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annex No.

LNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
UNIDO

JOB DESCRIPTION
DP/IND/83/008/11-04/J 13425

Post title Solid and Liquid Waste Management Expert
Duration 4 wveeks

¢ required February/March 1988
Dutvn;tion " ~Jvar, India

Purpose of project The expert will work in co-operation with the CTA, UNIDO

Outies

the Govermnment of India, UNDP and BHEL.

Specifically, the expert is requested to

a) work on Bhatinda Thermal Power Station pertaining to
monitoring of Soil and Crops in and around Bhatinda T.P.S.;

b) review of work done on the Circulation Scheme of HEEP, BHEL
Hardwar;

c) work on environmental impact assessment with respect to
Bhatinda project;

d) write a technical report on above work programme.

ADOICatiONS ING COMMULCI 2F. 10LE 0.1 *Ney JUL Desc  'DION SAOU'S De »eNt 10

Project Porser e Rer l Ser Qe et .- Cemrpr 0 L L veoor
C 0 UNIDO VIENNA L TESAST TIAL CENTRE FO £is 30D Vs Austis




Annex No., 146

NO PR IARIS/ay/ (<<
Dts j4tn karch®l1988

Dear Shri Ramach.ndran,

Sub3 Job description for
Prof.E.S,Kcmpg JUNIDO Export.

Ref 3 DPl D!D‘g?iz:n Qz ] |£[J|£2§.

Pleise refer to the job description of Prof. E.S. Kempa fr-
his 4 (fo::m; wecks assignment in our project during March's”.

It is requested that folloving chnaes in his duties say pleav.
be midet~

(3) ¥ork on project initiation report for following technical
projectss-

3. Anaerobic diocestors.
i1. Iicinaration of waste.
111. Use of 3entonite in waste water treatment.

(b) fork on decinted water problem froam HEEP, TPS with particu
reference to trace metals and hydrocarbons,.

(2) Waste water problems of M/S Sea Shell, Kankhal and finali-
zation of recommendations ard treatment schame.

(d) Report on management of Ash Disposal from T.P.S.

(e) Work on Internation-l Conference proposed from 28th Nov. t.
2nd December?Bs,

(f) Roviews of work as per his previous visit report.

41ith kind requrds,

Mc, M. Ramachandran, Yours sincerely,
Sr. Pronqramme Officar, “ P

55, Lodi Estate -

NEY DELHI

( Pro’. Sopo Mibha'

Copy toi-
/PrOf. EeSe Kem‘. WIw Expert.

PYSEE " mﬂ'fl"'




4 Merch, 1988 -

5 March, 1988 -

6 Karch, 1988 -

7 March, 1988 -

8 March, 1988 -

9 Karch, 1988 -

10 xiarch, 1988 -

Time Schedule

4.55 a.m. departure from Zielcna GOrz by express
train, 10.20 z.m. - arrival at Varsaw

Getting the Visa at the Indian rmbassy and a2ir way
tickets at the Wagon Lits Bureau, Warsaw

9.35 a.m. departure by Polish Airlines LOT from
Warsaw International Airport to Frankfurt

11.15 a.m. arrival at Prankfurt Airport, FRG,
12.30 p.m. departure by PANAM to Delhi; 2 hrs delay

3.30 a.m. /two hrs. delay/ arrival at Indira Gandhi
International Airport, Delhi. By private taxi to
Lodhi Hotel. Sunday - no official work.

8,00 a.m. Stopover in Delhi and briefing at the
UNDP Office. Mr. Sat Pal and Dr M. Islam - the
SIDFA- UNDP.

1l4.00 p.m. departure by car to Hardwar; arrival in
Hardwar at 18.30 p.m. R ’

8.00 a.m. Initiation the practical work of the
Expert. Introduction to the current Institute’s
problems. Establishment of the new job description
by the Head of PCRI Professor S.P. Mahajan. Visit
at all Institute’s facilities after final pemoval
to the new buildings.

Discussion with Dr. N.C.Trehan on decanted water
problem from TPS with particular reference to trace
metals, hydrocarbons and cyanides.

Discussion on the used water analyses from TPS
/Dr. Trehan, Dr.Ramani, ¥r. R. Maheshvari/.

Consultation to the problem of anaerobic sludge
digestion - design of lab and pilot scale equip-
ment - Mr. R. Maheshvari.

Afternoon: Visit at the Ranipur Water vorks and at
the Sewage Treatm:nt Plaent /sewage ponds/ - with
Dr.N.C.Trehan, lir.k.kah2shvaeri and the Jeter vWorks
Executives.

Inspection of water connections and effluents from
the Lab building of PCHI.

viscussion on sewupe analysis from the kCxI Lab

Cbuilding.




sffluenis from the neutralization tank, effluents
from the oxidation ponds.

®ransiation /Dr. Shrivastava/ of volatile mzatter
content 2nd anzlysis in cozl and ash.

Reading the draft report on "Treatment of wastewate
by activated bentonite /for the K/S Sea Shell,
Kankhal/.

11 Harch, 1988 -Inspection of wastewater neutralization tank for

12 March, 1988 -

13 March, 1988 -~

14 March, 1988 -

15 llarch, 1988

16 iarch, 1988 -

.1.7 l’-u’.LI‘Ch, 1988 bt

Ld horeh, 1904 -

the effluents from the Lab Chemistry Building.

Viscussion of the draft on "Treatment of wastewater
by activated bentonite - from the M/S Sea Shell
Pactory.

Paper writing on the "Impact of Industrial wWeste
Landfills upon the Soil and Groundwater" - for the
ISWA’88 Congress at Copenhagen, September 1988.

Pirst discussion on incineration of waste in a pilo
unit. Study’s team: Dr. N.C.Trehan, Dr. Keshav,
Hr. Sambiah.

Report writing for the first week of present Expert
Mission.

Paper writing for the ISWA Congress - cont.
Sunday, no official work.

Final preparation of the paper on "Impact of Indus-
trial Waste Landfills upon the 30il and Groundwztery
- typesetting on computer

Ranipur :astewater Plant /Oxidation FPonds/ - with
ir lkiaheshvari. Determination of scme constituents
in sewage - discussion with the ChemLab 3taff.

Determination of constituents in wastewztier from
TP3, sludfe =né ash analysis.

Detailed discussion on a2 pilot UASB-Reactor 2nd

draft calculation of the unit.

Vigit at the water Works Lection 21ad "hermal :over
vlunt i1/ of BHEL.

satceulition of oxidution nondg.

Leviewing the weseewnter analyses ol the oxiaction
ponas offluent. troposils for 2 nilot uiit g




19 liarch, 1986 -

20 Harch, 1988 -

21 Karch, 1988 -

22 March, 1988 -

23 Karch, 1988

24 March, 1983 -

25 larch, 19388 -

26 j.arch, 19686 -

-3 -

technical solution of the M/S Seaz Shell Plant =t
konkhal.

Calculations of oxidation ponds - cont.

Hevjewing the sewage aznalyses of the oxidation
ponds. Preparation of a mailing list of professiona
lists - for the planned PCRI Conference in November,
December, 1988 at Delhi.

FPreparation of my own abstract for the mentioned
Conference. Titel: "Impact Analysis of Solid Waste
Stockyards on the Environment®

Sunday, no official work

Oxidation ponds at Ranipur, r.eeting with the wWater
Wlorks Executives

After noon: Lectures on Environment Pollution Cont-
rol for the new employees

Oxidation ponds re-design and proposals for modern-
ization.. .

Preparation of further lectures on Environment Poll
ution Control.

Preparation of lectures /continuation/, draft of
the Technical Report

Discussion with Mr A.X.Gupta, lianager, on Conference
topics,

after noon: Lectures on EPC /cont./

Discussion with the Head of FCRI, Professor 3. F.
Mahajan on the just realized project consultation
acc. to the new Job Description

Discussion on the details in construction of the
Ui3B-Reactor in Pilot scale /Mr. R. lizheshvari/

Visit at the /S Sea Shell, Kenkhal /Dr.N.C.Trehan,
Dr. Keshav/.

New TP3S 2nd ash ponds at Khaperkheda, kaharashtra
/10560 m3/d/ - lir. R. aheshvari. Discussion with
the Technological Lab 3taff kembers on the gpecific
resistance of sludees to filtration and on the
capillaery suction time /CUT/ - both permmeters wre
uczed in the tecrhnologicel sludfe analycico,

finzl calculotion of the oxidution ponds atter mo-

dernization. Drawing of the propnosuls onty tfp




27 Karch, 1988 -

28 -Karch, 1988 -

29 March, 1988 -

30 March, 1983

31 March, 1988 -

1 April, 1988 -~

2.04. - 8.04.

- 4 - '

plans the treatment plant.
Sunday, no official work

Final review of the Expert's work /studies, prob-
lems, projects/ with the specific groups of the
PCRI Staff

Final review of the Expert’s work - continuation.
Discussion with ilr. A.K.Gupta, Manager, and Dr.N.
C. Trehan,

After noon: departure for Delhi by 2 car rented by
PCRI .

2.30 a.m. departure from Delhi lnternational Air-
port to Frankfurt,

T7.20 a.m. arrijval at Frankfurt Airport,

8.40 a.m. departure to Vienna,

10.20 a.m. arrival at Vienna Airport. Lufthansa had
lost one piece of my luggage. Waiting for some six
hours more for this lost suitcase. Accomod~tion at
the hotel at 5.00 p.m.

Debriefing at the UNIDO Headquarter: Mr. K. Judt
and Dr. S. Mzltesou, Professor Bisvas.

11.30 a.m. departure by plene from Vienna airport,
12,40 p.m. arrival at the airport of Warsaw,

16.45 p.m. departure from Warsaw by express train,

-

22.C4 p.m. a2rrival at Zielona Géra.

Ariting the 5th Technical Report and formal termi-

nation of the kission.
(/7 .
<
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Srmmex No.

-
4
-

&s photocories:

1 Fart V of srofessor teinck’s book on "Industrizl .astewzier",
dearing with the toxicologicel imnzsct of sgme wasiewater comrpo-
nents on nlants and anincls /*.ieinck: Tndusirie-.twlsser, Gusia
Pischer Verlag, stuttsart 1968, pp.632-6C4, in Cermon/

2 xeport of the Scientific aidvisory Fanel on Groundwater Hechrarge
with Reclzimed :jastewater, November 1987, <‘hapter VII: {unzgemen
and Reliability

3 7Potentially Toxic Iicroorganic Substances in Drinking vwater.
Report on a2 Consultation, WHO Regional QOffice for Zurope, ZUR/
ICP/C4S 013 5747i, =UR/HF: target 20, 1987

4 G.oindh: Scenarios for the preparation of guidance and aucdio-vis
ual material for planners and decision-me..:@:rs, Techn. Documents
in Hydrology, UNESCO Paris 1986

5 Das Bhopal-Unglueck im Dezember 1984. Kurzanlayse, Bewertungen,
Schlussfolgerungen fir die BRD, Texte 8/87, Umweltbundesamt Ber-
lin 1987

6 Kanuscripts of Proceedings of the 3rd Internationz2l CZIC Symposiu
on "Processing and Use of Sewage Sludge", 3Brighton, 27-30 Septem
ber 1983, and therein:

a/ i.Cottenie, L.Kiekens, and G.van Zandschoot: rroblems of the
obility and Predictability of Heavy iletal Uptake by Fiants,

b/ #.Kampe: Cd and Pb in the Consumption of Foodstuffs dezending
on. various contents of heavy metals,

¢/ R.D.Davis: Crop Uptake of i¥etals ¢d, Fb, Hg, Tu, Ni, irn, and
Cr from Sludge-treated soil and its implication for soil
Fertility and for the human Diet,

d/ ?.H.Christensen and J.C,.Tjell: Interpretation of sxperimental
Results on Cadmium Crop Uptake from Sewage slucge amended
30il,

e/ li.D.iWebber, 4.Kloke and J.C.Tjell: 4 review of Current .jludge
Use Guidelines for the Zontrol of teavy ietal Contaminztion
in Joils,

f/ L.kiekens, an2 i.Cotterie: “eport or the esults of the Tnter

cboratory Comparison: heterminzation of the looility ol .etvy
metals in oils,

7/ J.il.hester: ‘resence of Orpunic wicropollutiats in fewge
sludge,




h/ G.Guidi, and J.E.Hell: Zffects of Sewage Siudge on the physicel
end chemical ¥roperties of Soil,

i/ H.H&ni, and S.Gupta: Choice of an Extractant for simulating the
Availability and Absorption of Heavy lietazls by Flants,

i/ H.Kuntze, E.Pluguet, J.H.Stark, and S.Copmola: Current Techni-
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MINUTES OF MEETING ON OXIDATION PONDS
FICA R 21.3,1988{10,45M)

Attended by:-

le Dr.E.S.Kempa

2. M. SNJMishra
3. k. Verma

4, ®x. N.C. Trehan.
S. M. R.Maheshwari.

Following points were discussed & decided:-

1. Analysis results of samples collected from oxidation ponds
with performance point of view are satisfactory. However, only
a fraction of wastewater (~-50X) is used in oxidation ponds and
rest is used directly for irrigation in BEG form. If all the
wastewater is led through oxidation ponds, problems are likely to
be encountered and these may give poor performance. Hence it is
necessary to modify and reconstruct the existing ponds to give
optimum performance.

2. Major modifications were suggested by Dr.Kempa as aiven below:-

a)The ponds should be oper:zted in series.

bJAll wastewaters =industzial and domestic should be collected at
one place and them* distributed in the first pond.

(c)Inlet and outlet arrangements for all the ponds need to be
modified, to avoid hydraulic short circuits.

(d)Seepage from ponds should be collected in a channel built around
oxidation ponds. This water can be used for irrigation directly.

(8)Planned should be a long time operation of all four ponds. The
first will work first of all as a sedimentation tank for
settleable solids and as a sludge lagoon. After some years of
operation {e.g. 5 to 8 years) this first pond should be closed,
the sludge after dewatering under natural condition removed and
used as soil conditioner. For this time, rouchly some months,
the second pond will play the role of a settling tank. After
that period the plant should be operated as previously.

3. Jg. Mishra was requested to give two sets of new drawing so
that Or, Kempa could work out and depict the necessary changes in
the oxidation pends.

4. Dr. Kempa suggested another visit to oxidation ponds on
23,388, before finalizing the modifications in it.

—

( Dr. N.C, Trehan )
Sr. Scientific Officer
(PCRY)
C.C.:-
1= Cr. E.S.Kempa,
2- Head/Manager (PCRI)

3- All members present. ((kc__
07:¢ 3~ 3] 88

Sr. S.0.(PCRI)




INPLUENCE OF INDUSTRIAL MASTE LANDFILLS
UPON THE SOIL AND GROUNDMWATER

A.Jedrczak, E.S.Kempa
College of Engineering, 65-246 Zielona Gora, Poland

INTRODUCTION

The storage of solid vaste on ground, although most
often in use (795% of all waste generated in global
scale), {inspires more and more anxiety. The impact
of the landfills reveals in pollution of the
surrounding environment, i.e. {n pollution of
ground- and surface waters, of soil and air. The
symptoms of impact are: a change of pH values in
water and soil, the increase in soil salinity,
higher concentration of micro- and macroelements;
somet imes the pollution is manifested by substances
normally not present in the nature.

The paper discusses the impact on the environment
cf two selected storage yards supplied mainly with
industrial wastes and studied by the Authors for
many years. The first of the stockyards in question
has been located under favourable hydrogeological
conditions (K=0.1-1 m/d), but it is not properly

operated; the second is directly adjacent to the
groundwater layer.

DESCRIPTION OF THE STOCKYARDS & SCOPE OF STUDY

First Case Study

The storage yard with an area of 0.05 square km is
located in a local cavity. The volume of industrial
wastes and municipal refuse which s tipped of
there avery year, amounts to 124,000 cbm and 21,000

cbm, respectively. Sludges and deposeits from
electroplating shops, paint and varnish wastes,
scales from mechanical cleaning of ship hulls,
vastes polluted by oil-bearing compounds and

fishing industry waste of high salinity should be
considered as hazardous.




The surrounding of the tip is cropland. These are
lixiviate brown soils belonging to the good rye-
complexes. The terrain slopes to NE. Rain waters
flow through drainage ditches intc a river. Arround
the yard up to a depth of 1 meter occur sands of
various grain-size distribution and clayey sands;
below this thin layer occur clays and clayey sands
with interbeddings of dusty clays and silts.
Groundwater occur as interbeddings inside the clay
layers, as tense water leve! or as very shallow
free level waters inside the sandy-gravel deposits
of depressions of the sandy clays roof. The real

aquiferous layer one can find at a depth of some 40
meters below the surface.

The operation procedures at the yard do not follow
those prescribed for sanitary landfills. The diffe-
rent kinds of wastes delivered are not storaged
acc. to their physical and chemical properties but
mixed together. No covering layer with inert soil
is practiced, though the tip is a source of dust.
The heap is now 3m high over the surface. There is
no outflow of leachates which fill the bottom of
the tip and infiltrate in part to the ground. The
composition of these leachates is shown in Table 1;

data of leachates from refuse landfills are
attached for comparison.

Table 1: Composition of leachates

- > o - - e - o G S e e e e . - e o -

Parameter Unit Case Case Leachates
study 1 study 2 from re-
fuse
pH 7.26-7.28 3.05-5.9¢ 7.30-7.85
Alkalinity meq/L 133-160 84-122
Hardness meq/L 90-140 78-122
Conductiv. S/m 8.8-10.3 0.93-1.25
TDS g/m3 116-124 693-866
coD g02/m3 3.5-11.8 0.98-2.49
Chlorides g/m3 50-61.7 0.24-1.38 1.34-2.63
Sulphates ppm 155-265 658-1600 32-105
Phenol ppm 0.34-2.0 - 0.04-1.20
Na ppm 36.0-51.0 0.85-2.65
Zn ppm 2.2-4.3 0.02-3.20 0.90-5.2
Hg ppm 0.5-1.3 0.03-0.19 0.03-2.0
Po ppm 0.2-1.3 0.10-0.34 0.10-2.0
Ni ppm 0.2-2.9 0.21-0.84 0.06-1.6
cd pPPm 0.07-0.22 0.01-0.09 0.0 -0.1
Cr ppm 0.01-0.16 1.52-4.84 0.0 -0.11




Table 2: Surface and groundwater Characteristics

Parameter

Unit Pond Drainage Piezo-
ditch meters
pH 7.7-8.3  6.9-7.% 7.1-7.2
Alkalinity meq/L 2.7-4.0 4.4-4.8 1.0-1.6
Hardness meq/L 9.2-10.6 16.5-17.8 14.7-20.8
Conductivity mS/m 48-52 56-62 65-75
TDS ppm 332-447  485-692 402-811
coD ppm 55-98 37-68 11-28
Chlorides ppm 50-78 55-150 65-75
Sulphates ppm 31-35 65-72 55-72
Phenol ppm 0.04-0.42 0.0-0.02 0.0-0.001
Na ppm 40-50 20-3S 17-18
Zn pPpm 0.32-0.65 0.8-1.60 0.41-1.05
Hg Ppm 0.15-0.17 0.14-0.65 0.18-0.63
Pb PPm 0.08-0.14 0.01-0.05 0.01-0.17
Ni ppm 0.28-0.42 0.02-0.34 0.02-0.34
cd ppm 0.01-0.0%9 0.01-0.02 0.01-0.02
Cr Ppm 0.04-0.10 0.02-0.09 0.00-0.01

For determination the impact of the wastes storaged
upon the soil and water environment,the following
elements have been studied:

(1) Waters from a pond, from the drainage ditch as
well as from the piezometers situated on the
run-off direction and at a distance of some 300
meters from the yard. Results are listed in
Table No.2.

(2) Chemical properties of soils arround the yard.
Soil samples were removed directly from the
surface (0.0~0.3m); the first one in each case
in a 3m distance from the yard pasis. The dis-
tance between the sampling points was SOm. The
soil samples have been extracted with water
(0.1kgs/0.3L) and the fol.owing parameters
determined: conductivity, chlorides, sulphates.
Figure 1 shows the plan of sampling and soil
salinity. Table 3 shows the chemical characte-
ristics of the soils arround the 6tockysard.

(3) Plants especially growing arround the landfill.
These were: oat (Avena sativa L.) and pea (Pi-
sum satfvum L.).Terms of plants harvesting:
overground parts in June, pods of pea in tne
pPhase of milk maturity, oat some days after
coming to ear. The main elements in plants are
in Table 4.
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The second stockyard

Tre second case study includes a landfill located
in a worked out gravel heading with some 20,000
tonnes of wastes tipped of per year wherein 9..4%
of precipitation sludges come from a chromjium
tannery (wastewater treated with FeS04). The
composition of the chrome tanning sludge s as
follows: dry matter content 69.9-83.3%, organic
ratter 50.2-63.5% d.wt., TKN 3.3-4.2% d.wt.,

Phosphorus 0.13-0.28% d.wt. _ofl & grease (as ether

Fig.1. Salinity of soil around the dump & soil profile.




extract) 12.1-14.9% d.wt., K 0.03-0.22% d.ut., Fe
7.71-7.8 % d.wt., total Cr 2.4-4.0 d.wt.
The rest of the solid wvastes are those from the

Table 3: Soil characteristics

Direction
Parameter Unit N S E W
Disz:ance m
3 300 3 150 3 200 3 200

pH (water) 7.7 6.4 5.2 5.0 6.7 5.1 5.3 4.4
TKN PPm 672 952 840 620 o72 672 784 728
P PPm 272 309 409 240 227 270 490 340
K PpPm 682 930 930 380 980 320 1100 330
Na PPM 150 135 190 87 120 81 140" 41
Mn ppm 218 240 @7 12 190 56 210 170
2n ppm 25 47 18 12 23 17 13 25
Hg ppm 7.4 17 13 7.2 14 5.8 12 7.4
Pb ppm 30 14 21 16 24 6.2 38 15
Ni Ppm 24 8.8 12 17 13 4.7 22 2.7
Ccd ppm 2.0 0.9 0.7 0.1 0.8 0.4 2.0 0.3
Co ppm 1.4 0.8 1.2 1.0 0.7 0.1 2.2 1.6
Table 4: Chemical components of the plants
Plant Total forms,% d.wt. Microelements., ppm
Sample® N P K Na Mn 2n Cu Ni cd
10N 50 0.67 0.29 1.8 0.150 123 16 15 1 2 0.65
20 N 150 0.78 0.27 2.4 0.022 127 25 14 2.8 0.08
30 E 3 1.40 0.47 5.1 0.154 &54 39 22 3.2 1.02
40 E S0 1.68 0.38 5.1 0.046 208 31 28 1.1 C.:7
SO E 200 2.50 0.58 3.4 0.030 227 31 37 0.6 0.04
60 S 3 1.46 0.33 4.8 0.130 349 43 15 24.6 4.36
70 S 50 1.82 0.31 4.3 0.048 298 28 16 6.8 3.45
80 S 150 2.42 0.29 3.6 0.038 181 28 20 4.0 0.06
°P W 3 2.02 0.13 4.4 0.080 180 &8 21 11.8 3.02
1OP W S50 2.32 0.22 3.4 0.065 133 44 17 2.2 2.61
11P W 200 2.91 0.39 2.7 0.057 45 41 14 1.4 0.14

*) Consecution of Symbols: Sample No; type of the

Plant: O - ocat, P - pea; direction and distance
from the landfill in meters.
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finishing process of skins and hides. Leachates
composition the Reader can find in column 4, of
table 1. At the SE side of this tip there is arable
land, from the other sides the tip is surrounded by

forest. The slope of the terrain is from SE to Nu.

At the location of the landfill up to a depth of
0.5-1.5m occur dusty humus, aggredate muds and
Clay. Below this layer are present sands, gravels,
sand-gravel mix, with no numerous pockets of silts
arnd clays. The groundwater level is 1.5-2.6m below
the surface. High water levels in the Bober-river
are above the bottom level of the landfill. The
direction of the groundwater flow is identical with
the slope of the terrain.
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Fig.3 Concentration of sulphates n groundwater, mgfdm’




Starting in 1978, the quality of groundwater
arround the tip has been analysed systematically.
The hydro-geological conditfons are shown on Fig.2.
On Fige. 3 & 4 concentrations of chromium and sul-
phates as well as their expansion in years (i.e.

after 5 and 10 years of operation) are shown as
examples only.

2 1982 2 N 3 1987

OL OL
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E=-a05 Eaon-aos 11J00006-000[J<0006  FEEEE] dump ;
Fig.4 Concertration of chromium in groundwater, mgfdm

SUMMARY

A distinct impact of the first landfill on chemical
properties of soils can be observed at a distance
of no more than 300m from the yard®s body. It is
manifested particularly by higher salinity as well
as by high chlorides and sulphates concentration.
Increased concentrations of heavy metals have been
observed in a zone varying from 30 to 50 meters
only and directly adjoining to the yard. Plants
growing there show higher concentrations of cad-
mium, nickel, manganese and sodium, and lower con-
centration of nitrogen which gives, in effect,
yields of some 30% lower.

The lack of an insulacion layer between the stocked
wastes and the groundwater (Case No.2) brings about
that we note a distinct impact of wastes upon the
chemical composition of the groundwater. During the
passed years of the tip's operation, one could ob-
serve the increase {n groundwater pellution as well
86 an increase of the contaminated area. Although
this case study gave - in terms of environment pol-
lution - objectionable results, it gave, from the
other hand, the backgrounds for forecasting of the
range of pollution in the coming years.






