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Bxplanatory notan
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A slash (/) betwecen dates representing years indicates a crop year of
finencial year, e.ge 1371/72.

The followinz ~xrhaige rates are used in thes oonversion of cbuntry

ourrencies to United States dollarss
. Exchange rate per

Country . Currency US dollar
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BeAoTe best availavle technology

80D Biochemircal 0:377en Demand,

B.P.T. Lest nracticacle techaolory

Btu Britisk thernal uniis

ofm | cubic feel per niinute
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p i) Fo}:] Internstional Tiinn of Leather Cherists Seocietias
ppm _ parts per nillion

e polyvinyl chloride

83 suspended solids
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INTRODUCTION

The Government of Turkey, which is committed to a policy of rapid indus-
trialisation in its third five-year development plan (1973-1977),
to minimize consequential environmental damage aud pollution.
this aim government departments have been holding

is endeavouring
In pursuance of
seminars on various aspects

~ of the environmental aituation with the aim of clarifying the departmental view-

points and, by disseminating the seminar reeults, of keeping the general public

and industrialists aware of the need for action anc vigilance in this sector.

Indeed, the five-year plan stresses the need for extensive public education in
this field,

In September 1974 the Government of Turkey requested the participation of
the United Nations Industrial Development Organisation ("NIDO) in a seminar on
Environmental Dimensione in the Choice of Industry and Technology. The seminar

" was organized by the Ainistry of Industry and Technology and was held in the

Conference Hall of the Standards Institute of Turkey, at Ankara, from 17 to 19
D'cemb‘r 19740

on of

1‘!:0 assistance requested of UNIDO, as described in the Projeot Data Sheet ,
was to provide two sxperts; one was to Prepare a paper on the environmental
impact of the chsmical industry and the othsr was to prepare a similar paper
for the leather industry. Both experts were expected to spend two weeks in
Turksy before the ssminar in order to survey these industries, and based on
their findings, to incorporate into their papers sections dealing with the
actual pollution problems assooiated with these iucustries in Turkey.

1 They were to idsntify the short- and long-term needs of Turkey in the above-
mentioned flolds and possibly to draft aome project prorosals. A staff meaber

of UNIDO was also to attend the seminar to speak on the gensral snvironmental
oonsiderations of industrial development,

Owing to recruitment formalities the two UNIDO experis were not sent to the
field early enough to allow them to survey the industries in lnffiotlnt"dypth.
&8 proposed in the prc ject description. The chemical -industry expert arrived
only four days prior to the seminar and vas unable to visit the industrial
sitca as had been envisaged. He did, however, visit governmental and university

.
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| deparinenis and reccived some briefing, which allowed him to appreciate Tully

previous studies of the effect of Turkish chemical industries on the environment.

The leather industry expert arrived 10 daye prior to the seminar and was able
to visit the leather industry at Kaslicesme, Istanbul, for several days as well
as the Lealher Research and Training Institute at Pendik. He learmed lon details
of the effect of the Turkish tanning industries on the onvironment and could
. suggest possible measures to improve the industries' environmental impact,
indicating thg_cost of such mitigating measures,

Chapters I, ITI and III of this report consist of the three papers present ed
to the seminar by UNIDO: "hAvoiding the environmental impacts of the chemical
industry", by R.''. Coughlin, expert for the chémical industry; "Environmental
dimensions in the choice of industry and technologyt: environmental impact of
the leather industry™, by D. Winters, expert for the leather industry; and

_ "Bnvironmental awareness in industrial development and the enviionmental programme
of UNIDO", by J.B. Carmichacl and A.E. Anderson of the Indust~ial Teohnology
Division of the WIIDO secretariat.

. The role of the seminar and the contributicn of UNIDO should be viewed as
part of a wider activity in the environmental field. The Turkish authorities
have various research and training projects underway that are typified by the
following works

(a) Middle East Technical University postgraduate studies on environ-
mental engineerings

(b) Water pollution and environmental hygieae studies conducted by the
Istanbul Technical University, the Hydrobiology Institute of Istanbul University,
and Ankara, Ege and Hacattepe Universities;

(c) Environmental research in progress at the Scientific and Technical
Research Organization >f Turxey where air pollution st:dies are now in progress§

(d) Other research on environmental pollution undertaken at the Institnte
of Refik Sgydam (medicine), the Directory of Meteorolagy,the Nuclear Research
Centre, the Institute of Metallurgical Research and analysis and the Turkish
Coal Corporation. . o . _ _ o




Bummary yd oonglysions
In the course of their presentationg the UNIDO experts suggested the
followings :

(a) T™at immediate studies should be made of existing and proposed
emigsion and diecharge standards in other couniries. The results of such studies
together with studies of the economic and ecologiral position of Turkey could
provide a framework for national standards in this fields

(b) That minimum environmental control and improvement plans could
be initiated soonomically. The philosophy proposed was that acoeptance of even
the lowest standards accepted elsewhere could be useful and lay the basis for
future improvements; .

(c) That future seminars on the environment in Turkey should include
more technical discussion;

) (d) T™hat Turkish research on environmental prohlems should be elabo-
rated and presented publicly (e.s. lignite production, Ismit Bay pollution and
the p:-oposed nuolear power plant )}

(e) ™at there was a strong oase for an in-depth study (technical/
economic, of the Turkish tanning industry to assess at what level the balance
of enviro 1ent/sconomy would be best served, .




I.. ENVIRONMITENTAL AWARTITSS IN INDUSTRIAT, DEVELOPEFNT
' AND THE ENVIRONMENTAL PROGRAMME OF UNIDO

J. B, Camichael®
and
A. E. Anderson¥#

Over the past decade thiere has been an increasing awareness of environmental
problem throughout the world. The careless development of & mining project
has fouled a watershed. The indiscriminate dumping of toxic industrial
effluents has wiped out a fishing resource. More and more, proper environmental
consideratisns are being recosnized ‘as an integral part of plaming for the
future.

A hypothetical view of the impact of national environmental awareness is
shown in fizare I. The diagram renresents the process of development and
‘implementation >f pollution contml standards in the United States >f Amerioca.
It is meant to serve as a concentual guide rather than a litersl model for the
experience uf any particular country. For the hypathetical case shown in the
diagram, it is a.uumed. that national environmental awareness has reached a
sufficient level t» precinitate political action, and this action has taken the
form of environmental legislation. ‘At the same time, industry has noted the
heightened national envirnmental awareness and subsequent political action.
Reaction has becn mixed. Certain far-sighted industries have begun to plan
for future effluent treatment programmes. Other industries have stated public
opposition to envirormental requirements, claiming that economic disaster will
result.

The environmental legislation has estabiished a new pollution law with
effluent standards. An environmental agency has been created t3 enforce the
law, and an institute for environmental research and monitoring has been
established. The firat task of the new institute will be to gather data on
environmental effects resulting from effluent discharge from a few of the major
polluting industries. These data will be supplied t> the environmental agency
as the agency piepues 12 move to obtain industrial compliance with the new law.

¥ Industrial Development Officer, Industrial Technolngy Division of t$he
UNIDO secretariat.

#%Chief, Oeneral Industrial Techniques Section, Industrial Technolagy
Division of the UNIDO sncretariat.
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The environmental legislation has also established special funds for
evaluation in a few of -he couniry's best universities. Eventually these
indigenous cnvironmental programmes will be the feeders of trained scientists,
administrators and engincers to the national environmental agency, the

environmental institute and industries,

This hypothetical example ie greatly oversimplified. For example, no

arrows shcwing feedback from one institution to arovther are showi. In praotice,

the institute for environmental research and monitoring would be rmuch more
effective in meeting ilhe environmental necds of the courntry if a substantial
input from industry were encou;agcd and utilized in project conception, desipn
and execution. levertheless, the diagram may. serve to demonstrate the effect
of the auvareness of the environmental problem that has uccurred in many

developed courtries and that is now occurring in developing countriss,

International awarencss of ‘he environment

Increased awareness of the environment culminated in the United ilations
Conference on the Human Eavironment, held in Stockholm in 1972,  llore than
1CC proposals for action to preserve and improve the human environment wers
developed. A central theme of the conference was that considerations of
environmental affecis ought %o be a fundamental part of project plenning.

The cssential philosophy was emoodied in a Declaration of Prinoiple.

The first principle steated was: "llan has the fundamental rignt to freedonm,
equality and adequate conditions of life in an envircument of quality that
permits & life of dignity and well being and he bears a solemn responsibility
to protect and improve ‘he environment for future generations". The founding
of the United lations Znvironmental Programme (UNZP) and the establishment of
environmental evaluation, training and monitoring furctions within UNIDO, the
Food and Agriculture Organization of the United Natione (FAO), the

United Nations Educational, Scientific and Cultural Crganisation (WNESCO), the
Pan—-American Health Crganization (PAHO), the Organization of Ameriocan States
(0AS), the United States Agency for International Development (USAID) and otheru
are an integral part of the pattern of inoreased globe! awareness of the

environment,
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The goal of industrial development has been adopted throughout the
developing countries ag a major solution to the problems of poverty and
underdevelopment, However, industrialization has up to the present often

resulted in the generation cf unutilized wastes, and the release of these

wastes affects the environment in many ways.,

A legitimate quustion is often ruised in the developing countries:
How can an economically and sooially advantageous industrial devel opment
programme also be tailored to proteot the hnatural environment and to develop
& desirable human environment? Countries on the threshold of econcmic

development do not wisgh to forego industrialization for the sake of the
environment, However, they can plan industrial development in such & way as

to avoid environmental disruptions that may cause serious hazards to human
health or the contamination or depletion of natural resources, Zach country
will have to decide, in the light of its own geographical, economic and political
.circumstmcel, the role of environmental policy in development pPlanning,

Consideration of the effects of industrial devolopmént on the environment
entails a technological assessment of these effects., As there is an increased
scientifio understanding of the environmental disruptions associated with given
industrial practices, there will be greater appreciation among pol itical. lesders
of environmental pProblems, the technology available to solve these prcblems
and their cost, |

Bvironnentel ynqlyeie

Iavironmental analysis is the process of evaluating those aspects of o
project or development plan that Cause environmental change. The major
potentials for environmental dasage wust be identified and the magnitudes of
the effects estimated. Delineating means of mitiguting environmental damage
is the next step, Allowing the environmental damage to ocour rather than
mitigating or preventing this damage involves trade~offs, which a deoision-
maker must identify end wnderetand in order to ochoose among available
al ternatives,

17 Jack B, Carmd chael , mﬂumﬂ conqdmtion! in the Plamning ang
Ev 0 1 m 21 .)w MIMOR. D. c.. ) .
a;g:niutlfon og American Jtates, 1974). ‘




Pre—orogess environmental analysois

Pro-project cavironmental analysis may begin at the earliest stages of -
planning, Savironmenial analysis may be incorporai:ed as a part of a survey
to identily possible development projects for a couniry or a i'egion.

The following guidolines are designed for use in the survey or pre-project
phase to assiot in identifying projects and in gathering preliminary
‘environmental information, The guidelines are presented as & esriee of

questions directed to the pla.nner.z'
General questions
A. Relation to national plan and policies

1, Do the developments contemplated as & result of the etudy relate to
"the country's national plan?

2. Do stated goals exiet for national or regional environmental
conservation, such ac a national environmental policy for water resources
and uvater quality, forestry, mineral resources, or others? If so, does
the proposed study contain any developments or projects in confliot with
these national goals?

B. Physical aspects of the study

- 1, s the region under study a unified physical wnit? PFailure to
consider effects of the project on activities in the upper or lower reaches
of & river basin, for example, may lead to serious consequences.

2, Have consiraints imposed by the natural environment been considered
in the recommendaiion of projects? '

(s) Do land uses proposed by the projecis meke sense under
prevailing geographical and ecological conditions?

(v) Have the relative ocourrences of flouds, carthquakes, tidal
waves, sruptions and other oatasirophic events been censidered ia
recomending mjoots?' '

C. Information generated Ly the pre-project study

!, Will the stuly generate sufficient information and dats to ensble
the country to identify and evaluate anticipated benefioial and negative

Adapted from "Guidelines for developmeni planning® (Mhington. .D.Ce,
Organisation of American States, 1973).
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suvironmental effects of tho suggested development projeots? Have the
- eoonomic costo of mitigating negative offects been estimated? What further
programmes and data are required to produce this Anformation?

2, How long is the period of the industrial development? Will studies
during this period be Qf sufficient duration to evaluate possible long=term
environmental effeots?

3¢ Will the study adequately consider the wishes and needs of the people
of the region? Will pProposed developments be designed to utiligze their
labour?

4. Does the time sequence of the contemplated industrial development
allow for sufficient training of individuals from the country and the region, |
80 that persons will ve available with the skills required to manage and
operate the completed projects?

5¢ Will the study utilize cost, discount and othtr economic and
environmental data supplied by the Government? What dnt_u must be generated

through the study?

6. Will the study attempt to quantify -aconomically environmental oosts
that have been identified? Will these then be included a8 part of <he
oosts of the development of the r-gion?

D. Bffects. on other countries

ﬁll the projeots under consideration have possible adverse offects on
other countries? By what means will these be dealt with? Are thers
established procedures for consul tationg?

; . Dissussion
I e pre-proj mvironmental analysis te h.n m; M
alternatives can be before important irrevocadie detigions dave

mm hnm»cumhuummanwumno
-ﬁumo development decisicns, The smvey Would epsehlish the present
ecological oqndition of the river, lofdendy pettorss, bams m.—m, wber
uses; the present level of water quatity, and the capacity of the river to
adocgh sanise. m&mwwmcmmummam
mlttolmﬁea, ‘Yecknology oapacity mmmmmmm:
Proposed pulp and paper mill,




An exercise in trade-off analysis would involve choopirg among various
lovels of pollution from a proposed pulp mill at dificrent costs to the mill

and degrecs of degrsdation of the river,

Project enviroumental analycis

The purpuse of this seciion is to present means of analysing the
enviroumenlel effecis of particular projects that have been chosen for
implementation, The first rule is slways to begin the environmenial analysis
at the earliest possible stage. Project changes will be eusiest to implement

then,

The most direct and easiest approach to the environmental analysis of a
project is to use a set of check-list questions or statements that guide the
analysis towards the key problem arsas. Quidelines of this sort have been
developed by the Worid Bank. The various sorts of information that should be
_obtained and evaluated are listed under major project and environmental

categories.

Ceneral metnodology for environmental asseasmenty

A, Linkages between the environment and the resources under development

1. The current state of the eco-mystem at the site should be reported,
along with expected project effects upon important eco-gystem components}

2. Vhen applicable, alternatives to the project or possible future
amendments to the project ghould be discussed with the intent of minimising
adverse environmental effects,

B. Project design and construction

1. Short-torm sffects are the mmjor ooncern under this category.,
The objective is 4 well-designed project and consvlidated comatrwotion plans
that will protect the flora and fauna and prevent erosiomg '

2, Proper oonsiderations should be given to the heslth and safety of
workers during project construction, Health screening of the werk fesee
and periodic examinations are suggested.
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C. Operatiomns

1s  Prior to project approval and oconstruction, there should be
assurance that the operations of the completed project will be adequately
mtaged. The oparations phase of the environmental analysis should include
8 plan with provieions for:

(a) Maw materials menagement;

(v) Wastes management;

-(c) Installation and masntenance of emvironmental oontrol s
and eafeguardey

() Monitoring for ‘-vironnnm .offecte of plant operetionsy
(e) Osoupstional health and safety.

B BSoeio—oul twral feotors

This analysis should deal broadly with short-run construstion offests
and leng-rwn preojest operation offests oa posple,

1o Projest effects on persons indigencus to the ares mst beo oensidesed:

(a) If relocation of poopie is necessasy, s Wn plan
et e prepasedy

(d) Aoy sesial adereptions te the indigenous pecple from noise,
odr or wter pollution should Yo identified.

2 Nejost offests wpen the work foroe. The eosio=oul tural needs of
tha ssnsirvwstion and operetional work foree chould Yo csensitared whese
woreprtate. Mo 18 saponially 1aptrient 1f woetere 11v0 ot Whe prejest
ot te. ’ |
B Nealth affeors o

1. Proger consideration for health should ineluie o auffiotens Mol elge
Sovill puont of o projost my CRss. 00 Apvend. and {nerensyd infivenee of o
ﬁt:@::«i&; ;; wm '? *W*“i&w HE e e
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3. Any poterticl for croation of new heal th hasards, suoh as
introduction of new pests or diseases, should be revcognised.

F. Long-term considerations

1. Indirect cffects that might occur as a result of the project are
an important lons-ierm consideration, If, for example, a project will
attract large nwibers of people to the area over & long period of time,
this should Le reccgmized and reported.  3Such an indirect eoffect will
eventually require the provision of an urban infrestveture with the need
for health care and other services;

2, Possible regional development effects may bLe a long=term consequence
of the project, eitnor t!rough projsct expansion or the establishment of
other related development projects. These may have important environmssn tal

consequences for the regiong

3, Posszible ocourrences of catastrophes and their ocneequenses for
the project should be evaluated as a part of this section,
v t M
Cost-bencfii analysis is the appraisal of all the “goods and bade” het my

result from & project, The £  owing types of benelits and costs are generated
by & projects

1. Denofite end coste for vhich marhet prices emiet:

(a) The first cane is whea these prices cssvestly sefiest Gniel
:-hu. 0.g. non-price-eupperted fare commediites, ssets of constPunbion
pute|

(b)honnduuﬂ‘tnptmhmnﬂmnluﬂm
e.8. mu-mum-.-unu.nxa-.tmmut
othorwise bo unempleyed.

2. Demofite entd soste fur Which =0 sarhnt priese eniedy Whess
often tormed intangidie conte and Serefitee

(a) Gertain ntengivie bamsfite cun U0 agyoouinated e ‘ SN
wwqmu-:o‘-:uuuuuu bh“‘
sesviee if o naslnt exioted, .8 lotel )
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(v) There arc other intangiblos for whioh no market process may be
readily envisaged that will allow a monetary evaluation. Two examples
“are the maintenance of a beautiful view or s historic site.

The theory of cost-benefit snalysie takes into scoownt ths benefits and
coets that may bs measured by market prices and the intangible coste and
benefits that will usually ru\u.t from the construotion and oparation of a
project. A good cost-benefit analysis not only includes bonefits and costs
measured monetarily, but aleo intangible or non-quantifiabl e benefits and costs
described in whatever terws possibls,

Nowever, vhatever the desirebility of formally ineorporating environmental
analysie into cost-benefit analysis, a great deal more work ie nesded before a
fremework can be devised and before one oan have as much oonfidence in measures
effecting environmental impact a8 in economic messures.

Despits this shortcoming, deseriptione of sxpected environmental impact mus+
fore a part of project evalwation, They cen be incorporeted irto the cost-
bamefit analysis through the trede-off analysie of partioular issues.

A prectical illustration of o sitwation requiring sich a trade-cff analysis
oscurred in connesmion with a reeent World Bank projeet for construetion of &
nickel refinery in a Latin Aserican cowmtry., The question arose, shou'd the
osmpany be required 1o spend JUB 400,000 to eomstruct s diffuser pipeline in
order to mitigate possible oeclogical damage that would result from the poin:
éosharge of 10,000 gal /min of eooling water that will we 2¢° werwer than the
asbient temperature of the Feseiviag body, on wpsilvted labe? &8 chower teo
m-mutmnu“mmucmxw e0el ogieal
damge and the coencntie ang osothelic csmmaguences.

Bwireassatel wmuqumm; wtiliood a8 on add to coot-banefi +
mwuzmamumm«mnw
ouatdong:

B covteds saney, S BrO)eet Ay W seencniailly copiie her ovalmated
RS Got-hhafit writerte, bu @ Svittametel dlpete g tadiente
Watepieide offeste, lumwlmwwm
rejoet, the esst-beneft+ Rise My W Fatused & et the present Lo

Ly

T P R 2,




Cwaattraotive. Are there come general guides that have been developed in

trade-olfs of economic feasibility versus environmental quality?  The
experience of the iorld Bank has been that countries intitially viewed the
‘environmental anclyusis of projects with great alarm, fearing very high costs

of control. The experience of the iorld Bank has been that incorporation of
acceptable environmental safeguards has averaged about 3 per cent of the over-all
project coct, This level of expenditure would diocourrge only economically

marginal developrent projecis,

Dwircnmental prooramme of WITDO

The Environmental nrograrve of UNIDO has been conceived to encourage
environmenial planning as a: integral part of the process of industrial
development go iha’ adverse envircnmental effects may be minimized.
Least-cost methods of pollution control are aought, utilicing technology
sppropriate to tne developing country. There are two major co.mponont. of the
programnne: U/IDC technical assistance and the UNIDO/WIIP joint programme,
™e ULIDO technical assistance programme involves direct aid to developing
countries. All WIITO techrical assistance projects are implemented through
the United lations Leveiopment Prograrme (UNIP). Projects may be long-term
(six months to several years) aud financed through the regular UiDP country
programme (Indicative Planning Figure) or short-term assistance (one to four
moniks) for urgyent needs and firanced under the Special Indusirial Services
(81S) programme.

The operational progremme of WIIDO involves direct techniocsl assistanes
to developing countries. A formal request for assistance from the Govermment
is submitted through ile resident representative of ‘he NDP. The request
may have been formuleted Ly the national suthorities. Often requests are
formulated through <le combined efferts of the mational suthorities and the
UNIDO staff and saenior industrial development field advieer. Upon receiving
the request, the resideat representative of the UNDP surries out preliminary
negotiations with the Gevermment on the nature of the request and the seurce
and availability of funds. The resident represeatative then treansmits the
recquest to UNIDO for a technical evaluation, Official requests sheuld .
nornally describa ihe project, its objectives, duration, experts and -
osquipnent required, and hoet Government cost-sharing snd ccunterpart seateidutioen. -
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If evaluation of the request:  reveals that revision or further inforwation

ie necessary, UNIDO guides the Oovernment in he redrafting reguired

for projeot approval, WNIDO proceeds to recruit qualified experts for the work,
"Prior approval of a candidate by the host Government is always obtained before
appointment,

Requests for urgant short-term assistance Are appropriate under the SIS
programme, lMedium-term advisory missions and pre-investment and pilotﬂ pro jects
consisting of eéxperts, equipment lnd/or fellowships may be financed through
the normal procedure of the UNDP,

313 prozramme

WIDO provides aid at short notioce to developing countries wishing to
solve urgent problems, Under this programme, administered Jointly ny UNIDO
and WIDP, experts are sent for brief periods to advise on the solution of urgent
technical problems, ‘then & U'IDO expert is requested by a developing country
to work on an snvironmental project under the SIS programme, the emphasis is
often upon clear and present dangers. The expert my be asked to identify
any clear and present dangers to human health op the naturel environment
resul ting from an existing and planned industrial preject. ‘Men such dangers
are identified, alternative means of eliminating or mitigating the danger must
be suggested. 4 UNIDO expert sent on an 8IS environmental project :ill be
sxpected to analyse the trede-offs involved in dealing with the environmenial
problem at hand,

Wat are the possible teshnjoal solutions for totally or partially solving
the prodlaw® At what eeonomic oosts can alternative solutions be achieved?
Does the eariousmess of the prodlem juetify the xpense required for a given
solution?

i ravien for Wi sovtien wme sdapted from “Indwetrial . |
dovelopmeat and the ewvircamunt® (wIsm/1ve.81), o




U IDO/UNLP environmenial programme

~In 1973, LI began a joint investijative programme with UNZP which

covered a wide range of environmental problems, Under this programme, UNIDO
sent teams of experts to the field in 1974 to prepare environmental reports on
the cement industry in Iran, the textile industry in Thailand, the chemical

- industry in Turkey and India, and an integrated iron and steel mill in Drasil.,
UNIIO anticipateu carrying out a second set of field case studies in 1975,
covering other industries such as pulp and paper mills and petrochemicals
manufacture, Utilizing the results of these studies and studies by other
international organizavions (most notably the World Bank), UNIDO has evolived
and is further develuping & methodology for environmental impact analysis for
industrial projects in developing countries. UNIDO is also preparing the case
studies in a concisc and analytical format in order to produce useful guides

for plauners and decision-makers in developing countriee.

The oase study results also fit into another central theme of the uK10/
UNEP programmes The development of workabls guidelines for plaaning integrated
industrial complexes with minimised pollution.

Integrated industrial complex with minimiged pollytjon
The objective of the work of UNIDO on intsgreted industrial complemes is

to sstablish criteria for mixing industries in san industrial eetate so that:

(n) One industry may utiliss the product of ancher induetryj

(v) Raw materials that are extracted from the waste of one industzy wmy
be utilismed by another industry;

(o) The waste from one industry may provide a "neutralising” mediwm for
ths non-rauszbie wecta ‘rem another industry

(d) Treatment of *he final waete stream from the complsx will be less
than separate treatmenta of the individual waste streams,

The starting poini for the snalyeie of ths industrial complex is he
analyeie of the pollution ayole for each imdustry in the cosplex.

A typical imdustrisl pollution ayole is shown in the Moek diagrem figare
11, in whiock a typical existing system ie:indicated bty the wabrokea lime.
Inocluded in the syetems are not only the industry itself, Wut also tm
and the oconsuner who contributes to the over-all pollution throuch preduet use
and discard,
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The dotted lincs in the diagram indicate modifications to the ayatem
which might be made to achieve minimum pollution. All efforis are in the

direction of recycling and utilization of wastes.  The removal and/or dinposal

. . 6
avoided whenever reuse is poscible o -/

Technical solutions now exist for treatment of air, water and solid wastes,
However, the problem of waste energy utilisation, while the subject of a large
amount of study, has not beew completely nolvid. The average efficiency of
thermal processes 15 only 35 per cent and at present *he renainder serves no up-™:1
purpose, In conventional fuels alore, the equivalent of 3,900 million tons

of fuel per annum serves only to heat the atmosphere,

Kot all potential raw materiale can be extracted from the pollutant
residucs since quantities and extractiun costs may make an operation economically
unfeasivle, Large—scale industries, however, may produce large quantities of

.by-products and residues which could become raw materials for other industries,

The non-reusablc waste products must be treated by oonventional methodas.
Examples are removal of harmful gases, waste~water treatmsnt prior to discharge
into sewers or water courses and coatrolled dumping, incineration or compusting
of sviide,

The concept ie illustrated in the bloek diagrem figure III, Although
each of the individual industries shown will typically have a pollution epole
similar to that in figure 1I, for olarity only simplified qyoles are showm
here,

In order to achieve viabilitg of the peilwtion treatment precess, it has
beea assumed that the complex would beo concentmated around a mjor industry
sweh as an iron and steel plant or chemical works. RKxperience may, however,
show that this is not ecsential.

In this model complex, major industry A would feed its products as rew
materials for ancillary indmetries B, C and D. Residual pollutents froa each
of theee “our indusiries would then be pessed in a ocemmon extrestion and trest-
went plant,

5/ Alexander %, Andereon, "Environmental censideretions in the leset ien
of inlustry® (U™, 297).
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The output from the ireatment plant provides some of the raw materials for
industries F and T and gives a pollutant residue whicii, when added to that of
industries 4, B, C and D, is designated type +x, which mey represent a liquid
effluent that ic hlghly acid, for example.

Industries H and J are of a type that provides a non-rcuublu residue
which has been designated type —x. Here, -x represents a highly baeic effluent
that will neutralize the noa-reusable acidic pollutants from plants A, B, C, D

and E,

The neutralized residual pollution output would then pase to an appropriateliy
designed treatment plant from which the final treated efflueat would emerge

from the complexe.

There are many variations on the theme of complci development, and UNIDO
app. eciates the difficulties that are likely to arise. The advantages of the

integrated compiex are several:

1. Minimum waste of resources;

2. Minimum residual treatment oosts;

3. Reduction of transport costs and, provided the setate area is not too
large, reduction in both traffic volume and pollution by utilisation of non-
polluting transport; '

4. Creation of commercial and sosial infrestructures of planned siss and
amenity;

S. HMillest exploitation of the total labour market owing to the wide
variety of industries,

There is a further question that has not yet been reieed. Where within
a region should the industry and complex be located? Thie emcompasses such
parameters as geography, meieorology, labour potential, land use and the over-
all characteristics of the eco~system within which it is desired to oreate a
industry. A scheme for ti: necessary investigation of site isoutside the
ecope of this brief example,

The concept of an industrial complex with minimised pollution as deseribed
here ie necessarily oversimplified. UNIDO plans to utilise case study remults,
ithe industrial literature from developed countries and a systoms mhnh

.. approlich to develop eventually a workable planning methodology.




Sonclusion

The s0le purpose of UNIDO as an organisation is to aig developing countries
in formulating and implementing programmes of industrial development. Such
industrial devel opment programmes often involve the deliberate modification
of the natural environment in order to achieve economic objectives. 1In the
absence of .eavironmental pPlanning, industrial development projects may result
in irrecoverable losses of ecolegical, health and s0cio~oul tural values.

UNIDO is pPrepared to respond to particular environmental problems identified
by the developing cquntries and i sarrying out model studies that will have
broad applicability throughout the developing countries.

It is in the developing countries that the opportunity most often arises

to set up industry from the €Ta88 roots.  WNIDO believes that this process

fonerations,
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II. AVOIDIIG THY TWNVIRONMTHTAL IMPACTS OF THW CHEIMICAL INDUSTRY
Robort . Coughlin®*

With respect to managing the orderly growth of industry to prevent an
adverse .environmental impact, an important new word has been coined from the
words "equilibrium" and "aecolcgy". . "Fcolibrium" (eco = homej, libra nlba}ance)
refers to the required balance in our earthly home between organisms and their
environment which miy be sought without sacrificing productivity and growth.

It is possible, and <ven mist efficient, to have both industrial growth and a

favourable environmont, It is pragmatic that the natural and proper use of
air and water is and has been *5 dirty there vital conmodities, “hether they

are used in our own bodies, in the organicms of the natural eco-syatems we

senk 40 rmregerve, or in *he industrial organisms man designs and tui‘ds, water

and air met soiled. But just as we grow, use and re-grow food, therefore, we
should continually clean, use and reclean our air and water., This means that,
~like land, air and water are really basic resources and industrial users
snould clean, reclean and reure these basic commoditiaa, snother viawnaint
is that air, lard and water are lixe {ndustrial machines; just iz we would
raintain 2 narer-maxing machine or a truck, we should alss maintain the
nroduction caraciiy of air, water and land. Simultanesuuly, we must all
strive t3 enours that tmie costa skall be placed on air, land, witer, snerzy,
or any other ~ssential resocurce tor that matte«»j only when these vital
commydities are nriced fairly may we expect the world to racignire their true
value and use them with thrif+, In order to reflest the true internal costs
associated with the use of air, water or land, these costs should be included
in the price of the chemicals, powesr or gaodh produced. This is the proper
Wway to finance the remewal of these vital environmenta! commodities,
The inclusisn of such coste will promote thrift i1 th~ use >f manufactured
guods and thereby cinserve resourceg, By ensurings the proner use and
rejuvenation of tho vita! resources of air, land and water, those who manage
industrial developmint will cause their true costs to te reflected in the cost
of manufactured grods and help all of us on this planet {0 achieve tha goal of
"ecolibrium”.

To better understand the nature of the true costs of air, water and lard,
we should consider the economic losses that result when we do not take gnod

care of these basic commcditien, Clean water has ~reat {ndustrial valuey"

¢ Professor of Chemical Tuginecering, L:high Universiiy, S:thlchom,

Pennsylvania, Upited Statces of Anerica,
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you cannot make cheaicals, paper and many other products using dirty wator,

If company "A" upstream releases dirty water from its process to a river and
company “B* downstream must them olean the water 80 it can be used in its own
process, who should pay the purification costs, company "A" or company "B"?

If company “A" is made to clean its effluent so that the river will be clean
downstream for company "B", ghould company "B" be allowed to releage dirty
effluent just because company "C" does not yet exist downstream of company "B"?
Clean water also benefits other industries such as fishing. Table 1 shows
how the annual fish catches have decreased in Izmit Bay in rocent yoars;

the decrecse ropresents a tromendous economic loas and it may be directly
attributable to growing water pollution. Polluting effluents rcloasod to
Ismit Bay are such that a fisherman now needs '15 nots in order to catch the
Same quantity of fish that could be oaught in one net 25 yoars ago., The total
value of the fish catoh sold at the Istanbul fish market decreased from

157,500,000 Turkish Lira (LT). in 1969 to L7 14,580,000 in 1973. Table 3 shous
how the Pish satnh has dscreased in recent yoars in the region around the
l.armara Sea, Think of how rueh meafood and corresnonding wealth could he ree

covered for Turkey as a retumn on iavestment in pollution control equipnent to
Permit the waters to again becoire clean and bring back the fish! Then add to
that the potential Value of the waters for recreation and attraoting tourisis
ho would bring more money inte the Turkish esonomy,

Pollution of the air causes great economic loss in the form of gorrosion
of metals and stone (o.g. the damage to many national treasures and monuments
in Barope, especially in Italy, owing to ur'pollution). Another cost of air
pollution is the additional boney spent to olean clothing and other articles
soiled by polluted air. But the Bajor oost of air pollution is the ham it
does %0 man and domestio aninals. This is weli documentsd by statistioal
studies on the corrclation between air pollution and an increased death rate,
hospital admissions, and lost time from work resulting from increased respiratory
illness in many of the large cities of the western world, e.g. New York and
londen, In the United States cattle have died from fluoride emissions from
phosphate Miluu plants; essentially all swoh fluoride air pollusion has
now Seen browght under control. Wy should the owner of & factery ;mjoy o
lower mumufasturing 0out Wy polluting the air and ks Ghligs other oEbtoens o
and the mmm to pay higher medical bills, and cause loes of working days
and inoreased costs? '
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Table 1. Annual fish catoh in Isni¢ Bag

(Tone)
1963 1964 1965 1972
Red mullcet - 2 3 disappeared
. Anchovy ) 30 28 35 disappeared
Jack mackerel | 50 10 1)
Turbot 1 2 1 disappeared
Kullet 15 48 8 y
Spanish mackerel 1 14 disappeared
Blue fish 4 ° 1 11 dicappesred
Atlantic bonito - 24 M y
Pilchard k) 6 10 disappeared
Mackerel 300 9 16 dinappeard
Others & 83 127 Y
426 217 620 s6d/

3ourcet Bused on "Environmental aspects of industrial development in
developing countries: case study of the chemical industry in Turkey”

(UWIDO/17D. 334).

Total catch data available only for 1973.

Table 2, Annual fish catch in Marmara Sea regiom

(Xilogramss)
1970 1971 1973
i

John dry 1 040 130 -
Sea bresa 615 630 500
Beasbed rookling 1 57 865 -
Grenybus 200 - -
Barrecuda 2 1% 1 610 -
Turbot 428 324 324 16) 196 ao0
Angel shark 10 560 5 220 -
Ournand 23 W 18 443 13 60
Blue fish 1 043 756 1 216 190 847 000
Atlantic bonito 1 409 025 1 584 882 000

"SoUrce: Dased on "Knvirommental aspects of industrial development ia
developing countriest ocase study of the chemical industry in Turkey" v
(UNIDO/ITD. 334)s




Dirty water and alr, moise, odours, dumps and waste material lower the
value of land; that is) the land becomes leps desireble and Will therefore
bring a lowor price, Build a luxury hotel or a resort next to a stinking dwwp
and see how many customers come back!

Ampact on air

Bissions from chemjcal Banufacturing to the air may be enses, dusts, fumes
and aerosole. Often the Primary emissions are odorous and toxic; eometimes
they are at first innocuous but react later in the atmosphere to form undesirable
secondary producta, It is almost impossible to generalize about the nature of
the emissions, cxcept that they are olosely related to the nature of the &iven
chemical process and often include the final product, intermediate products and
the raw materials of the process, It is obvious that the various types and -
-locations of potential air pollution erissions from g Partioular process are

invarisbly inoclude combustion products swok as fly ash, oxides of sulphur and
oxides of migrogen, in Wwmownts that depond on the composition of the fuel and
the eonditions of combustion, because modern eherical processes raquire large
amounts of energy to drive Pusps, compressors, blowers, boilers, and distiillation

and evaporation uni ts.

In general, we MYy expect emissions of organic vapours of intermodiates and
solvemts from the Paint, resin and plastics industri cs, Sulphuric acid
manufacture leads to entssions of the gas 80, as well as aervesl mists containirg
303 and Hzlo4. The manufactues of ether &5ids also lesds to aosd mists,

aseous end partioulate missiom of Mmeaia and fluoride.  Pluoride emissions
Dy enume severs dumage 1o vagetation and ‘andmals feeding on such vegatation,
Such kinds of intustry ase probebiy Of goend iLaportance for & matien that {g
shifting from an agrariem te ® fadustrial economy, becauge the manufacture of
fortiliser prodives am imgortamt product for an internal market.

0t




Tablce 3} shows some other types of air pellution amissions from other

inorganic chemical induotrics.

Table 3, Misccllaneows inorgamic cemicais amd
asaociated air pellution omissions

MR
Inorganic caemic:! producad Mjor air pollution emissions
Calcium oxide { imc) ‘Lime dust ——
Sodium carbonat: (soda ash) Asmonia - soda ash dust
Sodiwa hydroxide (caustic soda) Ammonia - osuwetic dust end miG%
Ammoniwm niirate Amsonia ~ nitric oxides
Chlorine ‘Chlorine gas
Brorine Chlorine gas

S

(Now %ﬁ:{cag;m(‘;; ;;";;:.a'l‘;Y‘;;?.:' . 4 ‘

Petroleum refincries ars responsidle for She following kinds of air
pollutiomnt Rydrccarcons from leaks, loading, sempling ete. | oulphur ozides
frow boilcrs, treaters, regenerciors amd flares| sareon nenoxide frea
regencratoic and incinerators| nitrogem onides from conbustion scurces amd
regmeratora; odours from sir and steam dlowing, comdensers, drains and veneels}
and; partioulate matter from beilers, ocstalytic creckers, regenersiers, ooking
and incinerstors,

Prom steel planis we may expect emissions of aetal oxides, smoke, f\umes,
dusts, organic and inorgunic vapoure and ga3es; if steel scrap is melted, 4%
may contain grease and il which them give riee to cemsidershle orgamic gases
and fumes. 3melting of non-ferrous metals often leads to emissiens of sulphwr
oxides and fluorides; metal oxide dusts and fumes can ud particularly teals,
especially from metals such as lead, Bine, cadmiuzn, arsenic, mereusy, wmadium,
sanganese and bismut..

Cument, stone, clay, talc, chali, asbestes and glass prelustion give rise
to considerable dusts and partioulate emissiome. 1ln gmeral the smaller the
particle sise, the groator the health haserd fyrom thesc dusts. The wboemely
hasardous caroinogenic action of ssbestos is mow well lmowm.

The Kraft pulp process for paper mamufasturing preduses aissions of partton-
late matter, sulphur oxides from the oxidising sene of resovesy furmesd ol
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very odorous reduced sul i compownds from tho redwoing sones. 3uoh plants
require exteuaive controls which are slipansive,

% spcak at length about air emissions from organioc chemical manufact: mihg
would be beyond ths 8oope of this paper. Emissions nay arise from raw materiale,
intermediates and final pfoducts of any suwoh process., As two uﬁl’oa,. oor.zlidér
the mamufacture of the important monomer acrylonitrile, and the important
precureor of rayom called viecooe, Aoryloaitrile mamufacture gives rise to
organic wastes that are usually incimerated thereby producing oxides of nitrogan
Apdrogen cyamide gas, vepours of sorylomitrile and related organic compounds
By 8180 be amitted from process oquipment,  Viecose manufacture 'eads to
wmissions of gases containing 818. Gﬂz and H’.

Figures 1V, V, and VI show some of the effects of various concentratizns
of sulphur oxides, ;articulate matter and nitrogen oxides respectively,
The figures are largely sclf-explanatory; the dietrussing cffccts clown in thosc
figares have led the Govemment of the United Jtates o aot the anoient air
quality atasdards shown in tadle 4 and the BOw=0usoe exiscion atandards siowm
in tadle 5. ihe United States Bavircanetal Provestion Agoncy is curreni y
developing emission stantards for the shemten! {adwstry on o PIVCOBO=Uy=-pr.ceng
basis,
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Tablc 4. National

.n'lx‘-q\nlity standards in the United States

Air-quality standard (ag/-j)

Substance

Primary
(wamen health)

(sl mu)

Sulphur dioxide
Amnual arithmetic mean
24-hour
J=hour mr"/
Particulatc matter
Amnual geometric mean
24-hour m
Carbon monoxide
8<hour uxy
f=hour ..
Oxidant
t=hour mu./ .
Nitrogen cxides (®ege, mz)
Annual arithmetic mean

Hydrocarvons
3=hour max (6-9 a.m.)

t A C. 3tern and others,
(Neow iork, Academic Press, 1973), p. !
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‘/ Not t0 be exceeded mere than once per year,
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Table 5. .Smry of standards for new or
substantially modi®ied sources
. oah generaiors miilion 1 ne&L in
(a) Partsoulate matter

(1) 0.1 1n/million By heat taput
' (0.18 g/mtllion calorie)

(2) - ¥o more than 20% opacity visidlc emiesions,
T except for two minutes in any hour visible
@®issions may be as great as 407 opacity.

(b}' lilphur dioxide
(1) o.aéamum Bu heat iaput
(1. 11104 calotie) when 01l iu fired

(2) 1.2 1%/mt1110n Dtu heat ingut -
(2.2 gfnt1lion enlorie) whem ooal is fivet

(¢) Moregm cuttes (oo »,)

(1) 020 1n/ntllion Wy noas faput
(0.3 j*ﬁutan calorie) when ges {s fiped

(2) 0,30 1w/atllion By heat ingut
(0.3¢ ¢/nillien calorie) vhen oll {s fiped

(3) 670 1y/million Bu heat input
1436 @ million calorie) when ocal fe rired

& Inoinerators (> 50 tona/per dey oharging rate)

Particulate matter
0.08 graine/et ou ft corrected o 124 00, (0,18 o/ned)

3s  Mortland cement plants
Partioulate matter

(1) 0.3 1v from the kiln per ton of feed to the kilm
(0.15 kg/metric tom of foed)

(2) :;: t:- ? Q:.:ﬂum l::t;:/-\r of Coad %o the

(3) % msre them teg Pesity vistble intesien frem kiln
ol o0l
{8) Lew e 1 opasity visibie wniseton fyem ol
. ether.souwsess in the piemd
& Mo '

. [ ]
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gome examples of air po‘llution omissions in Turkcy include 80 from the

3cka pulp wnd paper mill at Izmit, HE from the Scka chloralkall plmt at Iamit,
0, from vhe Koruma suiphuric acid plant at Issit and the Etibank sulphurioc
acxd plant at sandirna. The Jeka pulp and paper mill emits about 11 tone of
30, per day but the plant is scheduled to e closed within about the next five
years, ’lhe Scia chloralkali plant expsriences kg losses of about a tom per
year, a m@ iricant part of which is in tho waste hydrogen vented to the
aimosphere. The insidious poisoning caused by mercury is well knowm.
Apide from the wide!y publicized Hg poisonings of many people from eating fish
caught in the coastal waters ¢f Japan and reported in the intermmational press,
there have also been losses of working time in \he Seka ohlorelkali plamt,
amounting to about LT 36 500 per year and attributed tc attacks of chromic and

acute bronchitis, possidly owing to the imhalstion of ohlorime. The Etidank
H 304 plant at Ba.ndinu omits about %0 kg 502 per hour through a 50 & stack,
or about 0.0€ nmg 302/l or 3.7 kg loz/toa l!lﬂ‘; fugitive dust from the
pyritea cinder waste dumps at this plant were once troublesome but they have
now been brought under control. The Korume I'IO‘ plant at Izmit emits 35C «g
of 302 per day tnrough an ‘3 m stack or sbuut 17.5 «g 302 per ton BIIO‘.
Thesc 30, emisaions are compared with USEPA new source standards in table 6.

Table 6. 30, emissions, kgfton ®,%0,

tihank, Baniirna Korura, Ismit USEPA standard

3.7 7.9 ) 2.0
AR
It should be mentioned, >n the positive side, that prectically mo acid aists
are discharged from the Etibank HZBO‘ plant. It should also be mentioned
that there are phosphate fertilizer plants in thes2 ragions whers it appears
that air emissions of fluoride are well controlied; these phosphate plants are
dicoussed later in this chapter.




]ngg; on wWater

Just a8 in the case of afir pollution, the effect of the chemical industry
o% wter depends on the particular process or processes involved. In gemeral
it is poseible that raw materials, intermediates, final products and hy-products
a8 vell a8 wwanted wastes will be released from chepical processes to streams
and other natural waters.

Two important effects on water ares (a) the introduction of specific
toxic or poisoning agents such as Cranides and heavy metal cations and (v)
the introduction of chemical reagents which react with and thereby deplete the
dissolved oxygen in water bodies below the level that will support higher
aquatio life. Jueh reaction with dissolved ogygen ray be diological.y modiat-d
OF 14 may, in the case of maay compounds, proceed vithout the presence of
mioro-organisms. Such oxygen-demanding cospounds are often organic chemicals,
. but seme inorganic compounds (e.g. IRJ) can cause large depletion in oxygen
concemtrations. Although mest toxic amd oxygen-demanding impurities (with a
fov emseptions swoch as nitrete ion) can be removed from water to make it
potable by using well-accepted treatment processes, great concern still remains
over the destrwction of aquatio life efther by toxic materials or through the
depletion of ompgen content below levels that will sustain life. There is also
the great danger that toxioc substances will be Soncentrated by the food chains
of nature in the higher forms of aquatic life auch as fish, These kinds of
proceéases have led. to the wsll-tnowm cases of meroury and cadmium poisoning in
Japan from sating fish caught ia coastal waters to which industrial waste has
bemn selessed, '

= gmensl, any chemionl industry that uses or ssnufactures organic
ocmpownds has the potential for relessing such occapounds to waterways ejthar
throwgh leaks, ascidental pills or deliherate discharge of waste materials. _
Petrolewy sefinepriss and petreshenical osmplonse are treudiesems in thie regard,
Wrschally suing 0 ieaks fiun proscss PAPsenss iate process oseling wmter,

B atlifton W alr etiuiies tiee Wb Processet fentioned above, water
Pollutints alss Grise from the manfesutre of serylontirile and viscose.
Aorylanitrile prosenses Wy W aperted to prefuce mier as o reaction prodwot ;

this Wier soptaine (n"),n‘. Mtrites amd related conpownds, and it should be .
purifisd @ o cembination of thgnienl mnd Molegioal trestomnt,  Aqucius wste . -
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from viscosc 'r:.xamufactux'u contains considerable dilute acid (}12804), (li'l!4)2304
and suspended sulphur; it must be ncutralized, purified of dissolved solids
by precipitation and of suapondcd solids by flooculation before release to
watervays. Table 7 lists the main liquid vaste and gives suggested treatment

for several other organic chemical prooesses,

Espccially troublesome industrial water pollutants are toxio heavy metal
cations such as lead and mercury and toxic anions such as chromate and cyanide.
Such substances can te discharged by the non-ferrous metals industries, from
metal plating and picizling, photographic processing, and production of steel
and coke. The release of phosphates is thought to be at least a partial cause
of over-fertilization and eutrophication in i-ocoiving waters; although most
phosphate comes from municipal waste, significant phosphate can be ocontributed
by chemical processes such as the manufacture of phosphate fertilisers,

Acid waste-waiers, which can come from & large variety of chemical prooeuu,'
‘olearly adversely affect aquatic life, and it is usually required that they be
neutralized, Ofton tho neutralization introduces large quantities of calcium

that is difficult {0 remove,

Yastes containing cubstituted aromatic compounds, phenols and ammonia are
often discharged from coke-oven operations. Those aromatics and phenols are
especially difficull to treat by bioclogical means such as activated siudge and,
for complete remaval, adsorption by active oarbon may be necessary. Such
pnencls can cause oonoxious tastes and odours in drincing water supplies when
the water is cnlorinated, thereovy producing chlorophenols which meke their
presence known to man's olfactory senses even when their concentrations are as
low as a few parts per billion. Tho ammonis in ovke-oven waste discharged to
streams is eventually cxilized io nitrate, thereby dcpleting oxygen in the
waters and contributing nifruto ions which are upecioliy toxic to thc new-bom
and young children.

The paper and pulp industry produces a waste-water that has a high oxypem
demand owing to the presence of the degradation products of oellulosis fidre,
and a voery high colour content owing to thc prosence of tannins and other
compounds. The total comcentrations of suspended and dissolved solids are

high.
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Suspended solids in waste-water occur frem a number of industries,
The paper industry may release to streams great quantitios of undesirable short
fibres and relatcd particiesj the paint, pigment, talc, gypsum, asbestos, ct;mcnt,
steel and non-ferrous metals industries frequently discharge wators containing
various amounts of suspended particles of raw materiuls, intermediates, final

products, by-products and waste products.

‘ Some further apprcciation of the possible complexity of the impact of the
chemical industry on the aquatic environment may be appreciated by consulting

the appendix to this chapter which shows a listing of stream quality criteria

for the Ohio Hiver Valley in the United States, Hote that the chemical
constituents are specified for public water supplies, whercas the criteria for
aquatic life limit any tuxic substance without giving specifications.s To assess
the impact of a particular chemical process instaliation on the aquatic
environment, the various possible effluents shouid ve determined together with

criteria such as these and data on stream-flow rates and oxisting water quality.

Some examples of water pollution in Turkey arc discussod oelow. The major
problems appear to be in the Icmit-iarmara Sea area. At Izmit the Beka pulp
and paper mill releases about 5 million ga]./day of aqueous waste which has a
o of 2.4 a4 a Biochersial 0xy ren Derand (BOD) of 4,000 opmy this high-strength
waste should e neutralized and subjected to biological treatrent. The Seka
chloralkali plant releases sigmificant amounts of mercury in the recycle brine
bled from the processj torether with the Hg released with the vented h;rdromen
this amounts %0 a total Hr lozs of about a ton per rezr. Illernury aoull be
renoved from the brine by chenical reduction and s'ettling; alternativaly the
electrolytic cells mizhi be redesigned to reduce the Hg lces, In the Korwa
chloralkali plant there sre similar protlens with locs of hg in the liquia
effluent, althouch cxcess Hg is removed from the 82 by cooling and the 32 is
used to make HCl, thareby gvoiding releass of Hz and Hg to the air,

These two chloralkali planis at Izmit produce 2 large amount of solid
waste as a precipitate, which ocours from treating the incoming brine with:
Ba 012, NaOH and Nazco3 to precipitate sulphate, magnesium and caloiwa.

These precipitates are flushed into Iamit Bay. A better practice wosld de to

use the precipitates for landfill, .
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One of the worst situations at Izait appears to be the Koruma DDT plant
which releases to the bay about 4,800 tong Per year of 78 per cent 32304 uh.ich
aleo occntaing significant amounts of ohlorinated waste products., One approach
would be to neutralize the acid and remove chlorinated organic compounds by
adsorption, 4 far more attractive altermative would be to sell the acid to
the Gubre phosphate fertilizer plant at Yarimca 15 miles north of Ismit,

It might be necessary to remove ohlorinated organic compounds, however, before
" the ﬂzso‘ wasto could be used to Ranufacture phosphate. With regard to the
Oubre phosphate fertiliser Plant at Yarimca, it {g fortunate that fluorides are
prevented fronm entering the aip by uttor-scrubbing but, wnfortunately, the
fluoride-scrubbing effluent is relcased untreated to the Bay. leutralization

and procipitat'ion of the fluoride using lime chouid not entail great additional
coste,

Bandirma Etibank has & sulphuric acid Plant and a plant that produces boric
-a0id and borax from the minersls Colemanite (zc-a.sazos.snzo) and Tinkal
(1.20.23203.10::20). In the filtration purification steps, much of the final
borax and boric scid is lost and discharged through a 5 i pipeline ints the
Narmars Sea; 32,000 tons POr yeur of borax are produced, but 5,000 tons per year
are left dehind in the filter cake and lost ~ a very significant amount ;

25,000 tons per Yoar cf boric acid are produced, bt 2,000 tons are discharzed
sach year owing to inefficient filtration - again a very significant fraction,
These f1ltration problems W11l probably be studied and solved in the

Scientific and Industrial Research Institute now under construotion at nearby
Gebse. The Etibank sulphuric 8cid plant, mentioned abov. in connexion with
air pollution, also produces a waste stream of dilute H,IBO‘ which is used in

the bdoric acid Plant. Tais is an example of olving a waste prodlem with 5
localtsed profit benefit. Mere is aleo a privately owmmed phosphate fertiliser

this has led ¢ blockages of the sorubbing tower pecking owing to the deposit
of ineoluble sodimm 811j00 flworide (lczlt’s) foraet by reaction betwoen the
¥aCl im the sea water mlzsﬂ‘s. This prodiem night be solved by using a
Spray tower, Wt would probably require a larger tower to achieve the same
removal of fluworide, ' :




Noige, thermul, visual ..nd solid wauste pollution

Chemical plants produce noice arising from compressors, pumps, blowers,

flares, flamcs, steam—jet ejectors and, of course, maintainance work.

They also produce thermal pollution oy heating water in condensers and ooolers
and then discharging it to streams wherc the increased temperature can interfere
with aquatic lile and the general ecology of water bodies in ways not yet fully
understood. The visual pollution from denuded vegetation, choked and oil-
coated watorways, festering waste lagoons, large process wnits not designed with
any aesthetic purpcce in mind, and zeneral untidyncas is associated with
industrialized districts in general, irreapective of where they may be found

in the world. Such visual poliution is no étrangar to those who live or work
near industrial chemical installations, and it can be seen in a variety of
heavily industrialized districts in countries throughout the werld. 8olid
ﬁ.ltel als> accumulate from chemical operations. ihen a solid, imsoluble
.by-product cannot be sold for use in another industry or in another cheaical
process it accumulates and must be disposed of. Altkough the chemical process
industries have their share of such solid wastes, the situation is usually not

8o distressing as in the cases of, for example, mine tailings, cement dust, fly
ash and municipal garbage waste. Such solid wastes frequently acoumulate in

the chemical industry as tre result of practicing air and water pollution ocontrols
that is, such s0lid wastes frequently are the dustis collected from effluent gases
and the sludges and precipitates that are produced when water is treatod to

purify it before reisase to streams,

£ % 1]

The air-emission standards and water-effluent standards to which the
chomical industry ie subject in the United States are based on aohieving certain
ambient air-quality standards and certain stream water-quality standards,

The ambient air-quality astandards are based on public health considerations)
wter-quality standards are usually based on the most demanding use to which
the water body is put: public water supply, industrial wter supply, fishing
for recreation or food supply, that is, preservation of the highest forws of
aquatic 1ife or rec.eation such as swirming. One way to distinguish betwemn
the two general types of stundards is to 'u.y that air-quality standards and
water-quality standards desorire a desired condition of situation of air or
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water, whereas air-emission standards or watcr-effluent standards prescribe
abatement actions and 1.mit polluting activities, Air-quality standards are
usually set with the public health in mind, that is) to define a certain

quality of air that will emsure the health and safety of those who breathe that
air; the air-cmission standards are then set and imposed as regulations by law
in order to achieve the desired ambient air quality, Likewise with water;
first it must be decided to what purpose a body of water is to be put

(e.gs drinking supply, fishing, recreation, industrial water supply), and the
water-quality standards are set accordingly. Effluent standards or regulations
are then set in order to achieve the water—-quality standards.

In each instance there are certain minimum federal standards that must be
mets Actual pollution control regulations, however, and their enforcement are
usually left to the individual state or other local body with the proper
Jurisdiction; for example, the Delaware River Basin Commission or the
‘Ohio River Valley Water Sanitation Cormisgion. The reguiations and enforcement
activities of these bodies must meet at least certain minimum federal laws and
guidelines; if they do not, the Federal Government can exercise the option to
enter the situation and enforce federal laws.

It is important to mention that in the United States most water- and air-
quality standards have been set after considering a vast amount of data tha*
are nevertheless still insufficient for firm conclusione, furthermore, the
effluont and emission regulations are set to achieve certain water- and air-
quality standards, again with much but still insufficient information as to
how the quality of natural water and ambient -air is influenced by various
effluents and emissions, These uncertainties can be shown diagramatically as
followss

Rumgs A ) Ambient 2 AMr-enission
health { g siowguality
1 etapdards Prantarts

‘Drinking water

recreation, or , ,

eler-
or fishing or -—3'—) quality wl"‘#
i standards standands




Wote that wrrsw 1 represents all of the poorly known, difficult-to-measurc and
controversial scicatific and medical data regarding the rélationlhips between
human health and Lhe quelity of the air breathed, Similarly, arrow 3 represents
the equally controvcrsic and poorly known criteria linking aquatic lifc and
water quality or linking human heallh and the quality of drinking water. In
spitc of the uncertainty (copecially as to long-term and cumulative effects),
there are still certain 1.mits that arc well known, for example, what
‘concentration of carton mondxide in the air leads to death by asphyxiatiom of
the average human or what quantity of cyanide ingested ocauses fatal poisoming

of the average human. There are also many wncertainties represented by arrows
2 and 4, and these have ¢ dd with the cffects of such variables as metaorology,
geology, topugraphy and the natural assimilative and self-clcarsing aspecis of
the vodics of air or water in question. In these matters also thers are certain
extreme limits that can be known with reasonable certainty. It must be
‘rememcercd, howcver, thal. in spite »f the scicntific amd technical controversies
and uncertaintica about thc relationships represented by the arrows, essentially
all the indusirial naticns of tne world have now set standards and made
regulations and rules governing omissiono %o the air and discharges to waterways.

Because thore will always oe uncertainty in these relationships, whioh
are used oy osur governuental vodies to set emission and offluent standarde

(that is, the standards themseives are not legislated out set Ly bodies of

administrative government), such standards remain subject to challenge im the
courts of the United States. In other wrds, it would be appropriate for an
aggrieved party to brins suit in & court of appropriate juriediction in an
attempt to have a standard changed on the basis of newly uncovered infommation
or old information which had been overlooked or neglected in the original
process of setting standarda, It would be wise Zor any nation new dewelepiag
environmental control legislation and emforoemeat bureau:rscies to {ry te uild
into the system the option for later adjustments and reredies for standards
that may be set unrealiviically at first. Whether these opportunities fer
challenge and change would be through judicial suit or octher meams would of
course depend on the particular type of govermment; and of oouree it shenld be
possible for the challenges to be made from either directiom, thet te olther
for stricter or for relaxed standards, ) .
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Another intercsting approach to pollution rogulation might be termed
blankct regional regulation or land-uas management, Some. examplea of thig in
the United States are Dado County in Floric.h which l}u outlawod the sale of -
phosphase-containing detergents and Juffolk County on Long In;md where the
sale of detergents has been banned entirely, In June 1971 the State of
Delaware, by the combined actiom of its govermor and legislators, passod a
coastal sone law whioh bans new heavy industry along the entire 100-mfle
ooastline of that small State, This law thwarted plans for S750 million of
industrial development, including a new oil refinery, The Dolaware Coastal
Zone Aot defincs heavy industry in a way intended to itemize characteriatics
ausociated with steel mills, pulp and paper mills and petrochomical-oi]l relining
complexcs. The Coastal Zone Aot lists eight characteristics of "heavy
industrial use", which are shown in table 8,

Palbe 8. Delaware Coastal Zoge Aoty heavy
industry charaotertistios

Lid area in axcess of 20 acres and some of
the followings

Sneke stacks
Tenks
Metillstion or resstion soluwas
. Chemécal proceseing oquipnent
Serubbing tewers
Plekling equipment
Waste trestment lageens ‘
m Coastal Zane Ast, Biate of Delavare,
, Nates of Americe.

Plaally, in discussing the regualties of polluwtion, twe very inpertant
1.""“.-“& antivities sheuld be Sattened. Pivet there 10 the
requirenent fir poeperation and filing with apprepriatc soveramental agencies
"envirennental inpast wletemente® for iy wouly sonterplated project renging
from housing developmentis to the ot runbion of chamical fastories to develonins
on SBT alroreft.  These stetements sust b prepared Wy my private oftisen,
1mmhnmnm¢i&Msmm ad they
L) mm.mxmmmwaw affectn,
foveurshie i wmafommwsatle, of the contenplapat pragest. e ether devioe

e




o™ fnlirpeat hepe 18 the pepiirencnt for obtaining a perrit by recistering uith
the state or loral jucindiction all ﬁir-pollution and mt'or-pelltﬂ.ion Rournes
ahove certain sizeny such registrations are done hy completiag forma vhioch
indieat~ "1 areei”icntions and pariioculars, e registration aan then de
used ax the basia o carryins oul routine or randon inspections hy enforcenent

persomel,

Agatcrent of nollution - writep

Biolo~ical {rentiont hy the astivated aludge proccss oftan cannot be oarried

out on w~gleg “roiy chemical rrocessing until certain contarinants are removed

or vedired i. conceniratinn to the extent that wicro-organiasis aaa grow in the

waste=satler and rataonlize the “ioderradable constituents, This preliminary
ph.-sico-cherical trcatment {s o’len sccomplished o, coazulation and precipitationg
$e;ron-l this, rerainin: dissolved conponants oar often he ramoved by adsorption,
_dialysis, rovorse oenosis, electro-dial; sis, ultrafiltration, ion sxchanye or
other su~h Maivaainei” tectaiquess Phyure VIT shows various processcs or it
nnerations for ro ovin: vavisus types o° uater pollutents, In this “isure the
polluianis are divilel sciording to vhether ther are orgmnic or inorganic and
further, wiihin either of these oategories, asoordinz to whether ther are soluble,
colloila) or suenenied. IFimure VIII is a related diagran intended to sho hov
the various wit onerations cen e applied to sohieve various levels of removal
ran-inc fron ssrceiins for coarse solids to swsh techniques us dialysis and ion

exchirn~e for rc.oval of iiorgniic ieas.

It i3 interesting that Unitcd States laws, whioh require that effiluemnt
waters from new planis be irsated by the “best available techmology”, are
brinzing avout increasod frequency of some of the more sophisticated purificetion
processes, The result is ihat many industries arc veing _ed t0 practice almoat
complcte watcr reuss wlerc the effluent regulations are 8o severe that water
purified for releare tu streams is sufficiently pure to use over again in ths
process,

Abatemant of pollukion — alr

The many techniques for ourtailing pagticulate eainsions ave samriesd in
table 9 where thay are comparel as 10 the particle-sise ranges for wieh Sy
are offective, removal efficiemcies, space requirements, aasiews operating
tempcrature, induced pressure drop and annual operating cost. Some gemeral
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techniques applicable %o the removal of certain gascous pollutants are compared
in table 10 regarding pressure drop, installed cost and Operating oost.
Sulphur dioxide still remains a very troublesome gas to remove, and many different

types of 302 control systems are under development; a number of these are listed
in table 11,

Scrubbers are worthy of particular mention because they can be amployed to
.Temove both gaseous and partioulate pollutants, Some different types of
scrubbers are listed in table 12

Finally, a very important method of pollution ocontrol should be mentioned,
that is, process improvement or process modification; this &pproach is appliocable
to both air and water Pollution control. Aside from #aoh obvious things as
improved housekeeping (to prevent 8pills for example), it includes combustion
modification, gas cooling and heat recovery, incineration, operating existing
~oquipment at lower throughputs or modified temperatures, and of course proper
design or modified design of stacks and diffusers for sccomplishing the greatest
poseidle dilution of emissions and effluents before they interact extensively
with the enviromaent, .
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Tsble 9, Cosporisen of particulete renovel qdlp

hul

Particle " Mm hn-n
Type of collector si20 range i beco

Bog house (cotton 0.1-1.0 " Febe
bogs) 1.8:40.0 Soat
10.0.50.0

bog heuse (Decren, 0.1- 1.0 fole
wyles, orlem) 1.0:10.0 -
1.0.00.0

fibre) 10900 -
10.0-00.0 Good

Doy house (Teflem) 0.1-1.0
1.61.0 Good
W00

Eloctrestatic 0.1-14
precipltater 1.040.0

. 10.0-00.0

Stonderd cyclons 0.1~ 1.8
1.0-10,8

10.0-80.0

0.t 1.0

1.090.0

19.0-50.0

- 1.0
1.6:90.0
10.0-00.0

81- 1.0
1.5-10.4
w400

..1- ‘ 0'
1.0-10.0 (xcollont
ﬂ.l-ll.! (xcollont

=humz,4nmmwwmmﬁmuanWM»
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Table 10. Comparison of gaseous pollutant removal cyotems

Pressure Installed Annual
Type of equipmont drop cost 3 operating coat

(om, HZO) (3 per n°) (3 per m3)
Scrubber 10 2.45 3.50
Absorber 10 2.60 7.00
Condenser 2.5 7.00 1.75
‘Direct flame afterbumer 1.2 2,10 © 2,10 + gas
Catalytic afterburner 2.5 2.90 7.00 + gas

4. C. Stein and others, Pundamentale of Air Pollution (lrew Yory,

Academic Procs, 1973), p. 422,

Tadble 11,

Possible 802 control systenms

Hethod

Remariks

Limestons - dolomite
injection (dry)

Limestone -~ dolomite
injection (wet)

Alkalised alumina sorpiion

Catalyti: oxidation

Coustic scrubbing

Calocined limestonc reacts with sulphur oxides.
M™en dry partioulate control xysten,

Caloinod limestone reacts witn sulshur sxides.
Romoval by waet sorubbers.

Sulphur oxides rem>ved by sorption on solid metal
oxide. MNetal oxides then removed with
porticulate recovery systea and regenerated.

2 is catalytioally sxidized to 30 and then
sorubbed and recovered as nlphu!‘ic acid.

Cawetic neutralises ulpbur oxide compounds.
Only in use n amall processes.

8 Ad Co S%em ad
m%u. 1973), ». 4M.

P

others Lundaperiala of Adr Pollumticn (New York, ?




Tsbla 12,  Sussery of besic types of scrvbbers

Water i
vs, Bt Dreft
gos flov circalotion 1oes

Concurront or o lnches
Bustc type  Specific type countor o wio

Por cont colliocttion

por
croes 1,000 che e Lo  Nederste

tengential inlet ' concurront or 5 14
wet cyclome crons

lapingesent spiral baffle concurrent ¥ ]
baffle vet cyclons

singla plate concurrent 24 -8

sultipla plate concurront 12

b =
flued bed concurrent o 120 4
counter
fluldh 2ed bod countor 1
f1osded bed concurrent -
snitiple bed comntier b1?

vide slet " consurrent »%
sireulor slot soncurrent
witiple slet soncurront

Moh=proours
néivecproseure
loveproseure
floeded diee

croes=1low pached e
conirtfugel fon sonqurrent
witiple vanturl

conbtnation venturt " concurrent
sosbination fon type  comewrrent

SRR

,. o, dac A, O, foss, od.. Aic Pellution sad lageaiey (Now York, ven Nestrand-Boiahold, ¥72),




ATER QUALITY CRITERIA OF THE OHIQ RIVER VALLEY
WATER SANSTATION COMNISS)ON

Free from substonces stiributadle te munlcipel, induotriel or other
#ochargen that vill gettle te fors putrescont or sthorvise objec.
tionable sludge deposite,

free frem fisating dobris, sll, scus and ether fioating netertely
stiridutodle to sunicipel, Induetriel or ather dischorges 1n sneunts
mfficlont te be wnsightly or deletor!ous,

Free frem ssterlels eltributoble te sunicipel, Industriel or ether

¢locherges producing celowr, sdeur or sther condi tione In guch degree
88 te creste ¢ nuisence,

Fres free substances otiributeble te sweicipal, Indvetriel ‘or sther
fischorges 1n concontrotions or conbinations which ore fonic or

© hersful te husen, snlsel, pleat or aquetic 1ifs,

- ddease-gual ity oriferiy

« D felloving celterie ors for evoluntion of

Cac_mblic sater gucely
efreen wolity ot the poist st which vater Vo vithdrowm for treataent
od Batribution o¢ o petodle supply; .

1.

()

LB

Baciarda- Colifers group ot to onceed 9,000 por 100 o} o0 o
Senthly aversge value (sither PN o WF comnt): mor excoed
s ausber 1n sere then 20 por cont of the samplos emeined
Gring sny oonth; ner encood 20,000 por 100 o) 10 mere then
$ porcont of such sanples.

cssiuid-otar maber. 8ot to encond 24 (ot 00°C) o ¢ i}y
"werege,

« Mot to onceod 500 ag/litre o o sonthly average
velve, ser encood 730 0g/litre ot ony tise. For Ohie River water ;
#:u of weific conduciance of 000 and 1,200 o1 crenhes/ca (ot i

) ooy be coneldored sivalont to dinnelivedess]ids concontree 4
Hons of 500 and 750 09/1Vtre.

~ « §rene beta sctivity (in the heow shoence
¢ slphe anitiers) net to excosd 1,000 siere.

lvel
slerosurios por 114re of gay ting,

Soniss) conatiiusats. Vot te encood the folloving specifiod cone R

onibetions ot sty tiom 1

Conet! edt Comemniration (sg/11tra) !
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For_indugtrig) yater gupply. The fsllowing criterts sra spplicebls
e atrean vater ot the point vhere tha vater Vs vithdrawm for use
(vi th or vithout treataent) for induatrie] coeling and precessing:

1.  Disselved oxygen. Net Taas then 2.0mg/litre a3 s do\ ly-averoge
valus, ne- laas then 1.0 ag/litrast any tins,

2. pH Net leaa than 5.0 ner grester then 9.0 et any time,
3. lesperature. Not to axcead 35°F at sy thes.

b, Diggolved solids. Mot te ancand 750 ng/Vitre o8 o senthly sverege
velus, nor excasd 1,000 ng/1itra at any thee. For Ohis Miver
water, veluea of specific conductenca of 1,200 and 1,600 stcreshesks
(at 25%) eay be considerad squivelent te disselvad-selide concone

trationa of 750 and 1,000 ag/1itrs.

For aguatic life. The folloving criteria are for avaluation of conditions
Ter the meintsnance of a well-balanced, warm-vater fish pespulstion,

They are spplicebla at any petat in the strese except for srees Tenedie-
tely adjacent to outfells.  In such erass cognizanca vill bs given to
espportunitiss for the adeixtura of vaate affluents vith river wter,

1. Diaselved cuvgen. Not Tess than 5.0 ag/Titre during st lsast L N
sf any 20=he period, ner lass than 3.0 ag/11tre at any tiee,

2. gl % velues balew 5.0 ser shove 9.0, sad datly sverepe (o sedien)
values preforsbly batveen 0.5 end 0.5,

3. lsseeraiues: Mot te emcoeed 92°F st ooy t1ne during the aenthn of
Moy through Novesber, sod net is excond 73%F st any tine doring the
aonthy of Daconber through lpril, .

Nt to ancesd one=tenth of the dl-he sadion tolermmee
Hett, oxcopt that other Iteiting concontrations sey be uved in wecific
cases vhen Justified on the bastia of avellable evidenca snd eppreved by
the sppropriste ragulistery agency,

Esc raccation. The folleuing criterion to for evalustion of conditions
st sy point 1n veters designatad ta be used for recrestions! purposss,
tacluding such veterecontact activittas os owinsing snd wter dhitag:

. Colifors greup net to axceed 1,000 por 100 ol as o menthly
sverage valus (sither MPR or IF count); nar euteed this muaber ta aere
then 20 percont of the sasplas exsained during any aonih; nor encesd
2,400 per 100 ol (NPN or WF count) en any dey.

1 tyry! . . Criteris ars ihaoene 08 thene chewn
for ainisve conditions appltcable to o1} waters st o1l plases ond ot
." ‘t'..- T
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III. FNVIROITIZTAL DININSIONS IN TI® CHOICE OF INDUSTRY AND TRCIDIOLOGY:
KIVIROMIZNTAL IIDACT OF THE LEATIER INDUSTRY

Supmary of the offests of the Turizish _tainips industry og the enviroppent
David Winters*

on the bacis >f published data about hides and skins and assuming & typical
average leva! :f water usose, the Turkish leather induastry's input of rew hiden
and sxins ic around 32,000 metric toma of fresh salted hide and skin, or about
4.1 million o' des per annunm (13,666 daily).

The avcracs intornational water usage for tanniag is about 50 1/kg,
1,60 1,000 1 per 20 kg5 of hide. Thus, to process all domestic hides and skins
by ..nning would consum3 water and produce effluemt of about 4.1 million 33
annually or 13,005 m3 daily. In addition to this large volume of liquid effluent,

golid wastes of up %2 30 per cent of raw hide input may be produced.

The eff'ucnt is dark in colour, smelly with high conoentratione of solubls
and ins.iucl:, organic and inorganic matters (typically a Biochemical Oxygen
Dcmand (30D) of circa 1,000 mg/l coupled with suependsd eolids (S8) of circa
2,500 mz/1).  Although this effiuent has no high toxicity, it can only be
describad 6 >ffenoive and noxiousj when discharsed in volume it may have looal
ecalogical nlfests, altaough fow scparate studies have bsen pads of the
ecological cofcot of this effluent. '

In areas sach as Xszlicesma, the Istanbul suburo, where some 50 per cent
of the couniry's tanning activity is 1acated, the offoct is patantly spparent
for all to> sen. The roads in the area are honeycombod with sewage chamnels -
often over-flowing - which lead 3 discharge poinia on the edge of the sea.
Piles of odorous solid #astes line the streets.

Without doubt the impact of the industry on the environment ocould be
greatly improved. Tffluents could be processed to acceoptable standards and th2
solid wastcs could be better disposed of. It is suggested that a “reasonable”
standard of efflumnt troatment could be obtained for the Turkish tanning industry
at a cost of some 5US 3.1 million, that is about 3-4 per oent of the $US 60-80

million currenily said to bz the fixed capital of the taming industry.

To obtain even this re'atively low capitsl sum from the {ndustry would be
difficult today, however, since the industry is striving tc {mprove MAlity «

Y U0ID0 Consultant in the leather industry.
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81l of its resources arc apparently being spent for re-cquiping machinery,
Thus to use the limited resources $0 combat hasards to the environment may llov
down the progress being made in exports,

The industry could service loan capital for environmental improvement, at
less than 1 per cent of leather production costs and with no effect on'oxportl.

'Problems are encountered owing to economies of scale. Units producing fewer
-than 200-300 hidu/da.y could not support effluent treatment plaats at a
secondlary stage, without serious financial loss. Indeed, tamning units producing
100 hides/day would not have the capacity to handle nore than primry settlement
and decantation,

Only at the lcvel of about 1000 hides/day (10 per cent of the total Turkisn
tanning industry) would a tannery be able to supvort an effluent treatment plant
with almost no effect on its global competitivenesa.

Reference has been made to a "reasonable" atandard of effluent treatment.
It must be clearly understood that at no tannery in 'l\mcey could one economically
treat effluents down to potable water standards. Even the 20/30 BOD/S3
standard may woll be too stringent for tanneries to flfil,

Prior to tho imtroduction of effluemt oontrol legislation it is sasemtial
that the tanners be acquainted with future roquirements. At that time major
efforts should be nade to make the tamncrs aware of the available "“best
environmental processes”, The adcption of "envirommentally sound tamning
pmomu" could achisve over 50 per cent reduction in volume of effluent and
gron.tly Muco th. coot ot ubuqulat troatment plmt.

B tmtoe ey acd the sviromaest

In \hie paper an am-pt is nh to owtline the current impact of the
tanning inlutsy en the swvirorbent and te ShgeuEt paths that mag e followed,
by industuy and Soverihel, dn otfler YAt mesnih@inl Higrovestnts my be achieved.
Some nﬂﬁ:wmmwm \Io cost il' proveiint sep %o nessurcd
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raw ovhile ieg

As & BOD chnarge in offlucnt treatmen® 4.8 to =1.2 UB eents

As a nitrogenous fertilizers .

For Yeathor nanuilacturct +24 tc + 48 UB egmta

Thus, °n the basis of 20 kg of hide, each raw hide is a potemtial liability
to society anl th- environment costing from 36 to 144 US cents. ihem comtrasted
with the SUS 5-1C,whizh is tho amount such a hide realises as & rew materia’ for

subsequent tanning, or 8US 15=30 for the tamned leather, it is ctwious that the
tanning onbciratisn is potentially, economically and socially, advamtageous.

The cucstion then may be put, can the tanning industry improve its
environmontal irsact and at the same time retain its undoudted economic advantage

to socicty?

With conscious cffort great improvememt could be mede at realistic cowt.
The fields for action ares

(a) The employment of better emvirvamental processes;
(b) Improved troatment and disposal of effluemnt and solid wastes.

vhen it is rosliced that im addition to the large volume of chemicals used
and discarded by the tanning industry some 3J per cemt of the original protein
purchan'ed by the tanner is disposed of sdditiomally either in the effluent or
with the s80lid wastes, it is obvious that the prodlenm is severe.

It may be assumed that utilising typical treditional processing techmiques,
the volume of effluent produced by tanning per kg of salted hide nay well be over
50 1. Thus, a 20 kg hide may require more than 1,000 1 of water for precessing.
This forms the effluent which could have as its major chesecteristics total
s0lids of about 10,000 mz/1, suspended solids of about 2,000 mg/l and & %D, of
over 1,000 mg/1. (See appendix I for full typical amalyeis.)

A modern "best environmental® precess say have only 25 per omt of e
water usage suggesied above, At suoh levels the comcentration of the «iwemt
may be increased, but, of prime importance, the volwme will heve been pefiuced
making it more amenadle and ecemomical %o treat. ,

To process large volumes of eoffluent without attempting % Mlhm”; :

! ek




-.59-

can only make for uneoonomioal yield, Bailay(?) quotes figures im the

Usited Kingdom to show that by using trede effluent charge formulas the cost of
effluent treatmant related diroctly to volume varies from 29 to 60 per cent.
These figuros are derived from municipal sewage worke proocsesing composite
domestic and industrial wastes, but the same relationship between offluent
treatment plant total eosts and volume costs ocould be expaoted at treatment
Plemts for tanneries or serving industriasl estates, since many of the necessary
wmits are designed on flow, e.g. pumping, secreening, primary and secondary
sedimentation tanks, Thus, the introduction of "best environmental" processes
becomes & matter of prime importance and urgency to ensure that treatment
chargaes shall be at t:ulutic levels.,

Modemm processing techniques sase the cest of effluent treatment ad may
alse redwoe the volume and cost of ohemioanls used in the tamning operation,
thus partially offsetsing the cost of treatment, Po imsorporate fully all the ‘
available advantageous "Sest envirumental” processes My Pequire a newly -
‘eonstructed tannery., However, many of the processes remire little or no f
plant modifieation, and others require only mimor "slumbing® dlterations.

Treatnent of tannery effluent €oes not dtffer greatly hou treatment of any
effluemt of similar genersl oomposition. Tanmery effluent possibly contains
seversl chemicals which may give comoermn %0 environmentalises, but there is no>
need fo@ thess shemicals to cawse anp grest psoblems. Julphide present in th-
offiuent ot the level of 100-800 ng/l may be essnamteally trected separstely
in & sisple plant (3)e Chromiwm VI (& toxie ®sterial) should not be presemt
and ohremium III (lesser toxicity) at the cemcentretion fownd in preotiocs, circa
70 ng/}, showld not have any offect om the offluent treatment process, provided
proper pria aixing, belancing and eettling of the efflwents heve bdeem
offectad (4 |

hm-wrum;’mumou'y”motmmmwm
tamerian, T phraeg s felideretely nem: 1t dow Bt reval at Mat
standang oF leva) Wpnery offinests osgld be ipmisd sesusmisally,
Realistioslly, if indstey ilto“plmnﬁlmnu that ite
negative impeast o0 the wivirommet is lademned, expastatiens must be ol justed
sccordingly. Teslmtoally, Ml-uﬂi&tﬂmtdtm‘ﬁtd
mumtmmus.uumquhnmuumuuu
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coonumy could etnd. Bailey (2) cusgests that by treatment at a secondary stage
(biologica') the cust would Lo some 20 per cent of & full effluent treatment
including roverse ssmosis (R0).  Yet even this seoomdary stage may well achieve
about )5 ver cent romoval of 30D.  This may not produce drinking water, or evea
achieve tl.» Sroquenti.y quoted standard of BOD/SS/Zj/N mg/1, but it would
certain’y nake a sreat improvement in emvironmental conditicns and wuld appear

economical’y ren’izable in most countries.

The psusib’e finmcial and economio effects of effluent treatamt are
outlined in a 'aiter section, The degree to which amy particular country mey
advance is governcd very much by its affluence and the priority it sttaches %o
the envirnment. .ith domcatic sewage the options are clear; with imdustrial
effluent it must oe «xpectod that industrisliste will claim shat account must
b- taken of global competitivenoss. They will not be casily ecoerced or persunded
to invest in cfT.uant treatment more than imdustrialists in' other coumtries.
Mowcver, siven the present world—wide sstivity in this field it would appesr

rea’istic to imstitute progressive measwres in the coming decade that would
enccurage th- use >0 "best envirommental™ process tcchniques. Coupled with
treatment urits, Lhis approach could achieve at least a tenfold improvemeat in
effluent standards (30 per eend redwstiem in 30P0) and lag the foundatiecn
further improvement im the future. -

. m———— . ———

The intcrnational tanning industry is comservetive im ul ma‘ A &
technical innovztion. For that reason little motios seems to have beem taken
of the fact that in genera) tanneries consume twice as much water o thets
technical orocaess seein to demand,

Thuc a tannery ~mploying & process that momimally requires 17 1/xg of
water may well use >ver 30 1 in practice, the over-use generally being attributable

to unoontrolled waszhing nrocesees,

Althoush the tanning industry is said to be oonservative, the
Imtemational Union of Leather Chemists Societios has attempted to remelly m
situation in the environmental field. In 1969 it imetituteld an MfluEmt
Commiasion which has since isswed reports of five sajor mesttngs.
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Alternative and currént technolspy = "bast environmental nroceasen®

Relativ " - simple process ad justments may cause drastic reductions in volume
of effluant, A )0 per cent or more reduction in volume is easily obtained.
Total pollutants may also ve greatly lessened, Some of the process modifications
suggested would require minor plant and plumbing alterations before being intro-
duced into existing tanneries, but such modifications could easily be
inoorporated in planning for new developments.

For those not familiar with the Sanning industry it may be necessary to
state that hides and s:ins may be processced in a varicty of vessels, The three
mjor vessels in use today are: '

(8) Pits. Usually made of timber or cuncrete, these are set mostly belosw

floor level, !> agitation is usually supplied. The hide requires water of
from 5 %o 10 times its own weight for normal processes ;

(¥) Paddlcs. These are opem-topped, timber, horisontal, semi-oylindrical
- vessels which arc agitated by a paddle. Water requir-ments are somewhat similar
to @ pitg |

(¢) Drums. This is the most mdem low-price system of timbor
construction. The drum revolves at from 2 to 16 rev/min,, machanioa! action
is produced by shelves or pegs inside the drum. ‘fater Tequirement 1is from sers
to three $imes the hide weight. :

The mter used in the above préconu is kmown as the "float"” and is
calouleted as & porcemtage of the hide weight, i.e. 100 per cent float «

water $6 same woight as hide,

Rany of today's proceeses may simply bo described as environmentally
unsound, because they use large quantities of water, employ and emit by way of
offluent excess chemicals, and make little or no provision for re-cysling or
regeneration of process liquor.

~ Thews afe 490 Bany processes in wse throughout the world to be covered vcven
wriefly here. iy ourrent prosesaisg tedmigees” is meant metdods iz wpe
todty.  Gsaerally tw eategories emist: |
¢ o Deelvovamtelly “seealt @ o
Al winekgeipeatally ‘wmseed® o . e
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Thooe that arc cnvironpentally sound n.ro. mainly dealt with here, It is,
of cource, quitc poseible %o process good leather by. an “unsound" process, thus
preducing reximum off'uent.  This effluent could them be completely processed.
Such a project is cxponsive in capital and rnning costs and must not be

encouraged.

General'y the unsound techniques are those that have high water consumgtion;
many use ruwint uster washos in place of batch washes, or high float lovsis,
i.e. over 100 per ceite Thus, these poor technologies would rcqniro well over
50 1 water/kg rau sioclk processed, which wuld at times even excsed 100 1
compar:d with & rcssible level of 25 1 op 10.-/1:;(5.6).

Likewise, cxcwig8 chemicals will be used‘ and dischargod; e.g. for whairing,
4 t5> 10 per cent lime is "unas>und” (although often used), wheress a "sound™
Srozess wou'd cither re—cycle lime(7) or use levels dowm to 1 or 2 per cemt {8)
of lime, cor alternate matarials.

Likeuise, in tanning one has the option of "unsound® proocssing with oaly same
70 per cent of tanning agent being fized to the pelt, the remainder deing
releaced in the offlucnt. This may de connared with processes fixing 30 psr
cent >f Luming 2g™mt which are "ssunder”. "Jound™ nrcoesses for "mo float”
(9) =2nd rc-cyeling(10) arc outlined later and must be major industry dbjectives.

hen 3 recont report showed water usage for production of full chrome wpper
lcather renzing from 3.7-13.3 gﬂ/ﬁz, the variations were tsuly evident.

Genera! lowering of water congygption

This in itself is a usaful dvugco mviromaentally; it may well camse
higher polluted »ffluentc, but at least the volumas > De treated will be
lessened. Frondrup and Ludvik ropoﬂcd(ﬂ) in 1971 a 50 per ot 4rop in water
usage, basically by using batch-washing processes in Dlace of oontinwous
techniques. These figurcs no doudt also reflect the wse of shortsr floats.

In Swoden(5) a figure as low as 25 1/xg was reported using automatie &rums.

This is in line with the Figures quoted in 1973 by Harfeld(6) for weter
comsumption using & rapid semi-continuous process; ooupled with low floats, such
a process, he cuggsuts, roquires 25 -30 n3 water per ton of rew material, whieh
he comparcs with the 150 =200 m3 used some 20 years earlier (still wsed by seme
conservative tanners). The above technigues require Virt‘lly o alteration.

in tannery nlaat, : *3{’
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A much more radical attack on the problem is made hy D. A. Bailey (2)

In 1972 he suggested tha segregation and reuse without treatmont of tannery
waters. His four categories wera:

Presh water (new) .
Pairly clean ( reusable)

Koderately clean (reusable for dirty jobs)

Dirty wator (disposable) ‘

Although Bailey's tschniques would requirs catchpits and extensive replunbing,
he shows a poseible saving of even greater amounts, i.e, from 4,200 units dowm
% 1,600, a 60 per cant reduction without changing besic nrocussca,

There is litilc doubt that most tannery processes can be conducted using
floats at the 30 to 50 per cent level, comparad with the more srihodox usage
of floats >f 100 to 300 per cent. The drive mechanism of tannecry drums may |
need t0 be strengthoned and madc more positive to ovorcome the greatsr initia’
.torque requirements., 1

The author feels that the continued use of raddles and pits using floata
of up tc 700 per cent cannot yet be accspted as techn: cally or environmentally
sownd processing unloss the nits and >addlcs are used on a ro=cycle basis.

Pp) 2 + c3 o n

Italian woskers have shown (11) how, with semi-treatment of scgrogated used
waters, & large volune may be reused. (Lot as simple as Bailey's proposal.)

German workers (12) have showm that iy uping a "one-shot" process (soak ¢
bate) one nay make over 50 per cent reduction in water usaze in this heavy
water-oomsuning section of processing.

Davis and Sorogsi=(9) in Australis, by i.dm;tln; the use of spemt ohrome
liquors for pickling, sutomatically suggest poseidle water savings se woll as
lowsr pollutant levals,

Dlase] gt sl (13) had shown the possibility of reusing lime liquors after
partial tresiaeng, it more resently a miah greater advense has been sugsested
b Soney and Awinis(7) ta Australis, where i mmll-scsle trials they mnaged

% ro-qpele, without trestagmt, Lige Lqww W #0 20 timep {sugseeting ludefp=
nite uwse). : ' ' . '




Similar savings irn water consumption may well result from the usage of n>

f1oat shrome tannases, as proposed by many authorities.

;mg. rovements in bramhouse nrocossing

It has longs bern accepted that the traditional depilation method - lime and
sulphidc - in addition to deing wasteful in regard to chemical usage is the
largest contributor to high levels of pollutants suspended solids, dissolved
protein, sulphide and high allkalinity being the major factors.

The industry has for years attempted to utilize new processes, e.g. ensyme

depilatiom, .xidetive nrocesces, dimethylamine, caustic s>da; as a repiscement
for lime, thesc sub‘jec;s employ the ulk of the research woric expended im this
field.

In 1967/33 Kudota gt al. (14, 15) suggested that an enzyme/calcium ohlorite
depilation gave smodthar srain than a limed pelt. But as their process included
2 per cent calcium chlirite, it was only a partisl sdvance over the treditional

lime proccess (minimized sulphidea).

Heidemann ot pl. (16), in a genersl review of unhairinz processes, examined
the relative merits of all the altcrnatives thon availadle, and comoluded that
from the effluent processing aspect: "Protein remowe) froa of fluent is much
easier in liquors from the reductive process than from the oxidative, from which
proteins arc only precinitated incompletely, and only after strong acidification”.

Herfeld and Schubert in 1369 (17) investigated dinethylamine sulphite using
low levels of ocalcium chloride and hydroxide, as well as cawstic sode.
Using & composite of thece materials, they obtained satisfactory umhairing
without hair-dissolving, thus yielding a much improved effluont.

However, these newer processes have not always yielded t%ep guality produocts,
have required complex controls in oporation and have not beem acoepted emtensively
by tanners.

Perheps thie search for new wnhairing precesnes will not new be 9o laportant
as Shuttleworth (18) suggestod in 1972; that wpper leather can b6 swoesssfully
limed using only 0.5 per cent lime and that She residue of the mh be
converted to 3oluble bicarbomates. oA ‘




If the work o»f Koncy and Adminis(7) tc found commercially accentaule, il iu
an even more logical path for enviwn"neataﬂy minded tanncrs Lo fo1llow,
Although their trials used & 200 por ccnt float, they suggest that re-cyoling
should be pousible Jor 20 times at lcast, This ;,x":)c.cus is reperbted Lo give a
scvan-fold reduction in lime and protecin in the eff7umt, on a 20 times pr-
cycle basis, but if bnger re-cyoling was poaaidble, even greater cfﬂuent/p)ll.uta.n‘t
reduction cou'd be cxpected, A furthoer advaniage of the re-cycling nricess ia
‘hat during re-cycling it is poscibdle t5 filter th- liewry ceze using a 150
mesh stainloss-stccl screon, which removes thae grcater part of the hair debris
and fat.

The disadvantage of re-cyeling i generai ic that 1% is necessary ¢3 have
efficient means of drum drainage, arge canacity i~y storage chambors,
together vith the nnczosary pipes and pumps to dircot the re-cycling. This,
h:awwer. may ve a small price (in capital terms) to pay for such a large reducti:.n
-in otmoxtious effluent,

Inereysoqnt in tumnirg orosongos - chrore tan

It has 1onz bacn recognized that tan afflucnt (be 1t chrome, vegetaole,
or other materials or mixtures) is the second most powerfu) oallutant process
in wse ia the lesther industry. Chmme is perhaps 2 pitontial nazard, but a
sonse of proportica must de kept. *o8 Quotes the london supday Timez of
5 Narok 1972, reportinz: "“Ghronate is 50 times more toxic than cyanide”.
Sylkes carrectly poinis >ut that the Sundayr Times as referring t> haxavalent
ohromjium vapours, which have no relevanse to the iriwalent chremium in general
usage in temmery processing. It is pertinent also to nite that Bailey (4) in
the United Kingdom stated that at normn) levels of tannery effluent the i
trivalent ohrome present did not greatly effact norwal .fnuam procaszing at
standard sewage works.

-

Nowever, &# in Mary sreas of the world where no sewage dispossl plant
exists, there is mm acute need to oMiain Won—polluting tanning processes. f
Thua, the dry chrome tarinages, typified by Mall, aed which are said to prodwoe :
a strong grain cowpled with favourable area yield, =pyear 10 offer gres:i hope.
Meny of thé larger cheitica) compenies affer similir psoossees snd the Sechnigue

16 ealning &%mrotu acocpbimos.  Wveia such processss, however, do yield come
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chrone c¢ff’u ut, but as chrome is casy to precipitate, only minor "plumbing”
alterations ure necoss -bated 2 remove these traces of chrome, In Holland it
is reporioa(n) that a "no-float™ process is operating suocessfully with elimi-

nation of chrome from th: effluent,

The'--Float" chrom: tanning does make incroased physical and mechanical

demands on the drurs., Thus, without re-equipage such a process is not always

possiblec.

The logical altemative is a 1ow, 30 t5 50 per cent, float. whisch is less
demanding on the drum, out doefs not zive such good chrome uptakse, Uptake
rates of chrome from ccnventional processes are said t5 be from 75 per cent
t5 90 per cent of tho amount offered to the pelt(19).

Thus the praciical altermatives available aret

(a) The "no-flrat" systems or 40 to S0 per cent floats with maximised

Fisxation, 2 ~reparedncss to treat the 10 per cent or so of ohrome not fixed;

() Adontion 72 a re=cycling process as sussested by Davis and Scromo(Q)l
"\ co rercial gcale irinl of a previously proposei method of re-cyaling of
chror e=inanin» 1i ~1073 has Deen nerformed in vhieh the spent licuor is used
ag & nais for prepn,mtim o” thie pickle liquor for the following pack of hides
to be tnanei. The method has Geen shown 0 be nractical for cormercial operation,
arx Lo nrod'*ﬂ leather of corparable qiality to that produced by comvenmtiomal
chrore=ta:nit-e  In »ldition to casisting in the dispo:sl of tannery effluents,
the re-c;/c}i»x;'; metlad of *ers subztantial savings in reagent costs®. The saviig
in sireme iz said to be sora 20 per cent!  Ia addition the Davis and Soroggie
re—r-cling has +i e abied advantage of a massive saving of noutra.l salts normally

uged in ~onveational piclkliing.

A Lost of workers have proposed the precipitation and suhsequent reuse of
chrome fror efTluents, but to date thore is 'little confirmation regarding the
commercial arceptanze and quality aspects of such reuse systems owing to the
need for hizh levels of analytical control in the solubilising and reuse process.

m vements in ve~otadbl nins proges

In Turkey several hundred unmechanised tanneries siill operate using
“traditionel rural tanning technirues. Such rural processes are jenezally
gross local pollutants (owing to lack of equipment), but because of their
widespread geographical dispsrasion they only causs local problems of an.
insidious nature and would prove uneconomical to treat. The dispersal of rm'al
tan effleunts nay be likened 10 sweeping the dust under tho carpet 1if tm
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together they could be procnssed, Enviroarentally, one rmat hope for a dermran
of centralization anl rationalization of tanning activity if serious improvemeni

in pollutant levels is to hn expected,

Vegetable tannins arc used for a wide varinty of end wroduct.,
Discussion in this paper is limited to processes such as 8cle, harness and
other leathcery which may be produced using similar systems by varying the

-percentoge of tannin and degres of astringency to obtain the necessary
variations in property. These proossses are the largest users sf vegstable
tanned leatheors.

There are four main types of commercially acceptable processes to reduce
effluent:

~ (8)  The well-accentod L.I.R.I. (20) process is an almost perfect example
of & "no efflucnt™ pricess in the tanning phagse, and ie gaining commercia:
acceptance in the United Jtates of America. as river boards tighten their
-standards. This pit process is sinnle and requires only a msans >f liquor
heating and circulation. The L.I.R.I. process yields anly minute quantities
of vegectable tannin-tainted liquor, and its only drawback i=s its time of
processing. A1 later adaptation used pit and drunm aftor the Calg:n pre=-
treatment and obtainad a virtually effluent-free process in an appreciably
shorter time; '

(b) A someuhat simpler, low effluent sysien is that proposed by |
Atkinson and Culting21) in 1963. This is a pit-drum process designed for :
specd of tannage (4 days); it is itself a re-cycling type of process witn
spent-drum liquor deing used to regoneratc the pits. This process has the
advantage of requiring minimal alteration to existing equipment in most
tannerisey

(o)  Although not so effluent free, drum tannege preceded by a pretan is
possidle. Several rival processes are available; basically they require a
low-float pickle followed by a pretan, e.g. 1 to 2 per cent chrome powder,
After this protreatment tho hides may be drum-tanned with a short float,
This iype of praccss minimizes effiuent; as the liquor residues in the drum may ¥
form the base for later packs;

(4) 4 wore recent method of vegetable tannage has been proposed by
Atkinson and Scoworof$(22). This entails a heavy soda sulphate preconditioning
followed by a drum tannage with virtually no float, This process produces
almost no vegetable tannin effluemnt, but it does produce relatively high
concentrations of sulphate. In areas where sulphate is oasily disposmed of
(near the sea?) the nethod is ideal enviranmentally,

It may be noted that sll of the above processes uic extract as opposed to
locally lcached material. There seems little doubt that effioclemcy

! N

(pwm wiaké) s for inpreved tttﬁo}hghtdnm levels being employods

L e " d N
L SRS S . i, PO B B A S




Thus, il eny ofluent is produced, 1t is a omall-volume, high concantrate,

which is storable and worthy of treating. If we compare these small volumes
(circa 10 per cent) with the counter-current proccases of the past producing
large volumes of low concentrate efflucnt, we may appreciate thc advantages,

Efflucnt nd wagste treatment and disnosal for 1&01‘10;

Efflucnt treatment

In general the ircatment of tannery effluent follows the main process line
adopted in the treatnent of any scwage. Bailey susgests the followings

"The treatreat of sewiyre involves the removal of polluting solide,
both suspended ant discolved, Fren the water in which they are carried,
Botn phyrsizal separation by sedinentation and biolozical cxidation are
eriployed and 1r this ~eans a clear {anocuous 1i~uid san be discharged
to the river, "hilst the solids which have bean removed remain tc be
disposed of senarately,"

"Briefly, the essential steps ares

(1) Prinar; sedirentation in spesiallr desizmed nontinious flow
tanks to rerove solids that settle outy

(11) 3tolozical oxidation either hy ireatment on percolating *ilters
or in an antiveied sludge planty

(i1i) #2121 sedirentation to remove solids resulting from the
oxidation stare;

(1v) Final disposal of the sludges, arising “rom the two stages
of sedimentation, by anaerobic fermentation followsd by
either Arying on drainage beds or #iltration in mechanical
plant such as vacuum filters or filtar nresses." '

Although the processing is uniform, a large choice is left to the
discretion of the treatment engineer. Indeed, within the leather industry
much research has been conducted to find the most beneficial way of blending
effluent from various processes in order to yield the most efficient and repid
sedimentation.  An oxample of this is the work quotsd by Van Vimmeren and
Van Meer(23) who diccuss the possibilities of ™nixing the alkuline beamhouse .
liquors and acid liqudrs from pickling and chrome tanning, deoreases in pH to
values betwcen 3.5 and 5.5 leads to a precipitation of part of the proteins
and in conseqnence to a reduction in COD-of about 35 per cont. Hownver, ihis
procedure is accoupanied by the Tormation of large quantities of sludge.
These authors also eiamine possible easing of sludge treatment and handliag,
A large nunber of tachnical papers have been produced riving details of correct
"blendin® conditions to aéhieve efficiont sedimentation lLut they are P‘W e
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tono technical to discuss here.
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Di:namml o* s0lid uagtes

This is still, perhaps, the greatest environuental problem for the 1nather
industry. The Counission of the Intermational Union of Leather Clienists Societies
(TU1CS) (21) from 1971 inoluded this subject in its terms of reference., Van
Heer clas#ified solid wastcss

Untanned wastes
Tanned trastes
Sludpe and solid wastes from effluent trealment

Untannad wastes i,s, fleahing and trimmings, traditionally were uged for
glue; now porhaps they are used morc for ph'epolica.‘ Animal feodstuff is a
possible end-use, obut rendering for fats could also be economical, If not
utilised, these wastos may quickly give rise to smellss thus even if unecononmic,

they must somehow be processed,  Fcrtiliser may also be a suitable end-use,
- provided the wastes are sulphide frae.

Mth rogard to tannod waotos a linmjted denani is noted for leather shavings
oto. in "leather board" production, but demand does ot equal supnly; thua
today the incineration of surplus shavings may be necessary (5,10),

In Castern Surope much effort is being expended on the processing of tanned
and untanned fibres into leather substitutes. 'Phis work shows great pronmise,

but as yet it is not perhaps suitebly developed and simplifiod to be anplicable
to all countries,

3ludge and solid wastes - dewatered and dried sludges - comld be incincratad ‘
together with leather dust and shavings (24). However, a final ash is stil!
left. Littls is recorded about the compocition of incinerated material,
Perhaps it oan be retumed to the ecologioal oyole as a fertiliser (this would
depend on the percentage of (':1'2,03 and other conmatituents), or else it could be
retumed in polythene sacks for burying, which is a questionable solution.

Dr. Poikes (19) quotes current solid waste disposal in the Fedoral Republic
of Germany as being:

< T0 per oent tipping (with safeguards)
2 per ecent composiing
SB per cent inoineration o o .o




Indeod, the situation 18 ripo for solutions to be found for economic olid |
waste disposal. It wonld zppear that the amount of s0lid waste that cam be
utilized ia dependent on local conditions. It is moticesble that in countries
with low levels o>f material resources, high levels of utilization of wastes are
recorded,  India is an .xample where usos for most materials have boen suggested.
However, s07id wastz uti’ization appears greatly depondent on labour costs, and
in the "developcd world" the trend is unfortunately away from utilisation as
being too costly, and «ff.rts appear directod mainly towards dilpoﬁal at the

lowest possivle cost.

As mentioned elsewlicre in this paper it is porscidle 1o achiove up %0
95 per cent removal of 30D (apprcaching a standard BCD/SS of 20/30 at some
30 per cent of the coct of a full treatment). "mma. in the following histogrem
the "secondary biological treatment” approaches this level of purifioationm &%
economic cost. (3ce figure IX.)
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Figure IX. Tha cost of treatinz domestic se'mge to various
standards of purification P
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A simple asocssment may be made tn quantify the possible coats of installing
treatment plant to process the effluent from Turkish tanneries, but initially
it may be of intercst to see what the treatment costs would be, taking as a
basis current troatmant costs in estornm Purope.

If it is assumed ‘hat Tur:ey processed all of its hides and sheepsking
produced annually, (25) i: may perhaps be assumed that it used an input ofs

2.9 million cattle at » 20 kg = 53,000 metric tons raw material
16.0 nillion shecp at, say, 13 kg« 4,000 metric tons raw material
32,000 metrio tons raw material
per annua
This ocould perhaps Le expressed in terms of a 20 kg hide ecquivalent as
.41 million hides per annum, or 13,666 hides daily, Assuming a water usage
of 50 1/¥g,auch & productisn could be expected o yield up to 4,100,000 m>
eoffluent annually or 13,666 n3 daily.

Current costs cf mixed efflucnt treatmant in the United Kingdom are perhaps
12.5 nep. (30 US conts) per 1,000 gailoms (4,545 m’).

Thus, the Turkish tanners who could produce 4,100,000 n3 of efflueat per
year would need to pay $US 270,627 =nnually.

But the question voth Turkish industry and Government may ask is, how much
will effluemt treatment cost in Turiey?

. There can bs no clear answer to such a question. Capital and running costs
will depend on the standards of improvement aimed for, and 1scality and
awailadility of land, but of even more importance is the unit sise.

Roo-nt Dwiromtal Prohction Amoy figures published in the United States
of Anﬂoa (10, 26) give ospital dosts for two major levels of trestmonts
(a) 3.P.7. ("Besmt prmtiome comtrol teohpolozy currently availablaw)
is dasically presdrestment followed by activated sludge. (Punp, soreen,
equaline and QPP doation, followed by an meration basin, secondar:
otia

clarifier, ilter and ohloﬂmtlon doupled vith the neoessary
slndgn hmdlin. nm ; ; .

{0) BA.Py ("Best svatlable Mg aoonomically mumw) sugoests

l«hﬂ Seoximent plus adtrifisstion and deniteificaticn,
An abetrast of theee figures on & 1970 basin is 31ven in $able 13,

ot



Table 13, (apital comt of tannaery effluent treatment plants

(A) BoPeTe (B) BoAsT.  BoP.T.
Tannery production Effluent standard | standard standard
capacity volyie oapital capital capital cortis
m-) oost oost © per 20 kg hide

(dairy) : (thousand dollars)

2,265z = 113 hideo 366 527 3,239

6,304 &z 340 hidcf:-e-'/ 473 721 1,91
15,376 kg = 794 hidned 667 1,065 840
45,360 g = 2,258 nidns?/ 1,514 1,162 1,191 512

flotrt Trie ori:inal daia assuwicd an ef7luent of 4 U3 gal per lb rew hide
circa 33,30 1/iim idde.

8/ Assunin: hides at aa average of 20 kg

. The large United 3iates variation in capital oost per hide, owing to eeo- -
nonies o” zcale, seca in iable 13 “or tannery effluent treatrent, i.e. the
sixfold redustion in capital costs per unit for a twentyTold increase in plamt
size, may be attrintable to the hizh parcentaze of relatively sophistioated
chereial encincering anl plant ennsloyjeds It mayr well be that using low cost
effluent nlant, the ccononios of scale will not be so vast, since it appears
that excavetion and sinilar labour-intensive activities are less’ variadle.
Indeel, data published “ror a recent Indian serinar (27, 28) show less than

100 per cent capital coct per unit reduction given a tenfold increase in plant

size,

A wide disparity may he seen betwsen the 3US 3,288 and 3US 512 postulated
in the United Stetes and the 3U3 114 and 3US 69 suzgested in India. liuch of
the di‘ference is atiributable to vastly different labour oosts, but ruch is
also due to the nuse of lou cost techniques, Obviously, costs will vary from
location to location even within a given country, as quesiione such as the
production process erployed, availavility of land and the soil structure may
have a large bearing on the actual cost, N

Te data quoted in tables 13 and 14 are from desk studies, and it {¢ in=" ..
teresting to comparc them with an actual costing figure of 3U3 227 capital soet
per 20 kg hide for an ef’luent tremtment plant (tannery raw hide input around .
21,000 ks daily) for a plant in Afries for processing effluent down to a BOD/SS . v
of ahout 25/%0 (29). ‘ e




Table 14, Capital nost Cor vegetablc tannery affluent treatment plant

(V8 dollars)s/

3tagc 111
ocapital cost
Tamnery production capacity Capital coet per kg hide to trcat

(deily) processcd efflucnt from
. en a a 20 kg hide

. -

1€9) (11) (111)

1,000 kg - 50 hides®/ 2,07 5.33  5.73 114,60
2,000 g - 100 hides 1,96 4,80 5.07 101.40
4,000 kg - 200 hides 1.60 4.13 4.33 86.60
8,000 kz - 400 hides 1.47 .87 3.67 73,40
10,000 kg - 500 hides 1.39 3.3 3.48 69.60

Bptgt Assunod effluent produced = 34 1/kg hide at BOD of 5,000 ng/l.

Rupee to SUS conversion at Rs 7.5 « SUS 1,

3/ Treatmemt stage I - Zffluent mixed and sottled. 88 removed 76 per cent;
Trcatmemt stage II - Above plus ancerobic and aeration lagoons (DOD
leas than 100)% .
Treatment stage III- Pasvecr oxidation ditch in place of aeration
lagoons (30D 25 tc 50).

@/ Assuming hidcs at an average of 20 xg.

.If it were assumed that no sfflucnt treatmen’: plant existed in Turkish
tamerits, and high standardr were required, a.g. a BOD/SS of 24/%0 in all the
sanneries, thz oapital cost could be abouts 13,566 hides x sey 3US 227 or
8 1,1 nillion. It may be somewhat foolhardy to quote possible capital costs
vhen 80 may imponderables exist, and the figure of %U8 3,1 nillion must be taken
a8 an indication of the order of magnitude. Variations in this expected
capital oost are extremcly arge. 8ome rough guides msy Le indioateds

(a) 100 per cent or more inorease in capital cost could be expeoted if

sophisticated treatmemt plant wers installsd, as opposed to plant of a medium
. techmical levelg ~

(%) DBut wW to 50 per cent savings could be obiained im capital cost if
all plant amd oﬂmt were duigod on an witra lowgcost philosophys

() 4pd 50 per camt or poge vun oouu be obtaimed i standards were
less stringent than a BOD/38 of 2 /Q. | | B

$ >
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Jith cuch larg: deviations in capital ocuat eatimatoc. for effluont treataemt
it must be cxpacted that cost of offlucnt treatment plant, compared with the
cxigsting capital value of the tanneries (mlacﬂqt value) will vary ‘remeidowsly.
Thus for an cxtra small tznnery in the United States (113 hides at 20 kg datly)
the capital requircnient for control facilities to B.P.T. level is 149 par cemt of
nlant replaccnent value, but at a large tamnery in the United States (20 timem
greatcr canacity) the cost is dowm to 37 per cent of plant replacement value.

Lower figures have been found in receat surveys in Africa with the large
~lant cited cariier showing the effluent treatment capital cost as only some
4 per cent of =ctual building and machinery costs. Other figures available
suggest contro costs 7 4o 10 per cent of fixod capital for tamneries with
capacities of 200 i{o 600 hides per day in Africa (not all producing final
effluent dowm o a BOD/SS of 25/30). For spaller units, produsing sbout 100
Lidee per day or less, the cost of control facilities may equal 20 to 30 per

- cent of Tixed capitel.

Jhat is ihe affect of such capital expeaditure on costs, sale prices and
compotitivensas?  The high levels of cost suggestied in the United States (not
yet in operation, but due to 9e enforced by July 1977?) would have & massive
offoct on sale prices(10), (sec table 15).

Tebie 15, Percentage change in price naedatl.'y

Tanncry size 3.2,T.
treatment

United 3tatcs hides daily
100 . 9.0
300 A6
700 2.2
2,000 1.3

3/ Such that nct income remains constant.

The United States stu&yr suggeats that some 30 per camt of "small" (?)
tanneries (300 hidcs each per day) may Le'forced to close owing to the fingmcial
impact of installing effluent contrcl systems. With such large bemefits of
economy of scalo thc large units are given a distinct advantage.  However, 11*?5‘“*
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low ocost" sysioms are used, togother with their minima)l cconomy of cca'e, thouza
gross disparities in burden will not ocour,

Estimates of the oncost due %0 installation of effluent control facilities
appear much lower in those Afro-Asism countries where pollution control is practiced, .
and the price uplift necossary appears to be from 0,5 to 2.0 per cent (7)),
This is not an unrealistic price to pay for an undoubted improvement to the
environment .

The above capital costs rofer to large tanningz units installing their aswn
effluent trcaiment niant, Such conditions would similarly apply to small
production units, in any locali'ty, which operated a joint treatment syatom co-
operatively. Idcally, this could operate on 2 new industrial trading cstate,
but it could bc made to operate in certain other locaticns if the tanneri 28 wWere
not too widcly dispcrsed,

Is there a more economic method of installing sffluent treaiment plant?
‘Yo, & unit serving both industry and domostic ccwage would be socially
sdventageous a3 well as more economic, and mrst authorities suggeot that un to
33 per cent of tarmi:ry effluent can bec mixed with domsstic sewage without
diffioulty and without affecting the operation of the process. 3Such a Joint
plant would cnable maximum advantagze t0 be takon of economiec >f scale.
Such plants could be instalied by tanners or municipalities, and the various
partiea could be charged according to volume and concentration.

e gi tiop of the Turi:ish tanni ndug

The statistios relating to the Turkish tamning industry seenm somewhat
conflioting. After only two days of lookimg at the indusiry in Istanbul, the
figuros that would seem most realistic for an ostimate of total input are about
82,000 metric tons of rew hide and skin per annum.

The industry is ooncentrated at severs! major canires, as follows:

(8) %0 per cent of the totsl productisn is st Kazlicesms;

(bY 10 per cent of the total produotion is st Savkomsy

(e) 20 Por oeat of the total production is ét Iamir;

(4) 20 per cent is distriduted throughout the rest of thé coumtry.
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There ic mach 19 be 3aid for and aéainnt the hoavy local concontration of
tauners as typilficd by -he situation at Kamlicesme, On the debit side therc ia
no doubt that tro induciry in that district has cre;xted a mascive Yooal
envirannontal nrovlen, ilaiovery, its concentration has cnsured that only a
linited arca shal)! b> aff-cteds This limited arca could at cconomic levels ba
givon a new cnvironnental image if the 160 tannerioss psolod resources and insti-
tuted an "envirinnenta? imnrovement" cammaign. Th~ three asrects that urgently

require wttonid o - Jhvlnor at Kazliccome or at a relocatod site - ares

a Removal of noxi ue ~diurs;

(a)
(v) Improved dic)pssal techniques Tor 8olid wistes;
(c)

Treatmoent 2 some degree of the liquid wastes - effluent.

c

(&) Zumowva™ of aszisus sdsurs. The major cbotacle to overccme is tho solid
wastcs (sec (b)) Dclswe I an efficient system wers adopted allowing daily remsval
of sslid wastes 25 oupasced to the weesly or less frequent collaectian and removel

of &2lid wustes, tuers would ve little material prusent to cause sdours, and
regalar 3 ant clcaning with dicinfectants wiuid renove nearly 100 per cent 3f
this irritant. The costs for improved colloction would be negligitle and the

resulis wiuld msre than justify such a systanm,
o

() Improvod digrosal teshrigues for £31id ipstes.  Tannery solid wastes

may %o elaneitied into +lhie siz ratesoricsal
(A) Rau trimriings and fleshings
(B) Limed triumings and fleshings
(C) Tanned chavings
(D) fTamed and finisned trimmings
(B) Hair
(F) Sludge

Currently, (A) and (B) arc used in glue/soap mamufacture, but the velue is
80 low that receipts only cover transport costs, and there is little economio
incentive to adopt daily collection owing to the incrzased labour and truiaport
costs. as (A) is 2 putrefiable material and accountc for a large amount of
tannery odour, some pressure is needed in this field.

(C) and (D) are bott. possible rew materials for "leathor board", .Bome'r, .
it appcars that only (C) is currently in demand, Neither of thess categiries,
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howcvnr, causes odour or any problen apart from the umightlinoss of the piles
along the stroets, '

(B) ~ the hair - is 2 major problem; most hair becausc of lack of screins
is allowod to enter the "sewers”. WVem hair that ia recovered does not appear
to be weshed and utilized for lack of demand, and this ias of‘tm left in pilcs,
oausing odours. Again frequent collection could be a low-cost answer, o.lthouch
a final, acceptable disposal means must be securod.

The sludg: (F), consigting of fleshings, fats, pulped hair and insolublos
from the effluent, is in moot cases not recovered. Some ig retained in the
*sewer" charmels and infrequently removed; the Lalancs passcs out to sea with
the effluent. ‘hethor offlueant treatment ia fully initiated or not, there
Appears a sirong case for compalling each tannery to retain and rapidly dispose
og' its own sludge; simple pits, traps and sorsens would bo nore than sufficient.

(c) Troatnant of iquid uypstes - offluent. If account is taken of the

final disposal point of treated tannery efflient, i.e., Seas of Marmara and Azoan,
it wuld realistically suggest that dissolved salis (mostly chlorides and sulphate)
can cause little environnental or ecological upset and the prime necessities

would be: the lowering of BOD to 50-100 mg/1. Reiwoval:of suspended solids

and conversion of sulphides to a more accoptable form (t> treat the composita
effluent to a level botween stages II and ITI quoted earlur) 1,00y &

reduction of 90 per cant of pollutants.

¢ effoct of osod v

Would the improvenents suggssted above have & significant ecomomie effect
on the Turizish tanning industry? If trestment and control of effluent are kept
to realistic levels, the financial and economic effects would be at a level that
might be supported by the industry without affecting its zlobal competitiveness.
It was caloulated earlier that effluemt treatment oosts for all the Turkish
taming industry would de about $UE 270,000 per annum if a large muniokpal plant
processed the trede offiuent. In addision, tanners would have to install sinor
soreening and initisl sedimemtation plant %0 bring their disoharges to & level
acosptable 40 & standsrd treatnent works. This op~dite pre=-{reataent couid
well be some additional 50 per oent. - Thys en anmmsl charge of oirce $US 400,000
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The tannipg indusiry could construct its own treatment plants. This, it
18 sugrested, would imply an investment of SUS 3.1 million using a medium level
of technolozy. Servicing of the capital and operation and maintenance cosis
would depend on ihe funding source but would.eq\ul .the annual oharge that could
be cxpected from municipal treatment. It may be advantageous for the tanning

industry, where possible, to opecrate its omn effluent treatment plants.

The industry would be vbetter able to control the effluent GW. and their
existing comnercial experience should ensurc efficient operation. In the same
way, the tanners would feel that their costs were diroct and actual, whereas |
they migat dispute their proportion of charges from municipally opersted plant,
(The variation in capitai costs between the United States and Indian figures muat
be bome in mind.)

The suggzestion that cost would be equal whether tanners or mmicipalities
processed ithe offluent could only be wlid in localities with & high density of

.tanneries (e.g., Xazlicesme).

The suggested capital coet of about SUS 3,1 million for effluent treatment
when seen against an oxisting fixed capital (plant and machinery) of 3U3 60-%
million (trade oatimate) is some 4-5 por cent. The effect on cost of production
would de well below a 1 per cont inorcasec and thus not of significant effect in
domestic or export markets. 1ot too high a prioce to pay! However, it must
be stressed that this suggested coxt would apply only t0 a medium-level
technilogical plant, proceseing effluent dowm to 85 or 90 per oent removal of
major pollutants at any location where suitable large arcas of land were availe
able for treatmant plante.

3ffluent treatment costs could rapidly escalate if less sujitable oconditions
applied. ‘

b of treatinz =fflucnt in Turk 11 n

What particular problems would face the Turkish taming industry if it
should decida, or is compeliod to treat, its efflumt? The first question iw,
where is the finance to como from? No doubt assistancs would de given a8 a
national level. ° The percentage of capital required might be small when corpared
to existing investment but would Le beyond the means of maRy tamnore, The aore
serious question ie, will any legislation and standards be equitable? . . . = .




-7 9-

large tamerieé_, 3.5« SWmerbank, could well mﬁpoﬂ thoir owm coffluent trcatment
plants. DIxisting and proposed tannery complexes -or co-operatives could operate
troatment plants cqually ecomomiocally on a co-dperative basis. 3mall widely
disposed tamerics, of which there are many, could not economically trcat cffiuent.
Can one excmpt units under 20 hides per day? Would this lead to a proliferation
of small wnite? Should the decision da left to the discretion of municipalities?
All those suggestions are open to debate. The author is not sufficiently

familiar with Turkish policy to be able to suggest a remedy.

An obvious problem would be posed at Xaslicesmo where therc is currently a
dirth of land that is obviously suitable for an effluent treatment plant.
No doudbt, if relocation does not ocour, land would be found and special limited |
land usage plant could be dovised, dut this would raise costs.

Although it is dangerous to postuiate on the relationship of economies of
scale/tannery effluent treatment plant/tannery production, it is abundantly
‘clear from evidence elseshers in the world that tanneries with a through-put
of 1,000 hides/day (approaching 10 per cent of the total Turkish tanning industry)
obtain near marinum benefit of econonies of scale. Tanneries at a level of
100 hides/day are not able individually to have such effluent trestrent plants
since they ..11 be some 200-400 per v_oent' rore expensive on a unit Lasis and thus
will prové financially too heavy a burden. As the majority of Turkish tanneriss
are producing at the rate of 100 hides per day or less, thay must co-operate
or they will be unable to comply with any environmental lesislation engoted.




Composition of tvnical "environmentally unsousd” tapnery sffiuent
Chrome VYogotable '
tarmage . tannage :
— —_—
PH - mg/l ca, 10 ' ’
Total solids ng/1 10,000 - oo
Total ash mg/1 6,000 = |
Suspended colids ng/l 2,500 . 14500
Ash in suspended solidas mg/l . 1,000 ” \
Settled solide (2 h) ng/ 100 . 50 f
D, mg/1 900 - 1,700 |
mnO4 - value ng 02/1' 1,000 : | | 2,500 '
coD  (K,Cry0,) ng/1 2,500 3,000 |
‘Sulphide ng/2 160 ‘
Total nitrogen ng/1 180
Ammonia nitrogen ng/t 70
Carome (Cr) mg/1 7 -
Chloride (C17) ng/) 2,500
Sulphate (30,7) ng/1 700
Phosphate (P) mng/1 B .
Bther extractable ng/) w =




. Aceendix II
mm. e of pollytion per ton of ray materia] (salt weight)

Chrome Vegetable  Range

Sannage Ssmege.
Alkalinity  eqft 750
Total solids - kgft 675 350-1250
Total ash | g/t 318 . 250-450
Swspended solide ke/t 150 B . 70-200
Ash {n suspended solids  kg/t 60 25 25~ 60
Settied solids (2 1)  w3fs 6 3 1.5-7.5
BoD, - - e/t 6 8 40-100
Top kg/t 0
1m0, - value .. kg Oz/t 70 120 .
~cop (x, reo.,) - hgft 175 - 120-280
Sulphido kg/t 7
fotal nitrogm . . kgft 0 |
Asmonis nitrogen . keft | | 3 ;
Chrome (Cr) kg/t 4“5 0 |
Chloride (cr) kg/s : : 160-
Sulphate (80,” TR A Y IR
m-pn.to (?f kefs Dol
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