COz, and solid residues. A 40 cm diameter
VerTech reactor of up to 1500 m3/day capacity, whose design is outlined,
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mentioned above. There appears to be no other cleaning process capable of
replacing chlorinated solvent-based methods, in terms of technical and economic
performance. Aqueous systems are being installed for their enviromnental
advantages. For such systems, recovery and/or disposal of the cleaning a1kaIi is
feasible and described (Fallot, J.-F.; 83, (12), 4114-4118 [in German]. ISSN
0016-4232)

2329 THE DISPOSAL OF ARSENIC FROM METALLURGI-
CALPROCESSES: ITS STATUSREGARDING FERRIC ARSE-
NATE. [B~199306-32-0318]
Much has been written over the past decade concerning the disposal of arsenic
from metallurgical processes. In Canada, there are proposed regula1ions which
would classify As in the primary group of 21 persistent, toxic pollutants to be
banned or phased out. Since many nickel and cobalt ores, not to mention those
of copper, gold, and uranium, contain significaut amounts of As, it is pertinent
to assess the current state-of-the-art of its disposal. The literature is reviewed,
and it is demonstrated that from a pmely chemical point of view, the family of
femc arsenates largely immobilize As. There is clear evidence from laboratory
studies that both crystalline femc arsenate (scorodite) and amorphous femc
arsenates in which the molar Fe:As ratio is at least three (Fe/As 3) have very low
As solubility; plaut data are given to support this. The debate over the long term
stability of these compounds continues however; the evidence presented for long
term stability and for compound breakdown is critically reviewed in the light of
the recent structura1 studies, and the role of base meta! in these compounds
evaluated. Finally, conclusions are drawn as to the viability of a purely chemical
process for the long term disposal of As from metallurgical processes. Graphs.
51 ref. (Harris, G.B.; Krause, E.; DENVER. COLORADO, USA, 21-25 FEB.
1993, Publisher. TIlE MINERALS, METALS &.MATERIALS SOCIETY, 420
Commonwealth Dr., Warrendale, Pennsylvania 15086, USA, (1993), (Met. A,
9306-72-(325),1221-1237 [in English].)

2330 STEEL SHEET PILING FOR SAFEGUARDING ANDRES-
TORATION OF INDUSTRIAL WASTE SITES.
(STAHLSPUNDWAND ZUR SICHERUNG UND SANIERUNG
VON ALTLASTEN.) [B~199306-35-0960]
Steel sheet piling provides excellent waste containment Long-term investiga-
tions on soils and various test liquids show that the steel-wall thickness decrease
though corrosion does not usually exceed the permissible limit values. The
Hoesch sheet piling seal (OBP 27 22978). as used in the Hamburg harbour flood
protection scheme, illustrates the high capability of steel-sheet piling. Graphs. 2
ref. (Roth, S.; BERLIN, GERMANY, 26 MAR. 1992, (4), 59-63 [in German].
ISSN 0941-(821)

2331 MATERIALS PERFORMANCE IN HIGH-TEMPERA-
TURE WASTE COMBUSTION SYSTEMS. [B~199306-35-
1025]
Corrosion problems at high temperatures in the complex and variable environ-
ments in waste combustion systems create demanding challenges to designers
and operators. The general scenario is reviewed including materials performance
in the presence of various pollutaut species, notably sulfurous gases, halogen
vapors, molten metals, and glass. The range of available materials is noted with
reference to recent1y developed alloys. Photomicrographs, Graphs. 10 ref.
(Elliott, P.; 32, (2). 82-87 [in English]. ISSN 0094-1492)

2332 TREATMENT OF LEAD WASTES FROM LEAD-ACID
BATTERY RECYCLING PLANTS. [BIB-199306-42-0706]
The US Bureau of Mines developed a method to treat Pb-coDlaminated soil and
ebonite battery casing wastes to produce a nonhazardous material. The cleanup
procedure involves wet screening to separate a -18-mesh soil fraction; removal
of metallic Pb, rocks, wood, etc.; carbonation to change lead sulfate to acid-sol-
uble lead carbonate; size reduction; acid leaching; and rinsing. The casing wastes
undergo size reduction and washing to remove the lead sulfate sludge before
clUbonation. Similarly, the -IS-mesh soil is clUbonated, then acid leached and
rinsed. In leaching, fluosilicic acid (H2SiF6) and hydrogen peroxide (H2<>2)are
used to dissolve Pb compounds. An electrowinning method is employed to strip
Pbfrom the Pb-rich leacludc. The acid content in the leacludc is replenished with
fresh H2SiF6 acid prior to recycling. Treated casing wastes and soils pass the
toxicity characteristic leaching procedure (TCLP) test and can be reclassified as
nonhazardous materials. Based on this process, a conceptual pilot plaut has been
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designed which will be demonstrated on wastes from two Superfund sites.
Graphs. 10 ref. (Lee, A Y.; Wethington, AM.; Gonnan, M.G.; DENVER.
COLORADO, USA, 21-25 FEB. 1993, Publisher: TIlE MINERALS, METALS
&. MATERIALS SOCIETY, 420 Commonwealth Dr., Warrendale, Pennsylva-
nia 15086, USA, (1992), (Met. A, 9306-72-0303), 927-942 [in English].)

2333 SALT SCRUB REDUCTION ALLOYS FOR ACTINIDE
RECOVERY. [B~199306-42~U]
Calcium and lithium gallides have been synthesized by powder metaUmgy
techniques in the stoichiometries that can be used as reduction alloys for the
Rocky Flats Plant Salt-Scrub (SS) process. The. SS process is performed to
recover valuable metals from salts generated in the electrorefming and the
molten salt extraction processes. Combustion synthesis has been optimized for
variable heating rates up to the reaction ignition temperatures and for green
densities of the powder compacts in terms of the ignition temperature and the
exothermic heating of the product in an effort to develop liGa and CaGa2 alloys~
The problems arising from the melting point and density differences of calcium,
lithium and gallium have also been studied The SS alloy compositions were
produced by mixing, pressing and sintering the metal-powders. The efficiency
of the intermeta!lic alloy, Ca-17 wt% Ga, as a reductant and the effectofGa
on salt cleanup has been discussed Measurement of actinide recovery has been
studied with cerium as the S\D'rogate for the actinide metal. The development of
an alloy for SS reduces a major contaminated waste disposal problem besides
recovering the valuable reactive metal. Graphs, Phase diagrams, Diffiaction
patterns. 17 ref. (Mishra, B.; Pritcl1ett, S.; Moore, J.J.; Murray, AM.; DENVER.
COLORADO, USA, 21-25 FEB. 1993, Publisher. TIlE MINERALS, METALS
&. MATERIALS SOCIETY, 420 Commonwealth Dr., Warrendale, Pennsylva-
nia 15086, USA, (1992), (Met. A, 9306-72-0303),1019-1034 [in English).)

2334 RECYCLING OF ALUMINUM. ALUMINUM SECON-
DARY ALLOY INGOT. [BIB-199306-43-0199]
Recently, more and more metals are being recycled. As far as aluminum alloys
are concerned, the total weight of recycled alloys increases at a rate of approx
30 000 tons/year, with c:urrem level of approx 1.1 million tons. The recycling
program has the following elements: (1) introduction of quality control, (2)
pollution prevention, (3) establishment of Japanese Al alloy association, and (4)
new Japanese industrial standards. A typical life cycle of an alloy includes
several stages: (1) original alloy manufacturing, (2) component machining, (3)
usage, (4) collection of used components, (5) remanufact\D'ing, (6) new compo-
nent machining, (7) new usage, etc. As an example, annual usage of Al soft drink
cans is 160 000 tons. Approximately 43% of these cans are recycled. Before
remanufacturing of the alloys, all collections are divided according to their Al
contents. There exist many different kinds of prefabrication furnaces. There also
exist several casting teclmologies. Quality of casted alloys is always tested
before usage. Graphs. 7 ref. (Shimomura, Y.; 42, (8), 464-470 [in Japanese].
ISSN 0451-5994)

2335 THERMALLY RECLAIMING FURAN-BONDED SANDS.
[B~199306-51-0880]
Foundries operating furan resin systems can mechanically reclaim 60-95% of
sand, depending on the quality of the material being cast The operation of these
systems is governed by residual resin and catalyst buildup on the sand grains,
which may be measured in terms of lass of ignition, acid demand value, residual
sulfur, nitrogen, and dust level. Variations of these characteristics can create
casting defects as well as enviromnental problems because of emissions dlD'ing
pouring. Thermal sand reclamation, using gas-ftred, fluidized bed thermal
reclaimers, allows the 1000A>reuse of sand for core sand molds, thus saving on
new sand costs and greatly minimizing dispOsal costs and concerns. (Bailey, I.;
83, (1). 36-37 [in English]. ISSN 0026-7562)

2336 RECYCLING OR AVOIDING-ENVIRONMENT-COM-
PATIBLE TREATMENT AND REPROCESSING OF COOIr
ING LUBRICANTS. (VERWERTEN ODER
VERMEIDEN-UNWELTGERECHTES BEHANDELN UND
AUFBEREITENVON KULSCHMlERSTOFFEN.) [B~199306-
52-0953]
Rapidly rising costs of scrap and toxic waste disposal measures compel industry
to keep the accumula1ing amounts at a minimum. This general maxim applies
also to cooling lubricants used in metal fabrication where it is of advautage to
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satisfying the safe and environmentally &X:eptable disposal of gypsum. A
proposal for engineering studies has already been submitted to anational agency
for inclusion in its R&D program. 7 ref. (Bernard, L.M.; EDMONTON, AL-
BERTA, CANADA, 23-27 AUG. 1992, Publisher: CANADIAN INSTITIJTE
OFMINING,METALLURGY ANDPETROLEUM,XeroxTower, 1210-3400
de Maisonneuve Blvd W., Mon1real, Quebec H3Z 3B8, Canada, (1992), (Met
A, 9304-72-0210), 343-348 [in English].)

2322 PHOTOCATALYTIC OXIDATION OF CYANIDE. [BIB-
199304-42-0425]
Fresh cyanide solution was 1reated by near UV light with the assistance of
photocatalysts. Cyanide was oxidized mainly to cyanate. Photochemical behav-
ior of the anatase and rutile forms ofTiÜ2 was compared. It is fOlD1dthat anatase
has a much higher activity than that of rutile. Bubbling of oxygen in the reactor
showed no appreciable increase in cyanide oxidation, implying that the reaction
is surface controlling. A very interesting fmding in this study is that a natural
mineral, ilmenite, can replace chemical titanium dioxide as the photocatalyst
llmenite without any treatment did not catalyze the oxidation of cyanide. But,
after being roasted at high temperature with 0, the oxidation was enhanced
dramatically. The mechanisms of photooxidation of cyanide and the roasting of
ilmenite are proposed Graphs. 13 ref. (Zhang, J.; Hendrix, J.L.; Wadsworth,
M.E.; NEW ORLEANS, LOUISIANA, USA, 17-21 FEB. 1991, Publisher: THE
MINERALS, METALS & MATERIALS SOCIETY, 420 Commonwealth Dr.,
Warrendale, Pennsylvania 15086, USA, (1991), (Met A, 9304-72-0187), 665-
676 [in English].)

2323 WASTE DISPOSAL FROM PLATING PLANTS. (DIE
ENTSORGUNG VON GALVANIKBETRIEBEN.) [BIB-199304-
42-0437]
Procurement of all the plants required to meet legislation on the disposal of
plating eftluents is fmancially beyond the means of an individual metal fmishing
business. This is especially true of the former East German territories where a
major catching-up exercise is usually the order of the day. The solution proposed
embodies procedures for waste avoidance or effluent recycling in such plating
plants, and the establishment of a centralised facility for processing the remain-
ing wastes and recovery of value where possible. The planning of such afacility
is described (Kimmer!, P.; Schade, H.; 83, (12), 4230-4239 [in German). ISSN
001~232)

2324 PROCESSING OF EFFLUENT SALT FROM THE DI-
RECT OXIDE REDUCTION PROCESS. [BIB-199304-42-0480J
The production of reactive metals by direct oxide reduction DOR process using
Ca in a molten ca1cium chloride salt system generates a significant 81DOID1tof
contaminated waste as calcium oxide saturated calcium chloride salt mix, with
calcium oxide content of up to 15 wt%. Fused salt electrolysis of a simulated
salt mix CaCh + 10 wt% Cao has been carried out to electrowin Ca, which
could be recycled to the DOR reactor along with the calcium chloride salt or
may be used in situ in a combined DOR and electrowinning process. Many
reactive metal oxides could thus be reduced in a one-step process without
generating a significant amolD1tof waste. The technology will resolve a major
contaminated waste disposal problem, besides improving the cost and process
efficiency in reactive metal production. The process has been optimized in terms

of the Ca solubility, cell temperature, current density and the cell design to
maximize the CUJTent efficiency. The solubility was found to depend on the use
of graphite as the anode material as evidenced by the presence of calcium
carbonate in the fmal salt The rate of recovery formeta1lic Cahasto be enhanced
to levels that overcome the back reactions in a system where quick removal of
anodic gases is achieved Calcium was determined by the hydrogen evolution
technique and the amount of calcium oxide by titration with hydrochloric acid.
A porous ceramic sheath was used in the cell to prevent the chemical reaction
of electrowon Ca to produce oxide or carbonate and to prevent the contamination
of salt by the anodic carbon. Cell design, temperature and current density were
investigated to adopt proper methods for quickly removing the anodic gases and
for maintaining a high rate of Ca deposition to discourage back reactions.
Graphs. 15 ref. (Misbra, B.; Olson, D.L.; Averill, WA; EDMONTON, AL-
BERTA, CANADA, 23-27 AUG. 1992, Publisher: CANADIAN INSTITIJTE
OF MINING, METALLURGY ANDPETROLEUM,XeroxTower, 1210-3400

de Maisonneuve Blvd W., Mon1real, Quebec H3Z 3B8, Canada, (1992), (Met
A, 9304-72-0210), 279-291 [in Eng1ish].)

2325 A PYROMETALLURGICAL PROCESS FOR THE RE-
COVERY OF LEAD OXIDE FROM SPENT FIRE ASSAY CU-
PELS. [BIB-199304-42-0482]
Fire assaying of precious metals requires the use of Pb for the process of
cupe11ation. Each cupel can absorb as much as 50 g of lead oxide. Some 10
million cupe1slyear are used in Canada alone. At the present time the used cupels
are being disposed of in landfill sites or added to the charge of a smelter. These
methods of disposal have several disadvantages, such as Pb leaching into the
water table from the landfill site, increased Pb impurities in the smelter product,
and Pb emission as fumes. In this work, a pyrometa11urgica1 process was
employed to recover the lead oxide from the cupel. The lead oxide was recovered
at high temperatures and at low pressures. The effects of time, temperature and
pressure on the removal ofPb from the cupel were investigated The kinetics of
the process and the diffusion rate of lead oxide through the cupel were studied.
The optimum conditions for complete removal of the lead oxide were deter-
mined. Graphs, Photomicrographs, Difüaction patterns. 9 ref. (LamoDlagne,
M.P.; Pickles, CA; Toguri, J.M.; EDMONTON, ALBERTA, CANADA,
23-27 AUG. 1992, Publisher: CANADIAN INSTITUTE OF MINING, MET-
ALLURGY AND PETROLEUM, Xerox Tower, 1210-3400 de Maisonneuve
Blvd W., Mon1real, Quebec H3Z 3B8, Canada, (1992), (Met A, 9304-72-
0210), 307-328 [in English).)

2326 ZIRCONWM-BAFNIUM PRODUCTION IN A ZERO
LIQUID DISCHARGE PROCEss. [BIB-199304-4~134J
A simple, low cost continuous process for separating and purifying Zs and Hf
which eliminates liquid waste and facilitates the management of RCRA and
LLW wastes is provided. An aqueous Zs and Hf-containing feed solution is
prepared and fed to a continuously rotating annu1ar chromatograph containing
a bed of acid exchange resin. An acid eluant, such as hydrochloric acid, nitric
acid, phosphoric acid or the like, is fed through the acid exchange bed while the
chromatograph is rotating, which separates the feed into substantially pure Zs
and Hf fractions and into RCRA and LLW waste fractions. The Zs and Hf are
processed further into nuclear quality Zs and Hf metals. The acid eluant is
recycled for reuse in the chromatograph, and the RCRA and LLW waste
fractions are disposed of in solid form. (Snyder, T.S.; Lee, E.D.; [in English].,
Patent no.: EP0490128 (European Patent) Conveution date: 19 Nov. 1991)

2327 METHOD FOR TREATMENT OF ZINC-CONTAINlNG
BY-PRODUCTS AND WASTE MATERIALS. [BIB-199304-43-
0136J
A method is presented for the treatment ofZn-c:ontaining by-products and waste
materials from the primary and second production of nonferrous metals, particu-
larly Zn- and Pb-containing slags from the production of Pb. The by-products
and the waste materials are supplied to a gaslight closed electric smelting furnace
in which the materials are melted and subjected to a selective metallothermic
reduction to reduce and volatilise Zn and othervolati1e metals. Elemental sulphur
and/or S compolD1dsare added to the smelting furnace in an amount sufficient
to form a sulphide phase containing one or more of the elements Cu, Ni, Pb,
arsenic, bismuth, Sb, and Ag. An inert slag phase and the sulphide phase are
tapped from the furnace, and Zn and other volati1e metals are recovered from
the off-gas from the furnace by condensation. (Aune, JA; [in English)., Patent
no.: EP0489591 (European Patent) Convention date: 5 Dec. 1991)

2328 INDUSTRIAL CLEANING-A COMPARISON BE-
TWEEN CHLORINATED HYDROCARBONS AND AQUE-
OUS-BASED METHODS. (INDUSTRIELLE REINIGUNG:
VERGLEICH ZWISCHEN CKW- UND EINEM WASSRIGEN
VERFAHREN.) [BIB-199304-57-0461]
Inmaking the decision as to which process is best for a particular case, a number
of criteria have to be taken into consideration. These include the extent of soiling
of work to cleaned, and the degree of cleanliness required. Capital and operating
costs including effluent disposal procedures and their cost have also to be
considered Comparable cleaning systems based on chlorocarbon solvent and
aqueous solutions are compared with one another in terms of the criteria
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In stagnant simulated cooling walcr (SCW), 500 ppm Na2Mo04 inhibits steel
corrosion for a short period Molybdate produces synergistic corrosion inhibition
with sebacic and polymaleic acids. Mechanism of corrosion inhibition is dis-
cussed. Graphs. 10 ref. (Mustafa, C.M.; Farr, J.P.G.; 30, (8), 424-426 [in
English]. ISSN 0019-5669)

2314 PREDICTION AND CONTROL OF SULFIDE INDUCED
CORROSION IN CONCRETE SEWER INFRASTRUCTURE
AND REHABILITATION TECHNIQUES. [BIB-199304-35-
0669]
Most cities, counties, and sanitsry districts have used concrete pipe for sewer
construction chuing the past 100 years. Many of these pipelines lDIdercertain
site conditions have been corroded by sulfuric acid formed from sulfide gas.
Despite this track record, many design engineers are still selecting concrete pipe
with some allowance for corrosion using the somewhat outdated sacrificial wall
thickness method. There are numerous agencies which do not even include
sulfide corrosion prediction and control as part of the sewer s1nIcture material
selection process. Even when sulfide corrosion studies are 1DIdertaken, no
engineering considerations are given for the potential of corrosion in s1nIctures
such as wet wells, manholes, drop structures, and metering stations. Deteriorated
concrete pipe in some cases is replaced with new concrete pipe with no
provisions for corrosion and such practices will lead to premature failure of the
sewer system and excessive rehabilitation budgets. The state-of-the-art of pre-
diction is presented and control of sulfide corrosion in sewers and rehabilitation
methods available for repairing such sewer systems are discussed Steel and
nodular iron are also discussed. 13 ref. (Jeyapalan, J.K.; SAN DIEGO, CALI-
FORNIA, USA,3-4NOV.1991,Publisher: ASTM, 1916 Race St.,Philadelphia,
Pennsylvania 19103, USA, (1992), STP 1137, (Met. A,9304-72-0206), 273-
283 [in English].)

2315 LOCALIZATION IN THE CREVICE CORROSION OF
TITANIUM. [BIB-199304-3~720]
The impact of chloride concentration, temperature and 0 reduction on the depth
and localization of crevice corrosion on Grade-2 Ti has been studied using a
combination of electrochemical, metallographie, and image analysis techniques.
Oxygen reduction was found to control the total amount of corrosion over a wide
range of conditions. Depending on the temperature, the amount and depth of
corrosion decreased with increasing chloride concentration. A decrease in
temperature resuhed in deeper penetration at fewer sites and a lower overa1l
corrosion rate. Graphs. 17 ref. (Ikeda, B.M.; Bailey, M.G.; Quinn, M.J.; Shoes-
mith, D.W.; KYOTO, JAPAN, 29 JULY-2 AUG. 1991, Publisher: PER-
GAMON PRESS PLC, Headington Hill Hall, Oxford OX3 OBW, UK, (1992),
(Met. A, 9304-72-0249), 619-625 [in English].)

2316 EFFECTS OF DISSOLVED OXYGEN CONTENT ONTHE
PROPAGATION OF LOCALIZED CORROSION OF CARBON
STEEL IN SYNTHETIC SEA WATER [BIB-199304-3~721]
Effects of dissolved oxygen content on the propagation of localized corrosion
of carbon steel have been investigated both by immersion type corrosion tests
and electrochemical tests in synthetic sea walcr, which simulated the grolDld
water environment in deep geological formations. Although the propagation
rates of localized corrosion were reduced with the decrease of dissolved 0
content, slight localized corrosion was recognized even in deaerated condition
by blowing pure N2 gas. Graphs. (Sasaki, N.; Ishikawa, H.; Teshima, T.;
Fujiwara, K.; KYOTO, JAPAN, 29 JULY-2 AUG. 1991, Publisher. PER-
GAMON PRESS PLC, Headington Hill Hall, Oxford OX3 OBW,UK, (1992),
(Met. A, 9304-72-0249), 627-632 [in English].)

2317 CRONIFER rn-TM AND NICROFER 45-TM: TWO NEW
ALLOYS FOR WASTE INCINERATION PLANTS.
(CRONIFER rn-TM UND NICROFER 45-TM: ZWEI NEUE
WERKSTOFFE FUR DEN EINSATZ IN MULLVERBREN-
NUNGSANLAGEN.) [B1B-199304-3S-07S4]
The two new alloys Cronifer rn-TM (FeCr28NiSiCe) and Nicrofer 45-TM
(NiCr28FeSiCe) exhibit, because of their high Cr (27-28"10) and Si content
(2.5-3.0%) as well as the addition of rare earth elements (0.05-0.15%), an
excellent corrosion resistance in waste incineration environments. Weight loss
of both alloys in a simulated waste incineration atmosphere with a high SÜ2 -
and HCllevel did not exceed 0.125 glm2 h even at 850°C .Optical microscopy
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shows a nonsignificant degradation of the microstructure 50 mu after 1000 h.
Graphs, Photomicrographs. 10 ref. (Brill, U.; Klower, J.; LES EMBIEZ,
FRANCE, 25-29 MAY 1992, 46, (9), 921.926 [in German]. ISSN 0026-0746)

2318 CHEMICAL MODELLING OF THE NEUTRALISATION
PROCESS FOR ACID URANIUM MILL TAILINGS. [BIB-
199304-41-0125]
Neulralisation of acid uranimn mill tailings with lime or other alkaline materials
is usually practised to reduce the dissolved concentration of heavy metals and
radionuclides. Computer modeling of this process was carried out using the
geochemical equilibrium code MINTEQA2. Computer dissolved metal and
sulfate concentrations were compared with laboratory-bssed experimenta1 data.
It was fOllDdnecessary to include the modelling of adsorption of trace metals
(such as U and Pb) by the precipitated ferric hydroxide in order to obtain
acceptable concentrations in the neutra1ised liquors. There were limitations of
the modelling exercise due to importsnt aspects which were not addressed or
properly accounted for such as chemical reaction kinetics and the effect of high
ionic strength. Graphs. 16 ref. (Khoe, G.H.; Sinclair, G.; NEW ORLEANS,
LOUISIANA, USA, 17-21 FEB. 1991,Publisher: lHE MINERALS, METALS
& MATERIALS SOCIE1Y, 420 Commonwealth Dr., Warrendale, Pennsylva-
nia 15086, USA, (1991), (Met. A, 9304-72-0187),117-136 [in English].)

2319 WATER TREATMENT AND ELIMINATION OF FINE
ORE LOSSES AT QIT-FER ET TITANE INC. [BIB-19930441-
0133]
In 1986, QIT embarked on a program to effectively eliminate all solid losses in
the water discharged from its ilmenite smelter in Sorel, Quebec. Construction of
a $3 million water treatment plant is to start shortly. Fine ore tailings from the
beneficiation plant constitute a major portion of the losses, amounting to approx
5% of the total ore processed The paper describes the flowsheet for the facility
and the various projects IDldertaken prior to definition and, in particular: identi-
fication of the sOlll'Ceof ore fmes generation and the scope for reduction by
process optimization; environmental characterization of the ore fmes for landfill
disposal. Discussion is also made for work currently IIDderway for further
reduction or treatment of the ore fines: plant and process modifications for
ilmenite beneficiation; recycling or conversion of the ore fmes to a value added
product Graphs. (Guzman, S.; Marchesseault, A; Domingos, J.; Cook, J.;
EDMONTON, ALBERTA, CANADA, 23-27 AUG. 1992, Publisher. CANA-
DIAN INSTITIJTE OF MINING, METALLURGY AND PETROLEUM,
Xerox Tower, 1210-3400 de Maisonneuve Blvd. W., Montreal, Quebec H3Z
388, Canada, (1992), (Met A, 9304-72-0210),147-154 [in English].)

2320 DEWATERING BEHAVIOUR OF JAROSITE SLUDGE
FROM THE ZINC INDUSTRY. [BIB-19930441-0135]
Dewatering behaviour of jarosite sludge was studied using two high molecular
weight flocculants with 23.6 and 62.7% cationicity. The lower cationicity
flocculant increased settling rate by a factor of 70. Both flocculants decreased
capilliuy suction time (CSD; the lower cationic flocculant was more effective.
The specific resistance to filtration (SRF) was only reduced by a factor of 1.6 at
a pressure of 49 kPa. The cake moisture content was reduced with increasing
pressure but at the same time the SRF increased Graphs, Diffraction patterns.
8 ref. (Sengupta, D.K.; Hamza, HA; EDMONTON, ALBERTA, CANADA,
23-27 AUG. 1992, Publisher: CANADIAN INS1TIUTE OF MINING, MET-
ALLURGY AND PETROLEUM, Xerox Tower, 1210-3400 de Maisonneuve
Blvd W., Montreal, Quebec H3Z 388, Canada, (1992), (Met A, 9304-72-
0210),331-342 [in English].)

2321 FROM STACK TO MINE: DEHYDRATED FLUE-GAS
GYPSUM AS A CEMENTING AGENT IN UNDERGROUND
MINE BACKFILL ANDENCAPSULATION OF ACID-GENER-
ATING MILL TAILINGS. [BIB-19930441-0136]
The 1990s will be a decade incorporating stringent new environmenta1 regula-
tions in Canada that will be driven by both world opinion and pressure from the
USA to conform to their standards. The Free Trade Agreement may also come
into play, putting pressure on Canadian smelters to produce meta1l1Dderthesame
environmental conditions as the US smelters. Far northern Canadian smelters
may be forced to fIXsulfur dioxide as flue-gas gypSIDD,posing another environ-
menta1 problem: how to dispose of this material. This paper suggests two
applications requiring the use of dehydrated flue-gas gypsmn, as a means of
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Cu, and Pb are discussed. Graphs, Spectra, Photomicrographs. 10 ref. (Huang,
C.-H.; 79, (4),50-56 [in English]. ISSN 0360-3164)

2306 TRANSMUTATION OF HIGH-LEVEL FISSION PROD-
UCTS ANDACTINIDES INA LASER-DRIVEN FUSION REAC-
TOR [BIB-199303-16-0098]
Incineration of !lOSrand 137es by thermal or fast neutrons is a very difficult
problem. A 14-MeV neutron source based on inertial confmement fusion is a
more appropriate choice. For the fust time, the coDlribution of the (n,2N)
reaction to incineration is revealed. The energy and nuclei balance for a system
of several nuclear power plants and a fusion reactor for transmutation is
analyzed. If the fusion reactor supports a sufficient number of nuclear power
plants, it need not produce energy or tritium. Target and blanket material
problems are considered A laser fusion incinerator has the best prospects
because of its fast neutron spectrum and high driver efficiency by target gain
product. Graphs. 8 ref. (Basov, N.G.; Rozanov, V.B.; Belousov, N.I.; Grishunin,
PA; Kharitonov, V.V.; Subbotin, V.I.; 22, (3), 350-355 [in English). ISSN
0748-1896)

2307 THE APPUCATION OF NOVEL EXTRACTION CHRO-
MA TOGRAPHIC MATERIALS TO THE CHARAC-
TERIZATION OF RADIOACTIVE WASTE SOLUTIONS.
(BIB-199303-23-0178]
A simple method for the separation and preconcentration of radiostrontium from
acidic nuclear waste solutiollS for subsequent determination is described The
method involves passage of the waste solution, acidified to at least 2M with ni1ric
acid, through an exlraction chromatographic cohmm consisting of a 1M solution
ofbis-4,4'(5'Xt-butyl)cyclohexano-I8-crown-6 in l-octanol sorbed on an inert
polymeric substrate, which preferentially retains Sr. The Sr may then be stripped
from the column with a small volume of either dilute ( (Horwitz, E.Ph.; Dietz,
M.L.; Chiarizia, R.; KONA, HAWAII, USA, 21-27 APR. 1992, 161, (2),
575-583 [in English]. ISSN 0236-5731)

2308 RISK, UNCERTAINTY IN RISK, AND THE EPA RE-
LEASE LIMITS FOR RADIOACTIVE WASTE DISPOSAL
(BIB-199304-16~160]
A conceptual model for the organization and execution of a performance
assessment of a radioactive waste disposal site, including IIDcertainty and
sensitivity analysis, is described This model is based on a formal definition of
risk as a collection of ordered triples, where the ftrst element in each triple is a
set of similar ocall'rellces (i.e. a scenario), the second element is the probability
or frequency of the fust element, and the third element is a vector of conse-
quences associated with the fust element. This division of risk into its three
constituent parts provides a useful model for the structure of a performance
assessment for several reasons. First, it provides a clear distinction between the
major parts of a performance assessment, which are determining what can
happen, determining how likely thin~ are to happen, and determining what the
consequences of speciftc events are. Second, it provides a way to distinguish
between different types of IIDcertainty, including completeness, aggregation,
model selection, imprecisely known variables, and stochastic variation. Third,
it leads naturally to the representation of stochastic variation with a complemen-
tary cumulative dislribution fimction (CCDF) and the representation of state of
knowledge uncertainty with a family or distribution of CCDFs. Fourth, it
provides a context in which the US Environmental Protection Agency limits for
radioactive releases to the accessible environment can be represented and
calculated. Fifth, it facilitates relating the development of scenarios and their
probabilities to the concepts used in formal probability theory. The preceding
ideas are illustrated with results obtained in a preliminary performance assess-
ment for the Waste Isolation Pilot Plant in southeastern New Mexico. Graphs.
49 ref. (Helton, J.C.; 101, (1), 18-39 [in English]. ISSN 0029-5450)

2309 A RADIOACTIVITY ASSAY MEmOD USING COM-
PUTED TOMOGRAPHY. (BIB-199304-22-o267]
A nondestructive radioactivity assaying apparatus, especially suitable for mis.
cellaneous waste drums, has been developed The apparatus employs a simpli-
fied computed tomographic technique in the analytical process. The method uses
lOx 10 (horizontal) x 9 (vertical) density and radioactivity dislribution informa-
tion measured by Nal(TI) detectors and an external source to compensate for
pho~peak count rates from a Ge detector. Methods to compensate for the

inhomogeneity of miscellaneous solid wastes are discussed A detailed compari-
son of the proposed method with two other simplifted methods, using 200 kinds
of mockup wastes, showed an improvement in measurement precision for the
proposed method over the conventional methods. The overall precision for
measurements on the untreated miscellaneous waste was evaluated to be within
30.% when using the proposed method. Graphs. 7 ref. (Ooto, T.; Kalo, H.; 100,
(3),322-330 [in English]. ISSN 0029-5450)

2310 A KINETIC STUDYOF THE GENERATION OF HYDRO-
GEN SULFIDE FROM AQUEOUS CALCIDM SULFIDE
SLURRY WITH CARBON DIOXIDE. [BIB-199304-34-0527]
The experimental work is designed based on a three-step process~othermic
reduction of solid waste to produce calcium sulftde; generation of hydrogen
sulftde from calcium sulftde and oxidation of hydrogen sulfide to elemental
sulfur. Recent work is focused on the kinetics of hydrogen sulfide generation
from aqueous calcium sulfide slurry with carbon dioxide in a bubble column.
The effects of process parameters (temperature, PCO2 and initial S/L ratio, etc.)
on the overall kinetics have been studied Graphs. 12 ref. (Jia, C.Q.; Lu, W.-K.;
EDMONTON, ALBERTA, CANADA, 23-27 AUG. 1992, Publisher: CANA-
DIAN INSTInITE OF MINING, METALLURGY AND PETROLEUM,
Xerox Tower, 1210-3400 de Maisonneuve Blvd. W., Montreal, Quebec H3Z
3B8, Canada, (1992), (Met A., 9304-72-0210),215-227 [in English].)

2311 DYNAMIC AND EQUILIBRIUM SURFACE TENSIONS.
L SURFACTANT-POLYMER-FINES INTERACTIONS FROM
OILSANDS PROCESSING STREAMS. (BIB-199304-34-0529]
Measured were the dynamic and equilibrium surface tensions of processed water
containing varying quantities of the solids and surface active agents. The role of
the solids and complexes is evaluated on the basis of their effects on the dynamic
surface tensions and equilibrium surface tensions, comparatively. To investigate
the mechanisms of interactions of the species, a model system consisting of
humic acid as polymer, hexadecytrimethyl ammonium chloride (CTAC) was
used as the surfactant and silica as the fmes. Focus was placed on the differences
between the equilibrium and the dynamic surface tension values obtained for
adsorption isotherms and on the possible implications for real processes. Resu1ts
show that equilibrium data do not give a true indication of the dynamic situation.
Graphs. 8 ref. (Angle, C.W.; Xu, Y.; Hamza, H.A; Hassan, T.A; Altaweel, A;
EDMONTON, ALBERTA, CANADA, 23-27 AUG. 1992, Publisher: CANA-
DIAN INSTI11JTE OF MINING, METALLURGY AND PETROLEUM,
Xerox Tower, 1210-3400 de Maisonneuve Blvd. W., Montreal, Quebec H3Z
388, Canada, (1992), (Met A., 9304-72-0210), 257-266 [in English].)

2312 MODIFIED LOG-ACTIVITY DIAGRAMS AS A TOOL
FOR MODELLING CORROSION OF NUCLEAR WASTE
CONTAINER MATERIALS. WITH PARTICULAR REFER-
ENCE TO COPPER [BIB-199304-3S-OS67]
Thermochemical data are used to construct a modified log-activity diagram for
the system Cu-H-O-Cl-(C02). This diagram, restricted to standard state
of pressure and temperature, serves as a complement to Pourbaix diagrams for
the study of equilibria appropriate to solid phases and aqueous ionic species of
Cu in chloride-bearing waters. Coordinate axes represent activities of chloride
and aqueous Cu species; other thermodynamic variables are collapsed onto the
diagram. Equilibria involving chlorination reactions, some of which cannot be
displayed on a Pourbaix diagram. are presented. Also displayed are the various
permissible geometric relationships of lines on Pourbaix diagram. ModÜ1ed
log-activity diagrams may be used to model localized corrosion ofCu and are
potentially useful for the analysis and prediction of failure mechanisms in high
level waste packages. Graphs. 19 ref. (Mohr, D.W.; McNeil, M.B.; 190,329-342
[in English]. ISSN 0022-3115)

2313 A POTENTIODYNAMIC STUDY OF THE CORROSION
INHIBmON OF MILD STEEL IN REALISTIC SITUATION
BY MOLYBDATE AND ORGANIC COMPOUNDS CONTAIN-
ING -CooH AND/OR -oH GROUPS. [BIB-199304-35-0642]
An investigation was made to improve the corrosion inhibition behaviour of
molybdate for mild steel in realistic situation by using organic compollDds
containing -CooH and/or -OH groups. Potentiodynamic experiments were
used for the assessment. In the absence of inhibitor, aggressive aniOIlS are
capable of removing most of the oxide layer from the steel surface within 1 h.
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of cations by immersing into de-ionized water at room temperature and b~ a
Soxhlet apparatus at 97°C were found to be of the order of 10-10 and 10- g
em-2/day -1, respectively. X-ray powder diffraction analysis revealed that Ba,
Cd and Sb cations were immobilized separately in the titania crystal lattice,
which suffered some structura1 changes with the fonnation of different mineral
phases. Graphs, Diffraction patterns. 25 ref. (Bbattacharyya, D.K.; Dutta, N.C.;
27, (21), 5948-5952 [in English]. ISSN 0022-2461)

2298 GOLD TAILING-A SUITABLE srnCEOUS WASTE
FOR THE MANUFACTURE OF CALCIUM SILICATE
BRICKS. [BIB-19930241-0083]
Gold tailing, a waste material of Au ore beneficiation plants, is a fme siliceous
material which at present has no use, but can be utilized for producing calcilDD
silicate bricks. The laboratory results show that the bricks of compressive
strength 100-150 kglem2 can be produced by using 900/0tai1ing and 10% lime,
by shaping the bricks at 240 kglcm2 and autoclaving them at 14 kglem2. The
strength of bricks is further improved by replacing 10-3ooA. tailing by sand. The
formation of tobermorite (11 A type calcilDDsilicate hydrate) in the autoclaved
bricks has been identified, which possibly contributed to strength development.
Graphs, Diffraction patterns. 14 ref. (Chandra, D.; Gupta, R.L.; Jain, S.K.; 30,
(6), 285-292 [in English]. ISSN 0019-5669)

2299 CONTINUOUS FERROUS AND NON-FERROUS BATH
SMELTING. [BIB-19930242-0190]
The discovery in 1961, while with BHP, that fme lump ore could be continuously
smelted in a slowly flowing stream of blast furnace hot metal which was
sequentially lanced with oxygen, launched the author into bath smelting in both
ferrous and non-ferrous metallurgy. Under the name WORCRA, zoned horizon-
tal furnaces with both tuyeres and lances were evaluated Problems and advan-
tages of each are discussed, as is the subtle interplay of kinetics and
thennodynamics in systems involving turbulent and quiescent zones and slag
moving generally countercurrent to matte or metal. Metal was produced in the
same furnace as smelting and slag cleaning were achieved continuously. With
a change in top management, CRA discontinued the developments in the early
19905, but aspects of WORCRA teclmology continue in other processes. Cur-
reut1y, WORCRA principles are used in the smelting of composites of steel-
works dusts and a variety of carbonaceous wastes to produce a foundry type Fe,
phosphorus-containing slag and zinc oxide in the off-gases. Graphs. 24 ref.
(Womer, H.K.; MONTREAL, QUEBEC. CANADA, 18-22 OCT. 1992, Pub-
lisher: THE MINERALS, METALS & MATERIALS SOCIETY, 420 Com-
monwealth Dr., Warrendale, Pennsylvania 15086, USA, (1992), (Met. A.,
9302-72-0067), 83-101 [in English].)

2300 SIROSMELT-THE EMERGING ROLE OF NEW BATH
SMELTING TECHNOLOGY IN NON-FERROUS METALS
PRODUCTION. [BIB-19930242-0191]
Ausmeh's development of top submerged lancing reactor systems over the last
ten years has covered the spectrum of non-ferrous metal production from sulfide
and oxidic resources. From laboratory studies, pilot plant trials and plant design
and commissioning applications of this teclmology have been established for
smelting ores, concentrates, residues, slags, fiunes, drosses, and many other
sources of base and precious metals. This teclmology represents more than just
another bath smehing process; it also introduces opportunities for carrying out
separations between elements in feed sources which have not been achievable
in other systems. Top submerged lancing has been commercialised for many
different plUpOses and there are many opportunities which have not yet been
tapped Some of these opportunities are outlined and Ausmeh's furnace system
is compared with altemative appI'OlICheswhich have been or could be consid-
ered Graphs. 28 ref. (Floyd, J.M.; MONTREAL, QUEBEC, CANADA, 18-22
OCT. 1992, Publisher: THE MINERALS, METALS & MATERIALS SOCI-
ETY, 420 Commonwealth Dr., Warrendale, Pennsylvania 15086, USA, (1992),
(Met A., 9302-72-0(67),103-123 [in English].)
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2301 TRIMERCAPfQ-S-TRIAZlN-A NON-TOXIC COLLEC-
TOR FOR THE SEPARATION OF GOLD-CONTAINING SlJI,
PRIDE MINERALS BY FLOTATION.
(TRIMERCAPTQ-S-TRIAZIN-UMWELTFREUNDLICBER
SAMMLER FUR DIE FLOTATIVE TRENNUNG VON GOLD-
BALTIGEN SULFIDMINERALEN.) [BIB-19930242-0207]
By the flotation of sulphide ores, waste waters often pollute the environment
because of high content of dissolved heavy metal ions. Despite any engineering
progress made, problems are stil1 encountered when disposing of such waste
waters. Therefore, there is a reason to seek reagent regimes which are suitable
for flotation and, at the same time, precipitate heavy metal ions from the waste
Water. In this connection, the reagent Trimercapto-s-triazine (TMT-15) repre-
sents a modem alternative for classical collectors used for separation of sul-
phides from silicates using flotation. The advantage ofTMT -15 as a collector is
that the dissolved heavy metal ions with valency 2 can be precipitated from the
waste water far below the allowed concentration limit. Graphs. 12 ref. (Kinabo,
C.; 45, (9), 464-467 [in German]. ISSN 0044-2658)

2302 FEASIBILITY OF RECOVERY OF ALUMINIUM FROM
ALKALINE WASTE WATER BY ION EXCHANGE. [BIB-
199302-43-0043]
The study of AI extraction from an alkaline liquid containing AI ion with anion
exchange resin is reported The breakthrough curve and exchange capacity have
been investigated The investigation was focused on 201 x 4 resin. The analysis
of brea1dhrough curves and calculation of mass transfer parameters have been
done with Doulah's and Jafar's method. On this hasis, process kinetics is
discussed According to the analysis of transfer parameters and exchange
capacity, it bas been found that kinetics or thermodynamics of the process was
not favourable. Thus it is concluded that it is uneconomical to recover AI from
an alkaline liquid through ion exchange. Graphs. 2ref. (Huang, S.Y.; Gong, B.F.;
Zhang, QX; 23, (4), 412-417 [in English]. ISSN 0253-4347)

2303 INCONEL FILLER METAL 622 (pITTING AND CREV-
ICE CORROSION RESISTANT NICKEL-BASE FILLER MET-
AL). [Bm-199302-46-0039]
Inconel filler metal 622 from Inco is a highly-alloyed product used for joining
Inconel622 and similar cOlTOSion-resistantgrades. In dissimilar welding, it can
be used to prevent preferential weld metal attack. Inconel filler metal 622 is a
versatile, corrosion resistant product for the chemical, power, petroleum, and
marine industries. Applications include chemical processing. flue-gas desulfu..
rization, hazardous waste incineration, bleaching systems in paper manufacture,
and radioactive waste reprocessing. (Ni-414, Pp 2 [in English]. ISSN 0002-
614X)

2304 SOLID ALUMINUM FLUXING ISSUES. n [BIB-199302-
51-0265]
A basic understanding of the science of fluxing, focusing on applications,
handling and delivery, and the composition of solid fluxes was presented
previously. The economics of drossing flux is covered, as are some concerns
foundries should keep in mind when using flux, including safety, casting quality
and legal disposal. 7 ref. (Crepeau, P.N.; Cochran, B.P.; Mulac, R.P.; 82, (8),
36-37 [in English]. ISSN 0026-7562)

2305EFFECTIVE REMOVAL OF ORGANICS FROM NICKEL
WASTEWATER BY MODIFIED CARBON ADSORPTION.
VBIB-199302-~175]
An effective organic waste treatment for Watts Ni-plating wastewater was
developed. With the addition of ion exchange (IX) or ion exchange membrane
(IXM), the adsorbabilities of organic pollutants onto activated carbon (AC) were
increased Results indicated that IX and IXM behave as insoluble concentrated
electrolyte for use in BOD trealment. This treatment is economically advanta-
geous and could be conducted in other industrial wastewater operations. Iron,
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provided that they contain near-newral synthetic resin binders. They do, how-
ever, make the recycling of bentonites more difficult. Highly acid or alkaline
core sands, especially when used in hot-box processing, are less likely to be
recycled successfully. Graphs, Photomicrographs. 13 ref. (Boenisch, D.; 79,
(11), 428-436 [in German]. ISSN 0016-9765)

2290 FOUNDRY WASTES IN MICHIGAN: INVENTORY AND
MINIMIZATION POTENTIAL. [BIB-I99301-S1-0045]
A survey was prepared for the purpose of estimating material flow (primarily
sand) and costs of the same within the foundry industry in the State of Michigan.
The survey was sent to 128 foundries in which sand was used as a major
component in molding and coremaking. Primary information received included
amount and cost of sand purchased, amount of slag generated and landfilling
costs of solid wastes. The return rate of the survey was 37.5%, with 48 foundries
completing the survey. It was estimated that Michigan foundries generate 864
000 tons of waste sand and slag annually, which accounts for approx 7 wt.% of
the waste materiallandfilled in Michigan. No Michigan foundries surveyed are
thermally reclaiming sand, even though several are spending more than one
million dollars annually on sand purchase and disposal. Ten foundries surveyed
have mechanical reclamation units, eight of which are foundries using chemi-
cally bonded molding systems. The regional clustering of Michigan foundries
seems to indicate that centralized sand reclamation, reuse and storage facilities
may be an attractive approach to managing the state's foundry waste streams,
although much additional research is necessary to determine the feasibility of
the concept. Graphs. 19 ref. (BaiI1od, c.R.; Coduti, L.; Murto, SL.; Rundman,
KB.; Talford, D.A.; BIRMINGHAM, ALABAMA, USA, 5-9 MAY 1991,
Publisher: AMERICAN FOUNDRYMEN'S SOCIETY, INC., Des Plaines,
Illinois 60016-8399, USA, (1991), (Met. A., 9301-72-0001), 673-680 [in Eng-
lish].)

2291 SURFACE TREATMENT AND CORROSION BEBAVIOR
OF RUST AND ACID RFSISTANT ALLOY STEElS. (OBER-
FLACHENBEHANDLUNG UND KORROSIONSVERHALTEN
VON ROST- UND SAUREBESTANDIGEN EDELSTAHLEN.)
[BIB-I99301-57-0082J
er-Ni Steels, some with Mo additions, have been used since 1912 because of
their demonstrated corrosion resistance. This resistance results from a passiVated
er layer between 2-4 nm thick, which forms on exposure to air within a few
minutes. Localized corrosion OCaJl'S from stress or crevices in which CI or
chlorides are active. Surface etching to remove 5- 10 mu m promotes passiVation
and provides enhanced corrosion protection. Modern etch ants can be treated
prior to disposal to prevent environmental pollution. Graphs, Photomicrographs.
(Blaise, M.; Racky, W.; 21, (5), 118, 120, 123-124 [in German]. ISSN 034(}.
9961)

2292 TREATMENT OF CHROMATE RFSIDUE BY DIRECT
ELECTROLYSIS IN MOLTEN OXIDES. [BIB-I99301-58-0050J
The viability of lreating certain forms of hazardous waste by direct eleclrOlysis
in molten oxides is under investigation. Secondary residue or waste mud
produced in the course of chromate chemical production is the focus of attention.
The goal is to reduce the water soluble hexavalent er either to insoluble trivalent
er or to er metal. Electtolysis tests have been conducted in a high temperature
cell containing chromate sludge dissolved in an electtolyte composed of A12Ü3,
SiÜ2, Cao, and MgO. Oxygen production on a carbon-free anode has been
confirmed. 5 ref. (Sadoway, D.R.; SAN DIEGO, CALIFORNIA, USA, 1-5
MAR. 1992, Publisher: mE MINERALS, METALS & MATERIALS SOCI-
ETY, 420 Commonwealth Dr., Warrendale, Pennsylvania 15086, USA, (1991),
(Met. A., 9301-72-0015),469-473 [in English].)

2293 DECONTAMINATION OF SOLUTIONS CONTAINING
HEXA VALENT CHROMIUM USING MODIFIED BARKS.
[BIB-I99301-58-0051J
Decontamination of synthetic K:zCr207 solutions containing 1(}.1000 ppm of
hexavalent er using chemically treated barks have been studied at a laboratory
scale. Metal removal from solutions depends on the pH, the initial concenlration
and the bark species. The use of a pulp density of 2% in an agitated flask at the
optimum pH for 2 h leads to a percentage er removal of approx 95% of the initial
metallic ions content. Other trials conducted by column percolation permit the
determination of the maximum retention capacity of the treated bark. Depending

on the bark species, oak or pine, the rate of saturation is 110 and 215 mg of Cr/g
of bark, respectively. The incineration of the metal charged barks gives recycla-
ble ashes containing 36 and 54% and er metal for the oak and pine barks,
respectively. Experiments of er5+ removal from industrial effluents containing
up to 1800 ppm have been canied out on the semi-pilot plant scale. They have
led to the elimination of approx 90% of hexavalent er from this industrial waste
solution. Further studies are conducted to defme the hexavalent er binding
mechanisms on bark constituents. Graphs. 32 ref. (Goy, G.I.; Kilbenus, G.; SAN
DIEGO, CALIFORNIA, USA, 1-5 MAR. 1992, Publisher: THE MINERALS,
METALS & MA 1ERlALS SOCIETY, 420 Commonwealth Dr., Warrendale,
Pennsylvania 15086, USA, (1991), (Met. A., 9301-72-0015),475-487 [in Eng-
lish].)

2294WASTE MINIMIZATION ACTIVITIES IN THE MATERI-
ALS FABRICATION DIVISION AT LAWRENCE LIVER-
MORE NATIONAL LABORATORY. [BIB-I99301-58-0052J
The mission of the Materials Fabrication Division (MFD) is to provide fabrica-
tion services and technology in support of all programs at Lawrence Livermore
National Laboratory (LLNL). MFD involvement is called for when fabrication
activity requires levels of expertise, technology, equipment, process develop-
ment, hazardous processes, security, or scheduling that is typically not commer-
cially available. Customers are encouraged to utilize private industty for
fabrication activity requiring routine processing or for production applications.
A waste minimi""tion (WM) pl'ogram has been directed at source reduction and
recycling in concert with the working defInition of waste minimi7.ation used by
EP A. The principal foalS of WM activities has been on hazardous wastes as
defined by RCRA; however, all pollutant emissions into air, water and land are
being considered as part of the program. The incentives include: economics,
regulatory conformance, public image, and environmental concern. Waste mini-
mization is discussed for metal finishing, degreasing, radioactive wastes and
recycling water. Graphs. 8ref. (Dini, J.W.; SAN DIEGO, CALIFORNIA, USA,
1-5 MAR. 1992, Publisher: TIlE MINERALS, METALS & MA1ERIALS
SOCIETY, 420 Commonwealth Dr., Warrendale, Pennsylvania 15086, USA,
(1991), (Met. A., 9301-72-0015), 667-679 [in English].)

2295 PERFORMANCE OF GALVANIZED STEEL IN MUNICI-
PAL WASTEWATER TREATMENT PLANTS. [BIB-I99301-58-
0081J
Hot dip galvanized coatings provide excellent corrosion protection to slrUctural
steel under atmospheric exposure in wastewater lrea1ment plants. Bare galva-
nized coatings provide only limited protection in immersion exposure. An
exposure test program was conducted at 35 sites in three different plants on
samples of pure Zn and hot dipped galvanized steel. Photomicrographs. 10 ref.
(Belisle, S.; Dufresne, R.; 31, (6),64-66 [in English]. ISSN 0094-1492)

2296 REJUVENATING ELECI'ROLESS SOLUTIONS: ELEC-
TROLESS NICKEL BATH RECOVERY BY CATION EX-
CHANGE AND PRECIPITATION. [BIB-I99301-58-01l5]
An energy-efficient process for the rejuvenation and recycling of chemicals used
in electroless Ni plating has been developed. The process eliminates the dis-
charge of hazardous wastes normally associated with electtoless plating, and it
will improve plating quality and speed while significantly reducing costs.
Undesirable by-products are removed from the plating process in forms that are
environmentally safe so that they can be used as fertilizers or disposed of in
sanitary landfills. In addition, the process recovers the Ni and other valuable
chemicals from the plating solution and recycles them. It is estimated that
hazardous wastes currently generated fr01Dthe electtoless Ni plating industty is
20 000 toDSlyear in the US alone. This new process is claimed to have the
capability of reducing the total amount of waste to 10% of the current tonnage.
Graphs. 3 ref. (Anderson, R.W.; Neff, W.A.; 79, (3), 18, 20, 22-24, 26 [in
English]. ISSN 0360-3164)

2297 IMMOBILIZATION OF BARIUM, CADMIUM AND AN-
TIMONY OVER TITANIA. [BIB-I99302-16-0045]
A simple method of immobilization of Ba, Cd and Sb cations in ~line titania
has been studied. High uptake was observed with I~a, II Cd and I25Sb;
weighable quantities of these cations were separately precipitated together with
titanium hydroxide and 69.02 wt.% Ba, 5200 wt.% Cd and 46.05 wt.% Sb were
found to be adsorbed. After calcination each of the mixed materials, the leaching
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2281 ELECTROPLATING WImOUT WASTE WATER:
BLOCK HEATING POWER PLANT AS PART OF A WASTE
DISPOSAL INSTALLATION. (ABWASSERFREIE GAL-
VANIK: BLOCKIiEIZKRAFTWERK ALS TEIL EINER ENT-
SORGUNGSANLAGE.) [BIB-19930142~]
TIghtened control over the discharge into sewers or natural waters of contami-
nated, toxic, waste waler from electroplating plants has focussed attention on
the economics of operating such plants without the discharge of waste waler.
Waste solutions from electrolytic and washing units may be processed by
evaporation, condensation, filtering, and recycling of the waler content into the
system. Such a process is desc:ribed, together with a recommendalion for the
installation of a gas or diesel fueled block heating power plant to provide for a
more economical energy balance. Data are provided with regard to power units
and the fmaDcial aspects of the proposals. Copper, Ni and Cr are discussed.
(Schilling, R.; 46, (4), 171-176 [in German]. ISSN 0026-0797)

2282 CONTINUOUS DETERMINATION OF COPPER IN SUL-
PHURlC ACID PICKLING SOLUTIONS-FUNDAMENTALS
AND INDUSTRIAL APPLICATION OF CHAIN OF CONCEN-
TRATION MEASUREMENTS. (KONTINUIERLICHES KUP-
FERBESTIMMEN IN SCHWEFELSAUREN
BEIZLOSUNGEN-GRUNDLAGEN UND INDUSTRIELLE
ANWENDUNG EINER KONZENTRATIONSMESSKETTE.)

. [BIB-19930142-0081]
The concentration of Cu is measured in terms of the potential difference aeated
when it is compared with a standard solution in an electrolytic c;oncentration cell.
The cODSlnJCtionof the cell, and the corrections to be applied to compensate for
changes in temperature, for diffusion potentials, and interference by other ionS
are explained in detail. The output from the cell is used to control the flow of
pickling solution into an electrolyte where the Cu is removed before the solution
is recycled. An example is given of a regeneration unit available to industry.
Graphs. 3 ref. (Hein, K.; Schub, D.; Bombac:h, H.; Gawande, U.; 46, (4), 185-189
[in German]. ISSN 0026-0797)

2283 METHOD FOR UTILIZING THE COPPER-ARSENIC
PRECIPITATE CREATED IN THE ELECTROLYTIC REFIN-
ING OF COPPER IN mE PRODUCTION OF ANTI-ROT
AGENTS FOR WOOD. [BIB-199301~]
The invention relates to a method for producing wood anti-rot agent of the
Cu-As precipitate created in the solution purification of Cu electrolysis, or of
some other corresponding precipitate. (Virtanen, H.K.; Lindroos, L.E.; [in
English]., Patent no.: US5141753 (USA) Convention date: 28 Iune 1991)

2284 COLLECTION OF DATA FOR THE ASSESSMENT OF
QUALITY AND ECONOMY OF RECYCLING PROCESSES.
(ERFASSEN VON DATEN FUR DAS ERMITTELN DER
QUALITAT UND DER WIRTSHAFTLICHKEIT VON RECY-
CLINGVERFAHREN.) [BIB-19930143-0017]
A system of data collection and evaluation for the purpose of determining the
reycling value of old and new metal is presented. Data are collected on the
average values of composition of the waste stream, economic values of the
component malerials, and costs of sorting, shredding, analysis, disposal of
recycling process waste, converting old into new metal, smehing and other
factors. An equation is given for determining recycling value as a fimction of
the above cost parameters. A data collection diagram is also presented for
establishing the value ofbyproducts from the recycling operation. (Danclcwerts,
H.; Schafer, M.; 46, (4), 385-387 [in German]. ISSN 0026-0746)

2285 EXTRACTING GOLD AND SILVER FROM THE SUBLI-
MATION DUST FROM CHLORINATING PYRITE RESIDUE.
[BIB-199301-43-0027]
A method for recovering Au and Ag from the chlorination dust resulting from
treating pyrite residue is introduced The lead oxide powder has a strong
capability of collecting Au and Ag in the dust under smelting condition. Thus,
Au and Ag are completely concentrated into the collecting agent, and fma1ly
separated and extracted. As for the chlorination dust, this method is superior to
the method of leaching and extracting. The recovery of Au is as high as 97"10
and Ag 95%. The method has obvious significance for comprehensive exploi-
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tation of pyrite residue and improvement of process economy. Graphs. 4 ref.
(Lu. T.; 13, (2), 179-184 [in Chinese].)

2286 PLASMA AND FLAME REACTOR TREATMENT OF
ELECTRIC ARC FURNACE DUST. [BIB-199301-45-0001]
Discussed is the application of the flame reactor flash smelting technology, and
the plasma fumace treatment process to recover metal values from electric arc
furnace (EAF) dust, an EPA-listed hazardous waste. Pending enviromnental
regulations provide impetus to this application in that a considerable portion of
EAF dust generated in North America is disposed ofinhazardous waste landfills.
The flame reactor process offers an alternative to land disposal, and a means of
elimin~ting enviromnentalliabilities associated with EAF dust The process uses
oxygen-enriched air and carbon-based fuels to fume and recover Zn and other
volatile metal compounds from the dust, in the form of an oxidic product.
Revenues generated from the sale of this product help reduce processing costs.
Remaining dust constituents, principally iron-oxide and refractory metal oxides,
are fused and recovered as a by-product slag. The slag is nonhazardous by
current EPA standards and has potential application as a raw material in
Fe-producing operations or as a high-Fe aggregate. The plasma furnace treat-
ment process results in the reduction of zinc, lead and cadmium oxides in the
feed to produce a fumac:e exhaust gas containing approx 20% Zn, PB and Cd
vapor. The vapor is condensed in a Zn splash condenser as a commercial grade
Zn, which can provide substantial credits to offset the processing costs. A major
advantage of the system is the low flow rate of Arrequired to stabilize the plasma
arc. As a result, a high Zn vapor pressure is achieved, which is essential for the
efficient operation of the Zn condenser. Zinc recoveries of approx 75% were
attained during the development program. Graphs, Phase diagrams. 3 ref.
(Svoboda, I.M.; BIRMINGHAM, ALABAMA, USA, 5-9 MAY 1991, Publish-
er: AMERICAN FOUNDRYMEN'S SOCIEIT, INC., Des Plaines, lUinois
60016-8399, USA, (1991), (Met A., 9301-72-0(01), 405-409 [in English].)

2287 AN ENGINEERED CALCIUM CARBIDE DESULPBUR-
IZER FOR LOWERING SLAG REACTIVITY. [BIB-199301-4S-
0036]
Enviromnental concerns have recently been growing over the disposal of reac-
tive desulphurizng slag. Consequently, increased pressure has been placed on
the foundry industry to reduce the reactivity of this slag. To address this problem,
a new product has been developed which signific:ant1y reduces the calcium
carbide content of the desulphurizing slag. Testing equipment and procedures
have also been developed to evaluate both the existing levels of carbide in the
slag and the decreased levels which are achieved with this new maleriaI. The
development and use of this engineered carbide desulphurizer has made possible
significant enviromnenta.1 and efficiency improvements in the field of calcium
carbide desulphurizing. Consequently, the lifespan of calcium carbide in duc:tile
iron desulphurization has been increased, as have the benefits of its use in the
fOlD1c1ryindustry. Graphs. 10 ref. (Barker, B.I.; 85, (961),119-121 [in English].
ISSN 0317-0926)

2288 OCCURRENCE OF SOLID AND LIQUID WASTES IN
COKE OVEN PLANTS AND TREATMENT OF TARRY
WASTES. [BIB-199301-4S-0037]
Industrial wastes in individual coke oven plants are listed, and an analysis of
waste and acid tars of Czechoslovak coke oven plants is presented. Foreconomi-
cal treatment or liquidation of tarry wastes, the following methods may be
considered: waste mixing with charge coal and treatment in the charge; reduction
of solid and ash matter in wastes; and Iiquidalion of wastes by combustion.
Liquidalion of toxic and dangerous acid tars by neutra1ization, followed by
mixing with coal and dosing into the charge, is desc:ribed in detail. Acc:ording
to the fJl'stsurvey at the NH Ostrava, the amolD1tof treated wastes reaches approx
800 t/year. 11 ref. (Medricky, z.; Drabina, 1.; 47, (4), 1-5 [in Czech]. ISSN
0018-8069)

2289 RECYCLING USED CORE MATERIALS. n. CORE
WASTE-A VERSATILE ITEM OF VALUlE. (RECYCLING
VONKERNALTSTOFFEN. nKERNABFALL-EINVIELSEI-
TIGER WERTSTOFF.) [BIB-1993014~]
Used core sands, as distinct from molding sands, are generally free of contami-
nants and are readily recyclable. They tend to improve bentonite mold sands,
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one of the means by which the minerals industry can reduce the quantities of
effluents and residues that are discharged to the environment The wise use of
available resources is not only an environmental necessity but also an economic
benefit as natural mineral resources are depleted and/or become more complex.
The technical and regulatory issues that will help shape the future of minerals
recycling over the next ten years are reviewed. Research and development to
address technical issues are discussed, with emphasis on the Bureau of Mines
recycling research program (for Sc, Au, flake iron and pickling liquors). 13 ref.
(Bhakta, P.N .R; SAN DIEGO, CALIFORNIA, USA, 1-5 MAR 1992, Publish-
er: THE MINERALS, METALS & MATERIALS SOCIETY, 420 Common-
wealth Dr., Warrendale, Pennsylvania 15086, USA, (1991), (Met. A.,
9301-72-(019),499-506 [in Eng1ish].)

2274 RECOVERY OF CALCIUM FROM THE EFFLUENT OF
DIRECT OXIDE REDUCTION PROCEss. [BIB-199301-42-
oo39J
The direct oxide reduction (DOR) of plutonium oxide generates significant
amounts of contaminated waste. This waste primarily consists of calcium
oxide-saturated calcium chloride salt This investigation explores the possibility
of recycling the salt by the electroreduction of the calcium oxide. Fused sah
electrolysis of a simulated sah mix (CaCh + approx 10 wt% CaO) is being
carried out to electrowin Ca, and the process is being optimized in tenDs of the
Ca solubility, cell temperature, current density and cell design to maximize the
current efficiency. This work identifies the major concerns in the development
ofa process to electrowin Cafrom this simulated sah mix. Graphs. 15 ref. (Ferro,
P.O.; Mishra, B.; Moore, J.J.; Olson, D.L.; Averill, W.A; SAN DIEGO,
CALIFORNIA, USA, 1-5MAR.1992,Publisher:THEMINERALS,METALS
& MATERIALS SOCIETY, 420 Commonwealth Dr., Warrendale, Pennsylva-
nia 15086, USA, (1991), (Met A, 9301-72-0019), 539-550 [in English].)

2275EXPERJENCESINPROCESSINGOFCAmODE LINING
FROM ALUMINIUM INDUSTRY. [BIB-199301-42-0040J
The Hall-Herouh process of reduction of alumina to Al has remained basically
the same for 100 years, but the technology has been undergoing drastic changes
with respect to selection of materials for cathode and anode and also energy
consumption. The latest generation pots have a working life of approx 1800.
2000 days normally. After the failure of the pots, the cathode lining is dug out
and disposed of on land. Since the lining contains objectional materials causing
pollution, various processes have been tried for re-processing of this waste.
However, most of the processes have been unsuccessful from the techno-eco-
nomic point of view. At Hindalco, a new chemical process for converting the
fluorine values of the dug out material to cryolite was developed in 1988 and a
one tonIday cryolite production plant has been operating since 1989. This
process is especially applicable where the integrated alumina and smeher plants
exist side by side. The experience in operating this plant is discussed in detail.
(Venugopa1an, TA; SAN DIEGO, CALIFORNIA, USA, 1-5 MAR. 1992,
Publisher: THE MINERALS, METALS & MATERIALS SOCIETY, 420 Com-
monwealth Dr., Warrendale, Pennsylvania 15086, USA, (1991), (Met A,
9301-72-0019),555-558 [in Eng1ish].)

2276 ELECTRIC ARC FURNACE PROCESSING OF SOLID
WASTES. [BIB-199301-42~lJ
The resuhs of "submerged arc" electric furnace processing of a variety of
materials is discussed with respect to the process and products, including the
characteristics of the products (e.g. TCLP or toxicity characteristics leaching
procedure). The materials smehed include slags and wastes containing various
metal oxides including Cu, Sn, Pb, Zn, Cr, Ni, and other associated elements.
The fmdings of these tests are compared to those reported in the literature for
other operations treating similar "wastes". 19 ref. (Cotchen, J.K.; Davis, H.F.;
SAN DIEGO, CALIFORNIA, USA, 1-5 MAR. 1992, Publisher: THE MINER-
ALS, METALS & MATERIALS SOCIETY, 420 Commonwealth Dr., Warren-
dale, Pennsylvania 15086, USA, (1991), (Met. A, 9301-72-0019),559-572 [in
English].)

2277 MF PROCESS FOR RECYCLING MATERIALS TREAT-
MENT. [BIB-199301-42~2]
MF is the semi-blast furnace which has been developed at Mitsui Miike Smeher
in the 19605 to treat venical retort residue. The MF has also been tested for

treatment of various recycling materials and wastes. Now various secondaries
and wastes (steel dust, Zn leaching residue, Cu-Ag sludge, spent catalyst and
spent rubber, etc.) are mainly treated Powder materials are briquetted with
reductant before being fed to the furnace. Products are crude zinc oxide, matte,
non-hazardous slag and steam. Zinc and Pb are recovered in oxide dust, and Cu
and Ag are recovered in the matte. The MF furnace can be widely applied to
III8DYkinds of materials which contain such non-ferrous metal-valuables. In
addition, the improvement in operation and technology has effectively made the
unit capacity much larger. The MF furnace now has many advantages for these
treatment processes. Graphs, Photomicrographs. (Murayama, Y.; SAN DIEGO,
CALIFORNIA, USA, 1-5 MAR 1992, Publisher: THE MINERALS, METALS
& MATERIALS SOCIETY, 420 Commonwealth Dr., Warrendale, Pennsylva-
nia 15086, USA, (1991), (Met A, 9301-72-0019), 585-597 [in English].)

2278 RECOVERY OF ACID VALUES FROM METALLURGI-
CAL ACID PLANT BLOWDOWN. [BIB-199301-42-0049J
In the treatment of gases from pyrometallurgicaJ processes prior to acid manu-
facture, volatile components, sulfur trioxide and particulates are removed in wet
gas cleaning systems. Inthe process a weak acid stream is generated, typically
1(lOA. H2S04, contaminated with volatiles such as arsenic, fluoride and chloride,
plus metallic particulates. This effluent stream has, in the past, been disposed of
in a variety of different ways. As a resuh of changing environmentailegislation,
smehers are having to review alternative solutions for treating this effieunt
stream. A process developed by Chemetics which treats this effluent stream,
generating a small dry metal sulfate stream plus a clean acid stream which is
suitable for recycling to the smeher acid plant is described. Graphs. 4 ref.
(Trickett, AA; Evans, C.M.; Kozary, S.; SAN DIEGO, CALIFORNIA, USA,
1-5 MAR 1992, Publisher: THE MINERALS, METALS & MATERIALS
SOCIETY, 420 Commonwealth Dr., Warrendale, Pennsylvania 15086, USA,
(1991), (Met. A, 9301-72-0019),815-831 [in English].)

2279 BIOLOGY VS. BEA VY METALS-A BIOLOGICAL
PROCESS FOR ELIMINATING HEAVY METALS FROM
SEWAGE WATER. (MIT BIOLOGIE GEGEN SCHWERMET-
ALLE-BIOLOGISCHES VERFAHREN ZUR SCHWERMET-
ALLELIMINATION AUS ABWASSERN.)
[BIB-199301-42-0078J
The removal of heavy metal (i.e. Ni, Cd, er, Zn, Ag. Au, vanadium) residues
from waste water by precipitation of hydroxides, sulphides, or by ion-exchange
does not always meet the stringent legal requirements. The Metex process based
on anaerobic microbial action reduces a heavy metal content in two stages; a
hydroxide precipitation is followed by microbial action within a sediment bed.
The water passes venically upward through the bed and afmai f1ltration through
a membrane filter removes any colloidal or retentive particles passing upward
from sediment A degree of feedback of water to the base of the column from
the region before the filter extends the lifetime of the membrane. Sediment
effectiveness is retained for up to 20 months. (Furst, P.; Morper, M.; 46, (4),
161-162 [in German]. ISSN 0026-(797)

2280 NEUTRALIZATION OF WASTE WATER WITH FLUE
GAS-ENVIRONMENTAL-FRIENDLY, COST-SAVING NEU-
TRALIZING ANDPRECIPITATION OF ALUMINUM IN ALU-
MlNUMPICKLlNG PLANTS. (ABWASSER MIT RAUCHGAS
NEUTRALISIEREN-uMWELTFREUNDUCHES, KOSTEN-
SPARENDES NEUTRALISIEREN UND ALUMlNIUMAB-
SCHEIDEN IN ALUMINIUM-BEIZEREIEN.)
[BIB-199301-42-OO79]
The Al present as a complex hydroxide with Na in waste water from Al pickling
plants is precipitated as a simple hydroxide when the pH of the solution is
adjusted to within a very narrow range. The necessary close adjustment of pH
by neutralization using sulphuric or hydrochloric acid is difficult and leaves
unwanted sulphates or chlorides in the system. Neutra1ization with carbon
dioxide is easily controlled and leaves only bicarbonate in solution. An industrial
process based on this reaction uses the carbon dioxide present in flue gases from
the Al plant to effectively and cheaply remove the Al residues from the waste
water, which may be reused within the plant. Graphs. (Schwarzlmuller, A;
Nitzsche, T.; 46, (4), 163-166 [in German]. ISSN 0026-0797)
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tightening all the time, so new processes must be developed to keep pace with
these requirements. These processes generate more solid wastes, which must be
utilized or at least processed into a harmless form Iandfilling. Municipal and
hazardous wastes also contain valuable materials and energy, which must be
used to minimize Iandfilling. Principles, examples, and some references ofR&D
work on processes for waste minimhation are presented. Graphs, Diffraction
patterns. 15 ref. {Tuovinen, H.; Metsarinta, M.-L; Lilja, L.; SAN DIEGO,
CALIFORNIA, USA, 1-5 MAR. 1992, Publisher: 1HE MINERALS, METALS
& MATERIALS SOCIElY, 420 Commonwealth Dr., Warrendale, Pennsylva-
nia 15086, USA, (1991), (Met A, 9301-72-0019), 45-72 [in English].)

2267 ECONOMIC IMPACT OF TREATMENT OF RESIDUES
AND EFFLUENTS ON INVESTMENT DECISIONS. [BIB-
19930142-0016]
Most metals are produced from minerals containing one or more of the desired
metals, some contaminating metals, silicate, oxides, caroonates, and sulfides.
Therefore, in the production of metals, there is generally a gaseous effiuent in
pyrometallurgical processes and a liquid effiuent in hydrometallurgical proc-
esses. There are also solid residues such as waste ore, tailings, dust, and slag,
created by the metal recovery processes. There are two important distinctions
between the effiuents and the residues. Effiuents-gases'and Iiquids-affectthe
neighboring environment for miles from the point of emission, while residues
affect only the soil on which they are stored or dumped. The environmentallind
economic effects of effiuents are known and feh essentially immediately. By
conlrast, the environmental effects of the residues may not be known for a long
time. For these reasons, the economic impact and the potential corrective actions
required are very different for effiuents and residues. (Agarwal, J.C.; Katrak,
F.E.; Loreth, M.J.; SAN DIEGO, CALIFORNIA, USA, 1-5 MAR. 1992,
Publisher: THE MINERALS, METALS & MATERIALS SOCIETY, 420 Com-
monwealth Dr., Warrendale, Pennsylvania 15086, USA, (1991), (Met A,
9301-72-0019), 73-80 [in English].)

2268 AMMONIUM CARBONATE LEACHING OF REDUCED
ELECTRIC ARC FURNACE (EAF) DUST. [BIB-19930142-
0018]
One of the problems with ammoniacal-ammonium carbonate leaching ofEAF
carbon steelmaking flue dust is that Zn present in spinel phases is not leached.
Resuhs are presented of test work in which prior to leaching, EAF dust was
reduced with carbon monoxide containing gas to decompose the spinels into zinc
oxide and Fe bearing phases, mainly meta1lic Fe and wustite. From such
reduction products, the amount of Zn leached increases but the Fe co-leached
becomes extensive. The effect of various leaching parameters such as liquor
concentration and redox potential on Zn and Fe dissolution has been investi-
gated. Supplementary experiments utilizing pure zinc oxide and pure Fe phases
were also carried out. Resuhs show that the co-dissolution of Fe from severely
reduced EAF dust cannot be prevented. This is because the wustite phase
contains Zn which can only be leached when Fe also dissolves. Further, the Zn
bearing wustite phase is not totally soluble so that the residue cannot be made
Zn free. In the absence of air, dissolution of meta1lic Fe hardly occurred, though
in leaching experiments of a long duration in transformation to a spinel structure
was observed. Graphs, Diffraction patterns. 18 ref. (Nyirenda, R.L; Peek,
E.ML.; Wem, G.; SAN DIEGO, CALIFORNIA, USA, 1-5 MAR. 1992,
Publisher: THE MINERALS, METALS & MATERIALS SOCIETY, 420 Com-
monwealth Dr., Warrendale, Pennsylvania 15086, USA, (1991), (Met A,
9301-72-0019), 163-177 [in English].)

2269 SIROSMELT TECHNOLOGY FOR SOLVING THE LEAD
AND ZINC INDUSTRY WASTE PROBLEM (BIB-19930142-
0027]
An outline is given of the problems facing the Pb and Zn industry from the
viewpoint of the range of residues currently produced from electrolytic Zn, blast
furnace and other processes. Smehing approaches available using top sub-
merged lancing technology are discussed and analysed. Pilot plant resuhs for a
range of Pb and Zn-bearing materials are presented. Graphs. 4 ref. (Robilliard,
K.R.; King, P.J.; Floyd, J.M.; SAN DIEGO, CALIFORNIA, USA, 1-5 MAR.
1992, Publisher: 1HE MINERALS, METALS & MATERIALS SOCIETY, 420
Commonwealth Dr., Warrendale, Pennsylvania 15086, USA, (1991), (Met A,
9301-72-0019),331-348 [in English].)
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2270 THE ENVIRONMENTAL ASPECTS OF THE IN-PLANT
COOLING OF ALUMINUM MELTING FURNACE DROSSES.
[BIB-19930142-0029]
The methods for the cooling of Al mehing furnace dross and their impact on the
environment are discussed. Also discussed is a case history of an AROS dross
processor installation, which is designed to maximize the recovery of metal
content of the dross in a manner which is not only environmentally cleaner, but
which also prepares the output in such a way as to facilitllle downstream
processes. Handling of the discharged material is discussed in regard to the
recycling of the preserved metal content and deposition of the unusable materi-
als. (Roberts, R.P.; SAN DIEGO, CALIFORNIA, USA, 1-5 MAR. 1992,
Publisher: 1HE MINERALS, METALS & MATERIALS SOCIETY, 420 Com-
monweahh Dr., Warrendale, Pennsylvania 15086, USA, (1991), (Met A,
9301-72-0019), 367-376 [in English].)

2271 INTEGRATING JAROSITE RESIDUE PROCESSING IN
HYDROMETALLURGICAL ZINC WINNlNG--COMPARI-
SON OF FIVE POTENTIAL PROCESSES. [BIB-19930142-
0032]
Hydrometallurgical Zn winning processes are frequently based on Fe containing
concentrates which yield a goethite, jarosite, or hematite residue. Jarosite or
goethite are mostly stored in waste ponds which are lined with foil. Water
percolating through the pond is withdrawn from the deposit and decontaminated
before discharge. Despite these measures, more and more pressure is put upon
Zn companies to treat their (historical) residues and to produce environmentally
acceptable residues. The criterion which determines this acceptability is the
potentiality of leaching out hazardous elements by natural processes. The
comparison offive different process designs for integrated jarosite treatment in
a hydrometallurgical Zn winning plant leading to environmentally acceptable
residues is provided. The processes are designed for producing 200 klonslyear
Zn and for treating 80 kloos/year historical jarosite. Mass and energy balances
are used to detennine parameters such as the energy uselton waste treated and
the amount and composition offmal residues. The conclusion of the work is that
pyrometallurgical jarosite treatment integrated in hydrometallurgical Zn win-
ning is preferable to hydrometallurgical jarosite treatment Integrated pyromet-
allurgical processes lead to a smaller quantity of remaining hazardous residues
and require less energy. Graphs. 23 ref. (Elgersma, F.; Zegers, T.W.; SAN
DIEGO, CALIFORNIA, USA, 1-5 MAR. 1992, Publisher: 1HE MINERALS,
METALS & MATERIALS SOCIETY, 420 Commonwealth Dr., Warrendale,
Pennsylvania 15086, USA, (1991), (Met A, 9301-72-0019), 413-448 [in Eng-
lish].)

2272HISTORY OF EFFLUENT AND RESIDUE TREATMENT
AT TIN PROCESSING CORP., 1942-1946.[BIB-19930142-0034]
One War Plant processed Bolivian concentrates as low as 17"10 Sn by the Ambem
process (pressure leach with HCL) and sent the waste acid down a ditch to
Galveston Bay where the chlorides, mostly Fe, hydrolyzed. Oyster men, and
Texas, demanded impoundment until a disposal process could be developed. A
recycle process fOlDldby lab work was recommended, piloted, and a plant buih.
This involved cementation of arsenic-Sb, Cu, bismuth, and Ag on light moving
scrap iron and of Sn and Pb on Al tmnings (then not recyclable), evaporation
and crystallization of hydrous FeCh, roasting crystals in a muffie furnace and
absorbing HCl for reuse. The residue from leaching the low grade concentrates
was floated to remove undissolved sulfides, classified and passed over sand and
slimes tables to get a smehable concentrate, a discardable sand tail and a slimes
tail worth treating. After des liming at 2 mu m cassiterite, oxide flotation gave
good lab resuhs, but commercial equipment was not adequate then. Chloride
volatilization, with or without smehing gave high recoveries of Sn as SnCh,
whose marketing was questionable. This was heard to be fmally fluxed and
smehed. 5 ref. (Dasher, J.; SAN DIEGO, CALIFORNIA, USA, 1-5 MAR. 1992,
Publisher: THE MINERALS, METALS &MATERIALS SOCIETY, 420Com-
monweahh Dr., Warrendale, Pennsylvania 15086, USA, (1991), (Met A,
9301-72-0019),461-467 [in English].)

2273 RECYCLING OF METALLURGICAL RESIDUES AND
EFFLUENTS. (BIB-199301-42-OOJ6]
The minerals industry is under political and economic pressure to reduce its
processing wastes and minimize their impact on the environment. Recycling is
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2260 COMPARISON OF EP TOXICITY AND TCLP TESTING
OF FOUNDRY WASTE. [BIB-199301-23-0001]
The toxicity characteristic leaching procedure (TCLP) has replaced the eXlrac-
tion procedure (EP) toxicity test for determining whether or not wastes are
hazardous by toxicity characteristics. The tests are compared, highlighting the
significam differences and comparing the available results for fOlDldries. A
major difference between the tests is the inclusion of a much larger number of
organic compounds in the TCLP. However, foundry wastes tested have not
leached the listed organic constituents at conceulrations above the hazardous
waste criteria. Results for Pb and Cd are genera11ysimilar in the two tests, with
Pb conceulrations sometimes higher in the TCLP than in the EP toxicity test
Discussed are brass, gray iron and steel fOlDldries.3 ref. (Stanforth, RR; Turpin,
P.D.; BIRMINGHAM, ALABAMA, USA, 5-9 MAY 1991, Publisher: AMERI-
CAN FOUNDRYMEN'S SOCIElY, INC., Des Plaines, D1inois60016-8399,
USA, (1991), (Met A., 9301-72-0(01), 261-263 [in English].)

2261 REMOVAL OF ARSENIC FROM WASHING ACID BY
THE SACHTLEBEN-LURGI PROCESS. [BIB-199301-34-
0044]
Disposal of arsenic compolDlds from washing acid in metallurgical plants is
becoming a severe problem when using lime neUlraiization. A further problem
is the disposa1 of relatively large quantities of gypsum which is produced during
this neutra1ization step and which is also contaminated with other toxic metal
compounds. The Sachtleben-Lurgi process removes As and other metals from
washing acid in the form of insoluble sulfides. The purified acid coDtains 0.5
ppm of As and can be used for standard sulfuric acid applications. The ~
has been demonstrated commercially at Sachtleben's acid plant for more than
five years. (KJamp, G.; Wanner, D.; SAN DIEGO, CALIFORNIA, USA, 1-5
MAR 1992, Publisher: 1HE MINERALS, METALS & MATERIALS SOCI-
ElY, 420 Commonwea1th Dr., Warrendale, Pennsylvania 15086, USA, (1991),
(Met. A., 9301-72-0015), 833-837 [in Eng1ish].)

2262 STRATEGIES AND PRACTICES FOR HANDLING MINE
WASTES AT THE SUDBURY OPERATIONS OF INCO LIM-
ITED. [BIB-199301-41-OOOJ]
Since the turn of the century, copper-nickel sulfide ores have been processed
at the SudbUIY, Ontario operations of Inco Limited, currently the largest inte-
grated mining. milling, smehing. and refining complex in the free world.
Through the years operation, economic, social, and legislative changes have
dictated the need for research and development directed at mitigating the impact
of existing operations on the surrounding natural environment and also the
reclamation of areas affected by earlier mining activities. Approximately 100
years of mining history and the current annual processing of approx 12 million
tons of ore presents significant challenges with respect to waste disposal, liquid
effiuent treatment, and land reclamation, particularly in light of rapidly evolving
environmental regulations and controls within the Province of Ontario. (H1Dlt,
C.E.; SAN DIEGO, CALIFORNIA, USA, 1-5 MAR 1992, Publisher: THE
MINERALS, METALS & MATERIALS SOCIElY, 420 Commonwealth Dr.,
Warrendale, Pennsylvania 15086, USA, (1991), (Met. A,9301-72-0015), 89-94
[in English].)

2263 TREATMENT OF RESIDUES AND EFFLUENTS IN RE-
FRACTORY METAL INDUSTRY. [BIB-199301-41-0004]
Environmental protection and waste disposal are topics of ever-growing impor-
tance. These dynamic subject areas will become-if they are not a1ready-driv-
ing forces for manufacturing industries worldwide. The refractory metals
industry is seeking ways to comply with the increasingly stringent laws passed
for environmental protection and the concomitant decrease in the availability of
waste disposal areas. The Ta and Nb manufacturing process described complies
with current regu1ations. For the most part, the amount of waste and effiuent has
been reduced without m~or change to all the processes described. The situation
is the same for tungsten, Mo, and rhenium processes also. It is clear through that
the historical imperatives used to design most of these processes were to achieve
a high purity product and to minitnize manufacturing costs. The driving forces
of environmental protection and lowered availability of waste disposal sites can
be expected to force reconsideration of both the raw materials used in the
respective manufacturing processes and of the manufacturing process itself.
Graphs.3 ref. (Albrecht, W. W.; Gries, B.; Nadler, H.G.; Rockenbauer, W.; SAN
DIEGO, CALIFORNIA, USA, 1-5 MAR 1992, Publisher: THE MINERALS,

METALS & MATERIALS SOCIElY, 420 Commonwealth Dr., Warrendale,
Pennsylvania 15086, USA, (1991), (Met. A., 9301-72-0015), 95-113 [in Eng-
lish).)

2264 BACTERIAL FLOCCULATION OF PHOSPHATE
WASTES USING A HYDROPHOBIC BACTERIUM. [BIB-
199301-41-0005]
A micro-organism will function as a mineral f1occu1aut if it is to some degree
hydrophobic and can attach itself in some manner, such as through electrostatic
interaction, to the fine mineral particles to be flocculated. The use of a hydro-
phobic bacterium, Mycobacterium phlei, as flocculating agent for phosphate
slimes is discussed. Experimental work on the flocculation of phosphate slimes
and of dolomite and clay mineral suspensions was performed. It was fOlUldthat
M. phlei fimctions as an excellent f1occu1ant for a dolomitic slime but does not
function as well for mineral suspensions where large quantities of the solids are
fmer in size than the approx 1 mu m size of the bacterium. Graphs, Photomicro-
graphs. 15 ref. (Smith, R W.; Misra, M.; Dubel, J.; SAN DIEGO, CALIFOR-
NIA, USA, 1-5 MAR. 1992, Publisher: THE MINERALS, METALS &
MA TERlALS SOCIElY, 420 Commonwealth Dr., Warrendale, Pennsylvania
15086, USA, (1991), (Met A., 9301-72-0015),747-756 [in English).)

2265 A STUDY OF POST-DEHYDRATION BONDING AND
ION ADSORPTION IN A BAUXITE WASTE. [BIB-199301-41-
0057]
Consideration of alternative methods for the disposal of bauxite waste by the Al
industry has generated interest in the ability of bauxite waste solid constituents
to attain a certain degree of physical integrity upon drying to yield a material of
suitable strength properties. The development of physical integrity in bauxite
waste was studied through elucidation of potentially operative bonding mecha-
nisms in a selected Jamaican bauxite waste which is observed to dry to a material
of relatively high post-dehydration strength properties. Interest in the ability of
bauxite waste solids to attain a certain degree of physical integrity extends to an
application, proposed in this study, involving the potential use of bauxite waste
as a contaminant stabilization/solidification medium. Efforts at facilitating elu-
cidation of poteutially operative bonding mechanisms are accomplished by
means of a comparative study involving a second bauxite waste derived from
Guinea bauxite which, despite its similar mineralogy to the selected Jamaican
bauxite waste, wasohserved to drytoamateria1 oflowpost-dehydrationstrength
properties. Results obtained revealed the apparently important role of hydroxy-
lated oxidelhydrous oxide slllfaces of high specific surface in governing the
development of physical integrity. A parallel study concerned with the ion
adsorption properties of Jamaican bauxite waste was conducted in efforts to
further aid in establishing the potential for use of bauxite waste as a contaminant
stabilization/solidification medium. AdsOIption tests were conducted using folD'
ions (CI -, S04 -, K +, and Pb.-.) selected on the basis of valency and sign of
charge. The results indicated the marked ability of the bauxite waste solids to
adsorb Pb both below and above the measured point ofzero charge (PZC) of the
bauxite waste solids. The results also indicated sulphate, contrary to chloride,
was readily adsorbed provided it was added as its acid. When added as its salt
(Na2S04), no sulphate adsorption was observed even at pH values well below
the PZC. The postulated chemisorption-type interaction of Pb and other heavy
metals with hydroxylated oxidelhydrous oxide slllfaces suggests that certain
bauxite wastes, particularly those which exhibit high post-dehydration strength
properties, may be well suited for use in contaminant stabilization/solidification
applications. (DANN67698). (Ludwig. R; 53, (3), Pp 233 [in English]. ISSN
0419-4217)

2266 DEVELOPMENT OF PROCESSES FOR MINIMIZING
THE WASTES. [BIB-199301-42~IS]
The tota1 utilization of raw materials and energy is the most important criterion
when planning industrial processes. The main goal is clearly to use the raw
materia1s and energy as effectively as possible to make the desired products
directly in the primary process itself, or to recycle lUlused materials and energy
either as such, or after cleaning back into the process. However, few industrial
processes are so straightforward. Most processes generate by-streams of mate-
rials and energy, which cannot be recycled directly and it is these by-streams
which tend to remain as wastes. These by-streams are slags, dusts, vaporized
metals, liquids, slurries, sludges, gases, etc. Most base metal processes produce
all these by-products. Wastewater and gas emission controls and regulations are
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Association of research institutions, universities, government organizations and
private sector companies in the Pacific Basin countries, involved in hazardous
waste research.

Packaging Coandl of Australia
P.O. Box 1469N
Melbourne Victoria 3001
Australia
Phone: 036984279,Fax: 036903514

Trade association for the packaging sector. Has expertise on environmental
effects of packaging, in pania1lar recycling, waste management and resources
conservation.

Scandiamnsult IntematioDaJ
P.O.Box35
S-I6493 Kista
Sweden
Phone: 4687032000, Telex: 17496 consultsll023 SCCCINTS, Fax:
4687039250

Consulting 1111J1 offering services over most of the industrial engineering and
economy sector. Industry and environment services are offered in industrial and
municipal waste water effluent treatment, waste management, hazardous waste
and air pollution.

Servido de Consulta a Banms de Informadon
Cerarito Cultura1 Universitario
Edif A Planta Baja
CP 04515 Mexico D.F.
Mexico
Phone: NA, Telex: 017 74521

Provides access to national and international data bases and collects and dissemi-
nates information on information systems. Topics include: research on pollution
(Wa1er, air, soil, solid wastes); clean technology; conttol techniques; elaboration
of programmes related to waste management and pollution control; potable
waler; waler treatment; wastes treatment; sludge treatment and management;
legislation; laws; statistics; human health.
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Sbnon-Carves Ltd.
Simon-Carves Ltd.
SilD-Chem House
P.O. Box 17
Cheadle Hulme
Cheadle
Cheshire SK8 5BR
United Kingdom
Phone: (061)4856131, Telex: 667844,Fax: (061)4861302

Commercial 1111J1 undertaking: liquid and solid waste disposal and treatment;
vitrification of nuclear waste; pollution control; flue gas de-sulpburization; bulk
material handling systems; chemicals and petrochemicals pollution; ores; fertil-
izers; glass raw materials; handling and transport of waste.

SVelist AvfaDskonvertering AB
P.O. Box904
S-692 29 Kumla
Sweden
Phone: 4619305100, Telex: 73139 SAKAB S, Fax: 461977207

Commercial fl11J1 responsible under a Swedish government mandate for hazard-
ous waste management in Sweden. Also offers consulting services with training,
process technology, and environmental effects of waste management.

Tuev Bayem Holding GmbH
Westernstrasse 199
0.8000 Muencben 21
Germany
Phone: 0895791082 u. 1823, Fax: 08957912204

Independent inspection and consulting organization, acting as a technical inspec-
tion body for most sectors of society. Maintains laooratory and research centre
and undertakes consulting work. Tuev Bayern has specialized competence in a
number of environment sectors, co-ordinated under a "man and environment"
department: air pollution; water pollution; soil pollution; noise pollution; waste
management



SELECTED HAZARDOUS WASTE MANAGEMENT REFERENCES

Air and Waste Management Association
P.O. Box 2861
Piusbmgh PA 15230 .
USA
Phone: 4122323444,Fax: 4122323450

Organization promoting research and technical information on pollution and
waste management Publishes the Air Pollution Conlrol Association Journal,
arranges meetings and seminars and conducts training courses.

Alberta SpedalWaste Managell!ent Colporation
61010909 Jasper Ave
Edmonton
Albena 1'5J 3L9
Canada
Phone: (403)422509, Fax: (403)4289627

Consulting flI1l1 with expenise in: hazardous waste management; location of
industry; public participation; feasibility studys; technology assessment; legis-
lation; solid waste management; recycling; incineration; landfill; waste manage-
ment

British Leather Confederation
Lealher Trade House
Kings Park Road
Moulton Park
Northampton NN3 lID
United Kingdom
Phone: (0604)494131/4, Telex: 317124 CORIUM G, Fax: (0604)648220

Professional association for the British leather industry. Among environmental
concerns, with particular reference to lea1her industry waste, are: pollution
conlrol; recycling and recovery of materials; solid waste management; toxicity
of meta1s. Maintains a data base on low- and non-waste technology (LNWI).

Cayton and Bostoc:k HiD & Rigby Ltd.
288 Wmdsor Street
Birmingham
West Midlands B7 4DW
United Kingdom
Phone:0213595951,Telex:337273,Fax:0213597606

Consulting flI1l1 specia1i7ing in environmental services, sucbas: water analysis
and management; testing; environmental monitoring; water and waste water
treatment; hazardous goods storage and handling; environmental impact assess-
ment (ElA); environmental auditing; industrial safety surveys.

Cean Japan Center
No.2 Alciyama Bldg.
3-chome 6-2 Toranomon
Min~ku
Tokyo 105
Japan
Phone: (03)4326301, Telex: CLFANJC J 32415, Fax: (03)4326319

Information centre promoting waste management and recycling. Conducts re-
search and experiments to develop recycling techniques and conects related
technical information. The centre manages a data bank on waste dispooal and
resource recycling and provides reference services.

ECON PoDution Control TVT.LTD.
25/U nique Industria1 Estate
Veer Sabarkar Marg.
Prabhadevi
Bombay:400 025
Phone: 437 5363

Activities: environmental auditing; ErA studies; earring capacity studies of
major regions and sub-regions; solid waste management; hazardous waste;
management, waste disposal and impact assessment studies; design of waste
water water treatment facilities; environmental management and planning; land
use studies; development of social forestry; ambient air and stack emissions
surveys; rniCIl>meterological surveys; water and waste water analysis; soil
analysis; traffic and noise monitoring; flora and fauna studies; setting up
environmental laboratoryies; environmental research and development; seit-

ware development in the field of environmental engineering; meteorlogical
software; data hasefCl' air pollution and water pollution studies;

FederallDstitute for Materials Research and Testing (Bundesanstalt für
Materialforschung und -prüfung)
UnterdenEichen 87
0-1000 Berlin 45
Germany
Phone: (030)8104-1, Telex: 183261 bamb cl, Fax: (030)8112029
E-Mail: 2627-308372bamb(teletex)

Federal research and test centre which cauies out (mostly as contractual work)
materials testing and research. Consists of a large number of departments and
sub-departments with specialized competena: in: metallurgy; building materi-
als; plastics; textiles; 1eaIher; industrial safety engineering; wood technology;
transport of hazardous goods; fire prevention; noise. Has a major publications
programme, including sevenjoumals.

Gtueral Association or MDDidpai Sanitarians and Tedmidans (Associa-
tion Generale des Hygiarlstes et Tedmiciens Manicipaux)
9 rue de Phalsbourg
75017 Paris
Frana:.
Phone: (1) 42 27 3898

Organizes annual and monthly conferena:s on water and waste management and
maintains international relations in this field. Topics include: solid waste;
municipal waste dispooal; solid waste trealment; potable water trealD1ent and
supply; waste water trealment and purification; domestic refuse, its treatment
and sorting; hydrology, hydraulics; mban design.

Institute for Waste Disposal (Stichling Verwijdering Af\>a1stof[en)
Postbus 184
AmClSfoort
Netherlands
Phone: 033-12904

Conducts applied research on waste management policies and ei waste impact
on the environment Provides advice on waste disposal to provincial and
governmental authorities. Topics include: air and groundwater pollution prob-
lems; statistical analysis of quantities and composition of solid waste to be
treated; optimum use of treatment facilities and refuse transpon; mechanical
separation of waste; pyrolysis and gasification; treatment of sewage and chemi-
cal wastes; cleaning of incinerator gases; separation of incinerator residue;
labour Piysiology in conection systems; environmental cOllsiderations.

Israel Desalination Engineering
P.O. Box591
Raanana 43104
Israel
Phone: 52909777, Telex: 33590, Fax: 52909715

Consulting firm dealing with: industrial and domestic waste water and effluent
treatment; recycling and reuse; biomass energy; bio-environmental engineering;
computer modelling of bio-environmental processes; product recovery.

National Association of Solvent Recyclers
1333 New Hamp;hire Avenue NW
Suite 1100
Washington, DC 20036
USA
Phone: 2024636956, Fax: 2027754163

Trade association of conpanies involved in hazardous waste management

Pacific Basin Consortium for Hazanlons Waste Research
c/o East-West Center
1777 East-West Road
Honolulu
Hawaii 96848
USA
Phone: 8089447555, Telex: 989171 EWC UD, Fax: 8099447970
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Table 7. Sensitivity of costs to changes in design features of an under-
ground repository

handliTlf and storage expenses, plus US$ 211m3 for cements and
additives, totalling US$ 881m3 of granulated waste. The total
cost estimated does not include that of granulating the waste,
which would be a sizable item. The total cost for the disposal of
unpackaged wastes are bound to v3!Y more than for waste in
containers, because of the different types of processing required
for each waste type. For cement-COmpab.ble waste it will prob-
ably be lower than others, because less waste processing is
required.

The effect of varying design features on costs of underground
disposal is the subject of sevel3l parametric studies undertaken
by the CEC (1983) and several OECD countries (Waddei et al.
1982; Burton & Griffin. 1981; Hudson & Boden, 1982) as part
of their research on the disposal of radioactive wastes. A sensi-
tivity analysis was carried out, using a design-concept for a
repositol)' ina granitic host-rock. Table 7 shows the variation
in the cost of a reference design and practical alternatives
(OECD Nuclear Energy Agency and Commission of the Euro-
pean Communities, 1984).

Altemativelvariation

Shallower depth (500 m)
Addition of 10 em overpack on canisters
Retrievability for 50 years
Fewer containers (15000 instead of

30000)
More containers (60000 instead of 30000)

Variation indisposal
cost relative to the

reference case
(lOOOm)

(nercentasre)
-3

+16 to +25
+10
-38

+87
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standable when it is known that the German landfilling costs
may not allow for amortization of the initial capital investment
and that subsequent investment costs are subsidized through
interest-free loans (Defregger, 1987). A Canadian analysis on
landfill costs (Famday, (N.D.», relying partly on United States
studies is considered superior, because it defines the cost items
included comprehensively and clearly and investigates a large
number of options and designs using the same data base. An
extract from this study is shown in Table 5.

Total operating costs, assuming a 20 per cent profit and a 30
per cent contingency over a twenty-year operating life-time, is
calculated to be US$185 million, for a reference facility (58
trenches, 180 x 30 x 8 m deep, assuming a 50 per cent packing
efficiency). Thus total cost per cubic meter of waste is calculated
to be US$185.

Note that these costs do not include those incurred during
closure of the repository, nor do they include costs of institu-
tional maintenance and monitoring.

If these cost figures reflect construction costs in 1980, capital
costs without including interest rates would have amounted to
US$ 77.4 per tonne of waste; assuming an average inflation rate

. of 5 percent per annum, by 1990 equivalent costs would amount .
to approximately US$ 126 per tonne, again without including
interest rate, operating costs, insurance, etc.

1. Comparison of capital and operating costs using dif-
ferent disposal concepts in landfill

Itis instructive to compare the total capital and operating costs
incurred for a one million cubic meter capacity waste storage
facility, using the alternative concept outlined in Table 6.

The high costs involved in developing and operating a dis-
posal facility emphasizes the need for an optimized strategy for
each repository and for planning on a regional basis.

The results of this study and others (Waddei et al. 1982)
suggest the following:

(a) The cost of excavating, installing and operating a deep
geological repository is relatively insensitive to likely
local variations in mining costs in the various types of
geological media They are unlikely to be a major con-
sideration in selecting a suitable design;

(b) The type and nature of waste containment (physical con-
dition, type and dimensions of waste packaging) will
be a major significant factor in disposal cos~.

2. Costs of deposition and pretreatment alternatives

Thermal destruction of hazaIdous wastes, is one of the more
widely used alternatives, covers a broad range in costs and very
much depends on the nature and composition of the waste
processed For example, one source quotes the costs ofbuming
chemicals to range from US$ 53 to US$ 800 per metric tonne
(United Nations Economic Commission for Europe, 1985). This
wide range reflects the technical simplicity of incinerating clean
combustlble liquids at one end of the range, compared with the
capital-intensive process required for highly toxic, refractory
solids and drummed wastes.

Where a waste is easily detoxified or its energy recovered, the
unit costs for treatment can be lower than for land disposal,

although more commonly they are comparable at the lower end
of the range. Lower levels of confidence are assigned to the
shallow land disposal method, mainly because of the "open-
ended" nature of this method; in many instances there is doubt
on the period of post -closure control required

The technology required for the alternative processing treat-
ment of toxic and hazaIdous wastes has advanced to the stage
where many types of wastes can be thus processed, although
costs remain high. in most cases still higher than for simple land
disposal. There is need for providing economic incentives to
waste generators to encourage them to invest in waste-process-
ing to establish regional joint centres. There is an additional
need for research into the development of economically more
advantageous processing alternatives, including the feasibility
of recycling at least a part of the wastes.

It is concluded that even though treabnent and disposal tech-
nologies may be available, it is the parameter of economics that
is often the major detenninant of whether or not wastes are
correctly processed and disposed.

The reasons for any current deficiencies in waste management
include the following:

• Lack of consensus for a variety of reasons on what con-
stitutes comparable levels of control across technology
alternatives;

• Regulatory uncertainties; there are divergences on a na-
tionallevel on what the maximum permissible levels for
a munber of toxic materials should be. Uncertainties in
cost information with reference to the application of a
particular technology to a particular type of waste and
what constitutes a hazardous waste. The changing, dy-
namic nature of costs, evolving technology and the in-
creasing experience gained in responding to regulatory
requirements.

3. Costs of deep disposal in geological formations

The costs of shallow landfill disposal are rising, partly be-
cause suitable sites are becoming more difficult to obtain due to
opposition from an increasingly critical public and due to more
stringent requirements and regulations by licensing authorities.
Reports indicate that landfill costs are increasing at rates up to
40 per cent annually (Forsberg, 1984). Nevertheless, disposal in
deep geological formations (300-2,000 m) remains much more
costly. However, there are indications that the cost gaps are
narrowing, in part because of relatively recent technical devel-
opments. For example, in the RUMOD process already referred
to, it is proposed that granulized, solidified waste is mixed with
cement "grout", to be pumped underground to disposal caverns.
Much experience has lately been gained in the excavation of
large underground caverns for oil storage, such as the Brofjrden
project in Sweden, which required the excavation offourmillion
cubic meters of granitic rock (Hinrichsen & Kayfetz, 1981). At
this scale, the cost of opening up caverns decreases significantly ,
in fact, at Brofjrden it is claimed that the storage site is actually
cheaper than would be the case if surface tanks were installed.

For the RUMOD study, cost estimates arrived at a surpris-
ingly moderate excavation, pumping and waste-cement mixing
cost of US$ 571m3; to this is added US$ 101m3 for solids



Table6. Comparisonof capital and operating costs estimated for various disposal conceptsand differentgeometricalparameters

Concept Outer Volumelfrench Loss from Slope or wall Number of Cost difference Notes
dimensiom (m) (m3) usable waste vol. Vol a/ trenches (%) relative to

required reference
trench

(table 1) b/
Reference 180x30x8 3340 34450 17225 58 0 0

trench (4/1 slope)

Trench in sand 180x30x8 10870 26950 13475 74 0 0

(1/1 slope)

Small concrete 12.6x3.6x8.3 65 250 190 5290 +87
trench (concrete 0.3)

Large concrete 130x30x8 2900 34900 20950 48 +10 No cell division
trench (concrete .1)

Thicker cover 130x30x8 As in reference trench 3mvs 1m

Layered 130x30x8 As in reference trench IO%ofwaste
disposal layered

Intrusion 130x30x8 As in reference trench t = 5.5 bldrs.
barrier clay etc.

at Only capital and operating costs.
hi Assmned packing efficiencies (volume utilized/volumetheoreticallyavailable).

Note: A similar study relative to the cost of disposal ina newly mined cavity 550m below swface arrived at a cost difference of +450
percent

that the two measures advocated (waste rninirni~tion and clean
technologies) will become increasingly advantageous with
time. The main factors influencing the cost of hazardous-waste
management for the waste producer are the amount of waste
produced, the pre-disposal treatment required and the ultimate
disposal method chosen. There may even now be cases where
costs of new or innovative process changes might well be
justified by savings in raw materials and reductiom in disposal
costs. Waste separation (into types and degrees of toxicity) and
concentration can also reduce costs.

Any comparative cost studies must comider all costs incUIred
from the time the waste is produced to the time when it is either
processed, decays natuI3lly to a harmless material or when it is
effectively isolated from the biosphere. Costs should be com-
pared on the basis of equivalent. environmentally acceptable
methodologies, assuming full-scale industrial facilities. Land-
fill disposal has been the most widely used method, mainly
because it has been found to be the cheapest, at any rate over the
near tenn (In addition, it is found to be less sensitive to waste
type and characteristics than other methods and treatment).

Underground or sub-surface disposal costs are inherently
more costly. For one thing, shaft construction and underground
openings are by their very nature expensive, for another, the
dimensiom of shafts and haulage ways superimpose a limit on
the rate at which packaged, bulky wastes can be emplaced in
underground caverm. On the other hand, the 30-yeartime period
considered for monitoring and maintenance of landfill sites
following closure and assumed in the cost-calcuIations, is con-
sidered by experts as far too short; cost estimates may therefore
be too low. Even so, landfill costs are quoted at US$ 55 for
"low-risk wastes", up to US$ 240 per metric tonne for more
hazardous drummed waste (United Nations Economic Commis-
sion for Europe, 1985).

Cost figures must in most cases be treated with caution. Large
discrepancies arrived at in different studies could partly be due
to different costing ground rules and the inclusion of various
options assumed. For example, a cost study carried out in the
Federal Republic of Gennany arrives at what appears to be
unusually low, i.e. DM 75 to DM 190 per tonne (the latter for
deposition in a concrete encasement). This becomes under-
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Table 5. Summary of cost components included in calculating total capital costs for a reference disposal facility having a capacity of I
million cubic metres

(1) Direct CU)ital costs
Site selection
Environmental impact studies
Licencing fees
Other licences and permits
Land acquisition (200 acres at $ 1200/acre)
Legal fees
Corporate adm.i.nistmtion
Road construction
Initial land preparation (40 acres at $1145/acre)
Office and other miscellaneous light equipment
Building construction utilities, supplies
Peripheral services engineering and design

(2) Total C;Witalcosts
Total capital costs were calculated on the following premise and with the
following assumptions:

Interest during construction
"Contingencies"
Other Costs

Total capital costs =
direct costs x indirect costs x annual fixed charge x profit =

7.452 x 1.73 x 0.25 x 1.20 x 106 =

Note: 1 acre = 0.405 hectare

Figure XI. Centralized waste trea1ment facility
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versely, as well as parallel with groundwater flow is termed
dispersion.

The rate at which any pollutants move through and are dis-
persed beyond a repositol)' site depends not only on technical
barriers but also on the nature and type of retention mechanisms
by the undeIgl'Ound geological material, e.g., the extent to which
this material can retain pollutants and for low long. Sotption of
pollutant radicals and desotption can both occur. Apart from
sotption mechanisms, there are other parameters such as micro-
fissures, diffusion, facies differences, grain-size, hydraulic coo-
ductivity and permeability which influence dispersion rates.

Depending on sotption reactions between pollutant matter
and the cont:!inine geological material, dispersion will cause
some of the dissolved substances to be transported slower or
faster than average groundwater velocities. The techniques for
measuring pollution dispersion parameters are descnbed in a
paper by the IAEA (1985); included are tracer and geochemical
tests such as groundwater, pore-water, and mineml composi-
tion, geochemical histol)' and groundwater-mineral equilibria.

Inpost -operational monitoring, the short-term concern iswith
the period when the facility is still under institutional control.
Within this time frame (considered to be of the order of thirty
years or so), primal)' reliance for isolation is on technical,
engineered barriers. Monitoring will include the surveillance of
these barriers, which must be easily accessible and repairable.
Beyond the time of institutional control, there must be increas-
ing reliance on the capability of the enclosing geological mate-
rial to retain pollutants.

Where the hazardous materials are of such nature that they do
not decay significantly within the period of forseeable institu-
tional control, it may be m:mdatol)' to employ pre-depositiooal
treatment of the wastes to less hazardous forms in order to
safeguard the environment, in case failures of technical and
natural barriers do occur.

In the United States, the control and disposal of certain
hazardous wastes has been specified under Resource ConselVa-
tion and Recovel)' Act (RCRA) and monitoring methodologies
have been formulated, e.g., the levels of specific pollutants in
groundwater below and around the sites are required not to
exceed certain maximum values. To detect groundwater stream-
ing, successive water samples are required to be taken from
wells at different times to indicate which of the pollutants may
be migrating into groundwater. RCRA prescnbes a three-step
approach:

(a) Detection monitoring, which looks for evidence of con-
rnmimtion, for example a change in the otganic caJbon
level. Groundwater samples are taken twice a year.
Where there is evidence of change, the opemtor has to
analyse samples for specific chemicals. If these do not
exceed the maximum permissible levels, the repositol)'
is permitted to opemte, provided that any chemicals
that have been detected are monitored on a prescribed
basis;

(b) Compliance monitoring, which analyses samples at
regular intervals from locations at which contamina-
tion has previously been detected;

(c) Corrective action, which seeks to eliminate contamina-
tion where maximum allowable levels have been ex-
ceeded, while continuous monitoring is done, to deter-
mine if conrnmin:rtion is actually being reduced.

Changes in the chemical composition of the leachate can
indicate that changes in the general behaviour of the landfill are
taking place. For example, it is possible that the system is being
overloaded with a particular type of waste and that co-deposi-
tioning ratios must be adjusted

Leachates will be formed in landfill opemtions even under
ideal conditions and in moderate climates. Extensive data on
leachates are particularly needed to ensure that the water quality
is not being adversely affected Even where the leachate is
simply pumped to sewers, the volume and contents must be
checked, measured and recorded regularly to satisfy the require-
ments of the local water authorities. Leachate monitoring should
not be confined to the actual site, but should also be carried out
beyond the boundaries of the site itself. The layout. periodicity
of this groundwater monitoring progmmme should be drawn up
at the pre-operational stage and measurements taken to ensure
that background values are obtained prior to the commencement
of waste~eposit operntions. The periodicity of groundwater
monitoring may have to be adjusted later on, ifthe reading taken
indicates the necessity of doing so.

Fedm et al. has carried out a series of studies on risk analysis
on the production, tmnsportation of hazardous mw materials,
feedstocks or interim products and waste disposal. A number of
models were developed including: simulation/optimization of
production systems, long-mnge atmospheric tmnsport, river
pollution, groundwater conrnmimtion, hazardous substances
tmnsportationandmanagement(Fedmetal., 1985, 1987, 1989,
etc.).

D. Economic considerations for disposal options
The cheapest method of waste disposal is a sanital)' landiill

without predisposal treatment; one of the most expensive op-
tions for a waste generator is a secure chemical landfill (refer to
appropriate section on landIill repositories). It is essential to
compare not short-term but long-term costs of the different
alternative options. This obviously refers to the increasingly
evident need to monitor and mllintl:lin repositories a consider-
able time beyond their final closure. The long periods of time
which a particularwaste may require to be isolated could impose
a largerfinancial burden on the landfill option than other options
not considered at rust sight to be cost-effective.

The economy of scale, as inother industrial ventures, dictates
the necessity for smaller entetprises to opemte common, ceo-
tm1ized waste-treatment facilities. Such a facility is schemati-
cally shown in figure XI.

The extent of the ultimate benefit derived from any possible
waste IJlinimi7:!tion and use of clean technologies cannot now
be assessed completely, but in view of increasingly more strin-
gent requirements on maximum exposures to certain chemicals
and compounds, stricter regulations on waste disposal by some
countries, the considerably larger monitoring periods advocated
(up to 500 years) for special landfill repositories, it is expected
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amended waste regu1ations must be formulated to recognize this
need.

Safety assessments relating to a disposal site utilize geologi-
cal, hydrogeological, seismic, geochemical, geotechnical and
other surveys, as outlined under the section "Site selection".
These are carried out before and particularly during the final
stages of selecting a disposal site and the results obtained are
used for the design activities required once :final selection has
been made. However, such assessments are based on the initial
characterization of a site and the results are invariably hedged
by a degree of uncertainty, mainly due to the inevitable com-
plexity in the hydrology at any site. This results in incomplete
definition and understanding of the hydrological regime and
often necessarily requires modifications and amendments in the
design and the parameters of the repository operations. Environ-
mental monitoring programmes are also used to refine and, if
necessary, amend the future monitoring of the site after opera-
tions have ended. Monitoring activities include the use of moni-
toring wells to measure the effects of any changes inthe ground
water due to the presence of Wastes at the site. To do so, the
wells must be located at optimum locations and depths and this
requires detailed knowledge of the volumes and directions of
groundwater streaming.

The following activities should all form part-of the monitor-
ing activities during the operational phase of a disposal facility:

• Measuring and recording the limits of exposure of oper-
ating personnel to specific pollutants;

• Monitoring and recording of effiuents emanating from the
site;

• Measurements of hydrogeological parameters, e.g.,
groundwater flow, permeability, etc.

Inone technique, usually employed at the pre-operating stage,
tracer substances are added to boreholes for measuring flow
processes in ground and surface waters. Parameters such as
flowpaths, flow velocities, mean residence times and the extent
of the dispersion process are determined (Behrens et al., 1977).
A method has been evolved for the measurement of these
parameters using only one borehole and thus significant savings
incosts, time and hydrological integrity (Ullrich, 1986; Hacker,
1986).

Although in such investigations the attention is clearly fo-
cused on the groundwater system in the host-rock, an assess-
ment of the necessary supporting data on regional and local
surface-water systems is also required. For example, the rela-
tionship between recharge from surface-water sources and re-
gional groundwater flow must be determined.

The denudation history of the region must be examined to
ensure that relevant relationships between the present and past
surface and groundwater can be incorporated in the safety
assessment of a particular site, particularly with a view to a
potential for flooding. Measurements for tritium and deuterium
levels in surface and underground waters are sometimes carried
out to calculate the age relationships of various water bodies
19Callypresent (Hacker, 1986).

Where boreholes are put down, the locations and off-sets of
the boreholes and wells used for monitoring and the frequency

of sampling these must be compatible with the velocity and
quantity of groundwater and surface-water flow and any water-
soil interactions. The holes must be aligned with the present or
potential paths of pollution plumes arising through the migra-
tion of leachates possibly canying such wastes and their prod-
ucts. The monitoring pattern must be fleXIble and reviewed in
the light of newly obtained data and modified accordingly.

Sampling and measurements from monitoring wells and bore-
holes will provide one level of assurance that a hazanious waste
facility is not releasing contamin:mt!:. In order to guard against
any less than optimum siting of monitoring stations, it is advis-
able to carry out ground-borne geophysical surveys, such as
conductivity-induced polarization, gravity and electromagnetic
surveys, to identify any changes ingroundwater distribution and
flow patterns (Cook, 1986). If a geophysical survey is carried
out during the first stage of a site investigation, i.e. before
drilling, the results can be used to aid in the siting of monitoring
wells at optimum locations. Ifthe geophysical survey is repeated
at some later date when the waste facility has been operating for
some time, the follow-up survey is used to monitor any possible
changes in groundwater distribution. Additional wells can be
put down to investigate and corroborate such changes. The
complexity and cost. of analyses of samples taken are also
important considerations affecting the siting of monitoring
points and sampling procedures. The types and frequencies of
analyses required must be related to the specific conditions
prevailing at any particular site, but must be reduced as much
as possible because of costs.

Air sampling in the area of a facility may have to be carried
out to test for any aiIbome cont:lmination arising in the course
of waste emplacement operations and may have to be repeated
later to detect and analyse any gaseous release from the reposi-
tory.

The results of the monitoring programmes are recorded on
maps, sections and in graphical form. If any trends in values
recorded become evident and in particular if any anomalies in
the values are obtained, this should be investigated immediately
and the appropriate remedial action taken.

2. Post~perational monitoring

Once the repository has come to the end of its useful opera-
tionallife, the impact of closure operations, including the em-
placement of backfilling material, the sealing of access open-
ings, cover and engineered barriers requires monitoring for
leachate and groundwater quality. Inaddition, a posto"perational
monitoring programme requires setting up before the repository
is sealed and closed

By the end of the operating period, sufficient knowledge of
the particular site (e.g., groundwater distribution and flow,
geomorphology, tectonics, climatic conditions) should have
been acquired to carry out post-operational surveillance effec-
tively. At this stage monitoring sites should be emplaced at
optimum locations.

A water-soluble substance transported with the groundwater
in porous or fractured media will spread out both horizonta1ly
and vertically in time. This spreading, which takes place trans-



Figure X. Iterative site selection programme
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• Topogmphy;
• Climatology;
• Flooding potential;
• Waste~haracteristics and volume;
• Natural resources;
• Satellite image:ry interpretation;
• Sampling and selection for analysis;
• Tectonics (faults and fracture systems);
• Neotectonics (for example, active/inactive potential

faults);
• Weathering processes;
• Geomorphology;
• Rock and soil mechanics;
• Nature and extent of formations underlying potential host

formation;
• Erosion processes;
• Earthquake and micro-earthquake analyses and
• Availability of clay and other impervious liner-material

(for landfills) and matrix materials (for contained wastes).
(e) Environmental and social aspects
• Protected areas;
• Planning provisions;
• Population density;
• Other utilization (industIy, tourism);
• Cultural constraints and
• Risk-benefit analyses.
(f) Ownership
• Surface;
• Waterand
• Minerals.
(g) Investments: capital and operating
• Site investigations and
• Interest

A flow diagram, showing the sequence of the activities which
may typically be required ina site selection programme is shown
in figure X The variables requiring evaluation, investigation
and analyses are dependent on individual situations at each site.
A cost-effective method of carrying out a selection process is to
conduct it in a series of sequential stages; this procedure is
described for example in a paper by Haji-Djafari et al. (1981).
The method is to proceed from a broad, regional approach,
eliminating or reducing in area candidate sites under considera-
tion to select finally a site on the basis of having optimum
characteristics. It is thus an iterative process. The prima:ry
controlling and limiting parameters must form part of the selec-
tion process from the vel)' beginning. These will fonn the basis
for decision-making. Failure to consider the limitations imposed
by any of them could lead to costly changes later, either in the
location and layout of a repository or even in the abandonment
of the project

The method is to proceed from the known to the unknown
During the first stage, much reliance is on known data and other
information on candidate sites. Field work would be kept to a
minimum. Where poSSIble, any of the more expensive investi-
gations, such as drilling, would be relegated to later stages, when
some areas would have been eliminated and others reduced in

size. Overlapping should be reduced as much as possible. A
disposal site should provide a high degree of assurance that the
reliable prediction of a sufficiently long-term safety perfonn-
ance can be achieved. This implies that the geologicallhydro-
logical system of the local area around the proposed site should
be well understood and amenable to quantitative analysis (In-
ternational Atomic Energy Agency IAEA, 1982).

Many of the modem waste repositories are designed on a
multi-barrier principle. The more immediate barriers to the site
are engineered barriers, i.e. containers, and container-matrix
materials, fillers between containers, concrete walls and liners.
These are known as near-field (engineered) barriers. In time,
either through catastrophic events, such as earthquakes, or
through gradual processes, such as erosion, flooding and chemi-
cal weathering, these barriers may fail. It is the function of the
surrounding geological barriers to ultimately provide maximum
isolation from the biosphere over the longer tenn. In the unfore-
seeable event of a catastrophic failure at some point in the future,
pathways to the biosphere could be created, e.g., by rock fissures
and faults, providing access to circulating waters. The properties
of the containing rock should be to retain as much of the
pollutants ~ possible by processes such as sorption.

Mechanisms for the possible transport of pollutants away
from a disposal site are related to geological, tectonic, ecological
and biological phenomena. Of the geological characteristics, it
is the hydrogeological and geochemical properties which are the
more important factors controlling the movement of pollutants,
since water is the more likely natural medium for their off-site
movement. Where these are less favourable than required, the
engineered barriers are designed to supplement them .

Where the potential for reduction in the hazardous nature by
interreaction between different wastes is inapplicable, the prin-
ciple of mono-repositories, i.e. repositories cont~inine only one
type of hazardous waste, should be given priority; mono-reposi-
tories increase the possibility for re-use of the site as well as the
predictability of anticipated chemical and physical reactions.

Isolation of waste can be limited in time if the waste decays
or is converted in the course of time to hannless substances, i.e.:

• Organic compounds, which for example, could decay to
CQzandH2;

• The co~sposal of selected wastes leading to reactions
which render these harmless, in which case the barriers
should be designed so that there will be sufficient time for
the reactions to occur without exposure to the biosphere.

1. Safety and monitoring requirements

Despite good management practices to reduce the quantities
of wastes of all types produced, or to process and recycle part
of the wastes will usually remain as residues and will require
depositioning. As these residuals may only degrade vel)' slowly,
the long-term task of hazardous waste disposal is to prevent or
inhibit possible migration into the biosphere, even beyond the
time when control over the site is foreseeable. Apart from
normal safety standards applicable to any construction pro.
grammes, additional safety requirements must be applied when
dealing with wastes of toxic and hazardous nature. Existing and



posal has incorpol3ted these and similar technological innova-
tions and is refened to as the Regional Underground Monolith
Disposal (RUMOD) system (Forsbetg, 1984). Hazardous ele-
mental wastes, which would be the principle wastes amenable
to such treatment, would be processed into granular form,
tIansported in bulk to a regional disposal site, mixed With
special cement-based grouts and pumped as awet waste-cement
mixture into laIge underground caverns to 2,000 m below
surface. The economic and engineering feasibility of this system
is dependent on the following pre-conditions:

• Large, competent underground caverns (i.e. caverns
which can be excavated) without failure of the roof, walls
and the floor of the caverns);

• Bulk disposal of the waste-cement mixture (as a slurry)
is feasible;

• Minimum hlmdling and
• High volume throughput.

The major technologies required for the RUMOD system are
in commercial use, but as far as it is known, they have not yet
been combined for use in a waste disposal system

The question of whether such a system is economical would
very much depend on finding a site with suitable geological and
mining characteristics. Obviously, there must be secure isola-
tion of the waste-cements from the environment and the host-
rock must withstand folding and cutting without appreciable
flow or internal shear.

The topic of waste isolation has been studied in projects
concerned With intermediate and high-level radioactive waste
disposal. Different types of geological fonnations have been
investigated, including salt stocks, gtanites, plutons, shales and
clays (U.S. Department of Energy, 1981). Such experience has
included the disposal of liquid wastes, such as liquid radioactive
wastes, as at the Oak Ridge National Laboratory in the United
States, where a cement-based grout has been employed in a
hydroftacture facility for the disposal of intermediate-Ievelliq-
uid wastes (U.S. Energy Research and Development Admini-
stration, Oak Ridge National Labol3tory, 1977). The facility
mixes these wastes with a cement-based, dry-solids blend and
injects the mixture down a well into a shale bed 300 m below
surface, penetl3ting along cleavage planes in the shale beds. On
solidification, the wastes are permanently incorpotated within a
low leach-rate cement group sheet between water-impermeable
shales.

To minimi7e constIUction costs, the opening-up of large cav-
erns or galleries, of the order of 25 m width, 60 m height and
sevetal hundreds of meters in length must be feasible without
resorting to expensive roof-support systems.

Evidently, the cost of disposal with this system is highly
quantity-dependent and the economics of scale apply. To give
some indication of the order of magnitude, it has been estimated
that such a disposal site must process at least 100,000 tonnes of
wastes annually to have acceptably low-disposal costs. It is also
noteworthy that packaged wastes would have much higher costs
because of higher tI3nsportation and underground Mndline
costs and more difficult logistics due to the "bottleneck" of
access passages such as shafts. Furthermore, it is found that it

is not feasible to stack packaged wastes over heights of more
than 10 m, because the weight of the packages would probably
crush the container at the bottom of the pile and this would create
difficulties for the opel3tors and equipment in the stacking
operation As a footnote it should be added that Austl3lian
scientists have developed a similar waste-grouting system for
radioactive wastes ("SYNROC").

In sUIIUDaIy,the use of this cement-grouting technology in
hazardous-waste management shows signs of promise and
would have the following advantages:

• Liquid waste-cement mixtures can fill out underground
caverns fully;

• The solidified strength of the concrete monoliths allows
lower-cost underground layouts (closer spacing of cav-
erns, as the cement provides support for the hanging
wall);

• The physical nature of the solidified cement grout stops
any egress to circulating groundwaters and hence any
leaching of contllminant!:~

• Various types of wastes solidified by different processes
may be compatible for deposition in the same facility.

Disadvantages include:
• Cooling will be required due to the heat generated during

the curing-process of the cement;
• Adequate storage facilities will be required for the waste,

cement and additives, with associated handling equip-
mentand

• Uncertainty on costs of a full-scale opel3tion

C. Site selection procedures
The process of site selection is influenced by a series of

technical as well as social, economic and logistical constraints.
While the aspects requiring particular emphasis and importance
in a programme depend on the characteristics of a particular site,
a partial listing is shown below:

(a) Geographical
• Haulage routes and distances with reference to major

waste-producing centres and
• Existing infrastmcture, tI3nsportation facilities, require-

ments for servicing a waste-treatment and disposal facil-
ity.

(b) Technical
Types, nature and quantities ofwaste(s).
(c) Costs
• Ground preparation;
• Excavation;
• Barriers, sealing and matrix materials and
• Operational and post-operational monitoring-and main-

tenance.
(d) Geoscientific and geotechnical
• Hydrology;
• Hydrogeology and geology (extent and age of bedrock,

aquifers and permeability, groundwater-streaming);
• GeochemistIy;
• Seismology and seismicity;
• Morphological characteristics;
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