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PREFACE 

t?ithin the frame1«>rk of UNIIX>'S programne of purification of industrial waste 
water, the National expert in waste uater management Wational consultant) 
carries out an investigation in the waste water situation in the country. 

'!he natior.a.l expert assisted in the identification an.:'! examination of 
industrial waste \later and suitable treatment technologies. '!be \laSte water 
concerned are effluents frCJil industries such as tanneries and leather, 
breueries, textile industries, slaughter houses, sugar industries, sisal 
industries Lld pesticide formulating plants etc. 

'l'he SWedish International oevelop!lent Authority (SIDA) invited UUIOO to sutrn.t 
a project proposal dealing vith the forr.ul.ation and implementation of a 
training prograr.r:ic, possibly to include construction of one or rore 
de:Dnstration plants in the participating CClllltries for training purposes, on 
the treatment practices of industrial waste waters for various sub-sectors of 
iooustry. 

'l'he national expert has specifically presented the characteristics of the 
waste uaters chosen together which an extensive description of the situation 
for each type of water with regard t:o the number of plants, environme:ttal 
i.r:lpact, status of waste water treatment, equiprent, etc. Four mst relevant 
types of industry (unfortunately none of t.11~ above mentioned industries has 
been included) have been selected and the characteristics of the waste waters 
thoroughly exa..ti.ned. 

An evaluation of the present situation of the selected industries in respect 
of installed treatment/purification facilities, industrial technolO<J'/ 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 water installations, in addition to canpilation of available data 
on environmental effects of the discharges of the different kinds of effluents. 
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~~ ~=a.~~lete '!'err.is of '.il~ferenc:e are as f oll0'1S :-

(::) To preser:t tbe e:"laracteristics of the t-:3Ste \laters c'1osen \.!ith an 
exte:1sh•e descri9tion of the situation :':or each type of ~later :1ie1 
regard tc th: nlll!lber of pla'lts, environr.iental L~ct, status of waste 
w~ter treatnent, e~ui;ne~t, etc. 

(!:>} To pre::-.ar-: a prO<Jr3l:ne for foe two U:.~IOO consultants •.mo ~!ilJ visit the 
coontry for a:;~->ro::i:-eti::ly t' . .10 \oieel:s to furt.'1er ~val1Bte t.'"e situ:tio:'l, 

(c} :-o .:lS!.'ist :::-ij guide t.'1~ t:-10 visitfa: tr- 1r~ cc:iSulta..1t3 durin-:; their 
eve.lu:::tion which tlill air~ on :-

a revie•1 of t."le technological ortions avail<t'.">le f·:>r the re::~cin~ 
waste ;rater quantity and i.':'Qrovi:1s efflUE:!'lt TJalit~; 

a deternination of t.~e level of regulatory :.ieasures for industrial 
•.;afite ;.eter treatm:r.t, appropriate for adoption by the c·JUr.try; 

an identifi~tion of training netds O!l :!!etho~s/f acilities for \a.::te 
~·rater treat.'l"lent. 
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~L11'Ja:lue sits on t.i-te map of hfricc. li:"e a ca:t?2ct teapot, !x>ardE~ to the 
!!o:rth by z:-roia, to t.lte east b~- : :oza~:>i 1iJE, to t.'1-:: .SJlt..11 ~Y s~t:. .?.frica 
an:i to the \lest :.:>~· BotS\ana, anc .iie1 t."1= ·..iesternr.:-0st tit_::. of the •3po:Jt• 
(u:1ere ~a..r coo:itries l'eet) b>.ltting o!'lto the r.aprivi Strip o~ ~13r.li!::i<: .• 
!....~Clock~: ~i.'!lbab.-re is the sOJthernnost C3.l!ltr:t of tro~'ical Africa, i.'ith 
a north-s:xit&~ a:ds of 720 !<f., an5 a., east-west axis of ~2C :cr,1. :'ne 
country is boardec~ along r..uch of the north and south '.Jy the ~.:u:ibe::i and 
LiI~?O rivers res:iecti vely. C See ~-'2; 1;:ix l.J • 

There ar~ four ~i.$tincti ve physiogra;.:i1ic regions. ':'he.se are the Zambezi 
Valley in the nort.'1, the ~CPiner1t plateau r.ie.:lge of the ;~idlal"lc1s, th~ 
Sabi- L:imt>o:?O I,CJ,IVel~ in the south an~i t.1c :;--.aster:-i Highlands in t.lie 
east. -;:it!!in tilese areas, t.'ie altitu~ ra11;es frcn less than 25a: .. a!:>ove 
se3 level to over 2,5n~. 

Zi.'Ti.-abwe is a semi-arE region of tro?ical Africa, and debilitatinq 
:'lrooj.1ts are a ccr.t'70n occurence. Rainfall is seasonal ane very 
variable, anc ::-.an~· of our larger rivers d<.1i:1ille to a mere tric:~le in the 
lon; dr~· se~n, ~1hich stretches frcn a!:>O'.It :lay to acto~r. '!'he 
rainfall varies f ran an annual ::iean of over 2 ~90!!m at a fer.r places in 
the ~astern :rictila-ies to less thara ~C".l=l in be e~tre;:ie soot.'1. 

over most o: t."le country the average is between 6!l0 r.n anj 90') :r.i. 
Preci9itation is seasonal with sl.l!!mer rainfall occurring betHeen the 
midc1le of !k>ve.it>er cmd t."le r.li~dle of Harch. t:ater is t.'icrefore 
life!:>locxl of Zirmbwe. 

Zi.':lbatk;e is boardec"i along much of the north a'ld sout.'1 by the zar:t>e.::i and 
Linpopo rivers respectively. '!he rest of the fe\1 inflo.iing rivers an~ 
da7ns c.re sho.m on the map {!:ee Apriendi~ A). Sin~ Zimbabwe has nc 
natural lai;es, storage dams are therefore esse:itial to provide a 
reliable supply o: ·.rater for 6a:iestic, industrial, '.".lining anc 
agric:.lltural use. '!'here are over 8 aac eai-,s in Zir.'.ba.-Aie, varyinc:; frO'l 
J~-3riba, the largest 3rtificial lake in the ·;JOrld, to sneJ.l Hasonry •1.11eirs 
serving cCJWlllnities in the rural areas. 

Zbba~·re's Tii,:mufacturing sector is exceptional in .a.fric.a for its 
diversity. It ::>roduces an impr2.seive ra'l~ of rore thF. 6.500 
!'ro-Jucts. 1..":lO!'lg the."'a are fOO'Jstuffs, 1rink an~ tooaco:>, te~:~_!k-., 
clothing c-n".5 :Zoot·.1ear, c:ie-~ical and retroleum ptoducts, J!letals and r.~tal 
?roducts, p3~~r and pa;>er )rojucts, non-Metallic mineral ~Jrcriucts, 
tr~:ispcrt r..~{ e~Jir-rent. 

To": irn;?Ortance of agriculture to Zi"aba!.>v~e cmnot be ~ver-em?h~is:?d. It 
plays a loccr.r.>ti ve, role in the eco!'loorJ and feeds tt.e na tio11, with a 
sur:;Jus for er.port. ~:iong thoe r.iain crops are maize, cotton, td.:>acco, 
tea, coffee, potat'.JE!s, suc;dr cai"le an::? citr-us fruits. 
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hg:icultural. i~ts are ai:>Ollt 16,5% of total !!lanufacturi~g ~ross output, \.Illich 
is e:jlliValt:nt to abwt 25% of all internediate inputs to t.'le ~.ector as a 
whole. Zir..ba~.ie's aanufacturing sectors aggregate features can be sW!IT.arized 
as follows :-

~be S~ctor co:itrii:>:.ites 24 per ~nt of-GD?. 'ltlis is three tines the 
avera~ for su'">-sa~taran ~rica. 

~:anufacturing value 3.0deC (MVA) per capital is three times the average 
.:or .z..trica as a ·,:hole. 

It contri:")llte~ ~re.J.tly to export earnings, betveen 3•f an:i 57 per cent, 
rl-::-ie:idin~ o:i t.t-ie clasiff ication us~. 

=ut is also a ?-1eavy i.ISer of i.!!tpOrts, asins about 45 ~r ce:it of all 
C'.J'-".:-C~ities inporte;.. 

It i;. also a ~jor user cf energy, having 22 per ~nt of total 
consiEI.Jtion, and between 48 anj 50 c>er cent of total electricity 
c::>ns:inr;ti on. 

~· ;,-.an:' criteria, the most iFlportant sector in Zi.Ji1ba.7Je's nanufacturintJ is the 
:1etals and !'!':.>ta! Products sector, ~ich includes non-ferrous metal aria iron 
and steel basic industries, metal products, machinery and equipnent including 
electrical radio and canr.unication equiJ:r:lent_. 

In terms of net output, numbers employed and value of capital ~loyed, Food 
staffs is the second r.nst important sector (lG per cent of total net output. 
As an e;.-porter hc:Mever it is in third place to Textiles, which includes 
significant cotton lint sales and has 9 per cent of total output. 

closely alliee through linkages is the clothing and footwear sector, with 
similar levels of emt>loyr-ent and the share of net output, but a r.uch higher 
number of individual firms and a 1111ch snaller contributor to exports. 

rut r.ianufacturing contains several other significant branches, nota~1ly 
Che::ticals and Drinks and Tobacco, \Jhich are res~ively in third and fourth 
place in net output terms (13 per cent and 11 per cent of the total. ~e 
ot,1er se=tors are Paper, Printing and Publishing (7 per cent), Non-metallic 
:1ineral Prcxticts (5 per cent), ~loOd and FUrniture (4 per cent), Transport 
B1Ui!.r.ent (3 per cent) and other Manufactured Products. 

'lhe ccni~ination of the sectoral activity withing r.ia.~ufacturing is, overall, 
not very far fran that of developed countries, and is closest to the grou9 of 
~ish ir.c:x~ ~~velo:~ia:; c~:ntriez, eve:i thoogl: Zi'"ibabwa itself belongs to t.lie 
l~• b~o:le :rou?. 
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Che of the ~j:>r cati5es of •1ater ~llutioa in Zin(>aj:1e is t..~ :iini::ig 
i"''"'1$tr~'. ThE pro'..Jle-;-: of •=ci.~ Di~ :iraina;:e• is to :,e faun~: :•.ier'"Ver 
fa·2re ~: ~lr~i.lr i?resez:!t an: ~Y. ores e:r.ist in t:1e for.::_ o.~ sul::t1ff"2:;. 
'r.1e ac1:::- ·.ater :_JJ:':l~ ~ ;:rcr:: 3"..Ic1 '"'..J.~s and see:)c'l~S :f.ra;: cr.ps or ore an:"! 
waste :-·iaterial ~in~ t~1eir \IC.J into ..,,ratercourses or under;rourF: ~.r.:ster 
'.l:tless vigorous action is t3ker: to ;>revc:"!t this. ~·~r·.lall~~ t!iis ;:_:>:0·11~ 
is dealt i1it11 by ret:.irnin:; all se~;.-age a'ld :Jrain=;e of this ::in5 to tbe 
ore ;:->r~ing s~ctior. of t'.1e r:ine ;.1here it ca: he as'!:!d in t.~e r-ro~ss 
a.11:1 fir.:::lly for slur~·in9 taili:1";S for transport to taili:1JS an:: ~li:ies 
~2.:-:'.S ;-.;·~r~ :,_"":rovi3ior. is ;::a·.'2- :or it£ :iis::iosal !.q ev~~.:oration. 

~i-::i!ar :~rc!Jle:.13 ~r=- ~:1counte-re~ i!" s·.:ne in:lust!"i.::.l ~:;j_c.1tE e.:;. i:1 t:::: 
pro~sir:~ of :-.;h:>s;-:>(1at.~ roe:"' for :ertili~er~. AcL~ ::ri:-ie -.:!r~i'l:';: is 
~lso e:.1~:ir.tere.:~ in the co~.l :::i:1i=1g inj:JStry. :fflu~:its ~:=isb; 2rcr;i 
b1•.? ; ..a::ufacture oE fertilizErs ot."1~r ti?a.~ ~0.st=:..:ites, e.s ~~-oni~ 
~itr~t~, ~os~e.ss =i~:erent prd1le.-. sine~ the ~?::-earance of nitro;~r. 
ca:::r:~.1~'3s in surface or un·~~rgrou11.-.~ \·1at~r c:m he very ~eleterious to 
:.>0th vegetc:i'.Jle ~-u a,i-:ial life an~ ca.1 give rise to s2ri0'.JS :?rO.Jle.r:i.3 of 
al~al :;:o.:tl: ir. i-:t:-A>Un~ ~::iter. In one of its ~:iajor ~rwter SU,t:iply 
;:;oarces, La!:e .~cLl.raine, :L~Te facc-_s t~ ?rd:>le-;n of Yeeci-;·later 
hy.acint:1, \."hi::h i:~y finally result in e.itrop:1ication. !:>ischarqe o~ 
3e~;a~ efflue:it.3 i!lto :1ater cocrses has highly contri!xlte-2 to thi.: 
pro'..ilc:. in zi-;i~~-ir=. 

~iater pollution is o~curring fror:t normal far.ling o,erations through 
run-off a.'"K: seepage of \.later containing not only f ertiliz"?rs oot 
insecticides, heri:>icices and other poisonous su~ta1ces. 

i::e; i:idustries or tmderta!dngs are noo according!? require:.: to inclu1e 
in the pla'lni.ng stage - provision for ca:iplying vit.~ e,e legislation 
fra '. the start ol: the crJ?€rations. 

It is hQiever ~leasin£" to record that in general t.'1e offending parties 
are nw con.c;ciO'.JS of t.!ieir responsibilities to the ca.ir.unity regar;.'.ing 
the need to control water i?')llution and cooperateci with the authorities 
in t.,e task of protecting the envir~rh--:ient. 

':he ?roblems of water pollution have been recoraed during the Ra:ian 
C\l?ire. :here are even references to pollution in the Sible. So 
pollution r>roblems are not Ile\: and the ~.IUestion is not ~ether but h0\1. 

~i:i>lb'.I~ is fortu:iate in tilat the pro:,le::i of water polluti~n ha!; not 
reachej th~ serious levels that it has in some r..ore developed anj 
in~u3tr ir..!ised c..JUntr ies anJ that ~-mere proble:ns exist in Zir~1J.ie the7 
are cf a localis~ :iature. ~i:-:\Jab.1e is nev'2rtheless fall aware thdt 
til~re is no roa1 for ci:r.;-1.~cency in '::ie fielc~ of ·.1ater ;?Ollution 
co:ltrol. :Vents in other co:.mtries t.:>ear anple testimon~· to how ~ick.!.y 
a situation can get out of control and re~uire the e:;rienjiture of vast 
sums of r:oney on r8le'Jial action. 
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~e tir.tely intro_:iuctio:-. c~ .s:1ita'Jle c-:ii:tr-".'.'I~ :-:::.:::.?r·.:~ :::t .o~-i -=::-.rl:· st;:i~ 
i:1 the oc·1elo'Xte:1t of ~i~s •. -e h~s :ia-:::e it -x>.ssi'•le t-::> e~:ercise 
effective co:.trol of water ?O}.lution ':>efor~-?. serious a~:: ~.)Ssbly a-t 
irre'Jerssib!e situatio~ -Jevelo:;...z·.:"! • . .ribOl!t ~isru~·tic:: :': t.=:;: -:-~:icn~·. 
J>.lt.'1~£!!1 cc:isF:rable ~r;~ re:.:-7i'.'l.."' to '..Je ::.J:1':: 3.nc ,:;~t 'li:1E. :-: -:ffort .rill 
be re-:uiree in be :7utU!'e tC' r-etc.ir: C":>ntrd o: ".:c:.er ;>-::>Et0tfon :Gt t:.c
prcvent a ·~eterior:tion of be :_:iositio;., t<Li-? :-;=i.j:J!"it:· :i£ t'.~e "1:.oin 
source3 of \ ":.lter !iOllutior. ii zi::.:xl'J\-Je have no·; :.e-=~ )rou :;:1t t~ :xx:i. ~n:: 
in .~nst of these cases CO!!trol 3".'\C~ ~·:i':te--.e;it lea.::;;.:!'-=s ;f:ve :..."€2r. or ZL!'-= 

~fa::; i~le."Je~tej. 

rnviru£1!' '.rcter ~-""llu~io'"! '" .nn:>t :-ie -:lL.i-,~tE:..:: over::i :i:-::. ~.!· ·. ;S.t.-: TJ:;=-: 
t~:' le~isl~tior: ir1 Zi ~~>a~.1~ ?ro~iJit5 _13te= ~~~l;.it1!Y~, ::-=-~·1i..:i.J:: :::.-a:: 
~- 'rl..-:!e =t""ir i-~···)QY"::.r~~ ~·1e:71· ... -;~.l.S t-- he 1•r:.i-1+-::l..:. u!· -..:lir - . ,..;r.:c 
- - ·~. -~- _J_ '--:-·...- -- :....;. ~-:-'.!'"~J.·-._ - ': =-·- ·::-:- ---:1_ .-· -~ _..:.~>=---: 
c::>~:.ut10:-..:: to ~1.ou o=f~~ -er.s :;u~:1c1ez:t t1::-e .:1t:a:1 .::,::.c:: to 1:·12t?.l! 
SLLi~a·:,le control ::;ea:::1.1rc~ t:;) c-r..;_::1:_7 \-:it: t!1.; le;i.:>l=..tio:; • 

'!he 7 ?.ater Act \'<:.s ~irst cEs:::1:,e~ i!1 1?7~ t~ :in~lu:1: ~--!'cv:.sfori r'2latin] to 
:~::.ter Pollution (:ontr~!. Since then, v:.ri•J'JS a:~n::.·ie:it-:; !1?.ve ~e:i r;,J.·le 

a."Y.' i;1cor.;:orate} i~to tile ~res~::t ;at;cr Act, 197:1 (C!1a~ter ~! of 1 ~7J). 
•:tie rao.st faportant of these ~;rovision.; are in f.~ti~n l!Jl (2ee 
.?.?;;.Jen:::i.A :-: ) • 

3.riefly, t.;e Act co:-·s net allow c.isc:-tar3E! ir:to 7.rc.tar co:.irses o: ~~::: 
ef~luent uhic."1 cocs not r.e~t foe sta'1dar-:S ci.s lai::\ _,o·r:i i:1 ti!c ·:::1ter 
(Efflue:'lt a'1C •.;aste ~rater Sta:-idarC.s) Re::ulatio!lS, 1377 (See .i.\9~ndix :. 

It can :::>e seen, t.~erefore, that a1e-ju3te )rovision e~ist for t~e control 
of -.·1ater . pollution in Zinba!::ue an6 t.iie ~Jater ?Ollution control 
a-:En0ne:its \;hich were first intro:iuced into the \:ater P..ct i'1 197(') 
basically prohibit water pollutio!l ~Jt allcr.r for teEtponry ex~>tions tc 
:>e grantec'i under specific cor.C:itions - to allG1 offende~s sufficient 
ti.r:le within which to carry out the i'.rorl;s necessary to put t.:1eir houses 
in orcier a'l<l ccr.ply with the legislation. 

-;;e consider that the treat:i-::ent anC: disposal of an effluent fra1 a.,~ 
in~ustri=l ?rocess or unc1ertakins !'.lUSt be regarce-: as a, int~sr~l part 
of that .?rocess both in regard to t.Joie econi:!:lic and p~rely mec?lanical 
as;:Jects an~ i.i':lplications of tile Unr.erta~in-; - in other ·.10rds t.11e 
;>rinciple t}-iat •the pollutio!l '!l.Ust ~y· r.ust be accepteJ an~ applied. 
IJew in:5ustries are expecte1 to c'Y1~">1Y \-Tith the :!egulatfons frcn the 
st~rt and woulG not norrnz.lly be con.~iaer~'Cl as candi6ates for exe.iµtion, 
although there is no provision to sto? a new plant fran being built, 
eve:-i if the pollution ;>rd>lerr. is not c:.::l:lressecl properly. 

In order to achieve a~ oi'>jective of r.reventing an~ controlli~g the 
pollution of our ~later reso~rc~s, an~ conserving this vQluaj!e reso~rce, 
(Zi":'.baL.'\1e lies i:1 the ser~i-aric re:;io!1f., irri-.;:ttion i, ,..ae~Je~ to reali~t 
increased ac;ricultural ?ro::iuctiori) it \;as considere·] esse:itial thclt the 
:iuali t:: of effluer.t ~:i.s-=harged, :hr-:ctly er indirectly, into any :-1ater 
snooB ;:>e strictly controllea afl(~ to this en.:J the above r-e;JUlcitions h:tve 
:::ieen ir.tro1uce-J which ~rescribe a C::J\)clrativelt high Eta'l::'iar(J of i:JUrit;• 
for any ef flueilts discharged into t~1e water and •.lhich, -.1e :>elieve, \till 
encourage tile optiMlUTI re-use of the 11aste-\rater. .Ar.ongst ot.~er 
constituents, these reg-..ilations l.:iy dawn rnaxiru""r1 perniasible 
concentrations for cyanide, arsenic, r.ercury, lea~ and other potentially 
poisonous or hazardous su::istanct::s t:1at i1ay -~ :'resent in wc:.ste ·Tater. 



'J11e aJ.~nistration of t.;1e !':.ct i~ un~rta?~en 'J'! t."ie !-iinist~ of ::ner~?Y 
a~ ~:ater ~soorces a~-:: nev::lo,:x:ent an:l nore ;?a!'tic-Jl:.riy :)r t.'1e later 
Pollution Control ~~i~n o: !"":.L.=r:tioi: -!'._a:; . :-·!: ~:.::.i;.;·=''~ ~-:~ii! 
fu.,ctions are the luecltior., investig::tio!·. ;::,:1 ~-,~rail ~r:':r0l 0= 
polll!tion scurces thrru¢iout t.'1e c::lllntry, t:.1e col!ectio::? of •:ater 
:r..1ali~· data frx- stre=..-:i5 (3ee l,p::oe!1:ii:: D), rivers e.nd l?-!':es an::= t..'1E.
:>rE~"·ration an~ isS'..1in·.~ of ex~:i;-tio!'! ~cuts. 

a) !!atural -!ater ']U.:1lit:- ~-~nit;:>rin·: 

c) !>olicins; :i<>nitorin;. 

over c lr:r SC!!:pling i:J01.nts e~:ist t\?;..en-;i;: 1') a."1~ ev~ry sa:~!i ·q rvint 
5.s registeree (e.~ s;i;-:vle :?~int ~ .. ~, ~:~~'12n~i=: .C) a:-i( f•Jll ·.:.~tails o~ the 
poi~t ~re store~ wit.; other :1ata i~ the ~~t~ :.:an:~. over 30: of these 
:-:ci!lts 2'.re in urb:m are3S a.'l:: sa'l2lin:? is :X>ne- once every ;.p;-itt. • 

. ~.rz.lysi.s is carried out 'Jy ~"le Gover:?:!ient ~relyst, :~nistry of !!ealth. 
Other or£a."lisatior.s may b~ callef. in for h~l; e.g t.~e City of ~arare a."ld 
the Cher::istry !>e[..il!'t:f:lent of t."ie :J!liversitr of Zir.;x.J.1e. ~e <:a!"lcity 
~,:l efficienc-1 of the Goverr:.r:ent A-ialyst L::bo~atory is the :c;resent 
li:niting factor in the Cievelo:nent of the ?rogra..me. '!his has resulteo 
in the nee~ for the !!inistry of Ener;y an:i Water Resoorces arid 
Develo;inent to have its own la;x,rator1, anJ is in the process of 
ac~uiring one at the ~nt. 

!n adc!ition the Section is responsible within t."le Ministry for aav1sing 
on national \.Jater pollution control policy and for t."le i.'n?l~ntation of 
this policy. 

Parts of these functions are delegated to Provincial t;at-;!r Engineers anG 
Local Aut.~orities. 'r.le section is responsible for the ~rdinatio:l of 
activities by the~~ bodies and for ensuring that a uniform and 
consistent approach to wat-;!r pollution is a?Plie~ throughout the 
country. !t is responsible for the issuing of advice anc guidelines to 
these bodies where necessary. 

'!he rtinistry is aided by other interested bodies inclu1ing the r.'atural 
Res~rces Board, Local Authorities, Uational Par:"9 an<l Hil:3 Life anc; the 
ranistry of Health. In addition, the Water Pollution 1.:Wisory ?.card has 
been set up, consisting of experts fra:i va,..ious organizations concern~ 
•.;ith water pollution. 

'!tie functions of the !>~re are to advise the iiinister of EnerCJ'i and 
liater Resources anc nevelopi-rent on all matters regar1in~ t.:,e prevention "',a control of ~-rater ?Ollutio;-i. ~iis incluc~s recctili'.'Enaations on ·~late: 
quality standarC:S frcr:-. \raste an~~ effluent \13ter.s, on a:;>?licatfons for 
the issue of exer.iption pernits. r~e~inJ under review existin~ 
legislation on water ,ollution control and ;iaking reccr.t.nen:2tions for 
any further amenCling legialation. 

In an event the best law is no better thall t.!'le \>Jeakest enforcement, and 
this in part is dependent on the funding of the programme. so in 
Zimbabwe prosecution of violators is rare, !Jut can:>lianoe \tith best 
•?ractical r:ieans" is foll°'1ed !:>ecause of ~i~la.iatic persuasion. 
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Rhodesia Government Notice No. 687 of 1977. 

[ACT 41/76 

·Water (Effiuent and Waste Water Standards) Regulations. 1977 
r 

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

Title 

I. 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 s.o; 
''Zone I 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 Fi~ Schedule. 

Prescribed standards of quality for effluer .. t and waste Y 1ater 

3. The standards of quality. prescribed for the purposes of 
paragraph (a) of subsection (2) of section 101 of the Act. to which 
eftluent or waste water whlch 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 a~ 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 combining individual 
samples so that a minimum of me samples of equal 
volume of not less than five hundred millilitres each 



- 8 -

Water ~~uent and Waste Water Standards) Regulations, 1977 

of U1e emuent or waste water shall be taken, at the 
point of discharge, at approximately e;qual intervals of 
time over a minimum period of approximately four 
hours within any twenty-four-hour period; 

{b) temperature. pH and dissolved oxygen readings shall be 
taken on individu;µ samples at -the time of sampling, 
and all samples shall comply with -the sts.ndards 
specified in respect of temperature, pH and dissolved 
oxygen in the First Sch~ule; 

(c) 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 permangailate, the 
oxalate, the manganous sulphate and the alkaline iodide 
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, J 9·71, published in Rhodesia Government 
Notice No. 609 of 1971, are repealed. 
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R.G.N. No. 687 of 1977 

fnlsr 'ScmDULE (Section 2) 

ZONES I AND II CATCHMENT AREAS 

1. Zone I catchment areas 

The mer catchment area of--(a)_ the Gairczi River and its tn"butaries . 

(b) the Pungwe River and ·its tributaries . 

(c) the Bondi River and its tributaries 

(d) the Nyamkwarara River and its tribu
taries 

(e) the lnyangombe River and its tributaries 
to its confluence with 'the Nyajezi River 

(f) the Nyajezi River and its tnoutaric:a to 
its confluence with the lnyangombe 
River 

(g) · the Odzi River and its tributaries to its 
confluence with the Odz.ani River . 

(h) the Od7.ani River and its tributaries to 
ita confluence with the Odzi River • 

(i) the Mazonwe River and its tributaries • 

(J) the Umvumvumvu River and its tribu
taries to- its confluence with the Nyam
bewa River 

• 
(k) the Nyambewa River and its tributaries 

to its conftuence with the Umvumwmvu 
River 

(I) the Nyanyadzi River and ita 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 tril:-utaries . 

2. Zone II catchment areas 

Locality 

In district ~ 

lnyaJiga -district 

lnyanga district 

Inyanga district 

Inyanga and Makoni 
districta 

lnyanga district 

lnyanga district 

lnyanga district 

Umtali district 

Melsetter district 

Melsetter district 

Melsetter district 

Melsetter district 

Melsetter district 

Chipinga district 

All river catchment areas other than those specified under Zone I. 
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Water (Efiluent and Waste Water Standards) Regulations. 19TI 

SECX>ND SalmuLE (Section 3) 

PRESCRIBED STANDARDS·OF EFFLUENT OR WASTE WATER 

1. Thd water tball not contain· any colour or have any odour or taste 
capable of causing pollution. 

l. The water shall ·not contain any radioactive substances ca{Bble of 
causing pollution. 

3. The pH of the water shaU be, where discharged or disposed of- · 
(a) in a Zone I catchment area, between 6,0 and 7,S; 
(b) in a Zone II ca~t area, between 6,0 and 9,0. 

4. The temperature of the water at the point of discharge shall not 
exceed-

( a) in a Zone I catchment area, 2S •c; 
(b) in a Zone II catchment area, ·3S ·c. 

S. The water shall contain disSolved oxygen to the e:ittent of at least, 
where c\ischarged or disposed of-

(a) ir. a Zone I catchment area, 75 per centum saturation; 
(b) in a Zone Il catchment area, 60 per centum saturation. 

6. 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 n catchment area, 60 milligrams per litre. 

7. The oxygen absorbed by the water shall not exceed, where discharged 
or disposed of-

(a) in a Zone I catchment area, S milligrams per litre: 
(b) in a Zone II catchment area, 10 milligrams per titre. 

8. 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 li!re; 
(b) in a Zone n catchment area, 2S milligrams per litre. 

9. The total dissolved solids content or 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 l 00 per centum 
and the total dissolved solids content of the efiluent shall not 
exceed l 00 milligrams per litre; 

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

JO. The water shall not contain soap, oil or grease in quantities greater 
than, where discharged or disposed of-

(a) in a Zone I catchment area, nil; 
(b} in a Zone ll catchment area, 2,S milligrams per litre. 
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Appendix C 

R.G.N. No. 687 of 1977 

1 I. Tt. muimum penms11"ble concentrations of chemical · CDDltituenfl 
missible in the water wbicb is discbargecl x ~ of in a Cf or Zone n catchment area shall be as 1peciie4 in t&e followina 

table: 

TAllU 

MAXIMUM PERMmmLE CX>NCENTRATIONS OF CERTAIN 
alEMICAL CONS'JTI1JENTS 

Constituent 

Ammonia free and saline. {as N) • • • 
Arsenic (as As) • • . • • • . • 
Barium (as Ba) • • • • • • • . . • 
Boron (as B) • • . • • • . . • • • 
Cadmium (as Cd) . • • • • • • • • 
Ollorides (as C) • . . • • • • • • • 
Ollorine residual (as free chlorine). • • • • 
Cllromium (as Cr) • . • • . • • • • 
Copper (as Cu) • • • • • • • • • • 
Cyanides and related compounds (as CN) 
~ts (as manoxol --011 • . • • • . 
Fluoride (as F) • • • • • • 
Iron (as Fe) • . • . .. . . . . . • 
Lead (as Pb) • • • . • • . • • • • • 
Manganese (as Mn) • • • • • • • 
Mercury (as Hg) • • • • • • • • 
Nickel (as Ni) • • . • . • • • • 
Nitrogen total (as N) • • . • • • 
Phenolic compounds (as phenol) . . • . • 
Pbosphatts total (as P) • • • . • • • • 
Sulphate (as SOJ . . . . . . . . . 
Sulphides (as S) • . . • • • • • . • 
Zinc (as Zn) • . . . . . . . • • • 
Total heavy metals • . • • • 

·Maximum concentration 
in nliD!grams per HR 

· Zone I Zone ll 
catct.meot catchment 

area area 

o.s 
o,os 

• 0,1 
o.s 
0,01 .so . 

Nil 
o,os 
0,02 
0,2 
0,2 

. 1,0 
0,3 
0,05 
0,1 
o,s 
0,3 

10,0 
0,01 
1,0 

so 
O,OS 
0,3 
1,0 

0,5 
•u,os 
o.s 
0,5 
0,01 

100 
0,1 
o,os 
o,s 
0,2 
1,0 
1,0 
0,3 
o.os 
0,1 
o.s 

0,3 
10,0 
0,1 
1,0 

200 
0,2 

• 1.,0 
2.0 

12. The water 1hall not contain any detectable quantities of pesticide, 
herbicide or insecticide, nor shall it contain any other substances not 
·referred to elsewhere in these standards, in concentrations wbich are 
poisonous or wjurious to human, animal, ve1etable or aquatie .life. 
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9.0 I!'!!XJSTP.IAL ~lAS'~ UA~ DISCHA.'SlG!:S ~ID '!!'..S s~ncu ~ IlnYJS.!.'?.ES r·rrore 
H~:LirI'J'n·~! !?~lM:!~ ~SI.EMS 

:iajor industrial plarits, partic<..llarly those in the C'le:r.i.cal injustr.1 are 
pre>aigious consumers of uater. Suilstancial cost is involved often to 
en.sure a secure and dependable supplr. Despite re-use \·rit.'lin the plant 
and incorporation :.1ith t.:i= product of the ma"lufacturing process, i;lajor 
t.'ater users are usually r.ajor waste uater r.rocuoers, s:netL":le.5 in 
conjunction \1it.'1 a solic or sari-solid waste by-product. 

Give~ the ~rodaction of significant effluent strea."38, t.~ere are a 
lir.ri.te~ ntr..!:>er of optio:is for ulti.."'ilate dis_posal of sud1 waste strea.:5 
outsiee the :_Jlant. ::ith a::jlleous efflt..ients, two o:Y.Jioi.IS :'.:is~sal routes 
are to sur:;:ace waters or to ground~ter. 

Discharges of thiE nature are strictly controll<:::--1 ii1 te:c\S of t,:€:r.aitt:ed 
ci1e.""lical =!Uality of t±e effluent. ,.~ thir~ option is .::ischarg.:: to sewer, 
should one vith ade-:Juate capacity be available locally. Again t:1ere are 
atte."l<lant quality c~traints with such a C:ischarge. A further 
alternative is a ca:i:>ination of any of the fori.'Er three options \lith 
pre-treatr.ient of the effluent to i::iprove its chenical iua!ity· prior to 
cisc=targe. 

Effluent disc.1arge problei:is can be most easily instigatea by lir.iiting 
the quantity of effluent produced anc, where this is not possible, 
re-using as r.udl waste water within the plant as possible. TO effect 
such an opti.,-:tisation bet~ water input, use and discharge, a careful 
stud"f of the plant uater balance in ter.ns of the foregoing factors and 
uater pollution oontrol measures is necessary. 

In Zir~ discharges of waste water to surface waters or to 
gram1\·rater are strictly controlled in terJ?S of pernitted quality of t.'le 
effluent. The majority of the industries do ~iscilarge their waste water 
to their I!llnicipal sewers. H~1ever scne do aEJ:>lY a ca:bination of ariy 
of the forr.ier three r.ietho:is with pre-treatnent of the effluent to 
improve its cnemical quality before they filscharge into se~rs. 

!-!ost of t.~e :nanufacturing industries are situated in or around tOtlnS and 
it is easier and cheaper to disd-.arge their waste water into their 
respective municipal seuers. Mines of course are scattered all over he 
countrl' anc1 so t.~ey have their CMl waste water treament ple."'lts. 

Serious proi:>lems are encor.mtered in Che::tical industrial plants e.g. in 
the ;::irocessing of phosphate rock for fertilizers. 'l'bere are two leading 
fertilizer r:ianufacturing ca:tpanies in Zir:iba!:lrle; t.ltese are Ziii3~3rr' 
PE~,jp!~l',,TE I!:!1J~" ... ".:UES LI!·:ITED (ZI:~IOS) and SA3IE CHE!1ICAL.S r..r:rreo. At 
sable Ch~cals Li'lited th~ pollution prd"~ler:\ is t.~at of hig.~ nitrate 
concentration in the 1 .. 1aste water. '!he situation is closely J'Dnitor~ 
anu is under control at the present rncr.ient. 

'!be pollution pro!Jlens at ZU!?!·!'.:>3 are just ca;>lex in terns o~ !:Joth 
financially and technically. '!he problens are goin3 to be discussee in 
detail latter. 

In the :ninin~ industry, the major problen, is that of killing C'Janide 
after the c;,•anidatio:'l procass in ~old mining. Athens Gold Mi:ie is 
facing a serious problem in this aspect. ?.ere the probler.1 gets \:Orse 
\then roore reliable a:id accurate methods of analysing the chemical caMot 
be found. 
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'!he other major causes of water pollution in the coontry is the steel 
industry. Here we have ZI~, the country's only raanufacturer of 
iron and steel and LAt-X:~ STEEL LI!ll'lED which is engaged in the 
manufacture of galvanised uire frm steel billets. Both these steel 
industries are going to be discussed in detail. 

An evaluation has been done of the present situation to Zimbai:Mean 
industries in respect of installed treatment/purification facilities, 
industrial technology, \"lell-krnm em, ... rormental problems and analylical 
facilities. · 

In Zi.ntla!:Me a selection of industries with well-known environnental 
proble!\S has been made and the characteristics of the waste water has 
been given and in sane cases exis:ing treabnent/r;xirification technology, 
or proposed tec.'mology has also been ootlined. !he select~ industries 
range fran chem:i.cal, steel to mining ~ustry. 

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. '!be priority list is as fallows :-

1. Z~ Ph05tilate Industries Limited 

2. Zir.babwe Iron and Steel ca.pany Limited 

3. Athens Gold rtine 

4. Lancashire Steel (PYt) Limited. 
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10. 0 DETAIIS OF tl?DERTAl\It-l; 

10.l ttl\r-~ Of' UNOEP.'l'A.'{!!(; Zimbabwe Phosp-iate I~tries Limited 

10.2 ADDRESS : P 0 Box AY 120, 'Ar.by, Harare 

10.3 :::.~'!URE OF IrlOOSTRY : Manufacturing of phos?late and 
supeqilos{tlate fertilizers, and related 
mineral acids, aluminiun sulphate anc other 
chemicals. 

10. 4 LO:A':'IC'-! Harare 

10.5 DETAILS OF t~TSR CCX-!SUPTIC1-l 

10.s.1 soorce of supply : City of Harare 

10.5.2 consumption : l.lo6m3 per year 

10.5 DETAIJ.S OF RAU HA'l!:RIALS 

l::>.G.l Pho.sttiate rock fra:? Dor~1a Minerals 

10.6.2 Iron pyrites fran Iron DUke Mine 

10.6.3 Sulphur fran Canada 

10.6.4 Bauxite fran !-tOZaiibique 

10.6.5 Lir.estone fran G and w ?tl'Jinerals (IDC) 

10.7 DETAILS OF HASTE WA'!'ER DISCHA!a: 

see Zi.~os's uater Pollution control Sllmlary of background to date. 

10-. 8 BUSINESS STRATEGY 

ZU1?HOS is the major manufacturer in ZL"tt>abwe for a nwnber of basic 
dler.licals. '!be manufacturing plants at the ZIHPflOS factory are as 
f oll<Ms : 

1. 82 500 t/a Pyrite BUrning sulphuric Acid Plant. 
2. 82 500 t/a Sulphur Burning Sulphuric Acid Plant. 
3. 30 000 t/a Wet Process Phosphoric Acid Plant. 
4. 200 000 t/a Broudfield DEN SUperphosphate Plant. 
5. 22 000 t/a Aluminium sulphate Plant. 
6. 550 000 t/a Steam Raising Plant 
7. 1 060 t/a TOll "1anufacturing Plant for insecticides 
8. 660 t/a Rosin Tampentine Plant 
9. 1 920 t/a Silicates Plant 
10. 700 t/a Lead Nitrate Plant 

(see the fl0'-1 sheet of plants at ZIM?·nos APPE!1DIX E) • 
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'!he replacement capital value of plant is estimated at Z$400 millien. 
'!he infrastructure is extensive and sane facilities are shared with the 
adjacent ZirBABlE FERTILIZER COOPCru'.TICI~ {ZFC) plant producir.g 75 000 
t/a·mixed and ~OS{tlate fertilizer. Cher.plex GWrlS 50% of the ca?ital 
of ZFC. 

11. 0 STA~FE·l'J' OF PP.OBLE!·i 

'1'tle production of wastes with a high pollution potential, the location 
of ZIMPHOS factory itself, the unfortunate siting of waste dis::;x>sal 
areas and a legacy of uaste raanagement proolems have canbined together 
to produce the current problE!!I at Zil-!PHOS. In the past fev years, a 
vigorous and progressive approach to ?Qllution control ~1=:.s --~~n 
directed at relatively locliisea ?ro;->le:-.s a"ld a rore ce!'&~1rehe;:.:iv2 
appraisal of the situation is t.1lus required. 

By considering each of the foregoing problem areas in rore detail, it 
is possible to attain an appreciation of tr.e magnitude of difficulties 
at Z!r-!PHOS. 

11.1 PR:l.JUCTIOO OF t?A'IE?S HI'l'S !'. !!IGR POLUJTIC?! Paml'!'IAL 

Four wastes or group of wastes are produced or have been produced f rcr.i 
ZU-lPHOS factory. '.rbese uastes and seepage liquids all have a high 
pollution capacity. 

11.1. l Gypslll! 

A major by-product of the manufacture of phos{iloric acid, t.~is 
calci1.111 sulphate is slurried with waste water e.g. with 
fluoride rich liquor used for scrubbing out fluoride vapours 
evolved during the digestion of Jbosphate rock hy sul.i;tiuric 
acid an1 discharged to a tailings dar.l (see analyses in Table 
11.1). 

11.1.2 Calcine 

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

11.1.3. •lliscelleneous• Hastes 

various wastes chiefly fra:1 the arsenic plant. They all have 
high arsenic contents. 

11.1.4. Liquid Effluents 

Discharges or seepages f rcr.i the factory or waste dt.r.tpS 
principally to the MUkuvisi River. All listed or kn<:Mn 
discharges fail to meet standards in Zimbal:Me effluent control 
regulations. 



- 18 -

11.2 LOCATIOO OF ZI!!iPHOS FN:r<:RY 

I 

Any liquid, be it plant effluent, storm.rater run-off or near-surface 
seepage, generated in the factory area will find its way to a live 
watercourse. This is because the factory is bounded on t.~ north by 
the :~kuvisi river and on the east by a vlei drained by the so-called 
•Little Kari.ha• (See Dra\ling 'No.11.1 drg) such liquids are alrost 
aluays of poor dter.ti.cal quality and hence will pol.lute these surface 
waters. Table 11.2, section 3 to G, summaries the main discharges and 
seepage to Mukuvisi river and •Little Kariba• fran the factory. 

T.l.?LE 11.1 AJru.YSIS OF r.YPS"Jr~ TAILITl:iS LIQ!JIDS FROM Zl'"-PHOS 

. Atru.YSIS. REFEP~lCE pH TDS* co 004 F P04 Si0i 

1. Sample taken in I 1,4 12 000 3 400 I 
riarch, 1575 I I 

I I 
2. •Typical• mea.'l I 22 000 5 300 2 750 I 

values I I 
I I 

3. February, 1980 I 1 000 9 200 6 800 12 040 110 700 
analysis I I 

I I 
4. !taxi.Ill.Un quality 16.0/9.0 500 200 1,0 1,0 I 

limits for I I 
discharge to I I 
9 water courses I I 

I I 

All values in mg/l except pH which is in units. 

* TDS Total dissolved solids 



'l1'aE u.2 : a.uw a DISlPm!S1.m'JaS '10 'D£ HMN.ISI mym 
.------- - I trn ta-MJm I H------------ N.W..YSm (mjll) I 
I IDISJWQ:: F.Sl'M(lE)I I 

m. I I.£rl(l'!(}t ~n llmUPl'!Ot I ro¥rmth I I I I I I I I I I I I 
I I I I ~f I <ll I Fe I Al I 1< I 1ts I l·D3 I 004 I 004 I F I r·mtIMU 'Dl> 
I I l·m·mu1 I M\'CrM.M I . I I I I I I I I I I O'i $lf.f(1.'Ir.N 
..__ ______ ___. __________ L _ __l_ ___ L ___ l__ ____ L_ ____ I _ I I 

r.--TltiiiflCi~<E ~ ---T-lurt-Wil.i!OOIY T r.~/Z.UTOOJTJ,700 I - I - I - I - 1 ·1 700 I - I - I u (711 
I systsn, ~at cnlcire I 10 cm I I I I I I I I I I I 
I d.1tp - estinnte:'I trmflo.., I I I I I I I I I I I I I 
l@i5\cxigiMlfloo1 I I I I I I I I I I I I I 
I I I I I I _I I I I I I I I 

r. I SE:l\&,;etrotleasta:IHnJ Cf I 18:0 - I 500 f 2.513.0 I OOl I 00 I - r..;T au-r ~ -TTlfOO- r-..;---1 -~-, 2 29) 
I ra:tt~ cal.elm c\tTP cn3 I I I I I I I I I I I I I 
I rccth sid! Cf railw.y sidin;J I I I I I I I I I I I I I 

I I ______________ I I I I I I I L_l___~-L~L_J 
3. I ~ to mrln Sluit, I MlM value crily I 1.5/3.0 I DJ I TIJYT2.l I - I I I - T 700 I :t!J I l1 I I 170 

l(atu then neutralise:l effllBlt 6 <XXl I I I I I I I I I I I 
I frail Wlt:l't" tr61tne1t i~>, I I I I I I I I I I I I 
IM\B:J!fran91tthsicbaf I I I I I I I I I I I I 
I rai.bay siclirY;J cn:l nxt:h sicle · 1 .1 I I I I I I I I I I 
I Cf old arsenic dLsroeel arm I I I I I I I I I I I I I lO 

4. I 9£(B:J! iiith Of Qt(l me 1.ero I !fj .1 3.5/'1.o I m I 10 I - I 8 I ii I - I 700 I 70 114 I 1124 I 
I pl.TI:. I I I I I I I I I I I I I 

1 s. I Siei~ - ii&fio., a:Et Ci 1a:o I I cm I 3.6/3.5 I m I - I - I -I - I 112 I 51il I !tt> I 100 I Im l 
I I 9Hkfcrteinpitp. I I I I I I I I I I I I I 

l 6. I oi.~seei:t¥ to rlttie r'EB1 vatue CJ\tY I 3.Ya.5 I m I !'h I - I -I 1 I - I 700* I - I 5 \ IC55 I 
I I ta-il:a, )'SD! to tt!imsl.. 50 ()l) I I I I I I I I (1 cm)t I I I 
I I I I I I I I I I I I I I 

~: 

1. 
2. 

ldlitlaal seeraJ! - tnpl'ltifietl cn:l rot llMlYB] to river fran CBldne in ~of rcrlia ell.ti. 
'1ttal <rt \mther: dlsda~ 
- l1'drum1n, l.2 reyilitre-v'tll;t ~:;'j ~mmth) 
- nmdnun, 2.6 fi'E9llitres/d1'J (71 0011R3~1mt:h) 
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11.3 SITIN:; OF ~lE l~ DISPOOAL AI'..FAS 

'!he location of the principal waste disposal areas are marked on t.'1e 
general site plan, Drwg no. 11.1. 'lhe prob!e!S associated :rith the 
chosen disposal locations can be su::vnarised as foll~ :-

11.3.1 G"msum 

The GypslD!i slires dam is located at the north-i..iest end of 
surface water catch.'!ent of the ~rth vlei i-lhich feeds the 
Hatfield Strear::. seepage fra:t the dam fl<MS south\rards 
;>01.luting the vlei area and derogating the qilality of the main 
strea.~. Existing remedial measures to intercept this seepage 
are only marginally effective. 

A line of water supply boreholes trending south westwards dO\m 
the Epw:>rt."'1 vlei has been polluted. Hater frcr. these 
boreholes whidl Yere for !J.lblic supply is no longer of potable 
quality due to pollution fr<r.l this dara. The gy::>sun tailings 
da.'1 is unlined under the majority of its area and vertical 
seepage has polluted the underlying ground\-iater. 

11.3.1 Calcine 

There are three main and a host of a."lcillary calciun dLlllpS. 
These are : 

(a) the north-west calcine dtr.lp 

Seepage and underf lcw past the adjacent interceptor 
system travel direct to the nukuvisi River. (Ite: 1 of 
table 11.2. ) 

(b) the south-east, •01a• calcine dump: 

'ttle dumo is situated at the head of the eastern vlei 
area dr~ned by the •Little Kariba• to the l1Ukuvisi 
River. Seepage thrcugh the dump, aggravated by the 
fact that calcine was dumped in a dug excavation, flO\'IS 
north-eastwards into the vlei and eventually to the 
nukuvisi river. 

(c) the •new• calcine dU!nP 

.r.lthough the dump is sit~ well away fran any active 
waterccurse, adjacent to the soccer field, seepag~ 
generated in the du:np is polluting groundwater to the 
north (samples frCJ:I sunk boreholes indicated). 

(d) other dlr.lps 
I 

Calcine has been dlltlped almost indiscrirninat~ly in the 
area of ZIMPHOS' property particularly to the west of 
the factory. 
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It has resulted in the canplete pollution of near 
surface soils and all drainage ditdies. 

TO th~ east of the existing gypsmn tailings dara a bem 
of calcine has been constructed presumably for 
stornMater control. \la.ste material and water polluted 
by the dUJ!i' are discharge<l via a storm\later drain to 
Ep«>rth vlei. 

Cei Calcine roads 

The geotechnical properties of calcine make it suitable 
for the wearing surface of site roads and it has been 
extensively used as sudl throughout the ZIMP'dOS f.::.ctory 
area. '!'he effect has been to pollute all stortn\later 
channels adjacent to the site roads and hence made the 
general pollutlon r.ore widespread. 

{ f) The Zir1PHOS club car pack 

A substantial volwne of calcine has been used to 
construct a car park on the northern side of the ZI!-!P:iOS 
Club. 'l'he edge of the car park is within 20 m of the 
Mukuvisi River: contaminated water fran the car park 
therefore flQo/s directly into the river. 

11.3.3 Miscelleneous uastes 

Hastes f ran the old arsenic plant have been dllllped between the 
western railway siding and the •r.tain 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 nlDtlber of smaller 
drains, and hence into the I1Ukuvisi. River. 

11. 4 WASTE MAHAGEf'.EUr 

Despite substantial improvements ir. recent years, the level of control 
of \-.raste disposal operations does not alleviate the risk of water 
pollution fran these operations. 

'!he gypsum tailings dar.i was not constructed using a canplete, 
impermable liner and hence seepage is polluting groundwater and surface 
water in the area. '!he interceptor and return water system installed 
along the southern side is not operated effectively and hence seepage 
water flows dCMn Ep<Worth Vlei. It would appear that this water is 
either causing or is partially responsible for the contamination of the 
E~rth Boreholes. '!be slimming operation and the removal of dried 
gypsum f ra:i the dam for GypslDll Industries have both been carried out 
sa:iewhat haphazardly. 

It is aP?reciated that the pollution potential of calcine ~laS not 
understood until the last few years and consequently little attention 
has been focussed on calcine disposal management. 

' 
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t·7ith hindsight it is clear that if control procedures in waste disposal 
had !:>een instituted fran the start of operations in 1958, the pro!:>!~ 
would never have assumed these proportions and the substantial cast 
involved in r.-.i.ninisin; its effects t-K>Uld have been abs!:>rbed in the 
daily operational costs of the plant. 

12.0 ZIHPHOS' H1.TER POLLOTICl'! <n!Trot. SUf.!'AflY OF ~.C!<GROllID 'ID ONIE 

12.1. CD!DER 

r-tost of the effluent f ran ZI!-tPHOS arises frcu old cinder dumps 
scattered aroon~ the factory and not directly f rcr.t current factory 
operations. '!'his cinder is the by-proouct ash fraa the roasting of· 
pyrites to produce sulpiur dioxide for su!Eituric acid manufacture. '!he 
fresh cinder frcr.t the roaster is slightly alkaline an~ so axut t\Jenty 
years ago it was first thoug!lt that the cinder would not be a source of 
acidic pollution. '!'bus the cinder was even used for roads surfacing 
etc and disposed of in \1idely scattered dunps around the factory. 

Sane years after the early p}Tites roasting operation it became 
apparent that t.~e cinder, when weathered by exposure to the atJros?tere 
becaaes acidic a result of the oxidation of residual sulJX1ur in it. 

Investigations into the best methods of collecting the effluent leaking 
out of these old cinder dllllpS 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 \·lhich would ot.tierwise contaminate the f<tlkuvisi. '!he effluent 
collected is treated at the existing water treatment plant but the 
capacity of this plant has up to nG·1 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 folle:Kring t.tie ca:imissioning of the uprated pyrites -
burning sUlpiuric acid plant two years ago. In 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. '!his dam is canpletely 
lined with a totally impervious special plastic sheet so that no 
seepage can escape fran it. A hydrological survey around the cinder 
dar.i canpleted in October by Water Well Limited indicated that there was 
no seepage emanating directly fran this dam. The plastic lining in the 
darn 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 occur. 
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12. 2 G!PSOM DAl·i 

\ilen the gypsum clan was first built, a relatively i.Rpermeable clay 
layer was placed belw it in an attenpt to prevent seepage to the water 
table below it. Unfortunately about twenty years later it beca-ne 
apt)Clrent that this was not ade<IUate. The ground bel<M the 9"fPSlEl dam 
has hardened due to reaction with fluorine and this has caused the 
seepage to f lGl laterally into the storm water drain and the 
surrounding ground thereby b';passing the effluent cut-off trench. By 
then undergrrund waters were contaJrlinated with fluorine pollution frcr. 
the gypsum dam and borehole water in ~«>rth ~oas unuseable. 

tJrc;_;e!lt investigations were then conductec'i which led to the impleme
ntation of various reraedial measures such as reshaping of the Clam a,a 
intercepter drains. The proble 'Jas then alleviatec1 by slurr.tins 
gypSur.i with treated or frest. water insteac of the fluorine liquor. 

'the fluorine liquor is nCJlol being plr.ped straight to the water treatment 
plant, with the expectation of allO\d.ng the fluorine in the underground 
water around the gypsum dam to atte.'luate and perhaps·in a few years 
ti.me it uill be unnecessary to tunP fran the mt off trench. About $1 
million has !Jeen spent only on reshaping the gypstl!l dan, construction 
of storm water drains, effluent cut-off trenches, an eva!JC)ration da::l 
and pur.ps an~ pipelines for collectin;- a.P\5 deliverin:; eZfluent to the 
water treatment plant. 

'lbe reason for a new and bigger water treatment plant is to cope with 
additional effluent that will be collected fran the •Little Kariba• and 
the main sluit and to cope with addi.tional volmnes arising fran the 
gypsmn da.'n mt-off trench during the rainy season. 

Uork on sizing the plant and budget level cost estimates has been. 
canpleted. The plant will be capable of treating lSamJ per hour and 
will cost about $3.l million. 'lbe proposal to construct the new water 
treatrrent plant and upgrade effluent collection facilities as uell as 
establish an irrigation scheme to dispose of excess treated water has 
no.1 been submitted to the catpany's board of directors for their 
approval. It is planned that con.&truction and ca:imi.ssioning of the 
pla"lt will be Ca.lplete by the end of 1990. 

In addition, investigation into the disposal of sludge fran the water 
treatr.lent plant and use of treated water for irrigation is in progress. 

12.3.l Project Description 

'!'he proj~ct will cover upgrading and construction of 
additional effluent collection facilities, uprating Of the 
water treat:nent plant as \/ell as a treated water pipeline to 
the neig!lbouring Ventersburg farm where an irrigation scherne 
will be established. 
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Specifically, the following effluent collection facilities 
will be upgraded or installed :-

(a) An additional pipeline fran the gypsum dam \·llere 
improvements in seepage collectioo will be carried out 
as a si:!parate project. 

(b) }. sump, ~and pipeline to collect surface run-off and 
seepage frm the i3ain sluit which uas along the soothern 
boundary of the factory a.'ld currently discharge= aci6ic 
effluent directly into the r-11kuvisi river. 

(c) An undergraound interception drain on the nort..Jier~ 
bcx.mdary along the rail track to collect acidic seepa~ 
currently flwing into the river fra:i the factory area. 

(d) A SJ9P, ~ and pipeline to collect the polluted t-.iater 
frm the •Little Kariba• stream on the eastern boundary 
of the factory. 'Ibis sr.ial.l stream is feci fr<Jil a vlei 
once formerly used as duoping ground for pyrites cinder 
which is IlQrl known, belatedly, to produce highly acidic 
seepage as it weathers. 

(e) Finally, the stoD!Water drain fran ZPC which carrie5 
acidic effluent will be diverted to sterkfontein, a 
collection point on the northern bou.'ldary where an 
existing Slllp will be enlarged. 

'!he main additional equipnent to be installed at the water 
treatnent plant to provide the necessary extra capacity for 
the increased effluent flows will be line handling and 
neutralising tanks as \-lell as a clarifier. 'lbe existing 
sludge settling reservoirs will be used as raw water and 
treated water holding tanks. 

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

'!he existing water treatment plant has total.Ly inadequate lime 
preparation and neutralization capacity and the settling is 
acca:;>lished in a rectangular reservoir designed rore for 
storage them for settling. As a result of the inevitai:>ly poor 
settling and inefficient removal of sludge, alnost half of the 
treated effluent has to be drawn out with sludge so that the 
total voll.Dile of slujge to be C:ispose1 of is carrpared to that 
in the more modern plant design. The sludge itself \/ill still 
contain sane useable lime but unfortunately there is no 
provision for recovering any of this b"~ recycling in the 
existing plant. consequently lime <X>nSunt>tion per cubic metre 
of effluent in this old plant is slightly higher than the 
proposed new plant. 
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'1he se:ii-tech (pilot~ plant on the other hana as a circular 
clarifier (with a rake) for settli~ out of the sludge, scne 
of which is recycled back to the neutralization stage. 'l'he 
recytlincj not only reduces lime COl'lSllllption albeit imarginally 
but also conditions the fresh feed of effluent so that more 
stable oonditions (Efi etc) are maintained in the plant. In 
addition, the recycled sludge previous crystal seeds which 
enable precipitation to proceed oore readily especially at 
lo.1er concentrations of the valves elements in the raw water. 
'!'!lis results in i.npLoved performance overall. 

EXperiments anc: experience on the pilot plant have enabled the 
best values for the recycle rate, lime slurry ooncentration 
etc. to be established. '!he settling rates adlievable have 
also been determined and so proven date is available for the 
process desig:i of the new water treatment plant whidl ~i.11 
basically be a scale-up of t.lte ?ilot plant. 

'lhe new plant will require extension of the existing lime 
storage shed as ~l as the construction of a new lime 
slurrying and pllllpinq section. llmicipal water will be used 
to slurry the lime in the readily accessible ground level tare 
f ran where the slurry is pnped to the neutralization 
section. Treated water is unscitable for lime slurrying since 
it contains large aioounts of dissolved solids which limit the 
solubility of lime in it. 

'!'he neutralization section will be ccnprised of a conditioning 
tank in which the lime slurry is mixed with recyclQ sludge 
and a neutralization tank where the raw effluent is mixed with 
conditional lime slurry. '!'he neutralized effluent will then 
flow by gravity at a controlled rate into a clarifier for 
settling. '1'he sludge fran the clarifier flCMS out under t.'1e 
hydro static head into a small sludge tank with a ~ovision 
for thickening the sludge as may be necessary f ran time to 
time. Finally the sludge is pnped throu~ and the underflow 
send to the gypsum dam for disposal.. 

12.3.2 ey-Products and Effluents 

'lhe project is devoted solely to the reduction of effluent 
arising at ZIMPHOS. '!he final effluent to be disposed of will 
be the sludge f ran the settlers whidl will be pmp!d to the 
gypsun darn. 'ftlere will be no other by-products. 'Die gypsum 
in the dam will be required for sale in the short term. 

12.3.3 r1arket 

The output f ran t.'1e water treatment plant will have no 
canraercial value. 'ltle project objective is to reduce 
environ!lental pollution and so ensure that factory operations 
are in C<Jr;lliance with the Hater Act as dema.-.ded by the 
authorities and e<r.l!.lilJlY policy. 
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Stratecv 

Sine-? the late 1970 's ZI!-?.i'OS has !:>eer. o;:>erating on the !:>a.sis 
- of an exer.ptioo permit issuee by the ::;overnr.ent of Zi.I:Dabwe 

to a::Golve the cr.pany fran criminal liability for polluti.ns 
the pu=>lic >Jater coorses in contravention of the :Jater Act of 
1976. 'lbis sriecial pemit has !:>eerl reneued aruJJally on 
condition t.'tat agreed measures are progresively iJ!plem:mted 
to stop pollution fraa the factory areas. 

'l1le authorities have bee.are increasingly ~tient with the 
slow progress and continued re-;uests by Zlf P.!OS to have the 
pernit reneue:l every year, especially in view of reports 
confirmee !J!1 zn-~~· 0tm measurements that fluorides in the 
City of Harare's princi;;>a]. water SU?t>ly, Lake HcLlawai~, are 
n0o1 close to the 1:a.'CL"il.til acceptable level, wi.th znF.ioo !Jeing 
the ?rincipal soorce. 

The ca:ipany is now facing t.~ prospect of serious legal 
action and ultimately the C-OYernrnent has the right to suspend 
sane or even all of ZIMPP.OS' CJ?erations if t.Jie current 
pollution is all<M!Cl to ex>ntinue. 

'!'he fluoride levels in the Hatfield streal'l, a tributary of 
the ~uvisi river, over the_years are given in table 12.1. 

TABLE 12.l 

FLtXXUDE ~ ll? HATFIELD S'l'RE.!.M : 1976-1989 

NOJ::: : -

FLlXP.IDE 
(F). pp!l 

1976 224 
1977 202 
1S73 109 
1979 
1980 468 
1981 
1982 640 
1983 (dry) 
1984 (dry) 
1995 191 
1996 234 
1987 441 
1988 228 
1989 220 

19SO (Jan-iiar) 477 

1. sai'.lpled at South Chiremba (Forrlerly Uid<le~) noad 
Briege. 

2. Figures shom are annual avera-;Jes of monthly samples. 
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Eel<M are f luoricle figures in the gypsum dtr.1p. 

AJ!JOUnt of gyp.su.rn in old dur.lp 
Fluoride in mature ~l.Iil 
Thus fluoride alread'J in :iJir1!> 
?!'105.?:-;ate roe;~ :_:>rocesse:-? ~r year ( 19~!?) 
?luori~1e level in roci: 
'l'bus total fluoride to ZI~~!CS in rock 

Less : Fluoride in products 
Fl:.ioride to atr:osr,here via stack 

'l'hus balance sen:l to gyp.:.-um dtnp: 
- Before diversion project 
- After diversion project 

12.a.s '!'ech.~olo;e· 

= 
= 
= 
= 
= 
= 
= 
= 

= 
= 

650 noo tons 
C,l~ 
lj50 tons 
125 OGO tons/:'ear 
1,5~; 

l 875 tons/year 
727 toa"ls/year 
1)0 ton.s/ye;ir 

l 08-3 tons/year 
201 tons/year 

':'he effluent collection facilities consist oainly of surf ace 
and underground drains \-lhic:h collect fae acidic see""",t:-"Clge into 
the St.m;:>S fran where it is ~ to the wter treatr.tent 
plant. sane li.E'.ited facilities co already exist ane the 
technology for the additional ones proposed is the sa.-ne and is 
quite well established. 

'i'he principle of the water treatment ;>lant itself is 
neutralisation of the effluent with li.'!e to precipitate out 
the polluting el5:1ents f ollowee by settling out of the 
resulting sludge in a specially designed clarifier. In 1983 a 
pilot plant was constructed by ZL'i?HOS to evaluate this 
process. '!he experience and experiments on this sm.lll and 
successful plant m.11 be the basis for the design of the 
pr~ed new plant for \mich in.'1ouse and other local knoohCM 
is llo.I reaaily available. 

12.3.6 Financial 

'!be total project capital cost estir.late is Z$3.86 million for 
which no direct return on investr.ent will accrue. Operating 
costs for \.later treat:nent and general effluent control will 
increase to Z$0,94 million. 

Fluorine-rich liquor !ran the superphosfilates plant is no longer being 
used for reslurrying for disposal at the gypsum da::i. en this scheme, 
the fluorine vapours (evolved curing the digestion of phosphate rock by 
sulphuric acid) are nCM being treated t·lhile only treated water is used 
for hydralically converying g-;p.:;um to the du:np. Thfo will re-Juce 
fluorine contailination of the 9"J?Slll';l da.'l'I and so also reduce outflo.1s 
!rcr.i the dwp to the enviroment. It has been estimated that the 
fluorine seepage to the environment fran the gypsu::i dam will 
consequently be reduced by over 87%. 



- 29 -

()l the water treat:nent process, the fluorine in the effluent liquor is 
converted to insoluble calcium fluorides (whidl subsequently settle out 
as sluC19e) by reaction with quick li.DE. 'Itlus fluorine, na1 •fixee•, 
\Jill not be leached out by raim.tater etc. frcr.t the gypsur:t dam where the 
sludge is also disposed of. 

12.S FAC'IORY SI'lE MAP 

Shai.ring Effluent Facilities -

1. tJorth-west calcine dlr.lp, ~ 
2. ~~n slui t SlDl1p 

3. ce~tral Collection sump 
4. Sterkf<Xltein sump 
5. ZFC stormwater drain 
6. Little Kariba sump 
7. Old main gate Sll!lp 
8. GypsUm dam 
9. i·?ater treat:n2nt plant 
10. Irrigation site 
11. Northern underground interceptor drain 
12. r:~ain sluit (stomwater drain) 
13. Drain to Hatfield stream. 

13. 0 HYD~S'IRY CF POLLtJTIOO AT Zil!PHOS 

Prior to advocating a design Piilosopiy and discussing resultant 
pollution control measures, it is worth considering briefly the 
hj'drogeochemistry of the pollution processes related to the waste 
products fra:i ZIMPHOS factory. SUc:h a consideration will act to 
inc'!icate the awroac:hes which are likely to be mst successful in the 
control and mitigation of the effects of pollution. 

13.l GYPSU:~ POLLUTIOO 

'!be general analysis of gypsum tailings liquid is sumnarised in 
Ta!Jle 11.1, Section 11, of this report. Mainly the liquid carried high 
levels in calcium, sulPiate, fluoride, Eitos?Jate and silica: as a 
result, it has a high total dissolved solids. '!he pH 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). 

'!he levels of all these ions are far higher than would be acceptable 
for discharge t.o a water course in accordance with the tzater (Effluent 
and waster ~ater standards) Regulations, 1977. '!he appropriate values 
for S04, F, P04 and pH have been abstracted £ran these regulations are 
includec: at the t:>Otta:i of Table 11.1, the canplete regulations forming 
Appendix c. In ac!dition, the levels of these ions in gypsum tailings 
liquids are r.uc:h greater than those found in natural groundwater and 
surface water due to natural hydrogeochemical controlling reactions and 
processes. 
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13.1.l calcilltl and sulrbate 

The solubility of calcit.D:I sul!iiate (gyp.sum) at 25°C is high (1 
489 mg/l), however the level of calcill!l sul[X1ate is influenced 
by the presence of other ions dissolved in water and is not a 
simple function of its pure water sclubility. Hith the 
sulrnate ion as the stable speeies in most natural waters, it 
is a~rent that solution reactions are the dcr.ti.nant 
controlling pc-ocess for the concentrations of calcium sul?"tate 
frund in Yater. 

control of pollution f ran gypsum tailings liquid nust 
therefore concentrate on the reduction of the capability for 
solution reaction to take place, the most oovious area being 
the reduction of water volume. Efforts r:tJSt be directed 
t~·1ards evaporation of excess water and reduction of inr:xit 
water \Jhich will reduce the total amount of calcium sul{flate 
mobile at any O."le time. 

calciUr.t solubility is also related tc pR 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 
higher the level of dissolved calcilr.i. NeUtralisation 
reactions will, therefore, tend to reduce the calcium 
concentrations in water. 

13.1.2 Fluoride and silica 

Althou~ solubility controls of silica in natural water are 
not well understood, there is, however, a strong 
inter-relationship between the behaviour of silica and 
fluoride at l<M pR values, Sillen and !~rterll (1964) 
published figures which indicate that fluoride and silica form 
a fluosilicate ca:plex ion, (SiF6), bel<M pH4 and that 
solubility is likely to increase with decreasing pH. This 
could account for the elevated levels of both these ions in 
the gypslltl tailings liquid at pH 1. 4 (see Table 13 .1 J • 

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

13.1.3 Phosrbate 

~.ost natural waters have extremely low concentrations of 
phosphates, whichever, chemical forr:t they might attain in 
solution. '!bis suggests that there are strong natural control 
reactions restricting the solubility of J,Xiosr:tiorous. >.n 
increase in pH uill result in precipitation of phOStilorous as 
iron phosphate, due to the 1G1 solubility at neutral pH values 
of ion, this being the stable form of iron at such values. 
Therefore, a catt>ination of neutralisation and pranotion of 
absorption should be effective in reducing the levels of 
?"tosphate in solutiion. 
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13.l.4 Calcine Pollution 

At ZI!·1PHOS, pyrite is roasted or burnt to r>roduce suP'ti'luric 
acid. The residue is a burnt waste calcine pyrites or 
calcine. 'Itte chief pollution causin<; prooucts frar. the 
leaching of calcine are sulpiate, iron and hydrqge;:'l ions. 

'l1le lowerin~ of the pH by the availa!:>le hydrogen ion increases 
the ~tential for solution reaction to t~e place. Iron as 
ferroos iron, is increasingly soluble with decreasing p!l. 
Iron and sul!Xtate reach pollutant levels in water leached frCJ!l 
a calcine dtr.ap and such leachate will have a 10.-1 pH (See 
Table 13.1). Preventive !leasures to arrest this process 
should involve reducing ~ volu:ne of water avail<Dlc, for 
leaching the calcine, by reducin; flw through the du:.t.? bot:'l 
fran infiltration and near surface grounduater. 

13.1.S Arsenic Pollution 

On the norr.lal pH range of most natural waters, arsenic is 
suole in the form of arsenic ions assuming that arsenic, is 
in a form where it is available for solution. 'l'he actual 
concentration of arsenate ions will be controlled by the 
solu!Jilility of arsenates that can for.;i with the availa:>le 
cations in the water. calcil111 is likely to limit the 
solubility of arsenate, as calcillr.1 arsenate uill be soluble to 
the extent of 20 - 50 mg/l in waters, depending on their pH 
values. 

Fran consideration of rainfall catchraent areas, groundwater flow 
direcr.ions and the position of individual pollution sources, t.,e 
zr!?HOS site has been subdivided into five areas for the purposes of 
~llution prevention an5 control:- · 

:~·JCrth vlei and the existi!lg gyp.sun tailings dam 

'!'he souther •clean• water area 

the eastern vlei area, including the south-east calcine dUi:!p. 

the western area, including the north-west calcine dl.Jn?, the 
present calcine d1.111p and site for the De\-1 calcine slurry dur.1p 

the factory area, the railway reserve and Mukuvisi river. 

14 .1 ~or.TH VLEI AHD ~ EXISTI!!G GYPstP.·~ TAILI~KJS DAU 

t!ith t.,e exception of a number of sr.\all calcine pollution sources, 
pollution of the r::pworth vlei is being caused by seepage frcn the 
existing g-JPSum tailings darn which is situated near the head of t.~e 
vlei. '!he solution to this pro~lem can be divided into t\IO wain facets: 

reha.bilita~ion and pollution control of the gypsum tailings darn 
itself. 
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modification of the systE!f:t of surface water drainage of the Epl·JOrth 
vlei and refiDV'al of r:li.nor pollution srurces • 

• a. major surface water catch.rnent divide run.s west to east across the 
ZH!PFfa:; site, just to the north of the present gypslln ~lir.Es da."n until 
it reaches the Yestern boundary of the catchraent of the eastern vlei 
area. All surf ace \ater and gramduater generated in the areas to the 
north of the divide fl~IS north\Jards, the surface water craining 
eventually to the Mu~;uvisi river as :X> SOE of the shallcu groundvaters 
which feed a seepage line which, as a first approximation runs along 
the nort.."1ern edge of t.'le ZU!PHOS site. At present, t.liere are no r.ajor 
pollution sources !Jetween the catch.r:ient divide to the south, and t.'1e 
sruthern side of the present calcine durap anc1 the soccer field. In 
or6er to prevent this water beca.ti.ng pollutee, r.Jhich \·JOUld necessitate 
it being incorporated in the factory's effluent control syster.i, it is 
;;>ro?"'..seO to intercept storr.l1ater and Givert the f!Olrl fra:i this section 
of t.'le ZI!'-i?TIOS site. 

'lhe P.astern vlei area \las the subject of detailed examination during 
site investigation done at ZIMPHOS, as it offered the best available 
site for the location of a new gypsum disposal facility subject to 
underestimating the effect of t.'1e Hatfield dyke which was thought to 
transect the area. 

'!he eight hectare area assigned to the proposed dam is in the southern 
part of .the vlei, south of the railway siding. '!he surface water 
interfl~1 cutoff systsn for the proposed dam \JOUld remain intact, and 
would be incorporated in the overall pollution oontrol scheoe. 

14 .4. 'mE EA...C"TER?: AREA, nt:Wnnx:; 'r-IE HCR!'H-~·!ES'!' CALCillE OOMP, '!HE PRE5nl'l' 
CALCUlE 00:1P MID WE SITE FOR 'I!?E NEH CALCitlE SI.UP.RY OOMP 

'!he \P-stern area is pro!::>ably the \laste canplex for new pollution 
oontrol measures and therefore, for clarity of description, it has been 
divided into six sections: 

the workers housing area 
the nort.J.i west calcine dump 
rehabilitation of the present calcine dump 
pollution oontrol fra:i present calcine disposal 
other pollution control facilities 
the proposed calcine slurry dur.tp 

14. 4 .1 ~lorkers housing area 

~e rainfall and consequent run-off fran the worl~ers housing 
area, sane IGO ~aam2, is relatively unoontami:iated and hence 
noes not require treating as polluted water. 
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~13,1 

~fl:!·mER. '!P.EM!!:Nr pt..}l!I' r:mIE?l' ruIS RD mXIY 

flOJ fla-1 

m°3/d m3/d ~ '!IE Ol r-12 F ~ ~ ~ :Dj Al 
IlF \IF 

HICI!R{ 

Cink d;rr: 

~ 3D 3a'.l .;,25 4::m 800 2J) 40 18 m> ml 50 15 

9.tHS rur9! E 3'.I) 1,$ um 7m :m 5roJ 3500 ox S'J 100 ~ 

CEl~}L 

C!llB:mN 

n4s AlJ.I;i ?113 ltf> 1G3 s,m 4500 :m 254 40 ~ 500 m l.!l) 100 

~b. 21ic:iC 

~ ll3 ll3 6,00 m> DJ ZJ) 76 ~ 4ffi Z14 92 SS 

tie tlr.p l2J SCD 2,54 6l33 442 ~3 11 3 QB 41.l> 61 ll2 

O!!!R -
Sb!rkfa"tein lfJl 622 3,Z1 2502 Y.A Z70 31 100 2l3 

., 
93 326 _, 

?mn sluit Z!IJ 4$ 3,70 740 13 19 4 5 56 1 2 24 

Old rrain IJd;e fr/ DS 5,13 lEOO n 122 28 5 178 13 17 14 

Little Farita LoO 292 4,13 1010 158 156 11 12 119 4 14 EB 

CMBJ!l D!:t 518 5lB 1,92 11Jl lCl35 1029 818 3291 446 142 33 98 

'1tCl. m3/d 2253 JED) 2,ffi 4949 512 426 718 l!l34 ~ 851. ~ 95 

'1ttal !:-.3.Ar 93,9 lS) 

Line taB/c 22,53 36 

'!nBta5 :!i)'d 1915 ])&) 7,0 ~ J.(JX) :.m Z} 8 laX) 100 34 7"J 

ShnJ= t:as/d $9 Ee3 8,5 
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Norb,-Hes!.. calcine dump --
'!be north-west calcine dcrr.p has already been the subject 
of measures for the control of water pollution. 'lhese 
neasures are, in principle, correct as is indicated.by the 
analysis of the returned water fran the French drain 
interceptor system installed along the northern ~ry 
of the dtr.tp. '!'his interceptor water is of !GI pH and high 
in iron a'ld suliitate, all three being indicative of 
calcine pollution in water. 

Rehabilitation of the present calcine dlEIO 

calcine is presently taken to the dump by trailer where it 
is d~. '!he deposited calcine is continuously 
caapacted and crushed by driving over it. 

'!he calcine is dumped dry and, although 100isture is ad~ 
through rainfall, it is not expected that a steady state 
seepage will develop. 

Under t.'lese conditions it is considered that no stability 
problems of the calcine dur.p would be experienced if the 
angle of the side slopes is less than about 35°. 'lbe 
controlling factor for future construction is therefore 
mostly environnental, i.e. low side slope angles so that 
the dt.mt> can be vegetated in the future and low overall 
height so that it is not aesthetically unpleasing. 

POllution control fran the present calcine dlmJ? 

It is assumed that the present calcine dur.p is producing a 
noxious leachate f ran rainfall infiltration and this 
leachate is seeping into the ground. '!'he lon pH valve 
found in a water sample fran boreholes, to the north of 
this dllllp, would tend to confirm this assunption. 

other pollution control measures and facilities 

'!he other pollution control measures and facilities 
required in the western area of the ZIIFrlCE site relate to 
the collection, removal and evaporation of polluted water. 

Proposed calcine slurry dump 

'ltle cclcine ~roduced f rcr.i the extensions to the ZUiPHOS 
plant is a fine product and is slurried prior to 
deposition. 

As in the case of the gypsur.i darn, the r.wciJ'llDll rate of ri~ 
is consiCiered to be 2m per year, so that the smallest !:>ase 
area of the d1.1np would be 5,2 ha to attain this rate. 

. .. 
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'!be calcine slurry dlr.lp has been sited north of the western ?Qint of t.lie 
\IOrkers housi:ig and south of the proposed western evaporation darn. The chosen 
site has the advantages of having a polluted ;.rater and a clean \\'ater 
interceptor system to the south ensuring that t.'1e catCirnent area of the da."Tl 
itself for both surface water and near-surface ground'.1ater is nini::al. In 
addition, there are a number of !,Y.>lluted ~-ater aitoff trenches on its 
dQm-strear.i side. 

Hith predcninant wind direction fran t.~e north-east, dust bloun fra,1 t.11e 
surface of the calcine dlr.lp will not be a nuisance as it will fall in the open 
velc area to the west of t.~ ZI!iPHOS site. 

HQ-.iever, because of the polluting nature of t.~e li'}Uid in the calcine slurry 
dllnp, it uill·~ave to be linec": ~ith a butyl rub.'Jer liner to prevent t-1ater 
pollution.- Polluted liquid collected in t.11e dtr.JpS interceptcr syste:i will ~ 
drained by gravity to the western evaporadon cJa;;i tlhich \lill act as a return 
\Ster facility. !!ence sate liquid can be ~ back onto foe calcine oump 
for evaporation. 

14.5 'l!rr F.\CTJRY A.'U'A, TH!: !'.AILI?P.Y P&~'E .MID '!llE !-1UKUVISI PJVEE 

'!'his section deals \-lith t.iie factory area itself, the National Zimbatkle 
RailW<lys reserve area to the north, the Mukuvisi river cind 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 inclu~. 

This ?art of the report can also be divided into a nl.F.ltY.!r of sections for 
clarity of description, these being:-

the western section of the f?ictory, except the water treatment plant: all 
tater fran this area is at present draining northt1ards or \1est•1ards, 

the eastern section of the factory: all uater fran this area is draining 
east\lards, via the •Little Karioa• to the Mukuvisi River, 

the water treatment plant, 
' 

the area north of the factory boundary. 

14.5.1 Hestern section of the factory 

Effluents and rainwater fran the area of the weak acid storage station, 
the boiler house and the No.2 supeqtlosphate store are collected at the 
di!" plant sonp. In addition, water collected fran the french drain to 
the north of the north-west calcine dump is also ~ back to the 
sunp. 'l'he cari!:>ined effluent is returned to the wter tr-eatnent plant. 
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nie clisdlarges to the r-lllkuvisi f ran the western factory 
area may be slm!larised as follOliS, the discharges being 
listed west to east: 

the main sluit : although this is normally a storm 
water drain, effluents are occasionally discharged to 
the sluit, as is neutralised effluent fr<l!l the water 
treat:I!Ent plant. 'Ihese effluents generally originate 
near the ~oric acid plant, 

a small (approxir..ately 75nrn) pipe drain at the extreme 
north-west corner of this area which prcbably carries 
storrawater run-off, 

a largt pipe drain, discharging directly to an open 
storrnwater draj.n in the railway reserve, located &Om 
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, frm 
No.l and No.,2 supeqnospiate stores. 'Ibis seepage is 
canbined with treated sewage effluent and returned by 
the sterkfontein pnp to the water treatment plant, 

contaminated run-off fran the Zimbabwe Fertilizer 
Corporation (ZPC) area of the factory, essentially 
contaminated with fertilizers. ':Ibis is also returned 
to the water treatment plarat by the Sterkfontein plant. 

In addition, there is likely to be general near-surface 
groundwater seepage alo119 the whole of the northern 
perimeter of the factory. '!'his seepage will be polluted. 

Eastern section of the factory 

':Ibe main discharges which are the eastern main sluit, the 
drainage sooth of the ZFC old car park and the drain near 
the store yard, are brooght together at the sump adjacent 
to the former factory entrance. 

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

Hater Treatment Plant 

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

·of lClr/ pH effluent \"lith 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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'Ibe neutralising ca~city of the water treatment plant is 
approximately 1 oocr.i3/day, but its present settling capacity 
when treating effluents fran calcine deposits is only 300 
-350 m3/day. . 

'!be principal sources of effluent returned to the water 
treatr.ient plant at present are :-

dip plant sump : a cailbination of a factory effluent and 
run-off frm the western plant area mixed with 
intercepted calcine contaminated water fran the 
north-west calcine dlr.tp, 

Sterkf orntein punp : canbination of seepages and 
contaminated -water f ra:i the ZFC section of the plant , 
the superpiospiate store, the water fran t-.he existing 
interceptor south of the access road to the sewage pla.'lt 
and discharge frcr.i the sewage works. '.!he bulk of the 
flow volume is treated sewage effluent fran the 
danestic sewage treatment works itself, 

the eastern stormwater neutralising sur;p : this is only 
an intermittent source used when an aired soil! in the 
factory is discharged to the east side drainage system. 
'lbis discharge is collected in the sumps and returned to 
the water treatment p~ant, 

the existing gypsum dam : returned gypsmn slurry liquid 
and seepage, fran the ptmp at the southern toe of the 
dam• . , 

estimated volume, 9 OOOm3/ronth. 

14.5.4 Area north of the factory 

'1tle area between the factory and t.~e Hukuvisi river clearly 
displays the results of the lateral migration of pollutants 
northwards fran ZIHPHOS. · 

'lbere are only two areas north of the railway reserve which 
are in need of particular attention ~ith respect to 
pollution control, namely 

14.S.4.l. ZIMPHQ) CLUB CAR PARK 

Approximately 10 oocn3 of calcine has been used to construct 
the car park on the north side of the ZIMPHOS club. 
Leachate fran this car park travels to both the •Little 
Kariba• end the f.llkuvisi river 
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14.5.4.2 s;ypsurn neutralisinq trendl systsn 

'!he <n'P5lJtl neutralisation trench systems have been enployed 
to limit the extent of arsenic pollution frClii the old 
arser.ic plant and the arsenic-bearing r.ri.scellaneous ':laSte 
ollllp. In addition, the berms constructed across this area 
associated with the trenches are iqxxmdi119 surface run-off 
and this increases the ~rtunity for such water to becane 
polluted. 

15.0 DF.SIGt~ APPROACH FOO POU.DTICI·l mnroL 

'!he considerations discussed in sections 11 anc: 13 have eil(tlasised 
that ZIHPHOS pollution control problen is one of water control and, 
as such, is intimately linked \.Ii.th the water balance of the factory 
itself and the whole site. For the design Clp?roac:h Cis~sion, it 
can be sur.wnarised as : 

(a) Inpits to System 

(i) Rainfall - directly as run-off or by interception 
of interfla1 and groundwater. 

(ii) Hater purchased fran Harare ~cipality. 

(iii) Return water fran the current effltJOJtt control 
systems, a portion of which is •recycled• water. 

(b) ()Jtputs fr<l!l Sy:;tem 

(i) EVaporation/evapotranspiration 
(ii) Hater inex>rporated in products 
(iii) water inex>rporated in waste products 
(iv) Steam losses 
(v) Discharges to the •Little Kariba• and rukuvisi 

river of both effluent and storm water run-off. 
(vi) Onfiltration to groundwater. 

'!he approach to water and hence pollution control is based on 
mini.I!lising the quantities of water in these various input/output 
systems. 
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16.0 DETAILS OF nrrusmy 

16.l 

16.2 

16.3 

16.4 

: ZI~BABl·JE IRC?! A•n> S.!.'S~ CO. LT:}. 
( Z ISCU>'.1.'f.Fl.) 

: P Ba3 2, REDCLIFF 

: Iron and steel works 

: Redclif f 

16.2 DETAILS OF PA~: ~tATEP.IALS AND Fnrr~ PRCIXJC'l'S 

15.2.1 

15.2.2 

16.2.3 

16.2.4 

16.2.S 

16.2.6 

16.2 .. 7 

~~jor raw oaterial 

SWrces of raw r.aterials 

: Iron ore 
L:il:estone 
Coal 

a) Iron ore - BUchua and Ripple creek open cast 

b) Coal - HWange 

c) Limestone - ZI&:O 
limestone 
quarry 

?--.ajor semi-finished products : Pig iden 
billets 
bloans 
rods. 

By-products 

a) Coke ovens and blast furnace gases - fuels 

b) Coal for - fuel and is also u.c;ed on primer in the roads 
construction. 

c) Benzole - petrol additive 

d) Coke breeze - fuel 

e) Granulated slag. 

f-1ajor finished products 

Hours of operation 

- coke 
sinter 
lime 

- 24 hours/day 

Nlr.lber of years in ooeration - started in Bulawayo in 1938 and 
JTK>Ved to Redcliff in 1947. 
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16.3 

16.3.l 

16.3.2 

16.3.3 
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Sianificant changes in g:ieratioo over the ye;'lr 

Bigger and r.ore efficient blast furnaces replaced the smaller ones. 
~ hearth system of steelrna.1.;inq replaced by the l!Ddern basic 
OX}'S"en furnace system. 

Introduction of the conticast in the 70's. 

srurces supplY (1987) 
• 

!lltChIJan IS Pool J<welme 
cactus Poort Redclif f 
t-'!ort.~ Hill 

- 700 O!>!J m3 
- 200 000 m3 

so oao r.i3 

~:etter Con.stDDOtion for danestic/injustrial use (1987) 

Redclif f 
Rlltendo 
T<>rwod 
~:rorks 

160 000 c3/day 
35 000 n3/day 

300 000 r..3/day 
455 OC!J m3/day 

l later COl'!S\Dl!Ption for the total works 

Average JOOnthly consur.iption for the worlr.s 

~ Average nmthly CO:lSl!'.ption (~) 

1985 503 052 
1986 491 024 
1987 494 044 
1988 516 019 
1989 462 556 

16 .4 DETAILS OF PP.ES:l-'!T H'ASTE WATER '!.'REATr·E-!T 

Nil. 

16. 5 EXIXm'IVE SUM?1ARY 

'r11e ZISCO steelworks at Redclif f has for many years discharged 
spillages frcr.1 cooling water systems and other process-related 
effluents to its stornwater drains, and thence to the KWekwe River 
or its tribUtary the Redclif f stream since there is no other 
effluent collection syster.i on site except for the foul sewerage 
reticulation. In recent years the volume of effluent discharged and 
the levels of pollutants, whidl are in conflict with statutory 
regulations, have given rise of pressure fran the Ministry of Energy 
and ~Iater Resources and oevelop;wmt for these practices to ease. 

Of the nine storrnwater drains serving the steeh.Qrks site, two 
(Drains 4 and 9) do not cause a pollution problem. 
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16.6.l General oescription of effluent an1 pcocess frm 
which it emnates 

16.S.l.l Drain 1 

Drain 1 on t.~ east~n side of the works carries the: largest flcx-1 
(over 2 000 m->/d) and a heavy suspended solid load. '!'he total 
dissolved solids concentration is also a concern. solids in t.'lis 
drain arise f ran the Board Limestone plant and the steel plant 
clarifier (APPlll&>DC G.). 

16.G.l.2 Drain 2 

Drain 2 carries only a very SCla!l flOl-1 and is not partictlarly 
heavily contai"!'linated. 

The flcu in this drain is S!lal.l averaging only a!:>wt s0r.t3/da}·. '!he 
oore inportant sources of this flow are as follws :- · 

overflew fran the cooling ponds north of the steel plant. 
overflow fra:t the conticast cooli119 circuit. 
?,oiler and machine shops. 
East side (washbay area) of the garage. 
Laboratory drain. 

'!be principal. contali'ainate found in the drain were oil frCEl the 
garage, together with a small anwnt of suspe."lded solids and a 
slight organic content. In addition, heavy metals are known to be 
used as reagents in the laboratory (APPE!IDDC G). 

16.6.1.3 Drain 3 

Drain 3 receives spillages of oily cooling water fra:t the heaV'J and 
bar/rod mills. FlCMS in this drain will be intercepted and punped 
back to the candy clarifier plant next to the medimn and light mills 
for treatment and recycling. '!his should result in the reduction of 
flows and pollutant levels discharged f ran the eastern side of the 
steelworks site to acceptably la1 levels. 

:fie primary sources of the drain no. 3 are :

Billet :1ill 
Heavy :till 
Soaking Pits 
Roe and r..ar riill 
Finishing oeparbnent 
Production control 

The drain No. 3 is polluted with oil which exceeds the legal limit 
(2,5 p::;r,i) (APPI::lDIX H). 



16.1.4 

-~-

~rain S 

Drain J ·~rsins the co:~e ove:i area ano contains cil and t~.r. At the 
co'.;e oven Flal'lt there are t~10 oil tr~:::s. ~e traps are on ~O~ 
efficient. ':here are not efficient especial!~ ~aring ta,~ rai~y 
season, ~-.!hen t..ilere is too rruch overflw frcn the tra~. 

~rains 5 to g car, !::>e :iealt ~!iL.? sirult~"leously for t;10 reaso!'lS. 
First!~·, the;.• fill C:is~.arge on the \iesterr. si5e of t.1e :;ite, and 
seco-i:ily, bey all carry a gr;:-a~e~ or lesser a"JOUnt of or']a-l.ic 
::etter, roe-;l!i.rin:; !:>iol~ical tre3t:1E''lt. :he eflh~n~ frr. ~?.fo 5 
is ~y far the nost coa:t.x::i;K1te~, bei:l;; :':erive-2 entirel:,1 frro the 
col:e oven are3 an:~ incluCing tile foll~ii.n:; rajor sour~s o:i: 
c.·ont.~"1ination :-

Gas ·1=-i~ f ~us~i!1~ ~2ter 
J.::no~i2 li'::uor overfla.s fo~ ·:1enc::!1ing tcr..ie:.rs 
Tar se;iarato:r S:'illa:;es ~~rins ~lier =ailur~s 
·:·Y-lta-:dnate.1 un.:lergro:.ia-~ o:c:ter ~rcr.. t.'?e area (APP:-cn~ J}. 

Jrai:'lS c, 7, an:-: ~: all contain bro-J.::ilr .si=.ilar effluent, ~lhici hav'? 
DO::!erate levels of organic conta.-:'.inatio!'l, fairly hish suspen::iej 
soli~.s and r;()Qerate to hiljh total dissolved solids concentrations. 
~ total quantity and ca:li:>inej quality of effluent e~te-..:: to 
arise when the flows frcr. t.'iese drains and frcn ::rain 5 are blended 
to;:efaer prior to treatment are given in the follwing ta'.)le E.l. 
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SLUDGE 
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BOART DRIWNG"S 
LIMESTONE CRUSHING 

· SCREENING AND 
WASHING PLANT 

NORTH HILL WATER 
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QUARRY 

I 
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Appendix H 

FLOWCHART: WATER AND WASTEWATER CIRCUITS: ROLLING MILLS 

OVCRn.OW TO DRAIN ' 

COOL-

me 

CAHOT TANKS 

DCARING 
COCUNG 

·---
ROUERS 

BtARING 
COOUNG 

LIGHT MILL _ MEDIUM MILL 

SUMI' 

cwtAnDW TO DRAIN 3 

Cl.EAR WATER ORCUIT .----. 

BAR ROD MILL 

DIRTY WATER CIRCUIT 

BILLET MILL 

INDUSTRIAi. 

SUMP 

Oil. 
TRAP 

WATER 

COOL-
ING 
OWER 

DtARING 
COOLING 

FURNACE 

IEARING. 
COOLING 

TO LD COOLING TOWERS 

WAKEUP 
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TO GAS HOLDER 

s 
T 

0 
GAS t..~:.:N FLL1 SHING \'\ATER 

~ --
R 
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w 
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E 
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D 
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N 

N 
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I ..q-------! 
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PRIMARY 
COOLERS 

I 
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Jl,,.COAL 
II GAS 
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UNDER 
GROUND 

'°"'T ER 

Appendix I 

OUENCH -

~ TOWER ... 

COKE 

·ovDJS 

R @ AMMONIA LIQUOR 

~ mti-t•u .. s•E•D•F•o•R~PF•Lmu•sat~u•N•G~~~~I 
\l o~.r d 

.-----0-l_l_w .... ..z· _ _,.0 .... VERFLOWS PUMP~ C~~-Ll-N;} 
SEPARATOR ~~===:pj SU~MP .. TOWERS_j 

~~ 
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KWEKWE lAn \ : 

RIVEn .. I 
• ' • &.Ill I( T0 POWER ST/·T rOrJ 

~---• ll~CUSTRIAL wr,TER 
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FLOWCHART:MODIFIED WASTEWATER CIRCUITS: BLASTFURNACE AREA 

F'AOU ROlUNG MILL CANDY TANKS 
EMERGENCY POTABLE .. 

OVCRFU>W SWDGC j • - _T_ • ,..., WAlER.EX KWEKWE 

~- .. lr:oouNGI 
~ 

B/r) ...- TOWCR EMERGENCY 
LARFD p ..., INDUSTRIAL WATER . 

"' 

, 

:rrR 
NO a 

--< ,,,. 
TD ICWDCWE RIVtR 

CJRMWAT[R ST 
D RAIN NO 7 

---<. 

, 

~-POND -

. _SCAL. POTS - DRAIN 
ROUGH - SLAG OYtR 

now PITS , 
' . 

OYtR 
now :iLA~ 

. GRANU-- UTION 
PONDS 

' 

ROUGH 
~ SLAG .....- -

PITS. 

SLAG 

~ 
GRANU-
UTION 
PONDS ...._ __ 

j JI 

- =' 
TO KwtKWt RIVtR ' ~ l 

--
j • 

. -

'SLUDGE COOLIN~•-

0 SLUDGC T 

OR 
DUllP AT 

COC.OOP --. 
~: 

PONDS TOwtRS -
f 
PPCR ~oot I_ ' 

~ , 
' ' ~ ~INDUSTRIAL WATER 

... -
f:·s ~•HGI-- 1, 

..... . 
I -. 

-~ -
BLAST AND FUT ' . -

NO 3 COOLING SYSTtM -
a.AST ·-,, FllRNACE 1 ) j ) 

~ ~ I NOf ~ ?' 1 • 
WATO \, 

-,SUMI' COCL- COOL-ruur 
rofnLTCRS~ PuMP ING ING 

. TOWCR iOU~ , ......... 
I I - TOWER 

r. RLTER WASHWATtR -
NO 4 -FUT 
llLJ.ST ~ COOUNG 

r'URNACE 1 )SYSTCW TAR OYER -- . 0-.. 
TANK rLOw • - SPRAY COOUNG • 

SPLASH LOSSES .. 

stAL. POTS DRAIN ' t ... ' . . 
- l:i4SCL£lNtN .. 

-
tNCRGY PUMP LEAKS . 

CONTROL -
1 , 

I~~ STORM 
WJ.TCR 

0 
DRAIN 
NO I 

• TO 
KwtKwt SWDGE rRow STCCL 

~NT CUAU'iCR RIVCR ,J 
-
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FLOWCHART: WATER & WASTEWATER CIRCUITS: BLASTFURNACE AREA 

rROU ROlUMG MILL CANOY TANKS 

OvtRfl..QW SLUDGE 

STORMWAmi 
·DRAIN NO a· 

.TO KWEKWE RIVER 

STORMWATER 
DRAIN NO 7 

TO KwtKWE RIVER 

TO SWDGE 
DUMP AT 

:ACOLOOP 

SWDGC 
PONDS 

·~,~ 

OYER SLAG 
FLOW GRANU

LATION 
PONDS 

ROUGH 
SLAG 

·PITS 

SLAG 
GRANU
LATION 
PONDS 

NO l 
a.AST 

rURNACt. 

COOLING SYSTEM 

FUT 
COOLING 

EMERGENCY POTABLE 
WATER EX KWEKWE 

EMERGENCY 
INDUSTRIAL WATER 

INDUSTRIAL WATER 

nLTCR WASHWATCR 

SYSTtM OVER 

~::::;;;;';::;::;! now 

ENCRGY · ~ _PUMP LUKS 
CONTROL _ 

SLUDGE rROM S'itcL 
PL.4NT CLARlt'ICA 

f~ 

STORM 
WATER 
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NO a 

TO 
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l~.5.1.5 ~rai~ r. 

':'he crai!l :~o. f. collects uater :ra:• i:t very large secti0.:1 of ~I~, 
a.:1,~ it is designe~ :.s the un:1ergro~n:1 chu..""L1el on the ;:~~jar ::;art o= 
its lenqth. 'I'ilis {raii! is al3o use.:. ~.;; be :;torr.1 :1rairi ::uring t:.1e: 
rai:1y se:.so:: 1."1~ t.11-::i:efcre a"l.y r.;.x:ific=tions to t:1e ;.:r1.:)er9r0'.1:1·:"' ~Xirt 
of t'.1e ~~rain ~,roul~ :_:ir:=se:it serious :-ir:-))le;,:s. 

:::;. 3 an~: ~'o. !. Slr1·~- :'its 
Fou:1G:r'!· 
~intH ?!.:.at 

- sc~L sE2 of ::ills 
~as ''ir!ins: .St,;tio~ 
~a.le~ Sta ti.:>n 
:;as :oritrol JOl1·:~s 

Pis c<:iSting 
:;L~ co:;~ ')IJe:i ::-n~r::. 

r:.'he areas that c.~use :-.io.:;t of t."ie r:iollution of ::o. [. c'!:i:ai:i 2:i:E: :-

t!c. 3 and r:o. 4 Slai:; Pits 
:;as r:ixing Station 
Gas control Pon~. 

~e above sources are draineJ by o_;:>en drains an~ at the Pig ~tin; 
t.>iere i.s a screen on t.'ie i:!let to the un~-ersroun·:~ ~rain to ~)reve:1t 
::e~Jris frCI.1 entering the ~r~in. ?his screen is clean-:::'i frcr.. thie to 
tine. 

!·ost of the !.Jar?.:-:teters of the WClste water are \T:ll a!JOve t.'ie leg~l 
!bits, es~cially '.:':)S, S/£, oil in tbe W3ter aa.:: at ti;nes p:-r 
(~?!:~!):D~ r, an:1 !~). 

lC.G.l.~ ~rain 7 an~ ~ 

These drains are less heavily contar.-inate::I anC: the nee:~ to !."'roviae 
s;::>£:trate cr:iiriage is faerefore les.s ;;res.;;in~. It h-3S :..iee;) r::-rnbX>se:: 
th;ot " collector .3E:i1er on the et.stz:::r! si~e of 'l'onrc-:>:• r:oa:: Hill 
i:1to::ce;?t flo:.w frcr.: al! -1 dr ai:1s (!1r :lir-.s 5 to C) an.:~ convey it 
.;;cress the roa~'. tc a n=:.! ru::::;-;in;! statio:1 on the east '::.n:~ of be: 
~~'.'e!~;.ie river. ':his uill ir.cor;,'Orate facilities for spilli:l': !1i-;-; 
·.:e: :.;22.ther :lo'.:s Cir.:ctly to 1:~1': riv-er. ~:cr:;ial efflu.::;-:t flo:;!-; ";ill 
~)2 ?:J.~ across the river on a nm: pipe bri'.1ge ~1 tr~~t·:?c ir! ~ :1e\: 
l?inal !:f:lut!nt '.T'reatJ:lent Plant (F.:.;.rp) i-:i;Je.::iiatel:r to t..1e sout!-1 of 
t:-te e;:istinq ':'Onrooc~ Pon=~s. 

rn order to pro::iuce a .suitziiJle .1ualit.J-" of ef.:luent for rec~'cli:i-;:, 
t:1fo ~la"'lt \lill incor;,_x,rate ~rb~ry settle-.~=it 3.n.1 oil .;-l;i:..::1ing, 
biologict.l seco:y·,3r~· treat.";1ent an:: tertic.r;;· ~iltntic:1 Zor ..;olhi~ 
r-::10val (li.PPEi7LJ!Y. !: a11:: L). 
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~~ po.c>si'..Jilit::.· c-:: ad:-:in~ th.:: r~u~ -::a,1estic ~e~~J<= carre~tl~· .:la.ring 
to the Tor•100:1 ~"'"'.>:i~s to t.~e \/Orl~s effl:.1€:it is 311 attractive o~ frcr:i 
the- '.Jiological treat"".l'?!l~ 20i!:'1t of vie::. A ;ilot ~Jlan~ stu:."!y, to 
~:et~r"1i.!le t:1':: tr-:::atabilit7 ~ . .n:~ ~rive ::t :5\?:::ig:-:. ·:~ra-:eter2 i3 
~m-:~er~!3Y at ~r:-:J..,_~~. 

1 .., 
3 

r 

5 
7 

!'. ""'\ 
. Jo 

~:etho~; of !)ischarge 

1 :nn. 
3"'"! -·' 
3JG 
~!il 
~SJ 
9C~ 
.I! C:f' ·: ... ,_· 

3~'.! 
!·!il 

2 2G~) 
-:?r.r: 
~· 

35'J 
45r' 
4G~' 

l ":!{l '1 ._..,,.., 
/:C~ 
. - -· 
sa~ 
:~il 

,. .,, n 
•:i ........ · 

:lrain ~!o • .., is by :;>i!Je. .Z\11 ot.'1er 5rains are c!1an:lels 
I!o. 1'1.1). 

'1ete?.ils of contar1n~mts in storrr.rater drains 2n~ their levels 

colour 
t;us::. ~i1::.~:1 ~oli:ls 
tot~l ~issolvt¥-~ soli~s 
Chlori::!~s 
:· ;311<:3~~S': 
()il 

'Jl!I'!'S 

,...,,./1 
i.t~ 

-v·•/} ··•;., 

:.1~/l 
ms/1 
~/l 

heavy :>rO\m 
u;. to 1 5C•C 
U{ to ~ '..~0 
a;)?rCJ:< 21:: 
u:, to 2 
U~"' to l": 
u:» to 11,·~ 
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5. 

c;. 

ndoor 
Co.!. cur 
s:.is~'1:'e:~ s~lids 

oil 
~ :a.'1g3."1'=5'2 

'JJ~l= 
~0lcur 
oil 
?·: 
su.c;:;-eEi:£~~ scl:!.~...s 

Sul:~hate 
Ccl~r 
total discolve~ soli~~ 

pEI 
Tar 
r>:lernol/C'Jani~e/ 
t~iOC'J~~te 
(;olour 
Ocloor 
0~1gen a~or!:>ed 
Sul?hide 
SUlr*tt.te 
Cllori:!e 
'I'Ot~l =issolv~~ solids 
:i.lSLJenJ~ solids 
:-:anga.,';?se 

.SUl.?~atc 
::ul~hiCe 
Colour 
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I 
I 
I 

I su.:::~Y.?n;.:~ soliJs(~ran/sla3)I 
I o· 1 l- I 
I ~4!~ I : .. 
I a-:;oi.lr I 
I I 

~-:·;Yl 

rrJl 
r-,_ ,, .... ~ .. 

;.· .. --:ll .. JI 

~l 
:ilg/! 

!1:;/l 
!!r~l 
r.eyl 
a.JI! 
::i;/l 
rdl 
r.~/l 

r.:3/1 
;r.Jl 

:i.3/l 
r•g/l ... 

::.~t~rqe'1t 

;r~: 

U;:" to 10~ 
ut- to 3 
U? to .: 
U? to 13,3 

oil 
cl~:.-· :r~y 
u; to 2C 
:.i~ to H,J 
u:_: to lJ'.1 

303 
greyish 
30~ 

!C,5 
~e legal !bit 

:!Jove legal lir.it 
ye! lor;:isb 
a."!l.--:n!!ia/ten 
i.l::? to S:J 
up to ~ 
u~ to S'JC 

'1n~ 
3 ~JC 

20(' 
U? to 3 

!l?'or.r..ish 
u~' to 1 OOG 
U? to 10 
10,::: 
1eca7ing ti2~ 



~6'".lper.at1.1rc: 

P:1~.::.te 
SU1¢!i~ 
J:~>ge'1 :i"ls~r~: 
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7. l~~n~~~ soli=s(gran/zl~~}I 
I ':'Ota! ~isEclve~ soli:!s I 
I ~~oor I 
I ~! I 
I I:ro?: I 
I :iitrate I 
I I 

l~ .. ~1·::-e.: .:o!i-~(';,;:arJsl~;;) I 
2 • ":'Ctal ::isso! V·?'": 3-:>li~~<E I 

SUl::ili~e I 
su1:;:;.;ate I 

I 

oc 
w-:Jf l 
!1C"./l 
:rJl 
:-:g/l 
BJ/l 

r.:-g/l 
~g/l 

:::;fl 
;-r-Jl 
;:r-:!fl 
!!~l 

U:_-' tc SD 
5 
t'. 
J 

3~ 
u:-; to 3 CO:> 
s no~ 
hy~o~n sulprii~ 
U] to !.'J 
1 to 2 
3£? 

u~ to :;~(' 
up t~ 1 oo:: 
2 
up to 40~ 

J:.. r~'1ge of ~uree :\ave '.A.-:.en reca:r.re~-:.-eu, !:P...se-j on the consi:Jeratio:'l o: t:1e 
nat~r~ of :;;ollution in e3ch ~rain. ~~e ?rcrluctio:l of recycle::! effluent is 
pr~dicte.:! tc excee:: the .:s.i~":::: ~o: it :: ~:1.: :-:=--==;:.::; .::l"2::i::ie:::, ;;..;:'. t;-2 :::-.:!jor 
rG:'.ainins- uZ".!~!la.:r>.s are t_~e desi:;i :-..ar?.,"!!eterE to :,e a(1()?te-.: for t.:1e ::=-~~.;:~: 
~iological ef:!uent treatr.e:it process an:J i:!1eth<?r rau se\a~ frcn TOrwooo 
shwlc ~ a5~~ to the trcat:cnt !~rocess or not. 
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C-0lC . :inia1s !l~· t.~e C--Jaa'lif:~tio=-i ;'r~sE a~·-~ 
cop~-:~r r,:=ov:r~' Jj flot~ti~n 

1;'\') -.3/.'=-·.· 
"'*'"J ••• --. 

.!~t:1~n.: ~:be at ~:r~s~:::it .1."";!'.'0CdS~ ~·:r..u~ z: ton."Y.?;:;/ ~~~· o: o:-:i::.:: ore <:1.:r·: 

.;'.Jc• to:?~s/:.~;::• o= sul:,::ii:!e ore. ~e $'..!lp."-!i~ ore cc;:t<:..i~s a lar::~ 
nll::'.::.-er of iron s!.llphides C:.'1~ ~~~;-er 3'..il:;tlic:s :.lhL.e t..":ie c~:ic:e ore 
cor.t.=.i~ ti1e sa_~ :-:etals in o::i~e fo:;.:. '1:'he o!'e cont3.!.~ no ::rsenic, 
::.,aritr.·,, ::.-oron, :-iici~el er zinc. 

':!le 1.:aste '"~ter !Jeins Lisc<':r~e: frCJ!i ti:.le to tine ~ !Sists cf t:1e 
!.:ac:i solutio;·; resultin; ~rcn t'le ~iss::>lutio.:i of ~ol-.i fra-i. c:. s;.il:1ide 
er':. _!_.~ s!.lch, t!1-e ·-:r11t~r c:>~tai~ variO'JS Cissolve: retcl.s sucr1 as 
J=:k, silv~r, COi..J~--er anf iron. 'Ih~ ;:.etals ar-: r•aicly ccr:i.,.:le:~e~ of 
c:~:.:1i·~. sens free C',.'3..'1i..:!~ c.ls•.J .:;:istz i~ solation. 

?ol~ o: ctn-: uaste ~~ter '"~ischar:e is as follo•IS :-

(a) 
... 

130 "'..;,/d:.-::· 

':Jo;;.'· - -···" 

(c) f'?'ll~ '~ischarse o~curs ~urins t!-1-e rainy se~.son \f.lei! rain \lat:!r 
co~kct.s on the Sli,j:P-5 ;:,a;-:. 

,-"I:" ' .. 

?:::>i:lt o: ~:1sc:1aro/-= is into t:-12 JlirJ;\ ~ter .Strea"J east of the :.1ain 
!-'ar.lre-·~a.sving-:- ~:x.i~. !~ :>0int ~t ~~1ic!i s~:9les ca;1 ::X: ta:;cn for 
anal~·sis is C0'1V~nientl~-· situc.tec': at the: JischartJe :ran tile •rater 
tr ea t;eat :.il ~t. 



Athens r-tine is a LOnrho Mine producing gold laden carbon. It is the 
first mine in the country to use the poor~ of bullion fran the new 
carbon in pulp pr:ocess which treats 2 800 tonnes of ore r.Dnthly. 1'le 
pr:oblem at Athens ,...ine is that of cyanide containing effluent flwing 
ootside the Slimes Der.LS boondary fence and finally into a public strear.i, 
and the proolem of seepl9E acamtlation r.ri.nin~ across the iilai.n 
3arare-t-la5Vingo road. 

Athens !tine a~ied for a., exe:iption permit in 19S9 in order to install 
a pilot purification plant (llbich will treat the cyanide c:o.-1tent of the 
water) and to deepen anc enlarge the holding dal!l to effect greater surge 
capadty. ~is ~oject, as Athene; says, is depe:idant on the 
availa!:>ility of plant, \Jhich at present, is in short supply. 

'!he teS"Jlts of analysis for c:: done at ~thens :~ne 0!1 daily basis are 
se.11t to the ~:inistry of Energy and t:ater Resources a."ld nevelopaent 
~Jeekly. 'l'he situation as such is under oontrol althoogh the titration 
~t.'1od used to deterni.ne t.'1e cyanide is questionable. 

At present the r.li.ning waste water is treated by means of the 
ncr50i-AIR C'fllrlide oxidation pr:ocess. '1H!: ncr50i-AIR cyanide 
oxidation prbcess employed at Athens since May 1989 is capable of 
achieving the following results :-

PROCESS/CBEr~CAL COOSTI'!Uarl'S P.ESULTS 

(a) oxidation of thiocyanates 20\ 

(b) Iron cyanide reo::wal canplete 

(c) Free cyanide 0,2 r.tg/l 

(d) c~r 0,5 ng/l 

(e) Zine, Uichel 0,15 I:lg/l 

(f) Iron I mg/! 

(g) Arsenic not reooved 

Arsenic if present, is in extr~ly la.1 concentration. 

Analysis of the waste water is at present ircanplete, since only t.11e 
level of C"Janide has bee'l closely r.nnitored. It has oeen aci:litted that 
there had been sa:ie difficulties in getting accurate IJeaSurement of full 
cyanide. 

Of the 1 000 tonnes/day cf water sent to hte Slime Dam about 50\ is 
re-used. '!he rest of the water either evaporates or is detoxified and 
disposed Of. 
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'l'tle mine is at present involved in a feasibility study concerning the 
recovery of cyanide f rar. all the waste waters. 'Ihe intention is to 
recover all or r.ost of the available cyaniae for re-use. The intended 
process will also rex>ve most of the dissolved metals, especially iron 
~c~r. 

Set of records are being built to detemine if iron is present in 
unacceptable concentrations. If the concentration of iron is too high, 
the uays of reducing the ancentration have to be found. '!he work is 
still at an early stage and as such it is difficult to estir..a.te the ti.i~ 
which vill be re.;uired for the ca:ipletion of t.1e propose(; works. 
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24.0 DETAILS OF nnusnu,;r. urmrnT.~Kn-x; 

24.2 ADDRESS 

24.3 NA'!URE OF INOOS'lP.Y AND 
'.IYPP. OF PIO:ESS 

24 .4 LO:A'!'ICl! 

25. 0 DETluLS OF RA~ 1 MA'!ERIALS 

Raw l·iaterials 

Steel Billets 
SUlEtluric Acid 
Lime 
Ulbricants 
Flux 

LM"C..l\S!IIRE Sl'EEL (PVT) LIHITE:> 

: P o._Box 315, KWekue 

Iron and steel engineering industry 
involved in the manufacture of wire 
and rod. 

'!'he processes involve rolling, desealing, 
pickling, drawing and galvanising. 

KWekwe 

QUantity oer day 

945 bars (180 tonnes) 
3.1 tonnes 
30 bags 
37 kg 
2,5 bags 

26.0 DETAILS OF rlA'lER COOSOMPTIOU 

26.l Sources of Supply - KtNekwe Municipality (fran Sebakwe River) 

26 .2 t·lA"mR CC'-?SU:-1PT!Ctl FOO. INDUB'!.'P.IM,/IXY.·!T':Sl'IC USE 

833.0 rn3/aay (ave) - industrial 
167.0 rn3/aay (ave) - danestic 

27.0 DETAILS OF UASTE WATER DISCHARGE 

27 .1 GEl'n::RAL DEs:RIPTICl·l OF tlASTE WATER AN~ PROCESS FRCX·~ ~EIIC! IT EM.aJ-lATES 

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. 
HQ.lever, sa:ie 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 fran the lime tank \lhich may overflow and runs 
into the effluent system fran the galvanisint plant. Seepage water 
fran the Rod tall SUr.lp is pumped into neutralisation plant because it 
has a !Qr pH. 

27 .2 VOLUME OF OO!tESTIC HASTE HA~ DISCHA.ttGE 

a) dry weather flQ'1 - 200 rn3/day (ave) 
b) wet weather flQ-1 - 150 rn3/day (ave) 
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27.3 VOLDI·E OF ll!!XJS'mL'1. ~~ !1A'IER DIS~I'\...~ 

a) Average 700 n3/d3y 

b) Peak so~ M3/aay 

c) Peak discharge ocrur during boilers blcxld~m OtJCration and wh-en 
pur.1t>ing ~od l!ill sump t-ater. 

27 .( ~ VOW!~ Of t~ l~TEP. DISC:-I-~~ 

a) hverage 1 000 ~3 

b) Peak 1 Q51J n3 

c) _ 5a'!le as (4.3.c) above. 

a) 'Itle treated effluent fran neutralisation plant is discharged into 
t:!r- sewage system adjacent to plant. 

b) effluent fran any other sources is discharged frCl".l the ca:n:>n 
outlet at the Lancashire fence (point marked c on the map). 

27. 6 !-1E'!P.OO O~ DI~.RGE 

a) Heated effluent fran neutralisatio:i plant is pipe gravity feel to 
the se\·ege. 

b) seni-heated effluent fran the cannon outlet marked c o:i the map 
(APP:ElIDIX i1) is channel fed into 5ebakwe P.iver tributary. 

27. 7 LX..~Tia·? OF POINTS AT UP.IOI SAMPLES CAN SE '!'Am! FOO /ll!ALYSIS 

a) at the gravity feeding point 

b) at the ca:imon outlet point (marked c on t.'1e map) (APPE?IDIX l1). 

28.0 D~.ILS OF PP.!:JI:-l'I' !·7ASTE HATER TR~'l'[·iZl'!' 

Present effluent fran cleaning house, galvanising lines and Rod !till 
sumps water is fed into a mixing channel and there are neutralised tlith 
burnt lime. 

neutralised effluent then passes through sane oil separators before 
cischarging into a nearby public streara. 

2e.1 ;]!'S:C W\T:R DIS~-IA..ttGE rno:-1 THE PL:~·l'I' 

2c.1.1 waste Hater fran the Pickling of ::1od 

Historically the 3 - 5\ sulrtiuric acid \las used until it became 
saturated with ferro:.is sulphate at about 15\, dependant upon the 
Q?erating teraperature, (optim.:.11 for r..a::ir:ur.i ferrous sulphatt solubility 
is 65°c at acid strengths up to 20~ Wt/Vol, a proportion was then 
wasted and nade up with ne\1 sulphuric acid diluted to 3-4~. 
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A sul!;iiuric acid recovery plant now operates which precipitates ferrous 
sulpiate by brine ax>ling, alloong the acid to be re-used. Aci~ is 
'Jilly intentionally wasted when it is considered that trar.t> material is 
at a high level. '!he cleaned acid contains about 6\ FeS()(. 

28.l.2 Rinse Waters and Drag Cllt 

~ the coils of rod are moved overhead within the pickling house, 
carryouer fran each bath 0C01rs, but the majority occurs fran the 
overflow when the coils enter as the baths are continually made up. 
7his is oore acceptable th;m having to sump concentrated chernicals and 
acid leached metals, unfortunately the bund the acid bath leaks anc at 
ti-:es a considerable volurae of acid, high in leached metals also enters 
the drain an~ passes to the effluent treatnent plant. 'lhe effluent 
leaving the picklillCJ house varies fran highly alkaline \,;ith lir.ae and/or 
soda ash to very acidic. 

213.3 EIT"Jm!!' AP.Isnx; F:o-~ ~ GALVAtlISIGfI OF HIRE 

28.3.1 Post Lead a."lC Zinc Baths Wire Cooling Uaters 

'!he post lead bath cooling water is continuously fed by lt.lnicipal water 
and overflows to the well of a cooling frame. 'Ibis cooled water is 
reticulated throogh the post zinc water bath. Althoogh the cooling 
frame well has a level controlled valve to supply the f'llnicipal make-up 
water, the systen overflows into a stormwater which by-passes the 
effluent treatment plant. . 

28.3.2 Post Acic1 bath wire spray waters, water baths overflows and drag out 

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

28.4 DELIBERATE WAST!~ OP ACID 

'ttle acid fr.an all three baths is wasted weekly, a total of sane 1 250 
gallo~, to minimise the effect of .trar.p materials on galvanising. 

28.S ROO MILL DnAINAGE 

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 
of ten fed to a spare tank and si.[iloned past the effluent treatment 
plant to ~ final effluent slow drain. 

28. 6 RU!.J-<FF F!0·1 ct!J'!'NU:UATED A!lFAS 

'lhe area surrounding the effluent course after it leaves the h"<>r~s 
boundary, and before it enters the tributary of the sebakwe River, was 
contaminated with acidic effluent to a distance of sane fifty yards on 
either si1e, fran old discharges. Vegetation is now gr~ing back over 
the effluent of run-off into the effluent ditch is not marked. 
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Lancashire Steel is engaged in the manufacture of galvanised ~ire fra<1 
steel billets. The proeo_ss re::;:uires the pic!;ling at certain stages of 
the :;>rocess of steel rcrJ and \lire to rea>ve rust ana scale. 'rtlis is 
carried out using sulphuric acid. 

At the ti.Iiie of the introjuction of the water pollution control 
re<Julations in 1~71 the e<r.QanY was in the habit of discharging spent 
picklin~ li'ilJor containins considerable ar:r.DUnt of sulphuric acid into 
small eva?CJration lagoons and partially nuetralising it by additions of 
lime. seepage fran these lagoons anc fran parts Of the process had 
contaminated a fairly extensive area within and beyond the factory 
grounds and \laS draining into an uW.nt:J.m tributary o.: the Sebakwe river 
uhich •·raz c.lso, of coorse, being conta-Unate:J. 'ttle main pollutants 
were, an~ conti:iue to be, S'..Il!:Yluric acid an:'.: iron salts. 

A lesser, thoogh still considerable, source of pollution at the \·K>rks 
was the neutralisation of and washing process that takes place after 
the pickling process. Effluent frcr. this was passed through 
neutralisation and flocrulation/sedirnentation tanks - the sludge fran 
the underflcx1 was pw.iped to the evaporation lagoons mentioned above 
while the overflow was partly returned for rt!-USe in certain processes 
and j?3rtly to \raste, CCF.lpOWlding the pollution problem in the 
watercourses. 

29 • 2 APPR:J~.C:-i1"'....S 

This contravention of the \~ater Act was brought to the attention of t.,e 
:linistry of Ener~' and Hater Resoorces and nevelop;:tent in 1972 and 
La"lcashire Steel su!Jr.litted an application for a permit of exemption 
fran the terms of the Act for the period necessary for the abater.tent of 
the pollution and rehabilitation of the polluted areas. 'l'he permit 
subse=IlJently grante~ was for the period up to 30th June, 1973. 

In 1973 the canpany subi:\itted its firm proposals to :- . 

(a) install equir;:;rent {the Kenstener plant) to purify and concentrate 
the spent pickling liquor for reuse in the process and proouce a 
by-i;:>roduct ferrous sulphate, ;lhich has a market value, and 

(b) to improve the efficiency of the neutralisation of the \laste 
water streari. 

Delays in the implementation of the I<estener plant let to various 
extensions of the exemption permit being granted until finally the 
plant cane into operation during 1976. 

no.1ever, pollution of the water coorse still continued frCF.\ other 
operations and further extensions were granted. 
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Monitoring of the effluent stream fran the factory even after nnst of 
the recanmendation by the then parent axnpany British Steel had been 
carr iecl out s~1CMed little ir.provernent if any. '!he ccr.pa..riy shO\led 
little operat~onal understanding of the overall operation of the uater 
treat."'!'ent plant. 'lbe ccr.pany kept on applying for extension of 
exe!!!ption permits until the latest in 1988. In 1987, Lancashire Steel 
ap:;>lied for a further extension of their permit, giving as grounds for 
this, the refurbishing of the acid baths and the solar ponds and fim 
prorx>Sals of building a second neutralising plant and sane oil 
separators on the plot it had recently bought. 

:Even after t."ie ccr.r:ti.ssioning of the plant in September 1989, t.l-tere are 
still difficulties in the operation of the plant, thereby resulting in 
wc;ter ?Qllution. 

The latest results of water samples taken and analysed in April, 199~ 
;1:1ere as f ollO\lS : -

I 
I STATIQJ 1 STATIC'l~ 2 

'~-----------------------i-----------;------------1 
I i:tI 
I Sulphate (mg/l S04) 
I Total dissolved solids (mg/l) 
I Grease, Oil etc (rng/l) 
I Iron (rng/1 Fe) 
I 

11,7 
879,4 

1 450,8 
4,2 
0,48 

3,5 
1 305,2 
1 485,7 

10,1 
25,6 

!be results shew by hew far the waste water treatment plant is away 
frcr.i being efficient. 

'!he 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 oil to pass through them. 
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30.l r::::IS'l'Ir?'J PIA!rI' FIG. 2 

~~ plant consists of a chei-:iical acdition/r.ri.xing c.;annel of about four 
seconds retention at a throu3f; put o= 15~ gallons/nin. ?..io reaction 
settling tanks of 5 soa gal.lo:i.s each ;1ith a !""2tention ti1:i:e of 70 
r.-J.nutez if both are in operaticn. ?"!e upfla! \rith ~th ta:l!;s in use is 
C feet/hour at 150 gallons/Minute through p:..it. 

J-, sludge ta~' of 2 500 gallons c;~city, into ·.t:ich the slua~e fraa the 
clarifier is p:.i.-:iped an..: also the slu:::ge frcn t!1e settlin: te.nl;s is 
forced, by hy:lri:tic lea~. T'.1e .slu:!ge '.!it..'1out furt..,er settle;nent is 
tne;i IXll:l~:J to the solar le: goons. 

'Ihe slu~~:ie ta.'1!; is also use:l to collect the uaste acid aftr:?r 
neutralisation, ant: this is also ~ to the solar lagoons. ~1e 
slu~ge tan!~ has a'l overf 1~1 pipe \"1hi1.::h encourages !Jaj practice. 

A mixture of 2 soda s1.td1 : 1 li'ae is used to adjust the p3 of the 
generally acidic effluent fran the galvanising lines ano pickling 
hO'JSc. At ti.-aes this mixed effluent is already all;aline due to the 
lire and soda ash of the pickling house. A flocculant is added to the 
liquor prior to the settling tanks, uith the intension of increasing 
the sludge settling rate, and reducing its final volume. 

Acid \lastee fran the galva.1ising lines ana pickling house is 
neutralised by the lime and soda ash mixtures, but does not pass 
through the settling tanks a~d clarifier. 

31. 0 PRODU:':'!Cl! P!O:F.SSES 

31.1 ACID PIC:rr.I?JG (CLE'M?Il'!G) OF P!D 

'!be mechanically descaled coils of rod are placec1 in 3-4% sulphuric 
acid until the residual scale and iron oxide film is removed. 'Ibey are 
then transferred through a water bath, a lime slurry and/or soda ash 
slurr!' bath (1\PPilIDIX H). 

31. 2 Gl\LVNYISI~!G OF t1I?.E 

After being drawn, the wire of different diameters is passed thrcu9}1 
one of the three galvanising lines. '!here it is heated in a lead bath, 
annealed by air coolins, <'1d passing through a water bath, cleaned in a 
sul?t1uric acid bath, sprayP:i uith \later am: passed through a ~tater 
bath, coated \Jith fltt:!, passee through c. oolted zinc bath an::: then a 
fincU. vtater bath. (Pig. 7 .2) 

'!tie entire effluent disposal syst~, see APP!l~IY. M. 
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Tric;.!'lgle Liw:?ited 

Private oag 801 Triangle 

!!a.-1ufacturint; of sug~:r aric ethanol 
f rcr. sugarca.'le 

Triangl~ 

SU gar cane 

Tria'lgle Limited is engaged in the !larlufacture of sugar and ethanol 
frCJ!t sugarcane gro.l!l in its e}:tensive cane fiel:ls in the laNeld.· 
Sa:te of its activities have given rise to pollution of watercourses in 
the area anc:, follO\.li.ng an investigatio:l by the Itinistry of Ener<JY a.'ld 
;:ater P.esoorces and nevelo~nt in 1971, '!'ringle Lir.ti.ted carried out 
various ir.tprovements of its waste cli~sal installtions, under cover 
of an exenption permit which expir~ on 31st January, 1974 a'lcl these 
resulted in adequate control of pollution at the time. · 

In septe:iber, 1980 a report \las received fran the Lands Inspectorate 
i!l the area, describing the disc'-large into the Chedle river of 
d:xlo:cious \laSte water frcr.t the Triangle sugar mill area. Analysis of 
various s.::nples of tl1ese ~ischar~ revealed t.~t pollution was indeed 
recurrying. Discussions were held t!ith the aanageaent anc \laS agr~d 
t.1-iat Triangle would fornulate its proposals for the abatement of the 
water :10llution. 

As .:;:.ig~rcane contains 70~ \,oater, there is usually an e~cess of \Tater 
fran the process in thE: forn of condensate fran juice evatx>ration. 
~is co!'lelensate orii;inates frcr.1 two sources :- viz conr!ens~i ~later 
fra:i calandi'ias a'ld cooling touer overfla-1. '!'here is usually trace of 
sugar (50 - 100 P!'.J?!) in this water. 
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In adcition, floor and equir.cent uashings also enter the dunder. '!his 
~tains sugar frcn acci1ental spills and lea:~s f rcn pipes arnl pur.ps. 
':'he total d~mder contains -

p:: - 5 to G 
undissolve~ solicis (by ~:icuctivit~·) - 150 p~ 
sugar - l 000 pfln 

t~;::>erature - 3C°C - 4C°C. 

-::."'.:::- vo~;.r-x of ~~z:C:er · . .stcr av;racr...= 4 OCOn3/c1ay uith a peak of 
,J OCQ.1:/~ay. '.:Un~r is ~i;:;o:rr~e·.: to a:-iaerojic ;,Y.Xl:::S C~ 2 :0:: ::. 
capacit:· a::ter :ir.ins to a ~ G. 

~le hol.:ins tine i&i these penis is ~ut three ::":ays anc a:-iacrroic 
disie:.;tion should reduce the c~ frcr 2 ooo ::r:;/l to ~Ja :::']/l. 

Follcuing t.1lis, t.l-ie treat~ c•m~r is used to irri~ate th!:' cane.:ields 
~1here farther rejuction in ::::B ta~;es place a"l:~ run-off into drainage 
c:=ian~ls ~c sub.se.."!l!e~tly into ti1e Cheche river shoulc ~ innoaious. 

On the early 1980s this syste:i has not· been functioning properly, 
nai:lly through lad~ of proper o;'.)eration of the naerooic pon:ls. 
':'riangle then acr.iire-3 t.1le services of a qualifiee che;-.ist to study 
anc i:""1Xir.rl.se the functions of fae poncls, wit.~ er.i?hasis on proper 
nutrients ad=ition and !:>acterial gr~lth to ootai!'l increased reduction 
in cm. 

35.2 ~ 

on the boilers, particles of partially burnt pieces of baggasse a"lc/or 
coal and particles of ash are entra~ in t.1le hot flue gases. After 
heating the \later and stea~, t.1lis gas is passed through grit arrestors 
(C"fclones). 'l'tlP. finer particles t.1lat pass the grit arrestors pass out 
with the sr.10:;e. 'lbe arrested particles are flushed out t.1lrough wter 
seals with t·r.iter along channels when they are colllected for 
treatnent. '!'his water contains 3 O~O pp:i COD mainly in the forn of 
S?nall fibrous particles (cellulose) and scr.ie carbon and ash. 
Te.~rature is around 25°c and t.~c contamination is practicall7 all in 
un5issolved form. 

In the ethanol plant r.iash is raade fran a mixture of molasses, juice 
anu water to give approY.ir.lately 14~ sugars and 2% to 10% non sugars 
cie;iending on t.~e ra•.-1 material prO?Qrtions. 

~1e sugar is ferrentee by ye~t to forra et.'lanol Which is recoveree by 
distillation. '.:'tie effluent (stillage) therefore contains all t:1e 
re~i~u;U plus cead yeast cells at E..~ average ex>ncetration of 6~. T.1e 
cxr.iposition is a ca:lPlex ~ixture of sugar, gur.is, wax, stard1, 
glycerol, colooring natter and about 50~ is inorganic, inherent in the 
ca.,e plus the mJtrients addec to fementation. 

• 
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The ino::ganics are mainly in the f or=t of potassiu;;i with a~reciable 
nitrogen, sulphur, FbosrXioroos and curbcnates. Te!:lperature is arOl.lnj 
9C°C, ~I 4,5 and iX>St of thi: r.aterial is in dissolved for.:i. ::asnings 
frcr. the fermentation vats are also added to the stillage. ~e 
quantity of stillage proJuce.:: is about 1 200 r:i3/~ay an:: the ;>!ant 
operates for sr. \Jeeks of fae year. rit prese:it, it is dealt ::ith in 
t\~ \Jay :-

, ..... 

2. 

Part is evaporatea to a~ut GS':> solids and is use::! in aniz:W. 
feeds etc • 

.Stillage is ~ to a stilla~ dar.t 'oli.th a c-3.;"S.city of a!:x>ut si:: 
weeks production, t-!hence it is gravity fed to t.'1e r.ear:.Jy 
irrigation plrtp station where it is diluted b:• 41 : l, thus 
reducing its C')') =ra.1 4C C~a !Y.:!fl to 1 CO~ -:.;/l, anc1 irri~ute:; to 
lands. 

Tria.1gle has also state-.; that the relatively hi<t'l ?Otassiu::i content of 
t."!e stillilge ~in!j irrigated ili.11 eventually raise the le·.rel of 
potas.sillil in the soilc to detd.mnt of cane f iel=s a,,,~ ne\.' irri;;ation 
areas i:ool.d need to be ope:1ed u;>. 

36.0 AP~rs 

on 27th SeptE!Der, 1968 the Hinistry of Energy and llater Resources an::! 
nevel~nt received a report frCJil the Provincial Nater Engineer 
(f-;asvingo) of the discharge effluent fra:i the ethanol plant into the 
:tutirikwe river. 

~e .situation being that, there are 2 ponds for settling sr.uts, one 
\/as full and not in ope::ation anc the other pond f loong into the 
Cheche river. '!'here was also a cisc:harge of effluent fran the canE 
\lashing on the conveyor belt into the Cheche river. 

In support of the application for an exe:iption permit an advise of the 
f ollat·ling was made :-

35.1 S!t'"JTB SYSTE!! 

':tie excess clarified water fran the Boiler Situts systen is presently 
passe~ through the Sltllts settling ponds (where solids drop out) an:5 
then discharged into the Cheche river. 

'lhe intention that time was to install a pu:nping systsn at the 
·~ischarge point of the SilUts settling ponds and pum;> the water into an 
irrigation syst~ n0rth of the :nil!. 

'Ihe \lashings fran the mill current!}' flow into the st::earn. '!he 
intention !:>eing to r~direct thm to the suction of the pw!lpS at the 
DUnder Pl.Im? Station and be disposed through direct irrigation on to 
the came fields. 
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1.s ;?art of the :tater pollution mnitorin-; progra.":"Oe, sa.~les of t.;e 
~raste >2ter are t3l~en regularl::;. ~l~: c:.re t.'1e results of a sa.-;;>le 
take:i on the S:Uts Settling pon::ls outlet at Tr ia'lCjle b r!a~, 19~'.). 

TA!:rr 
~ 3:.i 

I 
I P.~~\ .. a.:.'~L!? ca~~".'.:'!:~~ Ui.:I":"S 
I 
I 
I Co!1ductivity 35,30 :-:g/r.t •.. (2C°C) 
I .....;~ 

~ -- S,!>C 
1 TOtal a!kali:lity 135,;;~ o;~yl 

~eactive .:Xtos.,:ii~t~ 0,74 T.3 ?/! 
:~itrate 2,2a ;::ig ~!/l 
S!Ilj;t".ate G,~4 r::g SOul 
C:iloride 34,52 I:1C;;! Clil 
::agnesitL:i 3,no rag ~t<J/l 
SCY.iiU!:I 13,00 r.tg !la/l 
!?Otassiun 10,30 !IYJ k/l 
Absor'.Jecj oeygen 9,00 ng 02/l 
Iron 2,8 mg Fe/l 
r'aanganese 0,1 mg Mn/l 
Ar":rrOnia 0,12 mg !·~4/l 

As can be seen fran the results in table 36.1, they do ca:iply uith the 
ma::ir:lln pem.issible concentratiom:: given in l.ppendix C. 

.. 
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37.1 

37.2 

37.3 

Je.1 

~~-~.E OF r~~y 
!\i!D '!Y?::: OF P~S 

38.2. -.~~ CC?'!SJ:'.!"!'ICX! ~ 
!YJ:·it:S'!'IC 'JSE 

JS. 3. t :\~ CCX~·!P':'Ial FCP. 
!Xt IFS.:'IC U~ 

David 'ilhitehea~ and sons Ltd. 

P 0 BOX 200 
Ch'2gutu 

: Textiles, ;leaving and Dyeing 

In~ustrial Hater - f"!U?fure river 

:c-:mestic \Iater-Chegutu ;?~ter :!orl•s 

Average 70 m3/day (1979) 

2386 r3/day (1979) 

39 .O D~\II.S OF l1AS':'E ~?A'!'En DISCP..:.'1GE 

39.1. GEI~ D~CU 
CE ~!ASI'E t~.~ &!D 
~....-:;s men ::!IICH I~ 
r:-IAil:\TES 

39.2. vou.r.!E OF ro~~c 

Textiles, Dyeing and Bleaching. 
Highly dkaline effluent \lith high 
concentration of dissolved solids 

Average 60 r.3/day (1979) 
Peak 85 1?'3/day (1979) 

39 .3. VOLUI·IE a:' INOOS'l'RIAL : Average 2 OaO ru/day (1379) 

39 • 4. tlCT'HOO OF DISCHATh.:.'r: 

n.1. P?J:S!!!!T mrAT.~·:-r 
!3£.IO'Cf>J:: DISCHA.~ OF 
S!::': 1At;E 

41.2. r.'.CSE:!'!' '!'P.EAT'~:T 
nEFOP.E D!w.:Irr~: OF 
Ir.~STRIAL t1ASTE \L".TCR 

Peak 2880 r.8/day (!979) 

Gravity flCM do.m open channels into 
evaporation ponds. 

oanestic se\-rage piped to septic tan!•s 

Uaste water is settled and evaporated in 
open ponds 

rollo.1in9 reports of water pollution occuring frcr. Javid tlhiteheacl anc 
sons in the late 197::>s, it \las ascertained that a highly alkaline 
waste w~ter containing a high percentage of dissolved salts, fran the 
operation of the factory, together with storm water runoff, was 
disposed of into a series of evaporation ponds situated near a 
tributzr~· of the t!llr-fure river, and allowee to discharge into the 
same. ~e ca:lpany was informed of the ina1equa~· of that treatJnent 
and o! the need to rectify the matter. 
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'lbe ccr.ipany in 19n then engaged sane consultants and ca."lE out with sane 
tentative proposals, for the disposal of the waste water. The proposals 
envisa~ a 1:50 dilution of the waste water \."i.th r-t.ipfure River water, 
and return the diluted effluent to the river. '!he proposals were 
cor-.sidered !.:>y the Hater Pollution Advisory eoard at its reeting, and 
founc to be unacceptable for the foll<Ming reasons :-

(a) ~e :::roposed rate of dilution \-nlld not result in an effluent that 
\!O:Jld confirn \ti.th the prescri.beci standards (f\?pendix C), 

(j) ':he i.Tate!' is :-iainly used for irrigation damstrear.i an~ t.'le standard 
of t.'le effluent produced would make the water unsuitable for that 
us~, 

(c) ":'he ::iroposee point of effluent discharge uas above a weir site frcr.i 
'.-1hich t..'le Chegutu Hater supply may be augmnanted in the future, 

(0) !~:i order to ca:t:_Jly \lith most of the standards, the effluent would 
reiuire a dilution of at least 1:500 constituting a demand which 
the ~::.i;;>ft.._.e river could not r.ieet. 

~~e ccr.pany w'ClS consequently requested to investigate alternative 
iictho:is for the abate:ent of the pollution. 

h f urth~r investigation uas then rade into ho.1 the prooler.: can be 
solve::!. '!he CCfn?CIDY then proposed to extend the evaporatio:1 lagoons to 
cope i!ith the present waste water fl<711S. Big evapc..3tion ponds were 
constructe.::, pond No. 1 and pond No. 2, pond No. 2 being the final one. 

~le results of the sanples taken on 12 June 1979 are shCMi in table 6.1. 

TABLE 44.1. 

. SA!I!?U: NO • 1 PCIID NO. 2 mm 

PH 7,9 7,8 

Total dissolved solids (mg/l) 2 270 186 

Total undissolved solids (mg/l) 4 420 54 

Alkaliraity to net.'lyls 

or anCJe (!':lg CaCOJ/l) 552 1'1 

Chloride (~gCl/l) 44 9 

So:Hur.1 (rnc;t~a/l) 292 58 

Oh'Jgen a'...>sorbed fra:l KI!n04 29 4 

4 hrs at 27°C (mg Oyl) 29 4 

Chemical oxygen demand 320 26 
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44.1. DE9.:RIPTI<Xl OF S1~1?IF.S 

No: 1 Pond 

No. 2 Pond 

44 .2. I"~.ru'.S 

- T3 -

Earthy odour, turbid, white grey 
colour, large anount of sediment 

• 
: !-!o odour, ~lhite in colour, almost 

clear, trace of sedi.~nt • 

The overall analytia:;.l result indicates that the :_iuality of t.':-ie two 
waste \o;aters ha::! i1!1proved over t.'1e years, and m:>st of foe paraneters do 
caaply \Tith t.~e regulations. (;.ppenci~ C). 

~5. 0 CCY.-!CWSICX! 

DUring the cause of this study I have endeavoured to adhere as closely 
as practi~le to the Terms of Referenc:e, as well as folloong the 
general principles set out in the Job Description. 

Initially the types of industries mentioned in the Job Description were 
enclinee raore to organic than inorganic but due to the cailbination of 
the sectoral activity within manufacturing in z:inila~, 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 
then do discharge effluent into their respective f-tinicipal sewers, for 
as long as the effluent meets the by-laws. But often the quality of the 
effluent fran such industries like chenical and steel, even after 
pretreatment does not meet the standards of the by-laws, so they have to 
have their own treabnent plants. 

Inevitably there are areas to which more time would have been devoted, but I 
belief the...: I have reached an adequate level of understanding of Zimbabwe's 
effluent problems, identified the major problem areas, and confirmed the main 
contaimoonts and effluent quantities. No doubt that a lot of time has been 
devoted to ZIIIPHOS, this is due to the canplexity of the problem and how 
urgent to ZL":lbatx..ie a solution is needed to this problem. 

46 • 0 CLOSUPJ: 

I have found this a m0st interesting and challenging cam1ission, and 
trust that the Terms of Referenc:e have been fulfilled to your 
satisfaction. I \lill always be ready and happy to provide further 
amplification or eA'Planatio~ of this report. 




