G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

[ XX

]
’@\‘- istr.
© [§570 #=

7 September 1990

United Nations Industrial Development Organization ORIGIRAL: ENGLISH
Regional Meeting on Management of i, 3.
Industrial Waste Water —aluc

s LT
.

TEREERY
’ ’

Paris, France, 10-14 December 1990

PROGRAMME ON PURIFICATICN OF INDUSTRIAL WASTE WATER
COUNTRY PAPER: ZIMBABWE#

B.C. Chiworeso
URIDO National Expert

/0

®The views expressed in this document are thosme of the authors and do not
necessarily reflect the views of the Secretariat of UNIDO. This document has

not been edited.

v.90-87577




- iii -
PREFACE

Zithin the framework of UKIDO'S programme of purification of industrial waste
water, the National expert in waste water management (National consultant)
carries out an investigation in the waste water situation in the country.

The national expert assisted in the identification and examination of
industrial waste vater and suitable treatiment technologies. The wvaste water
concerned are effluents fram industries such as tanneries and leather,
breweries, textile industries, slaughter houses, sugar industries, sisal
industries ¢a3 pesticide formulating plants etc.

The Swedish International Development Authority (SIDA) invited UNIDO to subnit
a project proposal dealing with the forrulation and implementation of a
training prograree, possibly to include construction of one or more
demonstration plants in the participating countries for training purposes, on
the treatment practices of industrial waste waters for various sub-sectors of
industry.

The national expert has specifically presented the characteristics of the
waste waters chosen together which an extensive description of the situation
for each type of water with regard to the number of plants, environmental
impact, status of waste water treatment, equipment, etc. Four most relevant
types of industry (unfortunately none of th2 above mentioned industries has
been included) have been selected and the characteristics of the waste waters
thoroughly exaained,

An evaluation of the present situation of the selected industries in respect
of installed treatment/puriiication facilities, industrial technology and
analytical facilities, (government and other laboratories) has been made. A
review has also been made of the technological options available in those
industries for reducing waste water quantity and improving effluent quality in
industrial vater installations, in addition to compilation of available data
on environmental effects of the discharges of the different kinds of effluents.
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TELE 2F REFTRIACE

™2 complete Terms of Reference are as follous -

(o)

(c)

To present the characteristics of the waste uvaters chosen with an
extensive descriotion of the situation for each tvpe of ater /ity
recard tc the number of plants, environmental impact, status of waste
wzter treatnent, ejuipment, etc,

TO presars a programe for the two UIDD consultants who vill visit the
country for srproviniately two weeils to further ovaluate tre situstion,
To ascist znd guide th2 two visitins F'IDD censultaits durinc their

evaluation vhich will air on :-

- a review of the technological options availanle for the relucinc
vaste iter Guantity and irmprovinc effluent juality;

- & deternination of the level of regzulatory measures for industrial
viaste vater treatment, appropriate for adoption by the cauntry;

- an identification of training needs on methols/facilities for vaste
ater treatment.
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3.0

GEQSRADTIICAL POSITTIOM

cimbaxe sits on the map of Africe like a campact teapot. boardes to the
rtorth by Zambia, to the east b :ozamdijue, to thz saith ov South ifrica
an? to the west oy Botsuana, and witi th: "&stornmost tip of the "spouc®
(vhere four countries meet) butting onto the Caprivi Strip of ranibia.
Landlocked Zimbabwe is the southernmost country of troonical Africa, vith
& north-south axis of 720 ki: ans an east-west axis of 220 <. The
countryv is boardec¢ &long ruch of the north and south 2v the Zarbezi and
Limmoo0 rivers resnectivelv.,  (3See apgoendix 2).

There are four Jistinctive physiograpiic regions. These are the Zambezi
valley in the north, the Zaminent plateau medoe of the (jidlands, the
Sabi- Limpono Lowvelss in the south and tae Nastern Hignlands in the
sast, ithin tuese areas, the altitude ranzes fran less thian 25%. above
sea level to over 2,500,

STDATITR DATTETY

= R

Zimhabwe is a semi-aric region of tronical Africa, and debilitatine
“roughts are a canon occurence, Rainfall is seasonal and very
variable, and manv of our larcer rivers duindle to a mere tricile in the
long drv seascn, which stretches fram gbout flav to October. The
rainfall varies from an annual mean of over 2 900mm at 2 fevw places in
the Castern Zighlands to less than I09m in the extreme south,

over most of the country the average is between 600 rr» and 200 rm,
Precipnitation is seasonal with summer rainfall occurring between the
middle of 'ovember and the middle of liarch. T1iater is theorefore
lifeblood of Zirmbabwe, :

RIVEDS NF ZINEARTE

Zimbabwe is boardea along much of the nortn and south by the Zamba:i ancd
Limpopo rivers respectively. The rest of the few inflowino rivers an?d
daas are shown on the map (Cee Arnencdi: A). Since Zimbabwe has nc
natural laiies, storage dams are therefore essential to provide a
reliable supply of water for damestic, industrial, nining anc
agricultural use, There are over 8 900 cams in Zirbanwe, varvinc from
Kariba, the largest artificial lake in the world, to smell masonry weirs
serving cawmunities in the rural areas,

PANUCACTIRINY AMD AGPICULTIRAL IMDUSTRIES

zizbaare's nanufacturing sector is exceptional in Africa for its
diversity. It oroduces an imprescive range of more than 6,500

nroducts, Anong then are foodstuffs, drink and tooacon, textiles,
clothinc an< footwear, che-ical and petrolaun products, metals and netal
oroducts, pap2r and paper oroducts, non-metallic mineral jroducts,
transpert and eguirzrent,

™2 importance of aqriculture to Zimbabwe cannot be over-emphasis2d, It
plays a locorotive, role in the economy and feeds the nation, witn a
surnlus for export. 2rong the main crops are maize, cotton, tobaceo,
tea, coffee, potatoes, sugar cane an2 citrus fruits.

&
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Ag-icultural inputs are apout 16,5% of total manufacturing gross output, which
is eguivalent to about 25% of 2ll intermediate inputs to the s2ctor as a
whole., Zimbane's nanufacturing sectors aggregate features can be surmrarized
as follows :-

- ™e Sa2ctor coatributes 24 per cent of GDP. This is three times the
averace for sunh-saharan Africa.

- ranufacturing value agdec (!4VA) per capital is three times the average
ror iKfrica as a hole,

- It contrinutes greatly to export earnings, between 34 and 57 ver cent,
f2nendinz on the clasiffication usel.

- *ut is also a heavy user of imports, usinc about 45 per cent of all
corciities imported,

- It ic also a major user of enerqy, having 22 per cent of total
consurption, and between 48 and 50 per cent of total electricity
consunzition,

2y man’ criteria, the most important sector in Zimbalwe's manufacturing is the
Hdetals and itetal Products sector, which includes non-ferrous metal ané iron
an3d steel basic industries, metal products, machinery and equipment including
electriczl radio and canmunication equipment.

In terms of net output, numbers employed and value of capital employed, Food
staffs is the second most important sector (16 per cent of total net output.
As an exporter however it is in third place to Textiles, which includes
significant cotton lint sales ané has 9 per cent of total output.

Closely allieé through linkages is the clothing and footwear sector, with
similar levels of employrent and the share of net output, but a mich higher
number of individual firms and a much smaller contributor to exports.

put manufacturing contains several other significant branches, notably
Chenicals and Drinks and Tobacco, vhich are respectively in third and fourth
place in net output terms (13 per cent and 11 per cent of the total., The
other sectors are Paper, Printing and Publishing (7 per cent), Mon-metallic
Mineral Products (5 per cent), Yood and Furniture (4 per cent), Transport
Swuipment (3 per cent) and other Manufactured Products.

The conibination of the sectoral activity withing manufacturing is, overall,
not very far from that of developed countries, and is closest to the group of
hizh incoe Jeveloning chuntries, even though Zinbabwe itself belongs to the
low incone Croud,




CINICALS AT POLLUTNI™S

e of the n2jor causes of water sollution in zZinbasuse is the nining
industry. The Drobler of "2cif nine drainaze” is to b2 found theraver
thzre is suiphur present ani many ores evist in the forn: of sulthides.
The acif water nuamoel fran 3uch Tines and ceadades fram Sumns or ore and
waste rdterial find taheir uay into watercourses or underzroun tmter
unless vigorous action is takzn to orevent this. !orwally this problem
is Gealt with by returnin- all se2rage and drzinzge of this ind to the
ore processing sa2ction of the mine uvhere it can he use? in the rrocess
and Finally for slurryinz tailings for transport te tailings and clinmes
43s where Srovisicn is o220 for ite disnoszl by avaroration,

2inilar orobleuws ars encounteres in sxwe industrizl lants e.q, i ths
rrocessin: of =hosopate rock for fertilizers., Acis nine Jfrainzg: is
a2lsc encounterad in the cozl mining industry. Cfflueats arisin: “rom
the renufacture of fertilizers other tnan phosgphates, e.¢ Tronium
nitrate, -ossess Jifferant procler. sincz the anpearance of nitrogsn
camunss in surface or uncargroun? watar can he verr Aeleterious to
Dot vecetanle &l animal life and can give riss to sarious »Hroolems of
alyal grocth in impounded :3ter. In one of its major water supply
sourcss, Lake [cLl.mine, Timbaowe faces the problei of weec-Jater
nyacinth, vhizh may finally result in eatrophication. Discharce of
sewede effluents into vater courses has highly contributad to this
pro-ler in Zimhaixe,

“;ater pollution is occurrina from normal farnming operations through
run-of{ anc scepage of water containing not only fertilizers out
insecticides, herbicides and other poisonous substances,

1w industries or undertakings are now accordingly requireZ to include
in the planning stage - provision for caaplying witn the lecislation
fra: the start of the operations,

It is however pleasing to record that in general the offending parties
are now conscious of their responsibilities to the cawmnity regar:ling
the need to control water pollution and cooperatec with the autnorities
in the task of protecting the environment.

“ATE? POLLUTION CONTROL

The problems of water pollution have been recorded during the Roman
soire. There are even references to pollution in the 2ible. So
pollution probleins are not nev: and the rjuestion is not whetner but hov.

Zivabwe is fortunate in tnat the proolen of water pollution has not
reached the serious levels that it has in zome more developed ans
industrizlised countries ani that where problems exist in Zirdalre they
are cf a localised nature. ZimoabJe is nevertheless full aware that
thare is no roan for canplicency in “he field of water zollution
control. =Cvents in other countries bear ample testimony tc how Juickly
a situation can cet out of control and rejuire the e:xpenditure of vast
sums of roney on renedial action.
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The timely intrciuction of saitabls coatral nmaisuris at e elrlr state
in th2 develooment of nimdaoie has m@ce it Dossile to ervercise
effective control of water —ollution »efore = =erious an sossinly an
irreverssinle situation develoz=? wrtiiout Jisrurtion of the cconcir.
Althcuaq: consi“erable wer: rensins to De Lone and sustained =ffort dill
be rewuired in the Zuture to retzin contrel of wster pollution and to
prevent 2 Aeterioration: of the nosition, th2 majorits oF the win
sources of tater wvollution 11 ZiToadwe have ROy xesn droijat £ 209l and
in mst 0f these cases control a h=ternt waszurss hizve deor or acs
b2in,; implenentel,

fvioucly water »milution .ot Be 2lindnatel overnisht ot altnzush
the lesislation in Zirhadug:  rofidits uzter noilition, srovisiosg has
neen "ade Sor taporazry enenctifns to he granteld, uner soaecifi
conaitions to 23lor offan ers suificient tine sitzin D¢k te iastall
suita’:le control measures to oomply with the legislatios,

T2GAL RCICTIONS 0% T COTNOL O ST 2OLIUTIN

S co [P Tt o O

The “lataer Act vis first amenles in 1277 ts inclulie rreovision relating to
Uater Pollution Contral, Since then, various ameniients have een nale
and incorcoratel into tne sres=nt i3tcr Act, 1975 (Chanter Z1 of 1975),
The niost important of tnese provisions ars in Section 1371 (See
Aoaoendix T).

Srieflv, the Act coss not allow cischarge irto wetsr courses of an
efZluent vhich cocs not mest the standards as 1laid “om in the "iater
(effluent anc¢ waste 'later Standards) Regulations, 1377 (See anoendix 2.

It can be seen, therefore, that adejuate nrovision evist for the control
of weter .pollution in Zirbabwe an? the Tlater Pollution Control
amendments vhich were first introduced into the Vater Act in 1970
basically prohibit water pollution but allow for teaporary exemotions tc
oJe granted under specific conditions - to allow offenders sufficient
time within which to carry out the works necessary to put their houses
in orcer ana camply with the legislation.

i2 consider that the treatient and disposal of an effluent fron aay
industrizl srocess or undertakinc rmust be recarce? &s an intecral part
of that process both in regzaré to the economic and purely mechanical
aspects and iinrlications of tne Undertaking - in cther xords the
orinciple that *the pollution must pay® rust be accepteld and aprlied,
Pew industries are expected to comply with the Pequlations fron the
start and woulZ not normelly be considered as candicates for exemption,
although there is no provision to stop a new plant fram being built,
even if the pollution problem is not addressed properly.

In order to zchieve an onjective of preventing and controllirg the
pollution o€ our water rasources, anc conserving this valuaosle resource,
(Zimdabwre lies in the semi-aric regions, irrigation in -eeljesd to realize
increased acricultural production) it vas consideres essential that the
jquality of effluent Zischarged, iirzctly cr indirectly, into anv water
should e strictly controlled and to this end the above r2julations have
been introducel whichn prescribe a cxyaratively high standard of purity
for any efflueints discharged into the water and 'hich, e believe, vill
encourace tne optimum re-use of the taste-iater, Arongst other
constituents, these regulations lay down maximuw pernissible
concentrations for cyanide, arsenic, mercury, le2d and other potentially
poisonous or hazardous suostances that nay 2o oresent in waste 7ater.




£.0

-5./0

T2 ADDTIISTRATIR! OF TFE AT ACT

3,

"he aiministration of tae 2ot is undertaken bHv the Ninistry of Tnergy
anG Tfater Resources an: Devzloxent and more particalarly Hy the ater
Pollution Contrcl Saction ol ~arstiowr 7ronc . Tl Taziice's uin
functions are the location, investigztior. st ovzsrall conkrol oF
pollution scurces thro:shout th2 country, the collection of vater
muality date Jra- stresns {3se Appeniix D), rivers and lakes and the
nresaration ang issuine of exewption periits,

Three timnes of ronitoring are core, nxnelv -
a) FRatural “fater Quslit;s ronitoring

3)  Pellutions Contrel “onitoria

c) _Policing sionitoring.,

wver & 170 sampling points anist (Ansendiiz ?) and every samling point
is registered (e.7 sam:le 2oint C24, *moendiz T) and full 3etails of the
point zre stored with otner Adata in the #zts Lank. Over 307 of these
~cints are in urban areas and samling is Jone once every moath.

Anzlysis is carried out »y the Zovermment inzlvst, “‘inistry of Wealth.
Other orcanisations may be cailed in for hel: e.qg the City of Harare and
the Chenistrv Department of the Jniversity of Zirdane. The caracity
and efficiency of the Goverrment Analvst Loboratory is the gresant
liaiting factor in the Gevelomment of the orogramme. This has resulted
in the need for the !inistry of Fnergy and Water Resources and
Develomment to have its own laboratory, and is in the process of
aciuiring one at the novent,

In addition the Section is responsible within the Ministry for advising
on national water pollution control policy and for the implementation of
this policy.

Parts of these functions are delegated to Provincial tiater Engineers and
Locel Authorities. The Section is responsible for the co-ordination of
activities by these bodies and for ensuring that a uniform and
consistent approach to water pollution is applied throughout the
country. It is responsible for the issuing of advice anc¢ guidelines to
these bodies vwhere necessarv.

The !inistry is aided by other interested bodies including the i'atural
Resources Board, Local Authorities, f!ational Parks and (1ild Life and the
liinistry of ilealth. In addition, the Water Pollution 23visory 3card has
been set up, consisting of experts fram various organizations concerned
vith water pollution.

The functions of tne boarc ars to advise the liinister of Energy and
tiater Resources anc Development on all matters regardinc the prevention
and control of water »ollution, This includss recumncndations on water
quality standards fron wvaste and effluent waters, on applications for
the issue of exemption permits. %e2ping under review existing
lecislation on vater nollution control and inaking recamnreniations for
any further amending legislation,

In an event tihe best law is no better than the weakest enforcement, and
this in part is dependent on the funding of the programme. So in
Zimbabwe prosecution of violators is rare, but compliance with best
"oractical means® is followed because of Jiplanmatic persuasion,




Appendix B

Rhodesia Government Notice No. 687 of 1977.
[ACT 41/76
‘Water (Effiuent and Waste Water Standards) Regulations, 1977

. IT is hereby notified that the Minister of Water Development
has, in terms of section 135 of the Water Act, 1976, made the
following regulations: —

Title

1. These regulations may be cited as the Water (Effluent and
Waste Water Standards) Regulations, 1977.

Interpretation

2. In these regulations—

‘“heavy metal” means a metal having a specific gravity
greater than 5,0;

“Zone 1 catchment area’” means a Zone I catchment area
specified in the First Schedule;

“Zone II catchment area’’ means a Zone II catchment area
specified in the First Schedule.

Prescribed standards of quadlity for effluent and waste vater

3. The standards of quality, prescribed for the purposes of
paragraph (1) of subsection (2) of section 101 of the Act, to which
effluent or waste water which has been produced by, or results
from, the use of water for any purpose, and which is discharged
or disposed of into a public stream, private water, public water or
underground water, whether. directly” or through drainage or
seepage, shall conform, shall be as set out in the Second Schedule.

Sampling procedure

4. The following requirements shall be complied with in
respect of any sample which may be taken or required to be taken
of effluent or waste water for the purposes of Part IX of the Act—

(a) a composite sample for the purpose of analysis for all
tests, other than those for temperature, pH and dis-
solved oxygen, shall be taken by coinbining individual
samples so that a minimum of five samples of equal
volume of not less than five hundred millilitres each
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Water (Effluent and Waste Water Standards) Regulations, 1977

®)

of the effluent or waste water shall be taken, at the
pomt of dlscharge at approximately equal intervals of
time over a minimum period of approximately four
hours within any twenty-four-hour period;

temperature, pH and dissolved oxygen readings shall be
taken on individual samples at the time of sampling,
and all samples shall comply with .the standards
specified in respect of temperature, pH and dissolved
oxygen in the First Schedule;

{¢) where full laboratory facilities do not exist on the site

for the determination of dissolved oxygen, the oxygen
in the sample may be fixed at the time of sampling by
adding the sulphuric acid, the permanganate, the
oxalate, the manganous sulphate and the alkaline jodide
only:

Provided that—

(i) the stopper of the sample container shall be
replaced and the solution shall be well
mixed;

(ii) the remaining steps shall be carried out later
in the laboratory.

Repeals

5. The Water Pollution Control (Waste and Effluent Water
Standards) Regulations, 1971, published in Rhodesia Government
Notice No. 609 of 1971, are repealed.
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R.G.N. No. 687 of 1977

FIrRsT SCHEDULE (Section 2)

ZONES I AND II CATCHMENT AREAS

1. Zone I catchment areas

The river catchment area of—

(2) the Gairezi River and its tributaries .

(b) the Pungwe River and-its tributaries .

(c) the Hondi River and its tributaries

(d) the Nyamkwarara River and its tribu-
taries . . . . . . .

(¢) the Inyangombe River and its tributaries
to its confluence with the Nyajezi River

() the Nyajezi River and its tributaries to
;{lts. confluence with the Inyangombe
ver . . . . .. .

(g) the Odzi River and its tributaries to its
confluence with the Od?ani River . .

(b) the Odzani River and its tributarié to
ite confluence with the Odzi River.

(i) the Mazonwe River and its tributaries .
() the Umvumvumvu River and its tribu-
taries to. its confluence with the Nyam-
, bewa River . . . .
(k) the Nyambewa River and its tributaries
t& its confluence with the Umvumvumvu

ver . . . .

() the Nyanyadzi River and its tributaries
to its confluence with the Biriwiri River

(m) the Biriwiri River and its tributaries to
its confluence with the Nyanyadzi River

(n) the Lusitu River and its tributaries
(o) the Busi River and its trilutaries .

2. Zone 1l catchment areas

All river catchment areas other than those specified under Zone I.

Locality

Inyanga district
Inyanga district
Inyanga district

Inyanga district

Inyanga and Makoni

districts

Inyanga district
Inyanga district
Inyanga district
Umtali district

Melsetter district

Melsetter district
Melsetter district

Melsetter district
Melsetter district
Chipinga district
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Water (Effiuent and Wa;te Water Standards) Regulations, 1977

1.

, SECOND SCHEDULE (Section 3)
PRESCRIBED STANDARDS OF EFFLUENT OR WASTE WATER

The¢ water shall not contain any colour or have any odour or taste
capable of causing pollution.

2. The water shall not contain any radioactive substances capable of

causing pollution.

The pH of the water shal' be, where discharged or disposed of— -
(a) in a Zone I catchment area, between 6,0 and 7,5;
(b) in a Zone II catchment area, between 6,0 and 9,0.

'I‘h;:iempcrature of the water at the point of discharge shall not
ex e

(a) in a Zone I catchment area, 25 .‘C;
(b) in a Zone II catchment area,-35 °C.

5. The water shall contain dissolved oxygen to the extent of at least,

where discharged or disposed of—

(a) i a Zone I catchment area, 75 per centum saturation;

(b) in a Zone II catchment area, 60 per centum saturation.
The chemical oxygen demand of the water, after applying chloride
correction, shall not exceed, where discharged or disposed of—

(a) in a Zone I catchment area, 30 milligrams per litre;

(b) in a Zone II catchment area, 60 milligrams per litre.

7. The oxygen absorbed by the water shall not exceed, where discharged

10.

or disposed of—
(a) in a Zone I catchment area, S milligrams per litre;
() in a2 Zone Il catchment area, 10 milligrams per litre.

The total undissolved solids content of the water at the point of
discharge shall not be greater than—

(a) in a Zone I catchment area, 10 milligrams per litre;
(b) in a Zone IT catchment area, 25 milligrams per litre.

The total dissolved solids content of the water at the point of dis-
charge shall not—

(a) in a Zone I catchment area, increase the total dissolved solids
content of the receiving water by more than 100 per centum
and the total dissolved solids content of the eflluent shall not
exceed 100 milligrams per litre;

(b) in a Zone Il catchment area, exceed 500 milligrams per litre.
The water shall not contain soap, oil or grease in quantitics greater
than, where discharged or disposed of—

(a) in a Zone I catchment area, nil;

(b) in a Zone il catchment area, 2,5 milligrams per litre.
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R.G.N. No. 687 of 1977

Appendix C

11. The maximum permussible concentrations of chemical - comntuenu
mmiblemdnemterwbnh is discharged or disposell ©
Iorhmﬂamhmtm:hﬂbeu:peaﬁedmtﬁefollomng

table:
TanLE
MAXIMUM PERMISSIBLE CONCENTRATIONS OF CERTAIN
CHEMICAL CONSTITUENTS
" Maximum concentration
in milligrams’per litre
Constituent -Zone I Zone II
) catchment | catchment
area area
Ammonia free and saline, (as N) 0,5 0,5
Arsenic (as As) . . . 005 9,05
Barium (as Ba) 0,1 0,5
Boron (asB) . . 0,5 0,5
Cadmium (as Cd) 0,01 0,01
Chlorides (as C1) . 50 100
Chlorine residual (as free dllonne) Nil 0,1
Chromium(asCr) . . . .. 0,05 0,05
Copper (as Cu) . 0,02 0,5
Cyanides and related compounds (as CN) 0,2 0,2
Detergents (as manoxol -OT) . 0,2 1.0
Fluonide (as F) - 1,0 1,0
Iron (as Fe) . 0,3 0,3
Lead (as Pb) 0,05 0,05
Manganese (as Mn) 0, 0,1
Mercury (as Hg) . 0,5 0,5
Nickel (as Ni) . . 0,3 0,3
Nitrogen total (as N) 10,0 10,0
Phenolic compounds (as phenol) 0,01 0,1
Phosphatés total (as P) . . 1,0 1,0
Sulphate (as SO . S0 200
Sulphides (as S) 0,05 0,2
Zinc (as Zn) . 0,3 *1,0
Total heavy metals 1,0 20

12. The water shall not contsin any detectable quantities of pesticide,
berbicide or insecticide, nor shall it contain any other substances not
‘'referred to elsewhere in these standards, in concentrations which are
poisonous or injurious to human, ammal. vegetable or aquatic life.
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I'MUSTRIAL TASTE UATER DISCHARGES AMD THE SELECTIR! OF INDUSTRIES 'NMTH
TELL-INE, CNVIRONMENTAL PROSLEMS

:i2jor incdustrial glants, particularly those in the ch=mical industry are
prodigious consumers of water. Substzncial cost is involved often to
ensure a secure and dependable supply. Despite re-use within the plant
ané incorporation with th- product of the manufacturing process, najor
water users are usuallv major waste mter producers, sonetimes in
conjunction with a solid or semi-solid waste by-product.

Given the nroduction of significant eifluent streams, there are a
linite3 nurber of ogtions for ultinete disposal of such waste streams
cutside the niant. Tlith ajueous effluents, two obvious Zisposal routes
are to suriace waters or to grounduater.

Discharges of this nature are strictly controlle? in terms of permitted
chenical Juality of the effluent. 2 thirs option is Zischarge to sewer,
should one with adejuate capacity be availadle locally. Agair taere are
attendant guality conctraints with such a discnarce. 2 further
altermative is & camination of any of the former three ootions with
pre-treatient of the effluent to improve its chenical quality prior to
céischarge,

Effluent discharge probleiss can be most easily instigateda by liniitino
the quantity or effluent produced anc, where this is not possible,
re-using as ruch waste wvater within the plant as possible. To effect
such an optinisation between water input, use and discharge, a carerzul
study of the plant uvater balance in terms of the foregoing factors and
water pollution control measures is necessary.

In Zimbabwe discharges of waste water to surface waters or to
croundvater are strictly controlled in terms of permitted quality of the
effluent. The majority of the industries do discharge their waste water
to their municipal sewers. However some do apply a cabination of any
of the former threz methoas with pre-treatiment of the effluent to
improve its chemical quality before they discharge into sewers,

Most of the manufacturing industries are situated in or around towns and
it is easier and cheaper to discharce their waste water into their
respective municipal severs. Mines of course are scattered all over he
country and so they have their owm waste water treatment plante,

Serious proolems are encountered in Chemical industrial plants e.g. in
the processing of phosphate rock for fertilizers, There are two leading
fertilizer manufacturing companies in Zinbabwe; these are ZIiEZ23ET
PEDSPIATE INDUSTRIES LIMITED (ZIMPHOS) and SA3LE CHENMICALS LIVITED., At
Sable Chemicals Linited the pollution problem is that of high nitrate
concentration in the waste vater. The situation is closely ronitores
and is under control at the present moment.

The pollution problems at ZI'PHI5 are just caplex in terns of both
finenciallv and technically. The problens are going to be discussed in
detail latter.

In the mining industry, the major problem, is that of killing cyanide
after the cyanidation proczss in cold mining., Athens Gold Mine is
facing a serious problem in this aspect, Here the problem gets worse
vhen ore reliable and accurate methods of analysing the chemical cannot
be found,
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The other major causes of water pollution in the country is the steel
industry. Here we have ZISTOSTEEL, the country's only manufacturer of
iron and steel and LANCASHIRE STEEL LIMITED which is engaged in the
manufacture of galvanised wvire fran steel billets. Both these steel
industries are going to be discussed in detail.

An evaluation has been done of the present situation to zZimbabwean
industries in respect of installed treatrment/purification facilities,
industrial technology, well-known env.ronmental problems and analylical
facilities. :

In Zimbabwe a selection of industries with well-known environmental
problems has been made and the characteristics of the waste water has
been given and in some cases existing treatment/purification technology,

or proposed technology has also been outlined. The selected industries
rang= from chemical, steel to mining incustry.

A priority list of the industrial sub-sectors of the greatest interest
to each within the context of the project's objectives has been
prepared. The priority list is as follows :-

1. Zimbabwe Phosphate Industries Limited

2. Zimbabwe Iron and Steel Campany Limited

3. Athens Golgd itline

4, Lancashire Steel (pPvt) Limited.




12.0

10.1
10.2
16.3

10.4

10,5
10.5.1

10.5.2

10.5

10.6.1
10.6.2
10.6.3
10.6.4
19.6.5

10,7

10.8

=0 0 ~J O\VUY N
* L ]

Oe o o

DETAILS OF WDERTAKING

MAME OF UNDEPTAXING : Zimbabwe Phosphate Industries Limited

ADDRESS : P O Box AY 120, Aamby, Harare

IIATURE OF IIIDUSTRY + Manufacturing of phosphate and
superphosphate fertilizers, and related
mineral acids, aluminium sulphate ané other
chemicals.

LOCRTIOR! Harare

DETAILS OF VATER COHSUPTICN

Source of supply : City of Harare

Consumption : 1.196m3 per year

DETAILS OF RAI? MATERIALS

Phosphate rock fram Dorova Minerals
Iron pyrites fram Iron Duke Mine
Sulphur fram Canada

Bauxite fram Mozanbique

Lirestone fram G and W Minerals (IDC)

DETAILS OF VASTE WATER DISCHARGE

See Zimphos's Water Pollution Control Summary of background to date.

BUSINESS STRATEGY

ZIMPHOS is the major manufacturer in Zimbabwe for a number of basic
chenicals., The manufacturing plants at the ZIMPHOS factory are as
follows :

82 500 t/a Pyrite Burning Sulphuric Acid Plant,
82 590 t/a Sulphur Burning Sulphuric Acid Plant.
30 00N t/a Wet Process Phosphoric Acid Plant.
200 000 t/a Broadfield DEN Superphosphate Plant.
22 000 t/a Aluminium Sulphate Plant,
550 000 t/a Steam Raising Plant
1 060 t/a Toll Manufacturing Plant for insecticides
660 t/a Rosin Tampentine Plant
1 920 t/a Silicates Plant
700 t/a Lead Mitrate Plant

(See the flow sheet of plants at ZIMPHOS APPENDIX E).
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The replacement capital value of plant is estimated at 2$400 million,
The infrastructure is extensive and same facilities are shared with the
adjacent ZIMBABIE FERTILIZER CORP(RATION (ZFC) plant producirng 75 009
t/a'mixed and vhosphate fertilizer. Chenplex owns 50% of the capital
of ZFC.

STATSHENT OF PROBLEM

The production of wastes with a high pollution potential, the location
of ZIMPHOS factory itself, the unfortunate siting of waste disposal
areas and a leaacy of waste management proolems have cambinesd tocether
to produce the current problem at ZIMPHOS. In the past few years, a
vigorous and progressive approach to pollution control has —2an
directed at relatively localised nronlems and a mere coirehenzive
appraisal of the situation is thus required.

By considering each of the foregoing problem areas in rore detail, it
is possible to attain an appreciation of the magnitude of difficulties
at ZIMpios.

PROUUCTION OF TATERS WITI A PIGH POLLUTION POTEMNTIAL

Four wastes or group of wastes are produced or have been produced from
ZIMPHOS factory. These wastes and seepage liquids all have a high
pollution capacity.

11.1.1 Gypsum

A major by-product of the manufacture of phosphoric acid, this
calcium sulphate is slurried with waste water e.g. with
fluoride rich liquor used for scrubbing out fluoride vapours
evolved during the digestion of phosphate rock by sulphuric
acid ang discharged to a tailings dam (See analyses in Table
11.1).

11.1.2 calcine
Calcine pyrites, (calcine), is formed during sulphuric acid
manufacture and discharged as a solid waste. The leachiny of
the oxidised waste material produces an effluent high in iron
and sulphate.

11.1.3. ‘liiscelleneous” Vlastes

Various wastes chiefly from the arsenic plant. They all have
high arsenic contents,

11.1.4. Liquid Effluents

Discharges or seepages fram the factory or waste dumps
principally to the Mukuvisi River. All listed or known
discharges fail to meet standards in Zimbabwe effluent control
regulations.
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11.2 LOCATION OF ZIMPHOS FACTORY

Any liquid, be it plant effluent, stormater run-off or near-surface
seepage, generated in the factory area will find its way to a liwe
watercourse. This is because the factory is bounded on the north by
the ukuvisi river and on the east by a vlei drained by the so-called
*Little Kariba® (See Drawing MNo.ll.l drg) Such liquids are almost
aluays of poor chemical quality and hence will pollute these surface
waters. Table 11.2, Section 3 to G, summaries the main discharges and
seepage to Mukuvisi river and "Little Rariba®™ fram the factory.

TARLE 11.1 AMALYSIS OF GYPSJ! TAILINGS LIQUIDS FROI ZIMPHOS

* |AMALYSIS REFERZNCE

*

8

DS

0
o

Pl

|
1.

Sample taken in
March, 1575

1,4 12 300 3 406

*Typical” mean 5 300

values
Pebruary, 1980 10 700
analysis

1 000 9 200 | 6 800 |12 040

|
Maximum cuality 1€.0/2.0
limits for |
discharge to |
9 water courses |
|

500 200

1,0

T
|
i
I
|
|
!
- | 22000
|
|
|
I
I
: 1,0
i
|
|

—————— e —
|

—————————————-——i——ﬁ
\

i
|
|
]
!
|
|

27501 -
|
|
|
|
|
|
|
|
I
|

values in mg/1 except pH which is in units,
DS - Total dissolved solids
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11.3

SITING OF THE WASTE DISPOSAL ARFAS

The location of the principal waste disposal areas are marked on the
general site plan, Drwg Ho. 11.1. The problems associated :ith the
chosen disposal locations can be swmmarised as follows :-

11.3.1

11.3.1

Gvnsun

The Gypsum slimes dam is locatec at the north-west end of
surface water catchment of the =pworth vlei which feeds the
Hatfield Strean. Seepage from the dam flows southwards
polluting the vlei area and derogating the gquality of the main
strean. Existing remedial measures to intercept this seepace
are only marginally effective.

A line of water supply boreholes trending south westwards doim
the Epworth viei has been polluted, tater fram these
boreholes which were for public supply is no longer of potable
aquality cdue to pollution fram this dam. The gypsun tailings
dan is unline¢ under the majority of its area and vertical
seepage has polluted the underlying groundwater.

Calcine

There are three main and a host of ancillary calciun dumps.
These are :

(a) the north-west calcine dump

Seepage and underflow past the adjacent interceptor
system travel direct to the pukuvisi River, (Ite~ 1 of
table 11.2.)

(b) the south-east, "old" calcine dump:

The dump is situated at the head of the eastern vlei
area drained by the "Little Kariba” to the Mukuvisi
River. Seepace through the dump, aggravated by the
fact that calcine was dumped in a dug excavation, flows
north-eastwards into the vlei and eventually to the
Mukuvisi river,

(c) the "new® calcine durp

Mthough the dump is sited well away fram any active
watercourse, adjacent to the soccer field, seepag2
generated in the dump is polluting groundwWater to the
north (samples fram sunk boreholes indicated).

(d) Other dumps
Calcine has been dumped almost indiscriminately in the

area of ZIMPHOS' property particularly to the west of
the factory.
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11.4

It has resulted in the camplete pollution of near
surface soils and all drainage ditches.

To the east of the existing gyosum tailings dam a berm
of calcine has been constructed presumably for
stormwater control. Waste material and water polluted
by the dump are discharged via a stormuater drain to
Epworth vlei.

(e} cCalcine roads

The geotechnical properties of calcine make it suitable
for the wearing surface of site roads and it has been
extensively usec as such throughout the ZIMPHOS fuactory
area, The effect has been to pollute all storrmater
channels adjacent to the site roads and hence made the
general pollut.ion rore widespread.

(f) The ZIMPHOS Club car pack

A substantial volume of calcine has been used to
construct a car park on the northern side of the ZIMPHOS
Club. The edge of the car park is within 20 m of the
Mukuvisi River; contaminated water fram the car park
therefore flows directly into the river.

11.3.3 Miscelleneous Vlastes

Wastes from the old arsenic plant have been dumped between the
western railway siding and the "main sluit® on the west side
" of the factory. It would appear that near-surface groundwater
forms a seepage line in this area and the resultant polluted
water flows into the "main sluit®”, via a number of smaller
drains, and hence into the Mukuvisi River.

WASTE MANAGENMENT

Despite substantial improvements ir recent years, the level of control
of waste disposal operations does not alleviate the risk of water
pollution from these operations.

The gypsum tailings dam was not constructed using a complete,
impermable liner and hence seepage is polluting groundwater and surface
water in the area. The interceptor and return water system installed
along the southern side is not operated effectively and hence seepage
water flows down Epworth Vlei, It would appear that this water is
either causing or is partially responsible for the contamination of the
Epworth Boreholes, The slimming operation and the removal of dried
gypsum from the dam for Gypsum Industries have both been carried out
sonewhat haphazardly., :

It is appreciated that the pollution potential of calcine was not
understood until the last few years and consequently little attention
has been focussed on calcine disposal management.
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With hindsight it is clear that if control procedures in waste disposal
had been instituted fram the start of operations in 1958, the problem
would never have assumed these proportions and the substantial cost
involved in mininising its effects would have been absorbed in the
daily operational costs of the plant,

ZIMPHOS' VATER POLLUTION CONTROL SUMMARY OF BACKGROUND TO DATE

CIIDER

Most of the effluent fram ZIMPHOS arises fram olé cinder dumps
scattered arounc the factory and not directly from current factory .
operations. This cinder is the by-product ash froaa the roasting of
pyrites to produce sulphur dioxide for sulphuric acid@ manufacture. The
fresh cinder fram the roaster is slightly alkaline and so abcut twenty
years ago it was first thought that the cinder would not be a source of
acicic pollution. Thus the cinder was even used for roads surfacing
etc and disposed of in widely scattered dumps around the factory.

Same years after tne early pyrites roasting operation it became
apparent that the cinder, when weathered by exposure to the atmosphere
becanes acidic a result of the oxidation of residual sulphur in it.

Investigations into the best methods of collecting the effluent leaking
out of these old cinder dumps were then carried out. As a result, two
underground water interceptor drains were constructed at the
North~western side of the factory to collect polluted underground
seepage vhich would otherwise contaminate the Mukuvisi. The effluent
collected is treated at the existing water treatment plant but the
capacity of this plant has up to now placed a limit on the amount of
effluent than can be collected other sources for treatment.,

It is worth noting that the method of cinder disposal has now been
revolutionised following the carmissioning of the uprated pyrites -
burning sulphuric acid plant two years ago. 1In this new system, the
cinder is slurried with water and pumped to a special dam where the
cinder is deposited to leave a clear liquor which is recycled back to
the plant for slurrying more cinder again. This dam is completely
lined with a totally impervious special plastic sheet so that no
seepage can escape from it. A hydrological survey around the cinder
dan campleted in October by tater Well Limited indicated that there was
no seepage emanating directly fram this dam. The plastic lining in the
dam is intact and effective.

Nevertheless monitoring boreholes have now been installed around the
dan and these will be used for detecting any pollution seepage should
it ever ocaur.
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GYDSUM DAL

then the gypsum dan was first built, a relatively impermeable clay
layer was placed below it in an attempt to prevent seepage to the water
table below it. Unfortunately about twenty years later it became
apparent that this was not adequate. The ground below the gypsum dam
has harcdened due to reaction with fluorine and this has caused the
seepage to flow laterally into the storm water drain anc the
surrounding ground thereby bypassing the effluent cut-off trench. By
then underground waters were contaminated with fluorine pollution from
the gypsum dam and borehole water in Epworth was unuseable.

Urcent investigations were then conductec which led to the immleme-
ntation of various remedial measures such as reshaping of the dam and
intercepter drains. The nroblem was then alleviatec by slurrying
gypsum with treated or fresh water insteac of the fluorine licuor.

The fluorine liquor is now being pumped straight to the water treatment
nlant, with the expectation of allowing the fluorine in the underaround
water around the gypsum dam to attenuate and perhaps in a few years
time it will be unnecessary to punp from the cut off trench. About $1
million has been spent only on reshaping the gypsum dan, construction
of storm water drains, effluent cut-off trenches, an evanoration dan
and pumps an? pipelines for collecting and delivering elfluent to the
water treatment plant.

NE!! {/ATER. TREAT TENT PLAMT

The reason for a new and bigger water treatment plant is to cope with
additional effluent that will be collected fram the "Little Kariba® and
the main sluit and to cope with additional volumes arising from the
gypsum dam cut-off trench during the rainy season.

Work on sizing the plant and budget level cost estimates has been’
campleted. The plant will be capable of treating 150m3 per nour and
vill cost about $3.1 million. The proposal to construct the new water
treatment plant and upgrade effluent collection facilities as well as
establish an irrigation scheme to dispose of excess treated water has
now been submitted to the company's board of directors for their
approval. It is planned that construction and commissioning of the
plant will be camplete by the end of 1990.

In addition, investigation into the disposal of sludge from the water
treatrent plant and use of treated water for irrigation is in progress,

12.3.1 Project Description

The project will cover upgrading and construction of
additional effluent collection facilities, uprating of the
water treatment plant as well as a treated water pipeline to
the neighbouring Ventersburg farm where an irrigation scheme
will be established,




-25 -

Specifically, the following effluent collection facilities
will be upgraded or installe3 :-

(a) An additional pipeline from the gypsum dam there
improvements in seenhage collection will be carried out
as a separate project.

(b) 2 sump, pum and pipeline to collect surface run-off and
seepage fram the main sluit which vas along the southern
boundary of the factory and currently discharge2 acidic
effluent directly into the Mukuvisi river,

{c) An undergraound interception drain on the northern
boundary along the rail track to collect acidic seepace
currently flowing into the river fram the factory area.

(d) A sump, pumr and pipeline to collect the polluted ‘mter
fram the "Little Xariba®™ stream on the eastern boundary
of the factory. This small stream is fed fram a viei
once formerly used as dumping grounc for pyrites cinder
which is now known, belatedly, to produce highly acidic
seepage as it weathers.

(e) Finally, the stormmater drain fram 2ZFC which carries
acidic effluent will be diverted to Sterkfontein, a
collection point on the northern boundary where an
existing sump will be enlarged.

The main additional equipment to be installed at the water
treatment plant to provide the necessary extra capacity for
the increased effluent flows will be line handling and
neutralising tanks as well as a clarifier. The existing
sludge settling reservoirs will be used as raw water and
treated water holding tanks,

The irrigation scheme at Venterburg will comprise of a ,3 km
pipeline and portable irrigation piping to be used in rotation
over approximately 40 ha of pasture land.

The existing water treatment plant has totally inadequate lime
preparation and neutralization capacity and the settling is
accaplished in a rectangular reservoir designed more for
storage them for settling., As a result of the inevitaoly poor
settling and inefficient removal of sludge, almost half of the
treated effluent has to be drawn out with sludge so that the
total volume of slulige to be Cispose? of is campared to that
in the more modern plant design. The sludge itself will still
contain same useable lime but unfortunately there is no
provision for recovering any of this by recycling in the
existing plant. Consequently lime consumption per cubic metre
of effluent in this old plant is slightly higher than the
proposed nevw plant.
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The seni-tech (pilot) plant on the other hand as a circular
clarifier (with a rake) for settling out of the sludge, same
of which is recycled back to the neutralization stage. The
recycling not only reduces lime consumption albeit imarginally
but also conditions the fresh feed of effluent so that more
stable conditions (pB etc) are maintained in the plant. In
addition, the recycled sludge previous crystal seeds which
enable precipitation to proceed more readily especially at
lower concentrations of the valves elements in the raw water.
This results in improved performance overall.

Experiments and exverience on the pilot plant have enabled the
best values for the recycle rate, lime slurry concentration
etc. to be established. The settling rates achievable have
also been determined and so proven date is available for the
process design of the new water treatment plant which will
basically be a scale-up of the vilot plant.

The new plant will reguire extension of the existing lime
storage shed as well as the construction of a new lime
slurrying and punping section. Municipal water will be used
to slurry the lime in the readily accessible ground level tank
fram where the slurry is pumped to the neutralization

section. Treated water is unsuitable for lime slurrving since
it contains large amounts of dissolved solids which limit the
solubility of lime in it.

The neutralization section will be camprised of a conditioning
tank in which the lime slurry is mixed with recyclel sludge
and a neutralization tank where the raw effluent is mixed with
conditional lime slurry. The neutralized effluent will then
flow by gravity at a controlled rate into a clarifier for
settling. The sludge fram the clarifier flows out under the
hydro static head into a small sludge tank with a provision
for thickening the sludge as may be necessary fram time to
time. Finally the sludge is pumped through and the underflow
send to the gypsum dam for disposal.

By-products and Effluents

The project is devoted solely to the reduction of effluent
arising at ZIMPHOS. The final effluent to be disposed of will
be the sludge fram the settlers which will be pumped to the
gypsum dam. There will be no other by-products. The gypsum
in the dam will be required for sale in the short term,

Market

The output fram the water treatment plant will have no
canrercial value, The project objective is to reduce
environmental pollution and so ensure that factory operations
are in compliance with the Water Act as demanded by the
authorities and cormany policy.
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Stratecy

Since the late 1579's ZI:PHOS has been operating on the basis

- of an exemtion permit issuec by the Sovernment of Zimbabwe

te absolve the campany from criminzl liability for polluting
the pudlic Jater courses in contravention of the ‘later Act of
1976. This special permit hds been renetred annually on
condition that agreed measures are progresively irplemented
to stoo pollution fram the factory areas.

The authorities have became increasingly imnztient with the
slow progress and continued rejuests by ZINPHOS to have the
pernit renewed every year, esvecially in view of reports
confirmec bHv ZIMPOS' on measurements that fluorides in the
City of Harare's principal water supply, Lake MclLlawaine, are
now close to the maximra acceptable level, with ZIMPYOS being
the principal source.

The canpany is now facing the prospect of serious legal
action and ultimately the Government has the right to suspend
some or even all of ZIMPROS' operations if the current
pollution is allowed to continue,

The fluoride levels in the Ratfield stream, a tributary of
the Mukuvisi river, over the years are given in table 12.1.

TELE 12.1

FLOORIDE LEVELS IN HATFIELD STREAM : 1976-1989

| | |
| YEAR | FLUORIDE |
| I (P). ppm |
I | |
| | I
| 1976 | 224 |
| 1977 | 202 |
I 1673 | 199 [
| 1979 i |
| 1980 ] 468 |
| 1981 | |
| 1982 | 649 |
| 1983 | (dry) |
i 1984 | (dry) |
| 1985 | 181 I
| 1986 ] 234 |
I 1927 | 441 |
| 19e8 ] 228 I
| 1939 | 220 [
|1950 (Jan-ijar)| 477 l
| | |

1. Saimled at South Chiremba (Formerly Widdecombe) Road
Bricge.
2, Figures shown are annual averajes of monthly samples.
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Below are fluoride figures in the gvpsum dump.

Amount of gypsum in clé durp 650 309 tons

Fluorige in mature gypsum c,13

Thus fluoride alreadvy in Jump 650 tons
Phoszhate rock Drocesse? ner year (12S2) 125 0GC tons/vear
Tluoride level in roci: 1,5%

Thus total fluoride to ZIIPWCS in rock
Less : Fluoride in products
Fluoricde to atmosphere via stack

Thus balance send to gypsum dump:

- Before diversion project
- After diversion project

12.2.5 Tec!'mology

The effluent collection facilities consist mainly of surface
and undercroand drains vhich collect the acidic seepage into
the sumps fram where it is pumped to the water treatment
plant. Same limited facilities do already exist and the
technology for the additional ones proposed is the same an2 is
Jquite well established.

1 8§75 tons/vear
727 tons/vear
60 tons/vear

Hwuwtuunuwnn

1 083 tons/year
201 tons/year

The principle of the water treatment plant itself is
neutralisation of the effluent with lime to precipitate out
the polluting elements followed by settling out of the
resulting sludge in a specially designed clarifjer. 1In 1983 a
pilot plant was constructed by ZIMPHOS to evaluate this
process. The experience and experiments on this small and
successful plant will be the basis for the design of the
proposed new plant for which inhouse and other local knovhow
is now readily avajlable.

12.3.6 Financial
The total project capital cost estimate is Z$3.86 million for
vhich no direct return on investment will accrue. Operating

costs for water treatment ancé general effluent control will
increase to 2$0,94 million.

FLUORIME POLLUTION ASATE'ENT SCHENT

Flucrine-rich liquor fram the superphospnates plant is no longer being
used for reslurrying for disposal at the gypsum dam. ©On this scheme,
the fluorine vapours (evolved during the dicestion of phosphate rock by
sulphuric acid) are now being treated vhile only treated water is used
for hydralically converying gypsum to the dump. This will reduce
fluorine contanination of the gypsur dam and so also reduce outflows
from the éuap to the enviromment. It has been estimated that the
fluorine seepage to the environment fram the gypsum dam will
consequently be reduced by over 87%.
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On the water treatment process, the fluorine in the effluent liquor is
converted to insoluble calcium fluorides (which subsequently settle out
as sludee) by reaction with quick lime. Thus fluorine, now "fixecd®,
will not be leached out by raimater etc. from the gypsum dam where the
sludge is also disposed of.

FACTORY SITE MAP

showing Effluent Facilities -

1. North-west calcine dump, sump
2. ¥ain sluit sump

3. Central Collection sump

4, Sterkfontein sumg

5. ZFC stormmater drain

6. Little Kariba sump

7. 014 nain gate sump

8. Gypsun dan

9. tlater treatment plant

10. Irrigation site

11, Northern underground interceptor drain
12, Main sluit (stormwater drain)
13. Drain to Hatfield stream.

HYDROGEOCHEMISTRY OF POLLUTION AT ZIITPHOS

Prior to advocating a design philosophy and discussing resultant
pollution control measures, it is worth considering briefly the
hydrogeochemistry of the pollution processes related to the waste
products from ZIMPHOS factory. Such a consideration will act to
incdicate the approaches which are likely to be most successful in the
control and mitigation of the effects of pollution.

GYPSU:: POLLUTION

The general analysis of gypsum tailings liquid is summarised in

Table 11.1, Section 11, of this report. Mainly the liquid carried high
levels in calcium, sulphate, fluoride, phosphate and silica; as a
result, it has a high total dissolved solids. The pli of the liquid is
low, generally in the range 1.3 to 1.5, usually ascribed to the
presence of free sulphuric acid (See Table 13.1).

The levels of all these ions are far higher than would be acceptable
for discharge to a water course in accordance with the jjater (Effluent
and waster water standards) Regulations, 1977. The appropriate values
for S04, F, PO4 and pH have been abstracted fram these regulations are
includec at the bottam of Table 11.1, the complete regulations forming
Appendix C. 1In addition, the levels of these ions in gypsum tailings
liquids are much greater than those found in natural groundwater and
surface vater due to natural hydrogeochemical controlling reactions and
processes.
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13.1.2

13.1.3

Calcium and sulphate

The solubility of calcium sulphate (gynsum) at 25°C is hich (1
482 mg/1), however the level of calcium sulphate is influenced
by the presence of other ions dissolved in water and is not a
simple function of its pure vater sclubility. Uith the
sulnhate ion as the stable speCies in most natural weters, it
is apmarent that solution reactions are the dominant
controlling process for the concentrations of calcium sulphate
founé in water.

control of pollution fram gypsum tailings liquid must
therefore concentrate on the reduction of the capability for
solution reaction to take place, the most cbvious area being
the reduction of vater volume. Efforts must he directed
torards evaporation of excess water and reduction of input
water vhich will reduce the total amount of calcium sulphate
mobile at any one time,

Calcium solubility is also related tc pH and the level of
dissolved carbon dioxide in water, i.e. the lower the pH
and/or the higher the carbon dioxide concentration, then the
hicgher the level of dissolved calcium. Neutralisation
reactions will, therefore, tend to reduce the calcium
concentrations in water.

Fluoride and silica

Although solubility controls of silica in natural water are
not well understocd, there is, however, a strong
inter-relationship between the behaviour of silica and
fluoride at low pH values, Sillen and Marterll (1964)
published fiqures which indicate that fluoride and silica form
a fluosilicate camplex ion, (SiFg), below pH4 and that
solubility is likely to increase with decreasing pd. This
could account for the elevated levels of both these ions in
the gypsum tailings liquid at pH 1.4 (See Table 13.1).

The removal of these two ions from water to reduce their
pollution loading is therefore best effected by neutralisation
reactions, i.e. increasing pH.

phosphate

Most natural waters have extremely low concentrations of
phosphates, whichever, chemical form they might attain in
solution. This suggests that there are strong natural control
reactions restricting the sclubility of phosphorous. An
increase in pq will result in precipitation of phosphorous as
iron phosphate, due to the low solubility at neutral pH values
of ion, this being the stable form of iron at such values.
Therefore, a cambination of neutralisation and pranotion of
absorption should be effective in reducing the levels of
phosphate in solutiion.




13.1.4 Calcine Pollution

At ZI'MPHOS, pyrite is roasted or burnt to produce supphuric
acid. The residue is a burnt waste calcine pyrites or
calcine. The chief pollution causinc products fram the
leachinc of calcine are sulphate, iron and hydrogen ions.

The lowerinc of the pE by the available hydrogen ion increases
the potential for solution reaction to take place. Iron as
ferrous iron, is increasingly soluble with decreasing pH.

Iron and sulphate reach pollutant levels in water leached fram
a calcine dunp and such leachate will have a low pil (See
Table 13.1). Preventive neasures to arrest this process
should involve reducing the volume of water available, for
leaching the calcine, by reducing flow through the dum> both
fram infiltration and near surface groundimater.

13.1.5 Arsenic Pollution

On the normal pH range of most natural waters, arsenic is
stable in the form of arsenic ions assuming that arsenic, is
in a form where it is available for solution., The actual
concentration of arsenate ions will be controlled by the
solubilility of arsenates that can form with the available
cations in the water. Calcium is likely to limit the
solubility of arsenate, as calcium arsenate will be soluble to
the extent of 20 - 50 mg/1 in waters, depending on their pH
values.

14.0 POLLUTION PREVENTION AMD CONTROL

From consideration of rainfall catchrment areas, groundwater flow
directions and the position of individual pollution sources, the
ZI'PHOS site has been subdivided into five areas for the purposes of
pollution prevention and control:-

- Ioxrth vlei and the existing gypsun tailings dam

- The souther "clean" vater area

- the eastern vlei area, including the south-east calcine dump.

- the western area, including the north-west calcine durp, the
present calcine dump and site for the new calcine slurry dup

- the factory area, the railway reserve and Mukuvisi river.

14,1 E=EroRTd VIEI AND THE EXISTING GYPSUL TAILINGS DAl
trith the exception of a number of small calcine pollution sources,
pollution of the Epworth vlei is being caused by seepage fraom the
existing gypsum tailings dam which is situated near the head of the
vlei, The solution to this prodblem can be divided into two main facets:

- rehabilitacion and pollution control of the gypsum tailings dam
itself.
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14.4.

- modification of the system of surface water drainage of the Epworth
vlei and removal of minor pollution sources.

THE SOUTIIERN "CLEAMN" UATER SEA

2 major surface water catchment divide runs west to east across the
ZI'PHOS site, just to the north of the present gypsum slimes dam until
it reaches the western boundary of the catchment of the eastern vlei
area. All surface vater and grounduater generated in the areas to the
north of the divide flous northwards, the surface water érainina
eventually to the Mukuvisi river as do sowe of the shallow grounduaters
vhich feed a seepace line which, as a first approximation runs along
the northern edoe of the ZI'PHOS site. At present, there are no major
pollution sources between the catchment divide to the south, and the
southern side of the present calcine dump ané¢ the soccer field. 1In
order to prevent this water hecoming pollutec, uvhich would necessitate
it being incorporated in the factory's effluent contrcl systerm, it is
prooosed to intercept stormiater and civert the flow fram this section
of the ZIMPHOS site.

TYC CASTER!" VIEI AREA INCLUDIIG THE SOUTHCR-EAST "OLD® CALCIIE DUMP

The Eastern vleli area vas the subject of detailed examination during
site investigation done at ZIMPHOS, as it offered the best available
site for the location of a2 new gypsur disposal facility subject to
underestimating the effect of the Katfield dyke which was thought to
transect the area.

The eight hectare area assigned to the proposed dam is in the southern
part of the vlei, south of the railway siding. The surface water
interflow cutoff system for the proposed dam would remain intact, and
would be incorporated in the overall pollution control scheme.

THE EASTERN AREA, INCLUDING THE HORTH-YTST CALCINE DUMP, THE PRESENT
CALCINE DUTP AMD THE SITE POR TIE HEV CALCINE SLURRY DUMP

The western area is probably the waste camplex for new pollution
control measures and therefore, for clarity of description, it has been
divided into six sections: '

- the workers housing area

~ the north west calcine dump

- renabilitation of the present czlcine dump

- pollution control fraom present calcine disposal
- other pollution control facilities

- the proposed calcine slurry dump

14,4,1 ‘Jorkers housing area

™e rainfall ané consejuent run-off from the workers housing
area, same 160 190m2, is relatively uncontaninated and hence
does not reguire treating as polluted water,
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Norti-uwest calcine dump

The north-west calcine durp has already been the subject
of measures for the control of water pollution. These
neasures are, in principle, correct as is indicated by the
analysis of the returned water from the French drain
interceptor system installed along the northern boundary
of the dump. This interceptor water is of low pH and hich
in iron and sulphate, all three being indicative of
calcine pollution in water.

Rehabilitation of the present calcine dumo

Calcine is presently taken to the dump by trailer where it
is dumped. The deposited calcine is continuously
campacted and crushed by driving over it.

The calcine is dumped dry and, althoush moisture is added
through rainfall, it is not expected that a steady state
seepage will develop.

Under these conditions it is considered that no stability
problems of the calcine dump would be experienced if the
angle of the side slopes is less than about 35°. The
controlling factor for future construction is therefore
mostly envirommental, i.e. low side slope angles so that
the dump can be vegetated in the future and low overall
height so that it is not aesthetically unpleasing.

-Pollution control fram the present calcine dump

It is assumed that the present calcine dump is producing a
noxious leachate fram rainfall infiltration and this
leachate is seeping into the ground. The low pH valve
found in a water sample fram boreholes, to the north of
this dump, would tend to confirm this assumption.

oOther pollution control measures and facilities

The other pollution control measures and facilities
required in the western area of the ZIIPHOS site relate to
the collection, removal and evaporation of polluted water.

Proposed calcine slurry durp

The calcine produced from the extensions to the ZIIPNHOS
plant is a fine product and is slurried prior to
deposition.

As in the case of the gypsum dam, the maximum rate of rise
is considered to be 2m per year, so that the smallest base
area of the dump would be 5,2 ha to attain this rate.




The calcine slurry dump has been sited north of the western point of the
workers housing and south of the proposed western evaporation dam. The chosen
site has the advantages of having a polluted water and a clean water
interceptor system to the south ensuring that the catchment area of the dam
itself for both surface water and near-surface groundvater is minimal. In
addition, there are a number of polluted vater cutoff trenches on its
down-strear side.

Tlith predaninant wind direction from the north-east, dust blom from the
surface of the calcine dump will not be a nuisance as it will fall in the open
velC area to the west of the ZI:PPAOS site.

However, because of the polluting nature of the liquid in the calcine slurry
dunp, it will have to be linec with a butyl rubber liner to prevent water
pollution.. Polluted liquid collected in the dunps interceptcr systenm will be
drained bv aravity to the western evaporation dam vhich will act as a return
vater facility. Hence same lijuid can be pummed back onto the calcine dump
for evaporation.

14,5 TIF FACTORY AREA, THE RAYLIRY RUSERVE AND THE MUKUVISI RIVED

This section deals with the factory area itself, the National Zimbabwe
Railways reserve area to the north, the Mukuvisi river and the area between
the railway reserve and the river., All discharges to the river which have not
been discussed in other sections of this report are also included.

This part of the report can also be divided into a numbar of sections for
clarity of description, these being:-

- the western section of the factory, except the water treatment plant: all
vater fram this area is at present draining northwards or westiards,

- the eastern section of the factorv: all water fram this area is draining
eastvards, via the "Little Kariba" to the Mukuvisi River,

- the water treatment plant,
- the area north of the factory boundary.

14.5.1 lestern section of the factory

Effluents and rainwater from the area of the weak acid storage station,
the boiler house and the No.2 superphosphate store are collected at the
éir plant sump. In addition, water collected from the french drain to
the north of the north-west calcine dump is also purped back to the
sump. The corbined effluent is returned to the water treatment plant.
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The discharges to the Mukuvisi fram the western factory
area may be sumarised as follows, the discharges being
listed west to east:

- the main sluit : although this is normally a storm
water drain, effluents are cccasionally discharged to
the sluit, as is neutralised effluent fram the water
treatment plant. These effluents generally originate
near the phosphoric acid plant,

- & small (approximately 75mm) pipe drain at the extreme
north-west corner of this area which probably carries
stormwater run—off,

- a large pipe drain, discharging directly to an open
stormvater drain in the railway reserve, located &0m
to the west of the old arsenic plant,

- seepage/discharge under the railway reserve, just .
north of the old arsenic plant,

- two seepage channels, under the railway reserve, from
No.l and No.,2 superphosphate stores. This seepage is
cambined with treated sewage effluent and returned by
the Sterkfontein pump to the water treatment plant,

- oontaminated run~-off fram the Zimbabwe Fertilizer
Corporation (ZPC) area of the factory, essentially
contaminated with fertilizers. This is also returned
to the water treatment plant by the Sterkfontein plant,

In addition, there is likely to be general near-surface
groundwater seepage along the whole of the northern
perimeter of the factory. This seepage will be polluted.

Eastern section of the factory

The main discharges which are the eastern main sluit, the
drainage south of the 2ZFC old car park and the drain near
the store yard, are brought together at the sump adjacent
to the former factory entrance.

All effluent from the eastern factory area will therefore
be contained in the effluent control system.

Vlater Treatment Plant

The water treatment plant, situated on the southern side
of ZIMPHOS factory act to provide treated raw water to the
factory. The treatment process is based on neutralisation

“of low pil effluent with alkali, settlement of solids and

precipates formed during neutralisation, followed by
either re-use or discharge if the plant cannot use all
treated water.
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The neutralising capac1ty of the water treatment plant is
approximately 1 000m 3/cay, but its present settlmg capacity
when treating effluents fram calcine deposits is only 300
-350 m3/day.

The principal sources of effluent returned to the water
treatrent plant at present are :-

- dip plant sump : a canbination of a factory effluent and
run-off fram the western plant area mixed with
intercepted calcine contaminated water fram the
north-west calcine dunp,

- Sterkforntein pump : cambination of seepages and
contaminated water fram the ZFC section of the plant ,
the superphosphate store, the water fram the existing
interceptor south of the access road to the sewage plant
and discharge fram the sewage works. The bulk of the
flow volume is treated sewage effluent fram the
domestic sevage treatment works itself,

- the eastern stormwater neutralising surmp : this is only
an intermittent source used when an aired spill in the
factory is discharged to the east side drainage system,
This discharge is collected in the sumps and returned to
the water treatment plant,

- the existing gypsum dam : returned gyosum slurry liquid
and seepage, fram the pump at the southern toe of the
dam ’

estimated volume, 9 000m3/montk,

Area north of the factory

The area between the factory and the Mukuvisi river clearly
displays the results of the lateral migration of pollutants
northwards from ZIMPHOS.

There are only two areas north of the railway reserve which
are in need of particular attention with respect to
pollution control, namely

14.5.4.1. ZIMPHOS CLUB CAR PARK

Approximately 10 000m3 of calcine has been used to construct
the car park on the north side of the ZIMPHOS club.
Leachate from this car park travels to both the "Little
Kariba" end the Mukuvisi river
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14.5.4.2 Gypsum neutralising trench system

The gypsum neutralisation trench systems have been employed
to limit the extent of arsenic pollution fram the old
arse.ic plant and the arsenic-bearing miscellaneous waste
adump. In addition, the berms constructed across this area
associated with the trenches are irvounding surface run-off
and this increases the opportunity for such water to became
polluted.

DESIGE APPROACH FOR POLLUTICH COMTROL

The considerations discussed in Sections il an¢ 13 have emphasised

that 2IiPY0S pollution control problem is one of water control and,
as such, is intimately linked with the water balance of the factory
itseif and the whole site. For the design approach édiscussion, it

can be summarised as :

(a) Inputs to System
(i) Rainfall - directly as run-off or by interception
of interflow and groundwater.
(ii) Hater purchased from Harare Municipality.
(iii) Return water fram the current effluent control
systems, a portion of which is "recycled” water.
(b) Qutputs from System
(i) Evaporation/evapotranspiration
(ii) Hater incorporated in products
(iii) Water incorporated in waste products
(iv) Steam losses
(v) Discharges to the ®Little Kariba® and Mukuvisi
river of both effluent and storm water run-off.
(vi) onfiltration to groundwater.

The approach to water and hence pollution control is based on
minimising the quantities of water in these various input/output
systems.
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DETAILS OF IMMUSTRY

NAME OF UMDERTAXKING : ZI'SABVE It AMND STEDL CO. LTT.
(ZISCOSTEEL)
ADDRESS : P Baj 2, REDCLIFF

Iron anG steel works

NATURE OF IHDUSTRY

LOCATIONR Redcliff

DETAILS OF PAY MATERTALS AND FINISUED PRODUCTS

Major raw material : Iron ore
Limestone
Coal

Saurces of raw materials

a) Iron ore - Buchwa and Ripple Creek open cast
b} cCoal - BRwange
c) Limestone - 2ZISCO
limestone
guarry
¥ajor semi-finished products : Pig iden
billets
bloams
rods.
By-products

a) Coke ovens and blast furnace gases - fuels

b) coal for - fuel and is also used on primer in the roads
construction.

c) Benzole - petrol additive
d) Coke breeze - fuel

e) Granulated slag.

Major finished products ~ coke
sinter
lime
Hours of operation - 24 hours/day

Nunber of vears in operation -~ started in Bulawayo in 1938 and
moved to Redcliff in 1947.




16.2.8 Sionificant changes in operation over the vyear

Bigger and more efficient blast furnaces replaced the smaller ones.
Ocan hearth system of steelmaking replaced by the modern basic
oxygen furnace system,

Introduction of the conticast in the 70°'s.

16.3 DETAILS CF !'ATCE CYISURPTION

l16.3.1 Sources sucply (1287)

putchnan's Pool Kwekwe - 790 090 m3
Cactus Poort Redcliff - 200 000 m3
torth #ill - 50 030 m3

1€.3.2 tlater Consumntion for damestic/industrial use (1987)

Redcliff - 160 002 n3/day
Rutendo - 35 000 n3/day
Torwood - 300 003 m3/day
Tiorks - 455 002 m3/day

16.3.3 tlater consumption for the total works

Average monthly consumption for the works

Year Average monthly consurotion (m3)
1085 503 052
1986 49] 024
1287 494 044
1988 516 019
1989 462 556
16.4 DETAILS OF PRESENT WASTE WATER TREATHMENT
Nil,
16.5 EXPCUTIVE SUMMARY

The 2ZISCO steelworks at Redcliff has for many years discharged
spillages fram cooling water systems and other process-related
effluents to its storrwater drains, and thence to the Kwekwe River
or its tributary the Redcliff stream since there is no other
effluent collection system on site except for the foul severage
reticulation. 1In recent years the volume of effluent discharged and
the levels of pollutants, which are in conflict with statutory
regulations, have given rise of pressure from the Ministry of Enerqy
and jlater Resources and Developnent for these practices to ease,

Of the nine stormwater drains serving the steelworks site, two
(prains 4 and 9) do not cause a pollution prodlem.
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1¢.6 DETAILS OF [ASTE TATER DISCHARGE

16.6.1 General Description of effluent and process from
which it emanates

16.6.1.1 Dprainl

Drain 1 on the eastern side of the works carries thc largest flou
(over 2 GO0 m3/d) and a heavy suspended solid load. The total
dissolved solids concentration is also a concern. Solids in this
drain arise fram the Board Limestone plant and the steel plant
clarifier (APPEDIX G.).

16.6.1.2 Drain 2

Drain 2 carries only a very small flow and is not particularly
heavily contaminated. .

The flov in this drain is small averaging only about 50m3/day. The
rore irportant sources of this flow are as follous :-

- Overflow fram the cooling ponds north of the steel plant.
- overflow fran the conticast cooling circuit.

- 2oiler and machine shops.

- East side (washbay area) of the garage.

- Leboratory drain.

The principal contaminate found in the drain were oil fram the
garage, together with a small amount of suspended solids and a
slight organic content. In addition, heavy metals are known to be
used as reagents in the laboratory (APPEDIX G).

16.6.1.3 Drain 3

Drain 3 receives spillages of oily cooling water fram the heavy and
bar/rod nills. Flows in this drain will be intercepted and pumped
back to the candy clarifier plant next to the medium and light mills
for treatment and recycling. This should result in the reduction of
flows and pollutant levels discharged fram the eastern side of the
steelworks site to acceptably low levels.

The primary sources of the drain No. 3 are :-

Eillet ill

Heavy ill

Soaking Pits

Roé and Ear 1iill
Finishing Department
- Production Control

The drain No. 3 is polluted with oil which exceeds the legal linmit
(2,5 pa) (APPEIDIX H).




16.1.4

orain S

Drzin 5 Jdrains the coke oven area and contains cil and tar., At the
colie oven ~lant there are t:o oil trags., The traps are on M5
efficient. There are not efficient especially Zuring ths rainy
season, hen there is too much overflou fron th2 trans.

orains 5 to $ can He dealt it simultaneously for tin reasons.
Firstly, ther zll Zischarge on the vestern side of the site, ané
secondly, they all carry a2 greater or lesser anount of arganic
matter, re:viring biolcgical treatrent, The eflluen* from Zrain 5
is v far the nost coitaninatel, beiay Jerivel entirely fron the
col:e oven area an? inclufing the following najor saurces of
contanination :-

- Gas vain flushing vater

- 2oonia licuor overfloss form -uenching tovers

- mar separator srillaces luring ~ower Zailures

- Tontaminzted undergrounr” water from the srea (APPTIDIX J).

orains <,7, an® & a11 contain broaidly sirilar effluent, vhich have

roderate levals of oraznic contaminzation, fairly high suspended

solids and modGerate to high total dissolved solids concentrations.

m™he total guantity ané combin=d gquality of effluent expactel to

arise when the flows fran these drains and fra: Nrain 5 are blendec e
together prior to treatment are given in the following table 1£.1.
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FLOWCHART: WATER & WASTEWATER CIRCUITS: BOART DRILLING AREA
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NORTH HILL WATER
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FLOWCHART: WATER AND WASTEWATER CIRCUITS: ROLUING MILLS
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[_FLOWCHAE T-wATER 8 WASTEWATER CIRCUITSICCXE OVEN AREA |
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FLOWCHART:MODIFIED WASTEWATER CIRCUITS: BLASTFURNACE AREA

FROM ROLUNG MILL CANDY TANKS EMERGENCY POTABLE
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FLOWCHART: WATER & WASTEWATER CIRCUITS: BLASTFURNACE AREA
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~rain d
grain Mo, T collects iiater fron & very large section of IIZNT,
and it is designed as the unlercroan? chainzl on the nxjor nart of
its lencth., This crain is also used as the storm drain Zuring the
rainy sexson and thsrefore any ~wdifications to the unlerarouns nart
of the Irein woul? orasent sorious nrodlsns,

™he

~hzse are the vrinsry scurcez oI jrain o, Toe-

- t. 2 zang rYo. 4 slav Tits
- roundiry

- Cinter 2lant

- fouth sife of [dlis

- Gas “ining Station
- DPouer Station

- 3as Zontrol onls

- Pig casting

- 217 coi2 7wen ‘hark,

e areas that cause nost of the pollution of !lo. €

- lic. 2 angd o, £ glag Pits
- Gacs Mixzing Station
- Gas Control Ponds,

drains ani at the
undersround drain
screen is cleaned

The above sources are drained b¥ open
there is a screen on the inlet to the
Zebris fra. entering the drain. This

s
clne,

Piz Casting
to srevent
fron tine to

i'ost of the paraneters of the waste water are vzll axve the legal
linite, especially 725, S/5, oil in the water z2nl at times pi
(APPZmIN L and V).

orain 7 ana ?

These drains are less heavily contaminated and the necl to
searate drainage is therefore less gressing. It has oee2n
that & collector s«izer on the eastern side ¢f Torveos Toad
intercept flous from a1l 4 drains (Drz2ins 5 to €) anl cenvey it
acress the road to a n2vy pumiing station on the =2ast 2znk of the
ke river, This will incoroorate facilities for spillins hisgh
et yzather flovs directly to the rivar, *ernal efflucit floqs will
o2 oumed across the river on e naw pipe dridge and treated in o newv

provide
proyoses
will

rinal mf£fluent Treatment Plant (FZTP) iLrriediately to the south cf
the existinc Toruood Ponils,

In order to vroduce & suitanle juality of effluent for rec.cling,
this —last will incorporate mrinary settlewnt anl 2il shimning,

pioclogical secondary treatment anl tertiary filtraticn for soliaqe

ranoval (APPEDIY ¥ anld 1).
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mhe possibilitr ¢ addino the ravw Zasestic seirege currentl:” flouving
to the Toruoo? monds to the works ef:l.xn'xt is zn attractive on fram
the hiological treatment point of vielr, A pilot »nlant stuly, to
ceterning the treatability anl arrive ot design nara-eters is
anderay at I7C23TETL.

17,2.2 cahinad volime ¢f nte vetar

ADDTETT 15,2
IR A —

FLY: I a3/dey

Jﬂ""" ] "f\c

1 e 33 K JJ/J&V

Jr” 13t

l T ] |
! | | |
| | | ]
| | | |
I 1 I |
| 1 I 1300 | 2209 !
I 2 | 370 I 2rn ,
| 3 | 0 | 352 !
| ! il ] 451 i
! £ i 253 I 457 !
! 5 I 302 I 1222 I
| 7 - 450 | 3 !
i 3 I 39@ | 259 |
| ¢ ] 11 I il |
| | | |
| | | |
|  momaLs | 4 0o | § 210 !
| | I |

16.5.3 retho’ of Discharge

Jrain !0, § is by pive, All other Jdrains are channels (See zp
1'o. 15.1).

17.6,2 netzils of contaninants in stormmater drainsg and thneir levels

PDDZTIE 15,3

DRI 0. I'AJOF. CO'TEALTMATES IS LIVEL OF 0310 T'IIION

Colour
sus.»enle’ solids
totzl Sissolvel solids

heavy broim
az to 1 504G
;to 2 00

nz/l
= /1

1. Crloridse /1 aporox 200
“ancanese mc/l us to 2
01l mz/1 up to 1%
-1

un to 11,4

|
-

e e s e ] e s mrend
o . ——n Smih i weem Smwe fstall e v




! o |
DRAT UG AT COTAITTINTTE | =17 | Lo, oo T
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] | |
[ 2o | - I getarcent
I \.o‘ cur o= srev
2. | susranfe” solids I =1 | up to 102
| oi} | m=/1 | - to 3
| tanganese | =»/1 | un to ¢
| i i | ur to 13,3
| i |
J | |
| odour | - | oil
| Tolcur | - | clar: zrey
3. | oil | =371 | u- to 22
| o7 | 1 az to 11,2
| susnenied sclics I owe/1 | uz to 123
! [ |
! | |
| Sul-hate | m/1 | 300
z, | Celour | - | grevish
| tctal dissolves solile | ==/ | se?2
] | |
T | |
| Tar | - | above legal lizit
| Phernol/cyaniie/ | ma/1 |
| thiocyanzate | /1 | above legal linit
| Colour | - ] vellorich
| Ddour | - | anwniz/ten
| 2vygen absorbed I o3/ | un to 53
| | |
| | |
| I |
| | |
| | |
| | |
| | |
| | |
| S | |
I | |
I | |
IS I |
| I |
| | |
i I |
| | |

Sul-hide ms/1 up to ¢4

5. Sulnhate nz/1 up to 57¢
Chlorize /1 400
Totel is;.olve:‘ solics 5/l 32
Suspende? solids re/1 200
rianJanese nz/l up to 3

Sulzhate rg/i 420

sulghide /1 5

c. Colour drourisn
usoenied solids(gran/slaa)!l ng/l o to 1 9008
0il rng/l up to 10
o 10,7
Saour decaying %y7
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[Tusened solias(orarn/siaz)l =z/1 to 527

ap

w3

| | l |
| pRem ', | ALY COUTTASTIATES | Taes | LEVIL OF COITVTIUATIC
l ! I |
| | | |
| | Terperatare | °C | u- te 50
i | Shosmate | :'r;/.. | 5
| | sulphie I =/1 | <
| | Ingen 356ora=C I =3/1 | 39
| 7. ISuspenizl solifs(cran/slaz} ~g/! | us to 3 0J7
[ | Tot2l lissclvel seolids | =v/1 | 5 §6o°
| | o3our | | hvdirozen sulphide
| | Iron I /1 | lto?2
| | liitrate I m=g/1 | 30
| | | |
i l | |
| | |
| o, | metal dissnlva” solids S <7 N up t2 1 302

[ | Sul=hige | =/ | 2

| Sulzhate I w/1 | v to 409

| | |

|

Ak range of neasures have bhreen recoFrended, based on the considerztion of the
naturs of zollution in each 3rzin. The production of recycled effluent is
predicted to exceel the Jaianl for it bt The freas zmecifiel, 20 the mador
raaaining ulinouns are the Zesimn marzmetars to be adopted for the mropos:s’
5iological e£fluent treatment process and vhether rav seimze fron TOrvioos
should ve added to the trcataent vcrocasss or not.,
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17.7 DTRAILS OF XYY TDTRTITY

17.1 e A A S T Cthens Tine

17,2 AT s 27 oz T, JvIxn

17.2 T O ILTTITw + Gold ining hy the cyanicdation frocess ant

Qoper racovsry Oy flstation

7. LITITT : VUIE
E——

13.2 DTTLILT T OCOTNTTT DTSRI

17.1 ITYTCC DR TTILY T uEncis DI

10,2 COUTUTTIS s Y S/

TS SOTRILT T TR UATTIMNLS
Athene Tiine at [rescat procass awut 22T tomnes/lzy of oxilz cre 2t
400 tonnes/azy of sul:ifiide ore, The sulghide ore contains @ larse
arnzer of iron sulphides and coper sulphidss hile the oilide ore
contzinz the same Testals in o;ide form, The ore contains no arsenic,
meriws, —oron, nickel cr zinc.

20,9 DTTATLE OF (7CTT ULRTLP DISTIARCT

2.1 mhe waste wTter beinc discharge: fram tine to time o :sists cf the
leach solution resultins from the Jissolution of Jold Iran & suljhide
cre, 23 such, ths 'mter contains various Jissolves metals such ac
3elé, silver, cogrer and iron., The netals ars nainly comlexes of
c'anife, 3ome Zfree ¢ranile also erists in solution.

e
‘.d
.

[RS ]

VAL T T fTAeTD CRTC

Tolirme 0f minz vaste water discharce is as follows :-
(z)  *verage 130 ni/dav
(3)  Peak _ 250 n3/day

(c) t2ak Jischarce occurs during the rainy season vhen rain vatar
collacts on the Sliies Dam,

1.2 paT ™ OF DISTHENCE

2oint of Fiscnarge is into thz 2linkvater Ztrean east of the :main

- Yarare--asving? N0ad, Ik noint at vhiich saples cail be taken for
anelysis is conveniently situated at the lischaroe Zrom toe vater
treatrent olant,




21.0 FATER PCLLUTION CONTROL SIMARY OF BRACKGRORD TO DATE

Athens Itine is a Lonrho Mine producing gold laden carbon. It is the
first mine in the country to use the pouring of bhullion fram the new
carbon in pulp process which treats 2 800 tonnes of ore ronthly. The
prablem at Athens Mine is that of cyanide containing effluent flouing
outside the Slimes Dams boundary fence and finally into a public stream,
and the problem of seepage acamulation mininc across the main
Jarare-ijasvingo road,

Athens 'line applied for an exemption permit in 1989 in order to install
a pilot purification plant (which will treat the cyanide content of the
water) and to deepen an¢ enlarge the holding dam to eif greater surge
capacity. This project, as Athens says, is dependant on the
availability of plant, which at present, is in short supply.

The results of analvsis for C! done at Athens !iine on daily basis are
sent to the Illinistry of Enerqgy and later Resources and Development
meckly. The situation as such is under control although the titration
method used to determine the cyanide is questionable.

DETAILS OF PRESENT VIATER TRcATMENT

At present the mining waste water is treated by means of the
INCO-SO»-AIR cyanide oxidation process. THE INCO-SO»-AIR cyanide
oxidation process employed at Athens since May 1989 is capable of
achieving the following results :-

PROCESS/CHE!ICAL CONSTITUENTS RESULTS

(a) Oxidation of thiocyanates 20%

(b) Iron cyanide removal camplete
(c) Free cyanide 0,2 mg/1
(d) Copper 0,5 mg/1
(e) Zine, Hichel 0,15 mg/1
(£) Iron I mg/l

(g) Arsenic not removed

Arsenic if present, is in extremely low concentration.

Analysis of the waste water is at present ircomplete, since only the
level of cyanide has been closely monitored. It has been adnitted that
there had been sane difficulties in getting accurate measurement of full
cyanide.

Of the 1 000 tonnes/day cf water sent to hte Slime Dam about 50% is
re-used, The rest of the water either evaporates or is detoxified and
disposed of.




23.0 DETAILS OF PROPOSED 'RASTE [ATER TREATIRNT TXDKS

The mine is at present involved in a feasibility study concerning the
recovery of cyanide from all the waste waters. The intention is to
recover all or rost of the available cyanicGe for re-use. The intended
process will also remove most of the dissolved metals, especially iron
and cogper.

Set of records are being built to deterrine if iron is present in
unacceptable concentrations. If the concentration of iron is too high,
the wvavs of reducing the concentration have to be found. The work is
still at an early stage and as such it is difficult to estimate the time
which will be rejuired for the completion of the proposec works.,
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DETAILS OF INDUSTRIAL UNDERTAKING

NAME OF UNDERTAKING ¢ LANCASHIRE STEEL (PVT) LIMITED

ADDRESS : P O._Box 315, Kwekwe

NATURE OF INDUSTRY AMD : Iron and steel engineering industry

TYPE. OF PPOCESS involved in the manufacture of wire
and rod. :

The processes involve rolling, desealing,
pickling, drawing and galvanising.

LOCATION :  Kwekwe

DETAILS OF RA! MATERIALS

Raw Materials miantity oer day
Steel Billets 945 bars (180 tonnes)
Sulphuric Acid 3.1 tonnes

Lime 30 bags

Lubricants 37 kg

Flux 2,5 bags

DETAILS OF YJATER CONSUMPTION
Sources of Supply - Kwekwe Municipality (fram Sebakwe River)

VATER COMSUMPTION FOR INDUSTRIAL/DOMESTIC USE

833.0 m3/day (ave) - industrial
167.0 m3/day (ave) - damestic

DETAILS OF VIASTE WATER DISCHARGE

GENERAL DESCRIPTION OF WASTE WATER AND PROCESS FRO WHICH IT EMANATES

Hot sulphuric acid is used for scale removal of the hot rolled rods,
this acid does not enter the effluent system as it is recycled.
Hovever, same drag out does occur and is carried over into the rinse
water contained in a continually overflowing bath, This rinse water
canbined with lime water fram the lime tank vhich may overflow and runs
into the effluent system from the galvanisint plant. Seepage water
fram the Rod tiill sump is pumped into neutralisation plant because it
has a low pH,

VOLUME OF DO!MESTIC VASTE WATER DISCHARGE

a)  dry weather flow - 200 m3/day (ave)
b)  wet weather flow ~ 150 m3/day (ave)
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VOLUITS OF INDUSTRIAL WASTT ‘IATER DISCIIRGE

a)  Average 709 n3/day
b)  Ppeak 807 m3/day

c) Peak cdischarge ocaur during boilers blowdoim opcration and when
purping Rod liill sump water,

TOTAL VOLIM® OF TASTZ VATER DISCHARCE

a) Average 1 000 3
b)  DPeak 1 059 r3
c) . Same as (4.3.c) adbove.

LOCATION OF POINTS OF DISCHARGE

a) The treated effluent from neutralisation plant is discharged into
th~ sewege system adjacent to plant.

b) effluent from any other sources is discharged fran the camon
cutlet at the Lancashire fence (point marked C on the map).

METHOD OF DISCHARGE

a) Heated effluent fram neutralisation plant is pipe gravity fed to
the sevage.

b) Semi-heated effluent fram the common outlet marked C on the map
(APPENDIX #4) is channel fed into Sebakwe River tributary.

LOCATION OF POINTS AT UEICH SAMPLES CAN BE TAREM FOR ANALYSIS

a) at the gravity feeding point
b) at the comon outlet point (marked C on the map) (APPEMDIX I).

DETAILS OF PRESIMT UASTE WATER TREATHZIT

pPresent effluent fram cleaning house, galvanising lines and Rod Mill
sumps water is fed into a mixing channel and there are neutralised with
ournt line.

lleutralised effluent then passes through some oil separators before
éischarging into a nearby public strean.

(IASTL UATCR DISTHARGE FROM THE PLANT

Haste later fram the Pickling of Rod

flistorically the 3 - 5% sulphuric acid vas used until it became
saturated with ferrous sulphate at about 15%, dependant upon the
operating temperature, (optimum for maximum ferrous sulphate solubility
is 65°C at acid strengths up to 20% %t/Vol, a proportion was then
wasted and made up with new sulphuric acid diluted to 3-4%.
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A sulphuric acid recovery plant now operates which precipitates ferrous
sulphate by brine cooling, allowing the acid to be re-used. Acic is
only intentionally wasted when it is considered that tramp material is
at. a high level, The cleaned acid contains about 6% FeS04.

Rinse Haters and Drag Qut

As the coils of rod are moved overhead within the pickling house,
carryover fram each bath occurs, but the majority occurs fram the
overflow when the coils enter as the baths are continually made up.
This is more acceptable than having to sump concentrated chemicals and
acid leached metals, unfortunately the bun¢ the acid bath leaks and at
times a considerable volune of acid, high in leached metals also enters
the drain anc passes to the effluent treatment plant. The effluent
leaving the pickling house varies fram highly alkaline with lime and/or
soda ash to very acidic.

EFFLURTT ARISING FROM THE GALVAMISIGH OF (IRE

Post Lead anc¢ Zinc Baths Wire Cooling Vaters

The post lead bath cooling water is continuously fed by Municipal water
and overflows to the well of a cooling frame. This cooled water is
reticulated through the post zinc water bath. Although the cooling
frame well has a level controlled valve to supply the Municipal make-up
water, the system overflows into a stormwater which by-passes the
effluent treatment plant.

Post AciGé bath wire spray waters, water baths overflows and drag out

Municipal supply water enters the post acid bath water baths, overflows
and joins the spray waters and drag out in each bund. It then passes
via a drain to join with the pickling house effluent before entering
the effluent treatment plant.

DELIBERATE WASTING OF ACID

The acid fram all three baths is wasted weekly, a total of same 1 250
gallons, to minimise the effect of tramp materials on galvanising,

ROD MILL DRAIMAGE

Drainage collected in the Rod Mill sump is historically considered
contaminated with acid etc., and is pumped to the effluent treatment
plant where it enters the reaction channel to design, although it is
often fed to a spare tank and siphoned past the effluent treatment
plant to the final effluent slow drain.

RUN-OFF PROM CONTAMINATED AREAS

The area surrounding the effluent course after it leaves the Works
boundary, and before it enters the tributary of the Sebakwe River, was
contaminated with acidic effluent to a distance of same fifty yards on
either side, fram old discharges., Vegetation is now growing back over
the effluent of run-off into the effluent ditch is not marked.
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VATCR POLLUTION CONTROL  :  SURTARY OF RACKGRONRID TO DATE

EXECUTIVE SUiTARY

Lancashire Steel is engaged in the manufacture of galvanised wire from
steel billets., The process reguires the pickling at certain stages of
the orocess of steel rod and vire to remove rust and scale, This is
carried out using sulphuric acid.

At the tire of the introduction of the water pollution control
requlations in 1%71 the company was in the habit of discharging spent
pickling lijuor containing considerable ammount of sulphuric acid into
small evaporation lacoons and partially nuetralising it by additions of
lime. Seepage fram these lagoons anc fram parts of the process had
contaminated a fairly extensive area within and beyond the factory
grounds and vas draining into an unknoum tributary of the Sebakwe river
vhich was also, of course, being contaminated. The main pollutants
were, and continue to be, sulphuric acid ané iron salts.

A lesser, though still considerable, source of pollution at the works
was the neutralisation of and washing process that takes place after
the pickling process. Effiuent fram this was passed through
neutralisation and flocculation/sedimentation tanks - the sludge fram
the underflow was punped to the evaporation lagoons mentioned above
while the overflow was partly returned for re-use in certain processes
and partly to vaste, compounding the pollution problem in the
vatercourses,

APPROMCHTS

m™is contravention of the i'ater Act was brought to the attention of the
Ministry of Energy and Water Resources and Development in 1972 and
Lancashire Steel submitted an application for a permit of exemption
fran the terms of the Act for the period necessary for the abatement of
the pollution and rehabilitation of the polluted areas. The permit
subseguently grantec was for the period up to 30th June, 1973,

In 1973 the company submitted its firm proposals to :- .

(2) 1install equipment (the Kenstener plant) to purify and concentrate
the spent pickling liguor for reuse in the process and produce a
by-product ferrous sulphate, which has a market value, and

(b) to improve the efficiency of the neutralisation of the waste
vater stream,

pelays in the implementation of the Kestener plant let to various
extensions of the exemption permit being granted until £inally the
plant cane into operation during 1976.

However, pollution of the water course still continued franm other
operations and further extensions were granted,
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Monitoring of the effluent stream fram the factory even after most of
the recanmendation by the then parent company British Steel had been
carried out snowed little improvement if any. The campany showed
little operational understanding of the overall operation of the water
treatment plant. The campany kept on applying for extension of
exemption permits until the latest in 1988. In 1987, Lancashire Steel
applied for a further extension of their permit, giving as grounds for
this, the refurbishing of the acid baths and the solar ponds and firm
pronosals of building a second neutralising plant and some oil
separators on the plot it had recently bought.

Even after the camissioning of the plant in September 1989, there are
still Qifficulties in the operation of the plant, thereby resulting in
vater pollution.

The latest results of water samples taken and analysed in April, 1992
Where as follos :-

| | |
| | STATION 1 | STATION 2 |
| I |
i 1 |
| pH | 11,7 | 3,5 |
| Sulphate (mg/1 S04) ] 879,4 | 1 305,2 |
| Total dissolved solids (mg/1) | 1 450,8 | 1 485,7 |
| Grease, 0il etc (mg/1) | 4,2 | 10,1 |
| Iron (mg/1 Fe) | 0,48 | 25,6 |
| | | |

The results show by how far the waste water treatment plant is away
fraon being efficient.

The neutralisation process is not effective enough to raise the pH to
the required level, and the oil seperators themselves are letting out
quite a considerable amount of o0il to pass through them.
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{ASTE {ATER TREATIENT DLANT AMD OPERATION

CISTING PLANT FPIG, 2

The plant consists of a chemical aédition/mixing channel of about four -
seconds retention at a through put o 183 gallons/nin. ™% reaction

settling tanks of 5 500 gallons each with a retention time of 70

minutes if both are in operaticn. Te upflor with both taniis in use is

¢ fect/hour at 150 gallons/minute throuch put,

A sludge tank of 2 530G gallons capacity, into Aiich the sludce fraa the
clarifier is punped anZ also the sludge from the settlins tanis is
forced, by hydratic lead. The sluige without further settlement is
then »uEmned to the solar lagoons.

mhe sludge tank is also used to collect the iaste acid after
neutralisation, and this is also pumped to the solar lagooas. Ths
sludge tank has an overflos pipe which encourages bad practice.

EXRISTIIS CHEMICAL TREATITIIT

A mixture of 2 soda such : 1 lime is used to adjust the p3 of the
generally acidic effluent fram the galvanising lines and pickling
house. At times this mixed effluent is already alkaline due to the
lire and soda ash of the pickling house. A flocculant is added to the
liquor prior to the settling tanks, vith the intension of increasing
the sludge settling rate, and reducing its final volume.

Acid wasted fram the galvanising lines and pickling house i3
neutralised by the lime and soda ash mixtures, but does not pass
through the settling tanks and clarifier.

PRODUCTION PROCESSES

ACID PICILING (CLEAMNIMG) OF POD

The mechanically descaled coils of rod are placec¢ in 3-4% sulphuric
acid until the residual scale and iron oxide film is removed, They are
then transferred through a water bath, a lime slurry and/or soda ash
slurry bath (APPRDIX !).

GALVAMISIMC OF U/IRE

After being drawn, the wiie of different diameters is passed through
one of the three galvanising lines, There it is heated in a lead bath,
annealeé by air cooling, -1¢ passing through a water bath, cleaned in a
sulphuric acid bath, sprayed with vater and passed through a vater
hath, coated with fluz, passec through a molted zinc batn anZ then a
final water bath, (rig, 7.2)

The entire effluent disposal system, see APPZIDIY M.
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DETRILS OF DIOUSTRIAL U MERTANING

INE OF TEDERTREING : Triangle Linited
ADDTISSS : Ddrivate sag 801 Triangle
W OF ITRUSTYY : ranufacturinge of sugar and ethanol

fram sugarcane

Lo :  Triangle
DETAYIS OF 7877 e IAs Sucarcane

DET.ILS OF TASTC TATTS DISTTIANGE
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EXPCIPCIVE ST

Triancle Limited is engaged in the manufacture of sugar and ethanol
fram sugarcane grom in its extensive cane fields in the lauveld.-
Soxe of its activities have given rise to pollution of watercourses in
the area anc, following an investication by the Iliinistry of Enerav and
llater Pesources andé Develomment in 1971, Tringle Limited carried out
various irmrovements of its waste disposal installtions, under cover
of an exermtion permit which expirec on 3lst January, 1974 and these
resulted in adeguate control of pollution at the time.

In Septenber, 1980 a report was received from the Lands Inspectorate
in the area, describing the discharge into the Cheche river of
obnoyxious wvaste water fram the Triangle sugar mill area. Analysis of
various scmples of these Zischarges revealed that pollution was indeed
recurrying. Discussions were held vith the ;ianagement and wms agreed
that Triangle would formulate its proposals for the abatement of the
water nollution,

DESCPIPTIA! OF THE POLLUTIY! SOURCES

As sugarcane contains 70% vater, there is usually an excess of vater
from the process in the form of condensate from juice evaporatiomn.
™is condensate origzinates from two sources :- viz condensed water
fra: calandrias and cooling tower overflow. There is usually trace of
sugar (50 - 100 pm) in this water,




35.2

35.3

In addition, floor and eguimment washings also enter the dunder. This
contains sugar fron accidental spills and leaks fron pipes and purps.
~he totzl dunder contains -

M -5tod

undissolved solids (bv condictivity) - 150 pm
suger - 1 00C pmn

temperature - 37°C - 40°C,

Tz velune of Junder tateor averager 4 000n3/day vith a peak of

5 0991-/Cay. "under is Zischarcel o anaerooic ponds o IOTCT o-
capacityr zfter liming to a pE €.

e holling time in these ponds is aout three days and anaerobic
divesticn shiould reduce the €25 from 2 002 mg/1 to 532 /1.

Folloring this, the treateld cdunder is used to irricate the can2fields
uhere further reduction in T09 taies place an? run-off into drainage
channels anc subsecuently into tne Cheche river shoul¢ be innocuocus.

On the early 1980s this systen has not been functioning properlv,
mainly through lack of proper oxeration of the naercbic ponds.
mriancle then actyiired the services of a qualified chemist to study
ané raxinise the functions of the ponds, with ermphasis on proper
nutrients adlition ancd bacterial grouth to obtain increased reduction
in COD.

SIUTS

On the boilers, particles of partially burnt pieces of baggasse and/or
coal and particles of ash are entramped in the hot flue gases. After
heating the water and steam, this gas is passed through grit arrestors
(cvclones). The finer particles that pass the grit arrestors pass out
with the smolie. The arrested particles are flushed out through water
seals with water along channels vhen they are colllected for
treatment. This water contains 3 030 ppm COD mainly in the form of
small fibrous particles (cellulose) and some carbon and ash.
Temperature is around 25°C and the contamination is practically all in
undissoived forn,

STILLAGE

In the ethanol plant mash is made fram a mixture of molasses, juice
and water to give approximately 14% sugars and 2% to 10% non sugars
depending on the raw material proportions,

me sugar is ferrentec¢ by yeast to form ethanol which is recoverec bv
éistillation., The effluent (stillage) therefore contains all tae
residual plus c¢2adé yeast cells at zn average concetration of 6%. Tae
cunposition is a complex mixture of sugar, qums, wax, starch,
glycerol, colouring natter and about 50% is inorganic, inherent in the
cane plus the nutrients added to fermentation.
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The inorganics are mainly in the forn of potassium with aporeciable
nitrogen, sulphur, phospnorous and carbonates. Temperature is around
9c°C, NI 4,5 and most of the material is in dissolved form. ‘lashings
fron the fermentation vats are also added to the stillags. The
Juantity of stillage produced is about 1 200 m3/3ay an? the plant
operates for 50 weeks of the year. At present, it is dealt with in
two wvay -

1. Part is evaporateG to about $5% solids and is used in animal
feeds etc.

2, Gtillage is pumpel to a stillage dam with a canacity of about si::
weeks production, vhence it is gravity fed to the nrearsy
irrigation pum station where it is diluted by 27 : 1, thus
reducing its 20 fram 4C €03 na/1 to 1 20T wg/1, and irrijates to
lands.

Triangle has also statec that the relatively high potassium content of
the stillage being irrigated will eventually raise the level of
potassium in the soilé to Jetriment of cane fields and new irrigation
areas would need to be opened up.

APDROACHES

On 27th Septerber, 1968 the iiinistry of Energy and ilater Resources and
Develoment received a report fram the Provincial Water Engineer
(kasvingo) of the discharge effluent from the ethanol plant into the
dutirikwe river.

The situation being that, there are 2 ponds for settling smuts, one
was full and not in operation ané the other pond flowing into the
Cheche river. There was also a discharge of effluent from the cane
washing on the conveyor belt into the Cheche river,

In support of the application for an exerption permit an advise of the
following was made :-

SUTS SYSTE!

The excess clarified water fram the Boiler smuts system is preseritly
passed through the smuts settling ponds (where solids drop out) and
then discharged into the Cheche river.

The intention that time was to install a pumping system at the
discharge point of the smuts settling ponds and pump the water into an
irrigation system north of the mill.

VILL YRSIHINGE

The washings fram the mill currently £low into the stream. The
intention being to re-direct then to the suction of the pumps at the
dunder Pump Station and be disposed through direct irrigation on to
the came fielde,




As part of the :mter pollution monitorinz programee, samples of the
taste i=ter are taken regularly. =Delow ere the results of a samle
taken on the Sauts Settling ponds outlet at Triangle in !lay, 1923,

| ] 1 |
| PAYETER | coxmnaTnIor | L4908 GaicX |
| | | |
| | 1 |
| Conductivity | 35,30 | mg/m (20°C) |
| | $,5C | l
1 7Total alkalinity | 135,7¢ | rg $C03/1 |
] Reactive Shosphate | 2,74 ] mg /1 |
| Ilitrate | 2,22 I o6 /1 |
| sulphate | 6,44 | g S0s/1 I
| Cialoride | 34,52 | mg C1/1 |
| :aonesium | 3,00 | ng 1g/1 |
| Sodium | 13,380 | no ta/l |
| Dpotassiun | 13,30 | my k/1 |
| AbsordeG oxyvgen | 9,00 | g 095/1 |
| Iron i 2,8 I mg Fe/1 |
| Manganese H 0,1l | mg Mn/1 |
| &sonia | 9,12 | mg M/l i
| | | |

As can be seen fram the results in table 36.1, they do comply with the
macrinun permissible concentrations given in Appendix C,
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DSTAILS OF I'™MUSTRIIAL RDFRTAXING

TAME OF UUDERTRRING : David ihitehead and Sons Ltd.

DRSS : P O Box 200
Chegutu

IIATURE OF I'IJsT™Y
ND TYPE OF PIOCESS

Textiles, ileaving and Dveing

LOCATION Cheguta

DZTAILS OF "ATEP CRISUPTION!

SCURCT OF SUPPIY + Industriel tiater - Mupfure river

Damestic vater-Chegutu ‘later orks

JATTR CONSUIDPTICH! PO
DOALSTIC ISE

Average 70 m3/3day (1979)

AT CO’.!m..:IP;;.O!! FOR

DO.ESTIC USE 2326 r3/day (1972)

.

DETATLS OF [AASTE 'MTER DISCHARGE

GEIERAL DESCRIPTION : Textiles, Dyeing and Bleaching.

OF 'ASTE IATZ AD Ylighly alkaline effluent vith high
DROCESS FROM THIICH IT concentration of dissolved solids
EANATES

VOLILE OF DOTESTIC : Average 60 m3/3ay (1975)
SL:\GE_DISCHARGE peak 85 m3/day (1979)

VOLUME OF IMDUSTRIAL : Average 2 090 m3/day (1379)
Peak 2880 n3/day (1979)

METHOD OF DISCHARGE : Gravity flow doum open channels into
evaporation ponds.

DOTAILS OF PRESZIIT VASTE VATER TREATMIENT

PRESTIT TREATMIENT : Domestic sewiage piped to septic tanks
DEFORE DISCHARGE OF

STUAGE

PROSEIT TREATVENT : Vaste vater is settled and evaporated in
SEFORE DISTIARGT OF open ponds

INTWSTRIAL UJASTE VTCR

EXECUTIVE SETIANY

Followring reports of water pollution ocauring frorm Javid thiteheac ané
Sons in the late 197)s, it was ascertained that a highly alkaline
waste water containing a high percentage of dissolved salts, from the
operation of the factory, together with storm water runoff, was
édisposed of into a series of evaporation oponds situated near a
tributary of the tupfure river, and allowec to discharge into the
same. The company was informed of the inadequacy of that treatment
and of the need to rectifv the matter,
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The campany in 1977 then engaged some consultants and came out with same
tentative pronosals, for the disposal of the waste water. The proposals
envisageé a 1:50 dilution of the waste water with Mupfure River water,
and return the diluted effluent to the river. The proposals were
concidered by the liater Pallution Advisory Board at its meeting, and
foun: to bes unacceptable for the following reasons :-

(2) The nroposed rate of dilution would not result in an effluent that
would confirm witn the prescribed standards (Appendix C),

{5) The iater is mainly used for irrigation dowmstream and the standard
of the effluent produced would make the water unsuitable for that

use,

{c) The nronosec¢ point of effluent discharge was above a weir site fram
whrich the Chegutu tlater Supply may be augumanted in the future,

{3) :n order to corroly with most of the standards, the effluent would
rejuire a dilution of at least 1:500 constituting a demand which
the upfue river could not neet.

~he corpany was conseguently requested to investigate alternative
iiethods for the abatement of the pollution.

4£,9, ADDDOACHTS
A furtheor investigation was then made into how the problen can be
solved, The comany then proposed to extend the evaporation lagoons to
cope vith the present waste water flows. Big evapc.ation ponds were
constructed, pond No. 1 and pond No. 2, pond No. 2 being the final one.

The results of the samples taken on 12 June 1979 are shown in table 6.1.

TABLE 44.1.
1B | b I
| .SAPLC | NO. 1 POND | RO. 2 PO!D I
- : | :
| PH | 7,9 | 7,8 |
: Total dissolved solids (mg/l) : 2 270 : 136 :
: Total unéissolved solids (mg/1) : 4 420 : 54 :
: Alkalimity to methyls = : :
: orange (ng Cac03/1) : 552 : 121 :
I' éhloridc (meCl/1) : 44 { 9 :
: Sodiw (mctia/l) : 292 : 58 :
: Oxycen absorbed fram Kind4 : 29 : 4 :
: 4 hrs at 27°C (mg 04/1) : 29 : 4 :
i Chemical oxyge'n demand E 320 E 26 E




44.1. DESCRIPTION OF SA'PLES

No. 1 Pond : Earthy odour, turbid, vhite grey
colour, larce anount of sediment
No odour, white in colour, a2lmost
clear, trace of sediment.

No. 2 Pond

(X

44,2, REMARKS

The overall analyticzl result indicates that the Juality of the two
waste waters had improvecd over the vears, and most of the parameters do
canply with the regulations. (Appencéix C).

45.0 CONCLUSION

puring the cause of this study I have endeavoured to adhere as closely
as practicable to the Terms of Reference, as well as following the
general principles set out in the Job Description.

Initially the types of incustries mentioned in the Job Description were
enclinec more to organic than inorganic but due to the combination of
the sectoral activity within manufacturing in zimbabwe, it has been
found inevitable to exclude those industries like chemical, steel and
mining.

Because most of the industries are situated in or around towns most of
ther do discharge effluent into their respective Municipal sewers, for
as long as the effluent meets the by-laws. But often the quality of the
effluent fram such industries like chemical and steel, even after
pretreatment does not meet the standards of the by-laws, so they have to
have their own treatment plants,

Inevitably there are areas to which more time would have been devoted, but I
belief thic¢ I have reached an adequate level of understanding of Zimbabwe's
effluent problems, identified the major problem areas, and confirmed the main
containments and effluent quantities., No doubt that a lot of time has been
devoted to ZIIPHOS, this is due to the camplexity of the problem and how
urgent to Zimbabwe a solution is needed to this problem.

46.0 CLOSURC

I have found this a most interesting and challenging commission, anc
trust that the Terms of Reference have been fulfilled to your
satisfaction. I will always be ready and happy to provide further
amplification or explanation of this report.






