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ABSTRACT

Thc prcscnt study wes carrlcd out lo asscss the Ph)slco-chcmlcal analysls of sut.r mlll

cfllucnt and lts mpact on soll and sccd gcrmrnalton ofoLra .nd lomato plants Tor.l l2 samplcs

of sugar mrll emucnts *crc collcctcd from dlffcrcnt Polnts Slmllarly 12 soll samplcs wcrc

collected fiom the ficlds rrlgatcd wtth sugar mtlls cfflucnts ln rdlus of 500 mctcrs and at.

dcpth of8 lnches Allthc analysrs for both thc cfflucnts and soll \+crc pcrfonhcd accordmg to thc

Standrrd Mcthods Mcm valucs ofthc sclcctcd parameters ln lhc cfflucnts wcrc ofpH 6 67. toul

suspcndcd solrds (366 mg/L), totaldrssolvcd sohds li2J8 mg/L). brologrc.l oxygcn dcmand (475

mg,{-), chcmlcel o\}gcn demand (2662 m8/L), clc!trrcal conduct'vrt} (3t65 FS/m), tcmpcraturc

(55 'C), turbrdrly (l 18 NTLI). drssolvcd oxygen (l 8 mgil), sodrum (163 m8,4-), calcrum (160

mg/L), mrgncsrum (63 figll), chlonnc (535 mg/L) and brcrrbonatcs (312 nglL\ wllh rcspcct to

heevy mctals thc v.lue drllcr ron (l .15 m8/L), z'nc (t 5l mg'L), lcad (0 18 mg/L), cadmturn

(O2l mg/L), coppcr (052 mg,/L) and ckomrum (0 17 mg/L) Mosl ofthc par.mctcrs mcen

valucs wcrc grcatcr than thc WHO permrssrblc lrmlls lhc rcsults of soll samplcs analysls

lndlcated that mcan values of all thc parameters rverc rn permtsstblc llmlts Sccds of ok.

\Ab?l/,oschlts escul.nhls) znd tomato (S.,/rrrl,, ltcopcr''tcunl showcd mawmum tcrmlmtlon

(95% and 90% rcspcctrvcly) al control condrtron Uhrlcal I00/o conccntretlon, sccd gcrmlnatcd

95Y" and 9Oo/o rcspcctlvcly At 25oZ conccntratron oLra sho\red 90o% sccd gcrmlnatlon

conccnhatlon whrlc 7070 tomalo sccds germlnatcd OLra plant ls morc vassrl as comParc to

tomato *lth rcspect to emucnt conccntrallon Sugrr mlll effluents are good for lc8etttlon lf

drlured bcfore rrrrgalron Crops and soll f.nllrt) could be tncrcascd by applltng civlronment

fnendly tcchnlqucs dunng cfflucnt dschargc
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CHAPTER 1

INTRODUCTION

t.l GENERAL INTRODUCTION

Walcr rs thc b1slc rcqulrcmcnt oI llfc on thrs carth Onlyl%of tohl wetcr on ea(h makcs

licsh water, of whrch e 
-small 

portlon (O O l%) ls avarlable for human consumphon (Hrnrrchs'n &

Tocro.2002) Thls small quenttt, of licshltater ls also undcr strcss duc to mcrcrscd populatlon'

urbanEatron, lndustrtal and agrlcullurel usc of t{aler Man} naitons of the world especnlly, tn

South Asr!, Afirca and Mrddlc East wtll bc under pressurc duc to watcr scarcrty m thc upcomlng

futurc Thc countncs whrch are under dcvcloped. problem ls \lorsc and dangcrous duc to l.ck of

sultablc managcmcnt tnd oversrght of Sovcrnmcnl, dbscncc of professlonals and crpcrts and

economrc llmrlalron(Kahlown, &Aslem, 2005. Abdullah l0ll)

Watcr rs defin(cl) lhc absolule natural resource thdt e\lsts along lhe earth, wllhout whlch

lrfc could not bc possrblc Watcr rs esscntral for gro\r th and lt $ thc basrc rlght ofall hvlng

thmgs RcSardlcss oflhrs, human belngs usc *atcr for therolrn nccds, Pollutc and spoll \ralcr

resources Nearly l5 brlhon pcople harc no acccss llJ donhng Batcr Slobally and cvcr) leff

mrnrmum 5 mrlllon pcoplc drc due to ualcr rclat.d dlscases lJavatd el al ,200E, Appa e/ a/.

200?) Dcfinrtcly, wrter ls the most obllSatory rcqulrcmcnt notJust for llfe prov6lons but for lhc

economrcandrnduslrraldevclopmenttoo(Joshle/.r/.l95l.Chhonkar.la1,2000)

Throughout thc 1^orld end pantcul.rl) ln dcveloplng coun(rtcs, watcr bodrcs $crc

consldcrcd boundlcss dumpmg Sround forTrastcs ol e!er) Llnd, such as garbagc. domcstrc

wastc, rndusrral cmuents, raw sc' agc, clcctronlc $.tstc nuclcar waslc and oll spllls and a lot

morc The qualrty ofBatcr rs lhorouShly assocllted \rlth thc !t,tter usa8c, \ratcr resourccs, to thc

statc ofeconomrc developmenl and Industrnl Bro\\th ([lasan & Delnlngcr' 2010. Drsh, 2012)

lmprcts ot susar mrll's cmucnt on srl ud pla.ts sed 8.rm,nar(n



Chetcr I

Nrfurally, thc cnvtronrncnt was vcry clcan. t\hrch comprlscs on atmosPhcrc, tnlmal and

plants In thc p.s! thc nccds ofhuman bcrngs \!cre llmlled only to food, hrbtat and clothcs AY

was clcan end ficsh, watcr was purc and scrcnc and land tras fc(rlc (Aztzulleh ct ol ,2011'

M$ft, el al ,1991) Duc to human's luxurlous lrfe and othcr nccds ndurc was d$turbcd .nd

rclatron bctwcen human bcrng and cnvtronment totall) changed, pollutlng thc alr wc bacatha,

watcr wc usc, thc food wc cat and thc workrng place (Ra.Jesh e/ a/, 2014 ,^SP,200546)

ln ruralarcas almost 9OoZ ofpopulatron ls attachcd $lth agrlculture About morc lhan 50oZ

labor forcc ls engagcd rn thrs scctor Inaglculturcalargcquantltyofwatcrl5uscdrncvcryhrnd

of produchon rn thc ficld and rts consumptron \t rll rcmatn to take ovcr walcr nccd (Ahmcd tl r/.

2007. Rahman .l ol , 2013\ Watcr usage can bc allocated rnto thrcc calcgoncs I c , domesllc

consumpllon, commcrclal or nduslrlal usc and ,rrrgatron (NwP 2004, Bufi er al , 2005, Adrlrno,

2001) Farm'ng rs l.rgcly bcnt on a canal trrtgatton slstcm, but duc to thc ncgllgcncc of

author(les and managcment ofrcspcctrvc dcpa(mcnl, lt ls not elTicrcnt ln supplylng watcr to

fi|llfillthe crop productton rcqulement (Haran et al .2002],

In Pakrstln. scwagc s dsposc of tn two rvays. one Is drrect appllcrtlon for rrlgatlon of

vcgctables and crops ficlds, lrhllc the other ls drrccr drscharge tnto frcsh watcr bodlcs Lkc rl!crs

or lakcs (Dhuranl e/ a/, 2004) Scwage water rs Lhe nrlturc ofor8antc, tnorganrc chcmtcels and

hcaly mctals lt crcates sevcrc problcms ofsahnrt) hardness. and change ofactdrt) and baslc y

and rnrhc end reductlon rn agflculturc productlon (Butl el ol ,2005 Arlf, 199'1, Hashmlela/,

2009) In Pal'sten, unlucl(lly. most of thc tndustrtes pa\ no attcntlon to thc regulat,on and

supenlslon of rndustrtal wastcwatcr Farmcrs are also lntereslcd to usc thrs untrcrtcd westcwatcr

duc to nutflcnt rrchncss (Butt e/dl , 2005, Yada! & Pathak 2012)

Impacls of susa, mllS cmucnt on so,l rd plel's sqi BcrmrnJr(,n



Envfonmcntrl cont2mlnahon hls becn known as onc of thc meJor problcms of thc world

Thc problcm hrs comc rnto touch duc to lndustrtal de\clopment and u tbzntzatrcn (Bafinzn el al '

2000, Krskuela/,2000) Sug.rcan€ (saccrdr n oflicnarkn L) rs1vrt.l profiteblc croP o[thc

troprcal rnd subtroplcal nahons It produccs about 70% olthc rvorld s sugar lnd 30o% ls from

sugar bcct and somc othcr sourccs (Yadrv & Solomon, 2006. Yaduvanshl & Yadtv, 1990)

Sugar mduslry rs pcnodlc ln naturc and firnctrons only for 4-6 monlhs tn thc sc.son (Kolhc r/ a/,

201l) Thc rnduslflal dcvelopmcnt and change of manulactulng mcthods havc glvcn rlsc to an

rncrcasc ln lhc qurntrty of wastc*atcr dlscharge lnto lhc cnvfonmcnt whlch causcs l^atcr

pollulron (Manrsankar et al -2001,Bhafiretal 20111

Brrzll rs at thc lop m thc productron of sugar canc fhe folloNlng fivc m.Jot manufacturcrs.

arc Chrnr, Indn, Tharland, Paklstan and lvlcxrco Paktstan, wtth respcct to sugarcanc productlon

ls at a 5rh posrtron wortdwrdc (Wredcnfcld & Enctso,2008. Qurcshr e/ 4/,2015) In lhls lndustry

sugar canc rs uscd rs thelr new matcrral rlonts $lth a number of chemlcals addcd durmg the

workrng process to rncrersa lhc value of output produced as an end product Durlng thc

proccssrng largc quantlt) of walcr rs used and as a rcsuh tu8ar mtlls dlschtgc largc emount of

wrstc$atcr Thc cfflucnt from mrll house rs normall) mr\ed rr rth drffcrcnl chcmlcals uscd durtng

proccssrng (Hsrch s, al, I995, Kohl & Po,*er, 201 I )

Sugarcanc {sclfcontarn about 70-80 o/o *ater as an effect largc amount ofwaste Patcr ts

gcncratcd dunnB rts crushrng and processrng rn lhe lnduslr! (Sanja) 2005.Trlledy,l998) About

0 73 mr (710L) of watcr rs gencratcd b1 creq srngle ton ol'sugarcanc proccsscd Thc rclatcd

cntronmcntal rssues arc drsposal of clllucnt, molasscs Jnd rrr pollutron (Gulen e/ o/,2009,

Mcncera el d/. 2010) Such t,?e ofwastewatcr conlalns hrgh content oforganlc matcrnls and ls

a result has hlgh blologrcal oxlgcn dcmand (BOD) ln sugarcanc proccsslng, thc tlPlcal lcvels of

lmp.cts ofsular mrll's .mu€nr on sorl ud plols sed -lcrmrnJrron
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BOD arc l7OH6O0 mgll rn th€ unfcatcd emucnt. thc chcmtcal oxygcn dcmend (COD) rs fiom

2300 10 8000 mg/L and thc total suspcndcd sohds (TSS) .rc up to 5000 m8/L (ADB, 1994,

Kumar et ol ,2011, Jadhav el al ,2013\ All chcmlcals are $ashcd a\rly wlth thc waslcwatcr

drschargcd Thus cmucnts consrst ofall tlpcs ofchcnrrcals whlch cont ln toxlc hcavy mettls

Many proccsscs hevc bccn dcvelopcd to treal lhts citluenl such ls elcctrochamlcd oxtdatlon,

brc-sorptrcn (Lara e/ a/ , 2010), mcmbrancs separatron (ILnlova er al ,2002). .nd brochcmrcal

oxrdatron (Prasad el al ,2006) Emucnts moves along $rth hcav) mctrls.nd rcach rn shallow

wetcr table by tcachrng proccsscs rnd conlemtnants lna) dlspersc In a *ldc rangc ofthc rcglon

Contamrnalron of solls of close arcas occurs \1hen th.' cfflucnts or pollutcd watcr comcs undcr

coniact of sorl (AEalet a/. 2000) The rcgular contacl of pollulcd watcr \lrth soll makcs thc sorls

sodrc and allcrs the physrco-chcm,crl charact.rrlstlcs lc\turc and profile ofsorl stratum (Bharatl

& Kumar. 2012) These emucnts arc used by lhrmcrs unscrcntlfically for lfflgatron and duc lo

thrs cxcrclsc thc growlh, hcatth and yteld of the soll rs rcduced To firlfill the watcr necds fermcrs

usc thesc cmuents Contamrnants such as chloflde (CI r) sulPhctcs (SOrr), phosphalcs (POi')'

magncsrum (Mg) and NOr- are dtschargcd ulth the cflluenl \hrch crc.tcs a nulsancc duc lo

phlslcalappcarancc, odorand tastc (Baruah el.r/ 1991) 
^s 

lt ts a common pracllce to usc sugar

rndustr) emucnt for rrrtgatton, thcrcfore, wlth rcgard\ 1() publlc heahh and croP productron, l[ Is

essentral to ldcntrfy how crops n thc ficld respond *hcn lhey arc rrrlgatcd or exposcd to

rndustial wastcwatcr For thls purposc, uor|rng has bcen done fiom dlffcrcnt dcpartmcnt and

from mstrtuhons lo cxplorc the effcct on sccd germlnallon of dlffcrcnt crops such as whcet,

mazc, plne, nce and glccn gram seed Scrmlnatton ls a \cr\ lmportant stagc that confirms

rcproductron and controls thc rcfincmenls of plant populalrons, that ls wh]. rl rs tery crltlcal to

rdcntrf) effcct durrn8 gcrmrnatron stage (Doke ct tl 10ll Yad^\ ct al .20l.4)

ImpacE ofsugr mrll\ .mu.nt on sorl ,nd plolS sed 8.rm,nrL,on



1.2 SUGAR INDUSTRY IN THE WORLD

Alrnost ovcr ll0 countrrcs producc sugar rvorldrrdc Study showcd lh't 707o of thc toul

world productlon ls uscd domcstrcell) and 3oo'o ls sotd ln lhc world m'rkct Sugar crnc rs thc

harvcst whrch rs devclopcd m troPrcal and sub'troplcal rcnc perenhlally (Rcddy ?rdl' 1999)

Braztl occuprca a l.e.Ing postlton wlth rcspcct ro arca b\ ralslng su8arcanc on an 
'Ie' ^f25 l0

mrlhon hcctarcs, folloEcd by Indn. Chrna, Cuba rnd Pahstan rn'1'12' 113, I 05 and 109

mrl[on hcctares, rcspcctlvcly Inthe halfof20th ccnlurl *orld ateragccropwasabout426tons

canc pcr hcctarc and top countrlcs wcrc Braztl. Indra. Chlna, Tharland, Phrhpptncs and

Guatcmalawrthproductlonof38E,322 35I l76 lt 7and l7 7 t'4ra rcspcctrvcly (ADB'1994'

wHo. 2001)

Durrng 2002, Brazrl, Indra, Chrna, Tharland, Phlltpplnes and Guatemala dd much cncrgy

\ to rncreasc thcrt productlon to 110.67 1'61t,91 6 706 and 910 Lha rcspccllvely hcncc on

avcragc thc) rncrc.sc of66 I L4l3 (PARB.:00E)

1.3 SUGARCANE PRODUCTION IN PAKISTAN

Paklstan rs.t 5'h and t'h number rn the trorld by cane cultllallon and sug& productton

respectrvely In Pakrstan. ln 2OO7-08, sugar canc \\as Produccd on I 25 mlllon hcctercs' out of

\rhrch PunJab provrncc contrlbutcd 67 o/oby arca. t\hcrcas Slndh and KP shared 25 V"zndt9/"

orea rcspcctlvcly The totalcanc productton \}as 61 9mrll,onlones ofwhrchPunjab Srndh and

KP sharcd 63 yo,29 y" and 7 oZ respecolcl) Ihe medran outpul ofthe rural area ls about 5l 6

tones canc for erch hcct.rc Slndh provlncc ma\lmum Jleld ofcane $as (609 rfta) and almost

equal producton of Punjab (1872 u/ha).nd I\P (1572 r/ha) (Rehman e/ a/ 2013) Sugarcanc

productron rn Baluchrstan provlncc ls 3lmost zero onl] 11000 tons from E00 hcclarcs Thc

Ihp.cls ofsuge mrll's cmucnt on sorl ed pl.uls s..d g!rmLnaLron
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clmatlc condrtron of thc Stndh ls morc su,tablc for sugar cane productlon as comparcd to othcr

arers oflhc country Productrcn rs low duc to lhc rrrelcvant pressurc of nccds end supPoncd

mcthods ofc.nc cuhrv.tlon (PARB, 2008' Akber & Kha$ aJa. 2006)

Thc followrng Tablc shows thc sugarcrnc producllon In threc provmccs ofPaklstrn

TrDl. I ?rtdrchor Mlb rdp.cl lo rr.. otcrn. r Ptlllt'tr drnog Y'tE 1950- 2001

T,?rcall, sugar mtlls operalc more th.n 150 ddys ln the lear 30, 45 and 07 sugrr mllls arc

opcratmg rn Slndh, Punjab and Khltcr Palhtunlhwa rcspectltcl) In Paklstan sug'r lndustry ls

lhc 2nd lc.drng.Sro based Indtlstry aftcr t.Ktlle contalnrnB 82 sugar mllls (PSMA' 2009)

In Paklstan, sugarcanc l5 SroPn on about I I mlllton hcclarcs and prolldes raw matcr6l

for 86 sugar mrlls Furthcrmorc sugar canc and sugar ls uscd ln thc produchon of ethanol fucl

cthanol, papcr bags, chlPboard worL' and pressed mud uscd rs orglnrc fcrtllzcr Srncc 20ll'

sugrr productton has mcrcascd duc to morc arca StrS'rr recovcry data 
'nalysls 

showcd that

sucrosc tnnards hrve cnl&gcd by morc than l5 06 otcr the last l0 )errs (PSMA' 2014 Ag'rwal

et al , 1995)

1.4 SUGAR MILL EFFLUENTS (SME)

Grca( concem hzs bcen rarsed rcgardlng !n',lronmcntal conlamlnatlon es a srde evcnt of

raprd rndustrEfizalron trnd subscquent urbanrz.trcn (Chaurasla & Tlwarl. 2012) Thc dlsposal of

wastcwatcr liom rnduslry lnto nvers, laLes or strcrms ma) Jtspersc ovcr 2 hugc arca (Chaticrjec

o/o Inc
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Sourcc: Canc and sugar produchon, (PAR3, 200t)

tmpacts ol sug& mtll! ciflu.nr on so'l ard Plant's seJ Se.mrnrLioD
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el al ,2010, Chaurasn & Tt\rart.20l l) Thc flora and fauna ncar thc watct bodlcs erc effcctcd

dtlectly or rndrrectly by polluted w.tcr Howcvcr eflluents conta,nlng vertous t)?cs ofmctellrc

and non-mctrlllc clcmcnts act as nutrrcnts bul al the hlghcr conccntratlons mty bc toxlc to sccd

gcrmrnatron and affcctrng vcgct.blc Srowth (Avasn el o/ 1001. Akbar & Kiw.J.2006)

Durrng thc produclrcn of sugar hugc amount of untrcatcd or ptrtlally trc.tcd *astcwrtcr ls

d rscharScd onto thc surfacc ncarby thc lndustr) or \r atcr bod les (Nat.. el al ,2007, Befmzn cl ol ,

2000) Thls ls common phcnomcnon that oncc the \\aste\\ater ml\cd wllh watcr coursc' lt

hberates thc brd odour w(hln fcw days On thc other hand, thc emuents camc out Fom thcs!

rndustncs havrng a larBc numbcr of pollutlon Sugarcanc mrlls gcncratc 1000L of wastc*atEr

fiom lOO0 kg of sugar canc crushcd Emuent liom sugar mlll rf drschargcd wlthoul proPcr

treatmcnt crcetcs polluhon problems tn aquatrc as \cll as tcrrestrEl cnvrronmcnt (Kumar &

Sflkantaswamy, 20I5 )

Water consumcd rn sugar mrnufaclurlng ean bc !la\slficd ln to two classes.

Extcmal Watcr (Cold Watcr)

IntcrnalWatcr

1.4.1 Sourc.! of Emu.Dts

Thc followrng ls thc classlficatlon olthe $asteualcr Ecneratcd ln dlffcrcnt process n th.

rndustry

o) Mtll Hous.

The cfflucnt consrsts of \later uscd for clcanlng thc floor of mrll housc \\hlch $

rcsponsrble to bc changcd by sprlls Thls clcarlng up opcratlon \r lll Prc!ent 8rowlh ofbactcrra on

the JU rce-c ovc rcd floor Watcr used for cooltng o1 mllls also addcd to emuents from thrs sourcc

lmpacls ofsuS{ mrll\ cfflu.nl on lotl md PlanLs secd glrn nJnon
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b) Boling Hoaj. Wosl. Wol.r

Thc wastcwatcr from borlrng lrcusc comc! through leakagc of pumps, PlPclmcs and fic

washrng of varrous untts such as claporators, .lutce heatcrs, clarlficatlon, pans crysttl and

ccnt fugatrcn ctc Thc coohng watcr from numcrous pumps also addcd !o wetcr

c) Wosl. Wdlcrfrcm Boilar Blov)4own

The \ratcr uscd rn borler contams soluble and rnsoluble sollds lftc salts of c.lclum (Ca)'

magncslum (Mg) and sodrum (Na), fatq srlts ctc Thcsc sal(s get conccntrated aftcr gcncraton

strcam from thc ongrnal waler Thcsc sohds have to be relcascd tlme to tlmc to savc the bollcr

berng covcrcd up by scales

d) Exccss Condcns c watcr

Thc c\cess condensatc docs not normall) contarn .rny pollutant and rs uscd as borlcr fecd

water rnd thc washlng operalrons Sometlftes lt Bcts Lontamlndtcd $,thJurcc duc to entrammcnl

of cafiyovcr solrds w(h thc vapors bctng condensed. rn thdt casc lf gocs lnto lhc wastcwater

drarn

c) Cofidcnsc, coolittg ,'alar

Condcnscr coohng \latcr ts rc-ctrculated agaln unlcss lt Eets contamlnated w,lhJulcc,

whrch rs posslble duc to dcfcctl!c cnttalnmcnl scparators faullt opcratlon bc)ond thc dcsl8n ratc

ofcvaporatronctcrfgctscontamlnatcdthcltatershouldcolnlothedralnrnvlslblyThrsrolumc

of*rtcr ls also lncrcased by addrlronal condcnstnq of \ dpors from the bolllng Julcc In thc pan

J) Soda and Actd lYosl.s

Caushc soda and hydrochlorlc actd are used for llcan,ng of thc heat cxchangers and

cvaporrtor rn ordcr to remole thc formalron ofdeposlts or scalcs on thc surfacc ofthc fublng

lmpacls ot sugu mllt .mD.nt on sorl ed plrni\ tc.d ELrmln r.n



Most ofthc sugar lndustncs lct thls vrluablc chcmlcal go rnto dralns Thc soda and 'cd wash

contflbutc hugc amounts oforgantc and lnorganrc contamlnatlons and may causc shock loads to

\,!aslc\*atcr trcatmcnt (Kumrr & SrlkrnlasNamt, :015)

1.4.2 VoluEG ofth. Elnucrt

Volum. L:-lTllcnt vttlcs ftom rndusky to lnduslD dcpendrng on thc crushln! 'oi'lin' of

mrll, consrstency and controllrng of \taler conduclor of Norklng machlncry ctc (Varthlyanathen

et ol .2014\

1.J.3 Effccts of Elllucuts

Thc cmucnt thet ts Scncratcd from the lndustr)' l[ used dlrectly for lnrg.tlon thcn lt wlll

dlsturb thc sorl fcnrh$ as wcll as affcct lhe 8ro\\'th of plrnt and sccds Ecrmlnatlon (Ramklshan

et al .2OOl\ Thc SME rcducc thc ratc ofsccd gcrmlnatlon ofprddy crops These efflucnts 
'lso

dlstrcss lhc sorl BaclcrE and fungl $hlch mdlnlarn thc solt f_cflrlrt) wrll bc ln dangcr by thc

hrghly loxrc chemrcals releascs from su8ar rndustr) (ShrLapPa gl a/' 2007) Thc SME hevrng

hrghly to\rc chemtcals and hcavy mctals. affcct aquJtlc flora .rnd fauna (Qurcshl c/ dl, 2015'

Dolc et al, 20ll) It hmdcrs gcrmrnatlon of seeds gro$th. enzlmalrc .ctlvltles, uptakc rnd

d,stnbutlon of mrcro and macro-nurlcnts rn planl tlssucs. transplratlon ratc and rchtronshlp of

watcr and plants,.nd many other rntcrlor or c\lertor acllllltes (Ylldrlm 
"t 

dl .2006, llltbon,

20t2)

I.5 PROBLEM STATEMENT

Su8ar mdustry ls one of the most slgnrficant lndustrlal scctors of Pallstan Itlsnotonl)

provldcs raw matcrrel to thc atrrculture as fertllrTer and man) othcr scctors. but as wclloffcr thc

hvellhood to the local crtrzcns It llkcBtsc. provldes thc Electrlcrl) to thc ncarb) vllleges MaJor

Impac15 ols!g.r dllS.mucnl on sul od plan(t tcd -q.rmrnJt,on
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rypcs ofproduction ln thc sugar lndustry arc sugar, alcohol, blogas, ferlthzer, mud ctc Dlffcrcnt

stagcs involvc dunng thc processhg ofsugar from crushing of sugar cane to packing and storing

of sugar Em cnts of sugar lndustry arc openly floung tnto lhc field and sorl may affect soil

productrvrty Dunng all these processcs, thc lndustry uscs large amount of watcr for cooltn8 and

mixrng Sugar canc also carrics largc quantrty of water in lt Thcsc emuents arc uscd for

rmgalron of crops and vegetables as water and ferttlzer. The usc of SME may cause many

problcms to the sorl and plants as rvcll Thrs study dealt \!(h lhe cffcct ofSNIE on the seeds

germlnatron oftwo sclcctcd plants as well as lmpacts on sorl.

1,6 OBJECTIVES OF THE STUDY

) To assess ph1'srco-chemrcal propcrlrcs of SME

) To assess heavy metals in sorl due to SI'IE

> To rnvestrgale the effects of SME on sorl and plants sccds germtnatron



CHAPTER2
LITERATT]RE REVIEW

A study conduclcd to cvaluatc thc phls,co-chcmrcrl characlcrlsllcs of sugar lndus(ry

emucnt and somc of thc paramctcas wcre rbovc lhe permlsslblc llmlts of Indnn mlSatlon watcr

standards Effccts ofdlffcrcnt conccntrattons ofSME on seed germlnetlon, sc'dllng growth and

blochcmrcalcharactcrlshcs ofglccn gram and malzc $crc studred (BadguJ'r. 2012)

Qurcshl e, o/, (20l5) studlcd physlco-chemlcal !haracterlst'c of suger mlll and mcasurcd

potlutlon contrtbutron by sugar mrll lndusrles to thc coastal d'strlct of Badrn Thc rcsuhs

rndlcatcd thal all studlcd parametcrs werc trrlhln thc dcfincd Lmrts ofNEQS of Pakrsth for

munlcrpal and lndustrlal cmucnts cxcept tlto paramcters nrcrcury and COD Chaumsra & Tt"rarl

(2012) rcponcd thc ph)slco-chemtc.l anallsls of elfluents releascd ftom S'raye sugar faclory

and drstrllcry Thc rcsult showcd lt unsafc to be uscd for agrrcultural purposcs

Rebccca el a/, (2014) c\amrned hea!) mctals hkc arscnlc cadmrum (Cd) coppcr (Cu)'

lead (Pb). mcrcury, zlnc, chromrum ln sugar mrlls cllluents and dctcclcd rn all thc srmplcs

Rcsultrccommcndcdth.tcfflucntshoutdbctreatedanddlscharSewlthtnpermlsslblcrangc

Noel and Raian (2015) studlcd emucnt cftcct on sced germhatlon and carl' gro'*1h of

oLra The rcsults showcd that physlco-chemlcll Plranreters of cfflucnts w'rc abovc thc

permrssrble hmrts Ccrmrnitron of sccds 
"\as 

e{amlncd \lth dlfferent conccntratlon Thcrc was

lntcrscrclahonbct\rccnthep€rccntagcofseedgeonln.tlonandscedllnggo\Yth.nd

concenrratlon of cmuent The max,mum gror'rth rale \\as Jt 25 o'o conccntratlon whlle al

rncrcascd conccntrattons thc growth retc dccreased tlll ll reachcd zcro at 100 o% conccntmtlon

ll
lmpac$ olsugu mll's cmu.nr on sotl md plonts 5ceJ germ'fJLron
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Mddh'J, ct ol , (2015) study thc cffcct of SME on groMh yt.ld and sorl propcrtrcs of

Raloon Canc rn Cauvcry Command arca Thc results showcd that growlh w.s slgnlfic'ntly

rcduccd whcn lrrrg.ted \*lth conccntratcd SME Sorl propertrcs wcrc also dlffcrent from thc

standards and excccdcd thc valucs rs thc conccnlrallon ofthe cfilucnt Increascd

Thc srudy was conductcd by Adhllary (2014) to cYamrnc thc phlslco<hcmlcel

paramctcrs of sorl wrth dlffercnr pcrcentagc of dllutlon of SME aDd lts mpacl on brochemrcel

par.mctcrs ofthc tomato plan( Thc rcsutts sho$cd that thc Phlsrco_chcmrcal paramctcrs ofsoll

al dtft'crent drlutron of emuant wcre rncrcescd and decreascd ovcr contaol soll Among

brochcmrcal panmcters. 25 % cfflucnl lo soll notlccd hl8hest chlorophyll, Pro(€tn and

carbohydratc contcnt tn lcavc of25 days old tomalo Plant oler lontrol followcd b1 50 %, l0 %,

75 V.,5 %. and lO0 o6 The results sho\tcd thc cft'ccts ofeltluent and lndlcatcd that planls growth

could be mcreascd lf propcr calc ls done before use ln agllculturc and cconomlcal and

cnvtonmcntalty safc stratcg) to utrlzc thc sugar rndustry cfflucnt as organrc f€rlrlzcr to

mp.ovc sorlhealth and crop slstcm

Daull^ el al , (2014) clrrlcd out a stud) on the cffcct of SME on physlco{hemlcal

propen,cs of soll collcctcd from dlffcrcnt tocal,on (rl selcclcd area Results sho\'rcd that SME

affcctcd \arrous sorl paramcters suchasorganlc carbon cle!trlcal conductlvll) (EC) sulPhur(S)

and po(asslum (K) Thcsc cfflucnts up to certaln llm(s lmprove lhe sorl propcrtlcs but too much

of thesc efflucnts dccltnc sotl propcn) end thc sorl becomcs to\rc Thcrcforc SME should bc

trcatcd properl) oth€rElsa tt affccts soll ferllllt\ as $cll.]s plants Srowlh

Rals and Shcoran, (2015)canred out kcatmcnt o[SN{E Thc lo\{ pH' EC, and chcmlcal

elcmcnls prcscnt rn sugarcanc cmucnt ma) causc changes ln the phlslco-chcmlcal propc(lcs of

Imprcts ofsutu llt .mu.nl on sorl od plMl\ s.cd eerm'nclron t2
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solls, nvcrs, and lakcs wlth licqucnt dtschargcs o\cr a Iong pcnod oftlmc, and rlso hlvc advcrsc

cffccts on agrlcultural solls

Yrdav and Rcnu, (2014) rnvcsttgated the eftact of sr-rgrr mrll on physrco<hcmrcel

charactcrtstlcs ofgroundwatcr ofsu[oundrn8 lrca Results olanalysrs lndlcatad that the pH, EC,

BOD, tcmpctaturc and COD wcrc abovc BIS Lmrts lor drrnkng watcr Hcncc rcsrrlts showcd

rhat cmucnt should be d uted and pmperly dlscharge so that ( dld not affcct thc ncarby gtound

water and ptoducllvc soll

Ranjrtsrnh end Drpak, (2014) rcported the ellecl of SME on soll as wcll as on $ound

water The resutts rcvc.lcd the hlgh lalucs ofCa, Na, Cl_r, SOrr, nrtratcs and hardncss rn the

samples uhlch werc locat€d do\tnstrcam sugtsestcd thal SME \\.s thc sourcc of sorl and

ground\valcr polluhon Rcsulls sugtested that \ralcr quallt\ managefient, an lmpo ant rssuc for

the sustenancc of human clvrllzatron must bccone a maJor prlor() Thc cfflucnt should bc

lreated wrthrn thc lndustr,

Goh and Sahu. (2014) sludrcd thccflcctsofSNll on fcrlrlrty ofsorland crops Thc rvork

focused on the cflccts o[ waslcwater on thc seed germlnatlon of Ttlrcum ue\lD\m, Arach6

hypogea nd Vryna rudtute.tops Thc tn\'csll8,ltlon $ds carrled oul wrth dlffcrcnt conccntratlon

ofcmucnl for sccd gcrmlnalron, root lenglh shoot lcngth. frcsh $eltht and dr) \tcrght ofcrops

'lhe growth ratc and thc root shoot lenglh $ere dccrt'ascd as the pcrccntaga conccntratron

rncreased

Kumar and Chopra, (2010) studled thc lnllucncc of SME on physlco-chcmlcal

charactenstrcs ofsorl Thc rnflucncc ofSME (t17 0 5, I0 25.50 75 and I00 mykg sorl).lon8

slth control (Bore-wcll $eter, BWW) on the phlsrcal and chcmlcal Prope(lcs of sorl rcvc.lcd

that varlous concentrat,ons of lhc cmucnts shoNed ellect on ll and causcd toxrclty lhc

Imprcts ofsugd mrllS .mu.nr on sorl od Plmr's s.cd gcrm,f,rlLon t:1
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Ch.pl.r 2

effrcfuncnt factor (Ef) of varrous mrcronutrrents In the so,l was rccordcd m ordcr of

Cr>Pb>Cd>Cu>Zn aftcr rnlgatlon wrth SME Thc marrmun conccnuallon found ln soll wts of

Cr

Hussu rn ct a/, (2013) analyzcd thc efTcct ol SVE on grow(h and antl-oxldattvc polcnhal

ofm.zc sccdlng Hrghcr conccntratlons of SL'IE decr.ased thc groMh, thc lo\r conccntratlon

(25ro) of SME was vcry cffcctrvc rn lncreasrng the growth of both me\zc culttvars when

comparcd wrth control Thc bencr gro*th of nrarze planls rnlSated \\tlh SME (25%) sug8ested

that drluted SME could bc uscd for rrrgalron rn nutrrcnls dcprl\ed envrronments

Nath el a/, (2007) conductcd an expcflmcnt on SMF, to spcctfy lls cffccts on sccd

germrnatron and sccdllng growth ln drffcrcnl selccted \(-getables Thc sccd gcrmrnatton and

scedllnB gro*.th werc srgnlficanlly rcduced wrlh rncrease ln conccntralron ofthc effluent Bascd

on lhc dala of sclcctrve crops barlcy $as found lo bc hrghl) tolcrant es thc 25 % and 50%

drlutrcn lcvcls of combrncd cmucnts lt sho\led no lhanges rn germlnatron, whrlc sccdhng

growth was rncrc.scd rn lowcr drlutron lerels o[ combrncd cfflucnt as comparcd to control

Almost evcry krnd of vcgcteblc were affccted and rcduccd numbcr of gcrmlnatlon as

concentratron rnctcased

Slddquc et a/, (2012) c.rrrcd out a comparatrvc stud) of treatcd and untreatcd emucnt of

SME The hrgh lcvcl ofCOD, BOD. TSS. TDS and lo\r contents of DO wcre found n untrcated

SME The lmpacts of trcalcd and untrcated Slvll- on seed gcrmrnatlon of ccrtaln c€rcal crops

*crc also srudtcd lt *as found thal untraatcd cmu!nls reducc thc gcrmrnallon ofccreal crops

Thls study sho\{cd that trcated cfi]ucnts ofsuBrr lndustr) arc nor hrghl) pollutcd and thcy satrsf)

thc BIS lndran standards and rt can be used for rrr,-qalron purposes Thc ellluent wlth no

treatmcnt causc seflous effcct on soll productrvlt] and planc gro\\ th

lmpa(Is olsug.r mrll's emuenr on sorl .n,l pllnt's sced -eLrmr.Jtlof 1.1



Ch.pt.r 2

Dokc et al , (201l) studrcd thc physrco-chemrcal parametcrs of sugrr cmucnts and tts

effccl on sccd gcamrnetron of tlgna ahgulans, llgnu ct'cltndncol tr,d Sotghum cernuh

Gcmrnatlon pcrcentagcs and germlnallon values \rerc dccreased wrth rncrcasc m conccntratlons

ofcfllucnt rn all thc secds tcstcd

Tzbiz el al , (2012) studred SME and rts rmpact on sorl propcntcs The *astcwatcr

elcvatcd the EC and rcduced thc pH of sorl lt ho*c\er lmpro!cd soll fcrtllrty by Improvrng rhc

phosphorous (P), K, S ahd organrc mattq contcnts lt also elelated thc porosrty and rcduccd thc

bulk densrt) of sorl The so -wat.r content at ficld capacrt) and lhc saturated hydrrulc

conducllt'rty rncrcascd duc lo the affccts oft+astc*atcr

NagaraJu el a/ , (2009) asscssed thc rmpacr of sugar lndustr) cfRucnls on sorl Somc corc

samplcs wcre collcctcd from thc sclected srtes lhe e\p.nmental rcsults rndlcaled that most of

lhc phlslco{hcmlcal propcrtrcs \!crc srgnrficantl} hrghcr rn thc test samplc than tn lhc control

Growth ratc dccreascd from control to cmuent and as conccnlrauon rncrcascd

Aryasamy et a/, (200t) dctcrmrncd thc rmpacls of sugar factory cmucnt on aquatrc

pl.nt Efflucnt parametcr found abo!e lhc pcrmrssrblc lrmlts of lndlan rrrlgetlon wrter shndrrd

The cmucnt was drvrdcd mlo drffcrcnt concentratron parccnt.rges lnd rts effccls \vcrc rncrcascd

!rlth rncrcase rn conccntrauon Expcrrment \ras !arrr('d out usrng the aqualrc plants watcr

hyaclnth and t*ater lcttuce Hlghcr concentrahon (abovc 60010) ofthc cmucnt afcctcd thc plant

8ro\rlh Drlulcd emucnl (up lo l0- 609i,) favourcd sccdlrng growlh

Kz|lr et al , (2010) reponcd thc stud! ol rnduslrral cmucnts lhe results sho\\cd

\ values e\cecded thc NEQS and also affected mrcroblal communrty due to thc hrgh BOD

COD valucs

that

and

lmprcrs ofsugl rull! cmucnr on ,o,l .nd plJnls \crd E(rmr' 'ror l5



Ch.pt.r 2

Sarnr & Panl, (2014) exrmrncd thc phlsrco-chemrcal parametcrs of SME and lts lmp.ct

on thc gcrmlnahon and gou(h patlcrns of \r hcal and marze Il was found that conccntratron of

25 % and 50 % has stlmulatory effects on gcrmrna(on rale and firrthcr mcrcasc m conccntrrtDn

(bclond 50%) showcd rnhrb ory cffccts on gcnnrnahon pcrccnlagc and mrlnl growth of whcat

(Trtrcum aellyum) and mzzc lzea nats L) fhc gro\lth r.tc dccrc.scd wlth respcct to

conccnftatron

Kumar c/ a1. (201l) carncd out a stud) on lhe sugar mrll prcss mud composrlc for somc

heav) mctal contcnts and therr bro-avarlabrlrt\' lhe rcsults re!ealcd thal conccnfatron ofheevy

mctals wcre rn safc hmlts as the recommcndcd refercncc values Furthcr, rt was suggcstcd that

prcss mud compost docs not shorvcd hea!) metal pollutron. bcsrdcs a good sourcc of soll

elcmcnts and or8anrc mattcr to thc agflcultural land

AJmal & Khan (19t3) studrcd thc.ffects of Sl\ll- on sorl and crop plants Due to thcsc

effluents thc nutflenls ofthe soll has bccn drsturbcd The grealest dlslurbancc has bccn obscrvcd

ln thc K conccntratron ofsorl \\han cmucnl *as used lor rrlgalron Ccrmrnallon tn thc watcr-

rrrrgalcd sorl was 100 oZ whercas tt rangcd bcn\cen 99 0,o and 9l7o rn o ther c oncentrat rons oftha

cmu.nt Thc watcr mrgalcd sorl and lhe sorl rrrrgated wrth 15 % cmucnt wcrc found mosl

surtablc lor gcrmlnrtroh It ts suggcstcd rhat the SME can bc used for rrngatDn aftcr drlutron

Dokc ea a/, (201 l) e\amhed wastc \\ atcr cftlucnrs liom a sugar ndustry and dctermrncd

thc effccts of vanous concentralrons of cmuent on \ccd qermrnatton. germtnatlon spced, peak

lalue and thc Bernrnatron valuc of \aflcttcs ofsecds lhe rcsults rndrcatcd the hlgh tnorgan,c

and organrc contcnt \r h an actdrc load Gcrmtnatlon pcrccntrgcs and gcrmrnatton values

dccrcascd wrth rncrcasrng concenlratton ofemuent ln.ll lhe seeds tcstcd Thc morc conccntrated

thc emucnl thc Icss rs thc gcrmrnatron

Impacc ol suSar mrllS .mu.nr on sorl .nd pl.rr'5 setJ g!rminJtr(,n t5



Chapr.r 2 Lrtcrzturc Rcvc!

Vanrtha and Rao, (2014) cxamrncd ph)s,co{hemtcal analysts ofelllucnts rclcascd ftom

sugar mrll Thc rcsults showcd that thc SME conl.rned TSs. drssolvc solds, BoD, COD, Cl-r,

SO{r-. nltrates, calcrum (Ca) and Mgcxcecd fian the pcrmrssrblc lrmlts Thc conttnuous usc of

thc cffluents for mrgatron nagatlvcly effcctcd the crops lhe rcsults show€d th.t thc cfflu.nt ts

unsafc for domcstrc and agrrculturc purposcs and should bc rcclclcd and utllzcd orly for

rnduslnalpurposcs

Impacls ofsugr mlls .mu.nt on sorl lnd plJnls sced -pLrm,nrtrcn tl
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CHAPTER3
MATERIALS AND METHODS

SAMPLING STRATEGY

S.neJ sugar mlll localcd m Drskrct Jhang PunJab Pakrstan was sclectcd for samplcs

collectlon Thc study arca u.s survcled beforc samplcs collcctron to ldcnttry sampltng

pornts Thc cfflucnts (SME) wcrc collcctcd from outlet ofthc sugar mrll Prc-clcancd, acld

washcd, plaslrc botllcs of2 llters capacrt) r\ere used lo collact wastctratcr samplcs Thcn

thcsc wcrc storcd bclow l oC Four cfllucnt samplc srtc5 !\erc sclectcd to collcct rn trrpltcatc

Evcn samplc was anallzcd for physrco-chcmrc,rl p.rramclcrs and fbr the asscssment ofheavy

mctals The samples Eerc collectcd rn Janun0 In the hcd!) mctals samplcs 50o/o HNOrl^crc

uscd to bflng thc pH < 2 All ofthc samplcs werc transponed to PCRWR lab for analysrs and

wcre .nallzcd accordrng to thc Standard Nlclhods (APHA. 2005, Yrdav et ol , 7011,

Morcovcr for the sccd germnat,on t0 llter conrposltc cfflucnts samplcs \lcrc collcctcd rn

four contarncr har rng thc capac[] of 20 lrtcrs each ( A\\dsare pl dl , 2015)

SOIL SAMPLING

Sorl semplcs wcrc collcctcd from the fields wherc SMI- !\as used as rrrrgatlon watcr Four

drffcrcnt srtcs wcrc sclccted for sotl samplcs collcctron $hcrc cmucnl was uscd to lr gatc

!cgctablcs Thc complcx sorl surface samplcs (al 0-10 cm depth) were collcctcd ln clean

polyhcnc atr tlght bags Each bag contarncd 2-3 kg ofsorl sanrple and kansponed to thc sorl

l.boraroryNARC, Pakrstan for furthcr anal!srs

3-2
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CHAPTER 4
RESIJLTS AND DISCUSSION

551
rt5

'76

Numcrous physrco-chcmlcal paramclers $cre eYamlned lo cvaluatc thc quallty and

charac(cnslrcs of thc collcctcd cmucnt as wclt ls sorl samples accordlng to !*rHO gptdcllncs

and NEQS ofwatc watcr

4.I. PHYSICO.CHEMICAL ANAI YSIS

Rcsults ofSME analyscs for pH, EC, Do Ci \.r dre summarres rnTablc2

SI
57
D2rk !€llow
J3t7
ll5
EI
I IE
110 66
1816
1E7

I.191

102
161

169

57
15ll
4ll
tt5

70 .l:
Ycllow Drrl Brot!n
.1760 .r l:2

]1] 33 1D ll
5231 l3 5570
'lt 1 i66
l{00
4t1',l Il0?
165 l6U ll
169 ll8 'l'l

{15
929

. Souc. (Iihuard 2001 \r'i!\ F-Prlrld lo07 llJdEuE. l lll

4.1.1 H.avy Mctels in Emu.nts

H€avy mctals qerc analyzcd rn SNlll samplcs and lh. valucs arc Srvcn ln Tablc 3

T.bl.I Cotr..nrr.fion ofh.I! m.

P.r.m.t€ru sl s2 sl S1

Fc
Zn
Cd
Cu
Cr
Pb

I99
1t2
016
016
019
0 206

203
1.16

005
017
0 12

020

082
I.l
041
015
0:t
0 t3

0c8 t0
r09 50
I Iq 0t0
t6 I00
0lt I0
ND 0 20-O 50

! sourc. rkhMarr! lo0l IhJ!trj l0L2r

T.bl.2 Phy!'.Hh.n'c.l p.r.n.l.E orth. SNIE !.mPlc3

50

I rs0
r l0
5t
321
268 3l
531:
tll
-10.17

191 33

I6I
r6l
10

428
133

40

r000
25

6-9
4 5-t
r50
3500
80/200
150
140
200
200
100
N/A
r000
N/A

Temp "C
Color
EC (FS/m)
Turbdrr) (NTu)
pH
DO (mdl)
TSS (mg/L)
TDS (mg,/L)
BOD (m9,4-)

COD (rng,/L)

HCor (mgr-)
Na (mell)
Ca (m9,4-)
MC (mc/L)
K (ms/L)
Cl (m9,4-)

Imp.cts otsulr mrll\ emuenr on so'l .nd plor s aLl rinntrJI .tr 24



Rcsults rrd D'soisrm

4.1.2 Mctrls.D.lysis rn Soil

As drffcrcnt htcrarurc studrcs showcd lhal cfflucnt arc us€d for rlgahon

crops and vegetables arc walercd by cfllucnt whrch rtfecls sorl charactcnstrcs Soll

malyzad for some melal conlcnts and thc results arc shoq n ln Tablc 4

s03
l0 5l

09
0 07i)
2|
0l.l{
161
25s8
8l57

Sdrc. (Sherni., d/.2007, tLrs 4,/ lllll)

D lcrcnt

4.2. BASIC STATISTICS OF SELECTED PARAMETERS IN SME

Basrc tools ofstalrstrcs such as meen \aluc,

(rangc) of teslcd paramctcrs rn all th. cmucnl

d)slflcr Jhang arc prcscnted rn Tablc 5

standrrd de\ ra!ron. mlnrmum zud m:L\rmum

samples collcctcd fiom th. sclccrcd srtcs of

T.bl. a Con..rrr.bon (my'lq) ofm.l.h 
'n 

sug,r.filu.nr rrn!.|.d ldl

Standards'

600-r r00
013
200-270

200
N/A
N/A

s02
2t2
945
o 302
172
0 261

162
l.l4 I

826

s04
1t 63
ll12
0 075
2t6
0 t42
I5l
2655
1E 9t

Paremctcrs
Fc'
Zn
Cd
Cu
Cr
Pb
K
P

s0t
20 t5
IO E5

0 063
2J4
01)2
t42
2858
1824

T.bl.5 lrrc d6.nplp.n.l'rl'c\ of .nr[ad prr.md.rr

N

pH

TSS

TDS

BOD

coD
EC

rcP

DO

Iurbidrl)

Ca

ME

K

3l
HCOI

{
{
4

,l

I

{
l
.l

I
.t

,,

{

'I

4

551

26E t1

11,r6 66

ll0 66

t100

I90
a2ll
ll8
110 66

160ll
Bt tl
5t 00

lt ll
4t3ll
297 tl
728

tt
lllll
5i'0

1761)

69ll
lrl
llr 66

15li

929

r2t

l0: lr
l7.r 19

llll02
719 lE

ll19
095

6ll
I lE

l1l56l,
l0I1182
5'r509
2 t9 02568

5? 1l l15

lnl191

lmp.cls uf :ugar nll!.mu.nt on $rl ed pl r\ dJ gc'm'n r^_ 25



Chrptcr a Rcsuib lnd DsqJss'on

Thc rcsuhs ofcxamrncd paramctcr rn lh. SME sarnplcs arc dcscnbcd as follows'

,1.2.1. Thc pH Yrlu.

Acrdrc or basrc naturc ofthe pH of a solulon normally rangc from 6-9 gavc protcct,on

for thc aquauc Lfc Frgurc I shows lhc pH laluc\ ofanal)zcd ofSME s.mplcs Thc pH

!alucs ofsomc ofth. samplcs wcrc lowcr than rhc mrnrmum pcrmrssrblc lcvcl (6-9) and w.rc

acrdrc m n.turc Thc lowcr pH valuc ma) cau\c oI deterrorat,on ofBalcr qualrry Ex:lrcmc

changcs rn pH (rcrdrty.nd sllahruty) can e\cn srr.ss condrtron or put ar cnd to aqualrc lrfc

Thc maxrmum mcan pH raluc l\as E l0 and the mrnrmum pH \\as rccordcd as 5 53 Il shows

rhc .crdrc n2turc of€fflucnr and may causc rr8arr!e eiltcrs on n€arby soll and watcr us.d for

rhc crops rngat,on (GOB, 1997) Thc emucnls mus( bc d,lutcd b€for€ dramrng rnlo ficld or

watcr bodr€s (FAO, I9E5, Kcshavarz el al . l0l5 )

FIll[ctrt \rnlllc\
Frgur.l pH ofth. rl.dcd SIUE srDpl.s

{.2.2. Totrl Suspcndcd Solids (ISS)

Thc hrghest valuc ofTSS \\as rccorded ar (.ll'l 33 mg/L) *hrlc mrnrmum v.luc lras

rccorded as (268 mg/L) All values werc aborc the pcrrnrssrble lrmrts ofNEQS (150 mg/L)

Thc suipcnded sol,ds may rncrease the !alu€ ot rurbrdrt) rnd pencrratron ofsun hght could

nol bc posslble Hrgh TSS lalucs arc vrsuall) nor falorable It ma) cause sludgc ln thc N.tcr

tffi

ffi
*

ffi
5

I

26?s

2

L

lhpi(\ ol sur} mll\ cmu.nr on \orlrd plrr'.(d ! n',nrr- 16



and scftllng down at thc botlom also crcatc a blankct lhat ma, be harmful to fish and othcr

flora and faurn TSS may also caus. d eP lctro n of o \) gcn supp hes at thc bottom and c lusc thc

producuon of fowl smcllng and lclhll gacs such as mcthane, carbon monorrdc, ammorua

and hydrogcn sulfidc Thc TSS valuc cao b. dccreased by dllu(ron ard by mrxlng propcrly

thc.fflucnt bcforc dEchargc from thc sugar mrll(Agale, 20ll )

! r,,

!, 1tt)

Illlucnt srrl,lc'

Frtur.2 TSSrrlu. ofrh. s.l.cl.d suE tznPl.s

4.2.3. Tot.l Drssoltcd Solids (TDs)

Thc maxtmum TDS valuc rccorded was (5570 mg/L) Nhtle the mrnlmum valuc was

OBa6 7 rj,gll-) TDS velucs for all lhc samplcs $ere Jbo\e thc safc lrmlts scl rn thc NEQS

(1500 mg/L) TDS arc assocratcd to thc lolal mrncr.rl lonterls (r€, salts melals and

carbonatcs) of thc walcr whrch arc lcft aftcr clapordlron of satcr Thc morc TDS ndrcatcs

thc morc possrbrhty of contamrnatron t{lghc. conccnlratron ol TDS shows hlgh valucs of

drssolvcd ,ons whrch may makc watcr morc colTost!'- (Kaur et al.:010) Thc hlgh TDS

valucs may attrlbutc loNards lhc turbrdrtl ofclflucnt

424. Elcctric.l Conductrvity @C)

The EC of cxamrncd sarnplcs sas rangcd lrom I190 lrs m to 1760 BS/m AII samPlcs

ha.?c EC abo!e the safc hmrt sct undcr NEQS 11000 rS m) llrrgure.l) Thc numbcr of lolal

lnpads olsuS& mlll emucnLon so'l md pluas *d sdnrnJlr,t 2',7



drssolvcd sohd and rons prcsent rn watcr could bc mcasurcd b) ldcnlrfFng EC EC tncrcascs

as rhc rotaldrssolvcd contcnt of cmucnt lncreascs (Ydsrn at al . 2012) Thcsc cmucnts rfuscd

for filgahon purposcs \rrll affcct sorl fcnrlrtl and planls gro\lh, lhcrcforc, lhc SME should

be drlutcd and propcrly morutorcd bcforc dlschargc

i .+tro

9.lr )

=

Frgurc I TDS

\L!l \rtl

I nlucll \.rnlples

rrlu. ofrh! s.l(t.d sUE srmpl.s

5000

U IIH
\.rrrrIL's

\1.]

F lilrr. nt

I
F'Fr.a EC arluG oflh. s.l.cl.d \UE s.mpl6

Imp.ds of suAr millt.fllucnr on sorl ud plmt's sc.d rLrnnnsrrol :E



4.2.15. Conc.ntrrtionofBicrrbon.tcs(HCOJ)

Thc malyzcd samplcs show d,ffcrcnt concentralrons of blcarbomlcs Thc maxrmum

valuc was.117 66 mg,i-, vhrlc thc mtnlmum \alue sa\ 297 mg/L No hmlt h2s bccn sct for

HCor by Pa*-EPA and WHO Ior rndusrrral cffluents

srt 2 Srle l
Ellluent Samples

tr!!r. 15 trrrbo,rl' vrlu6 rn lh' s'hd'd SME s'mPl6

4.3. BASIC STATISTICS FOR HEAVT' METALS IN SME

Thc slandard dc!1allo[ mcar\ ma\lmum 'rnd mlnrmum values ofhcavy mclals such as

rron (Fe), anc (Zn). cadmrum (Cd), coppcr (Cu ) chronrrun (Cr) and lead (Pb) rn all cfflucnt

samplcs collcctcd from sclcclcd srtc of Dlslrrct Jhang arc presenlcd ln Tablc 6

500

; roo

5 r5o

a2 250
> 200

* l5o

! 100

550
60

.b1.6;ar d4cnolrc !lrtslr< ol rtrtlvzo p.r.F.r.

N Mrnrmum Murmum Jtd. DcrlrOotr

Fe

Zn

Cd

Cu

Cr

Pb

Vahd N

4

4

4

4

.1

4

l4l
109

005

0 li
0t2
000

20i
I ll
010

160

0lt
010

0 2E937

0.11308

0 06 i60

o 12072

0 0.101I

0 09'130

lmpr( ofsugd n,lls.fflucnton sotl.nd plar': $cd F -rnJrror' 16



Ch.Dt r 4 Rcsults md Drsoss'cn

dEsolvcd soLd and tons Prcscnt ln watcr could bc measurcd by ldc tfyng EC EC rncrcascs

a5 th. rotaldEsolvcd contcnt ofcmuent rncrcascs (Yasln al al . 2012) Thcsc cmucnts tfuscd

for rflgatron purposcs wtll alIcct soll fcrtrhl) and Planls gro*th, thcrcforc, thc SME should

bc drluted and propcrly morutored beforc drscharge

i <r{N)

9 <trx,
i

l0t)l)

ffiffi
\Lt! I \Lt. l

Llllucnr \.urrplc\

v.lu. oflh. s.ldld SME s.mPlcs

\1.]

F lllu.rlt

!!h

Frgur. J TDS

l
\ rlrlle\

I
frlur.l EC r.lu. of th. r.l.cl.d SUE srnPl6

lmp.crs dlsurt m,ll\ cmu.Dton rorl dd plmfs n'J ssnLnrnon
28



Rddls znd Ds.crm

{.2.5. Dissolv.d Oxygcn (DO)

' Th€ mrnmum DO valuc rccordcd was I l8 mpl whlle thc maxlmum valuc tras 323

mg/L DO rs onc ofthc vcry ,mPorlenl Parametcrs rn \\atcr qualrty assessmcnt It tclls about

lhc physlco-chcmrcal and brolopcal processcs tahng place ln a &atcr body Most of th.

equatlc lrfc dcpcnds on thc drssolvcd o\ygcn (DO) conlcnts Thc su8gestcd valucofDO for

normal dflnlrng watcr ls 8 m8/L Incrcasc rn lempcralure may causc lhc DO lcvcl fsll DO ,s

en rndrcator whrch shows thel how much o\)gcn rs depleted rn a Natcr body (WHO, 2004)

Thc rcsults rndrcatcd lotrer conccnlrthon of DO rn lhe elflucnl lvhlch ma) dccrcasc lhc lcvcl

DO ln a watcr body whcn drscharged \{lth treatmcnl and mJ} causc dcalh of many aquahc

organrsms 15 well as ncgltrvcly affcct sorl lenrllty
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LlilLrcnt s.r,rrnle'

Fr+rc5 DOr.lE orln.r.l.d.d SYE s.nPI6

4.2.6. Turbidrt!

Thc turbrdrt) lcrcl rn all thc.nallzed samplc\ qere found belond th€ permrsslblc lmrt

(25 NTU) recommcndcd b) lhc NEQS and $HO Ihernrnrmum value rccordcd $as 110 66

NTU \rhrl€ rh€ maxfnum valuc $as 12166 NIL lurbrdrt) could bc dcllncd as an

appcarancc ofoptrcal propcny thal causcs lrghl scdllcrcd .tnd absorbcd rElead oflransmr(cd

Impacls ol surr mll\.mu.n( on srlrd plals Bd cLrnnmtron 29



rn srrarght hncs through watcr lt c.n b€ duc to th. prcsen e of sllt partrclcs, orBmrc marlcrs

md mrcroorgenrsm Drrnktng wetcr turbldll) tndlcatcs lhc prcscncc of bactcna znd olh'r

pathogcns whrlc ln cmucnts lndlcatc lhc lmpuoocs \\hrch ma) allcr tlE soll propcrtrcs and

affecl flora and faunl Th. prescncc of hrgh turbrdrt! lcvel rn \ratcr a.t as a covcr for

mrcroblologrcal organlsm and can lnclcasc thelr groslh hcrcasc thc turbdlty may lncrcasc

thc populatron ofcohform baclcoa

110

llr)

l0

20 I
\.urfle.

II
\(! ]

f lllrLcnl

n

Frlur.6 Tu'bd'rl r.lu. of rh. r.l.cr.d sYt stnpl.i

4.2.7. Tampcraturc

Thc tcmpcraturc valucs of thc samples lndlcated that tempcrature was bcyond thc

pcrm$srble lrmtt scl by the NEQS and WHO (10 C*) ttrghcr values oftcmPerelurc aff'cl th€

aquatrc hfe TempcraNrc varrabrllly affctt sollrnd Plants gro\rth (Solomorr 2005)

lmpl,rs uf lugr mll3.fflu.nr on srldd dd <tlrn' ndr'in l0
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4.2.E. Brologic.l oxlgcn DGm.nd (BOD)

Thc BOD' valucs ofSME samplcs *crc rengcd tiom 130 ? mg/L lo 716 66 mg/L Il was

found that all thc samplcs had hrghcr BOD 'alucs lhan thc NEQS laluc (200 mg/L) Thc

hrghcr BOD valucs may bc athbutcd lo lhe lcaLage of molasscs and sugar contcnts on thc

mrll 0oor and arc washed away wlth rhe cfnucnls 3nd thu,s lncreasc the lcvcl of BOD

(Chhonkar er a/,2000)

BoD rs thc mount of o,(ygcn rcqurred b) nrrcroorgantsm tD stab'llzc brodcgradabl'

organrc matter ln wastewatcr undcr acloblc condrttons Thercforc' dccrcasad DO valuc 
's

codclatcd $rth thc dcgcc of BoD Othe. Ph)srcJl or chcmlcal Perametcrs such 1s

lcmperature, pH, ctc car also affcct BOD lalues O\ldttton and dccomposrtlon of organlc

$astc by mrcroorganrsms producc hlgh lc\cl ol lloD As lhe quantrly of organrc mattcr

rncrcases, morc dssolvcd oxygcn wrll bc necdcd rnd as a result BoD wrll bc hrgher BOD rs

a srgnlfica paramcrcr lhat rndrcatcs thc level of $ atcr Pollullon duc lo organlc waste

lmpacc ol rula mtllt cmucnr Jn to,l id plaas {cd (r'.rnrr'or, 3l
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4.2.9. Chcmic.l Oxyg.n D.meDd (COD)

Thc hrghcst valuc ofCoD was 4016 mg/L !'thrlc mrnrmum talue was 1100 mg'il- COD

values ofall lhc samples wcrc abovc lhe pcrm,ssrble llmrt t 150 mg/L) s't undcr lhe NEQS as

\rcu as wHO Thc SME rs uscd fot drffcrent purposes such as lrrrgalron fish farmlng Ponds

and anrmals drlnkng drcclly HISh COD dclcrroralc $alcr quahtj and may harm aquatrc lfc

and decrcasc sorl fcnrhty Thcrcforc. SNIE musl nol be drschargcd rnlo cnvronmcnl $rlhout

proPcr treatmcnt
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1.2.1O. Cotrcclltr.tion of Sodium (Ne)

\jr\ I \"- l

IllluLnt \nnrpics

F'!!r.10 s.drum vrlE otth. s.l.d.d SUE s.hPl6

SME samplcs contarncd Nal' rn the rangc o1 160l'l mg/L-]67 m8/L and all thc valucs

wcre under lhc WHO safc hm,t (2oomg/t,) Ihgh level ofNar- rs consrdcred harmtul for

aqualrc hfe ard sorl Hrghcr conccnlrat,ons o[Nar rn dnnlung qalcr may causc hcan and

krdncys problcms, blood prcssurc and lomrllng (WHO 2004)

{.2.1 l. Conccntr.tion of Crlciu m (Cr)

200
tE0
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Lllh.m \rDIlc\

Fr!ur.ll Ctk'um valuG oIrh. r.l.cl.d SUE 3.mPl.!

Results showcd thal mntmum conccntralton ofCa \ras ll8 li mg/L ard miL\lmum was

169 mg,{- For Ca rn s.stc efflucnt no hmrl h.is been \el under NEQS and WHO Howevcr'

lmDacts ol sult mll\ .mucnl on sorl dd Plmts Ecd l mrnruon ll



Pakstan standard and Qual,ty Control Authorrl) {PSQCA) laboralory hevc llE Lmlt of 200

mg/L 1nd accord$gly Ca v.lues ln all s.mples wcrc undcr thc prcscrrbcd hmrl

4.2-12. Cotrc.ntr.tioDofMegDerrum(Mg*t)

Srl. l
Samples

Frlur. t2 M.gn€,um valu. oflh. sd.d.d SME srmPl!3

Thc maxrmum and mlnlmum valucs of Mg \erc '73 ngL and 52 mg/L respcclrlcly

Th€rc ls no such rccognrzcd llmll for Mg lclct fl\arlable rn \\'HO gurdcllncs or Pal-EPA

permrssrblc lclcls Thc aPProvcd llmrt ofMg conlenls mentroncd rn PSQCA llmlts ls 100

mg/L lnd thc lcvcl ofMg rn thc enalyzcd sarnplcs \ras belo\\ lhe PSQCA pcrmrssrble hmrt

4.2.13, ConccntrrhonofPot.ssium(K)

Thc ma{mum co cnt of thc K lvas 45 mP/L and lhe mrnrmum was l2 m8,4- 1s Pcr

aral)sls The av.ragc contcnl ltas 18 nrg/L Therc rs no NEQS ltmrr rcgardlng K for drrnkrng

or for emucnt oflhc rndustrrcs From lhc wt{O srandard thc saL lrmrl for K rs l2 mg/L for

dnnkrng walcr Thc valuc o[K rn lhe SME could hc rcduccd b] lrcalrng emue s bcforc

drscharge rn thc envrronmcnl(Smk r 20ll Alpo.cIrl.l0l{)
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Conccntr.tion of Chlond. (Cl-r)
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Cl-r valucs rn all rhc samplcs wcrc bclo\ rhe \.r,e lrm( olNEQS (1000 mg,/L) Th.

mrnrmum valuc $rs.ll3l3 whrlc the ma\rmum \!rs E6ll3 mgil Cl rronshouldb.at

mlnrmum levcl as ll causcs sahn ) and hardncss Cl ron mosll) custs ln nalural walcr and

hclp rn drssolvrng olhcr dcposrts conrrng from rndustoes s.\!agc ctc (B.dgutar, 2012,

Pandc) & Sony, 199{)
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Chrdcl 4 Rcsults rnd D'sost'on

4 2.15, Conc.ntntion ofBicerbonrrcs (HCO])

- Thc analyzcd sanplcs show dtflcrcnt conccntratrons of brcarbonal's The maxmum

valuc was 417 66 mg/L, vhllc thc mmrmum \aluc tras 297 mg/L No llmrt has bccn sct for

HCO] byPak-EPA and wHO for mdustrralelflucnts

Elllucnt

frlrrc l5 lErbon.l. rilu6 r.lh.s.l.cl.d SME ttmpl4

4.3. BASIC STATISTICS FOR HEAVY METALS IN SME

Th. standrrd dcvratrorl m€an- ma\tmum and mrnrmum valucs of hcavy mctals such as

rron (Fc). znc (Zn), cadmrum (Cd). coPPcr (CuJ. chromrum (Cr) and lced (Pb) In all cfflucnt

samplcs collectcd from s.lccrcd srlc ofDlstrrcl Jhang a.c prcsenlcd rn lablc 6

Srtc I
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MrnrmuIn Marrmum Sld Dcrrrtiotr
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Thc unEcatcd cfrlu€nl drschrrgcd ls moslly uscd for rrngatcd of crops and vcgctablcs

Th.sc cmucnts also cffry lracc clcmcnls (especrall] hcavr_ mctrls) rn rt whlch hevc ncg'nvc

cflccts on aquahc lfc and soll HcaW mclals are non-dcgradablc and toxlc ln naturc and arc

dEchargcd rnto thc cnvuonmcnt wrth thc untrcated emucnl by th. Industrrcs (Loklande ?/

dl,20r)

4,i.t. Conccntrrhon oflron (F.)

Thc maxrmum valu. of Fc found rn lhc samplc \tas I03 mg,4- and lhc mlntmum was

I 4l mg/L Fc valucs lnsomc oflhc sanples wcre hlghcr than thc pcrmlsslble Ilmrr ofNEQS

(2 mg/L) (Khan et al ,2003) Thrs hlghcr concentratron ol Fc may bc caus' Pathogenrc

mlcrobral gro\I,lh rn thc SME rrd othcr *alcr bodrcs as scll 35 sorl

\rL. l \r!r 5r(l

Eflluenr samples

Frlur. l5Iton m.l.l 
'n 

s.l.cr'd s'nPl' ofS[lE

4.3.2. Conccntr.tion otZinc (Ztt)

In thc aMlyzcd samplcs of SME thc m.rumum and mln'mum \alucs of zn *crc 2 l2

mg/L and I 09 mg/L rcspcctlvely Zn \alucs rn all samplcs $ere wrlhrn lhe NEQS

pcrmlssrblc lcvcts (5 0 mg,\-) AbsorPhon ofhrShcr amounls oi Zn causcs nccrosls' chlorosls

and also affccls plants groMh (Agar*al er d/ l99j)
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4.3.3. Conc.ntrrtion of Crdmium (Cd)

Cd \ras not dclEct.d rn all thc samplcs fhe mrnrmum dctcclablc lmrl of Cd was005

mg/L for thc AAS Thc US-EPA scl a maxlmum conlamrnanl lcvcl for Cd at 5 mg/L Thc

lrmrlcd veluc rs O I mgft tn NEQS lhc nra\rmun \3luc sas 02 mg/I- dclcclcd m the

selcctcd samplcs Thc averagc valuc tras 0 I25 mg/t- lh!'sc \alues wcrc not tn thc safc hmrt

ard may causc harm lo thc cnvrroun€nl cd rs a supplcmcntar) componcnt and affccts

mctabohc acllvlhcs ln Plants and caD blo-accumulalc ln aquatlc org'n'sms and cnters the

food charn (Adrrano. 2001)
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f'4r. lt Crdnrun m.l.l 
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,1.3.4. Coocctrtretion of Coppcr (Cu)

Thc rcsults showcd thal only sltc 4 srmplcs contarncd Cu valucs h,8hcr ltEn th€

pcrmsnblc hmrts ofNEQS (l O mgA-) for *alewater Cu,s a mlcro nutrlcnt and csscntul

for all trvrng orgarusm bul hrgher conccntrallons ofCu mallng \rrlcr unPlcasant lo dnnl and

may damagc rn hvcr Evcn lhough lhc clTecl of lot\ Cu to\rc() rn human ts rcar, rqu,ltlc [f'

arc posslb ly et rsk ftom Cu cxposurcs (A d rrano, 100 I ) A mcd tcatro n musl be obhgalory for

Cu lcvcls rn t}l.cmucntof rnd$try wh€rc hrghl.lelsof mclal rn Efflucnt kshould bc not€d

thal to mosl fishcs, mvcrtcbr.tcs and aqu.nc planls as comparc lo othcr mclal Cu ls hrghly

lcthal cxccpt mercury lt rnflucncc on thc growth aDd reproduclron ratc ofplents and antmals

Thc chronrc lcvcl ofCu rs 0 02-0 2 mg,/L (Moorc & Rarnamooflhy, 2012)

-t-
srlc 2 snc l
Emuent Sanrples

trlur.19 CoPP.r n.rtl rr s.lftt.d szmPl' ot S\tE

AquatE ptants absorb tfuc. lrmcs molc Cu than planls on dry lands Exlr'mc Cu lcvcls

car ceusc damagc to roots, by eltacklng thc cell menrbrane and dcstroyrng thc normal

mcmbranc structurc, rnhlbrt root gro\Ih and tormahon ol numerous shorr. brownlsh

sccondary roots Cu becomcs to'.c for orgdnrsm\ *hcn lhc rale of absorptron rs greatcr than

lhe ratc ofe\crclron As Cu ,s rcadrl) colleclcd b) plants and anrmds, I ls vcry rmporlant ro

rcducc (s lcvcl rn the \ratcrcoursc (Lokhandc ?I dl :01 l)
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Rdulls rd Dscso

,1.3,5. ConccotrrtioD of Chromium (Cr)

Thc marmum valuc of Cr was 0 2l mg/L rn lhe analFcd

pcrmrssrblc Lmrr sct undcr NEQS ( I 0 mg/L) Itsto\rcrl) rs nol

and rnvcdebrrlc Al hrghcr tcmpcralurc, Cr rs gcnerall) morc

carcrnogcn Thc lolrc cffcct ofCr on plants shoqn rs lhc roots

narrow wrth rcddrsh brown slar[s ano small nccrollc \pot\

sampl.s and was bclow lh.

consrdcrably acutc for fishcs

ro{c and a lnown humu s

rcmarn small and thc lcavcs

r) t<

(rl

0t I
b
E

,
?

\'r!l \(:
Eflluent SamPles

F'tur.20 Ctrom'um m.l.l rn r.l(r.d srDplG ofSUE

4,3.6. Conccntr.hon of Lc.d (Pb)

Thc conc.nrratrons of Pb In all lhc samplcs scrc \r rlhrn th. NEQS lm'l (0 5 mB/L) Pb 
's

a toxrc ctcmenl thal storcs rn lh€ sLclctal bod) Ihc lo\rc clTccts of Pb lo fish drops wrth

rncrcasrng walcr h:rdncss and dEsol\cd o\]gcn ?\1lhou8h l)b rs csllmalcd lo h2\c low ph)'lo-

loNcrly bccausc of rls strong anraclron lo orgnnl! rnaflcr, Lrndcr ccrlaln cnvlronmcnlzl

condrtrons e I , pH chanBc rl ma) bccome molcablc lNluNanga & Banfa'Jo 2006)

lfrp.crs ol suEr mrll\.mucnton so,l and pldrs sd ErrnnnJr,on 10
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4.4. BASIC DESCRIPTIVE STATISTICS OF HEA!'I' METALS IN

SOIL

Unrrcalcd or pennlly lrcatcd *asrcNalcr cont.rrnrnB hca!y mcials \rhcn drschargcd rnlo

'*a(cr bodlcs or uscd for ,rrgatron purpose5 causc drllerent hcel(h and cnvlronmcnlal

problcms (Dcshmuk[:014) Thc hca\\ mclals posc lhrcat lo thc sorl and plants and wrth

bro-accumulatron and bro-magnrficatron lhrough pl.mls lo nn,mals and lh.n humans lcadrng

lo scv.rc harmfulcffccts (Sard',2010) lt has bccn rcporlcd lhat consumptron oflo\rc mclals

ln vegetablcs and com Producls accumulale tn l*ldnc)s Jnd cause damagc lo It Somc sludles

ha,,e also hnlcd skctctal damagc (oslcoporosrs) rn hunrrns lo hcavv mclals. such as h'gh

lcvcls ofselcnrum (Abdullatr ?01i, Grll & l.rl.lu, l0l0 )

Thc prcscrrc ofhtgh lclcls ofhcav) mclah rn 3 \orl Lo ld also lead to th€ rntcrrupllon oI

plants golrlh, nutrr€nls uptakc, phlsrologrcaldnd nrclabohc actr!rlrcs chlorosr. end herm to

rool trps, rcduccd wetcr and nurrrcnls uplaLc and damrge to en,/)mcs ( Akpot et dl 2014\

Followrng Tabl€ shows analyzed Paramclcrs rn sorl sanrpl.s !ollcct€d from agrrcultural

ficlds rrngalcd N,lh SME

lmpacrs or surr tull\.fllu.nr on p,l &d plars !.d 8(n' n ion .ll



rnrlBB ofsdl rnlrt.d bY sMf,

Prnmai.rt
(lD!/L)

N Mrrrmum Mrrrmum Sld. D.v[lioo

Znc

Cd

Cu

Ctrcmrum

Pb

Potasrum

Phosphorus

Vahd N

4

4

4

4

4

4

4

4

4

20 s2

945

06

112

26

142

t41l 00

7E 00

lr6l
ll.l:
6l
I l1
1.1

I6l
1858 00

8l i6

47603

85766

t80lE

16107

0t9J4

0e950

617 04997

2 89201

,l.,l.l Concantr.tlon ofrron tn sotl

Four samplc srlcs werc anzllzcd and thc m.r\rrnum laluc \vas 2l6l mg,&8 whllc lh'

mrnrmum value was 20 52 mg^g and all lhc lalucs $trc stlhrn lhc p€rmssrble hmrls

t-
Sorl SamPles

Frt!rc 22 Conc.nrr.l'on ollron m.rrl 
'n 

!.l.cr.d s.mPl.! ofrol

4.{.2. Conccntratron ofzinc ln soll

Th€ conccntratron ofzn rn lhe sorl samplcs \!r\ rJn8cd from 9 {i mgtg lo I I 4l mg'&g

and all valu.s trcrc urthrn lhc permrssrble lrmrt ol \\ Ilo lor rrrrgalron t\atcr Zn rs onc ofihc

rmportanl trrcc clcm€nts lhal pl.) ver) rmporlanl r()lc rn lhc Ph)srologr€al and mctaboltc

proccsscs ofman) orga sms

n

ll j
^ t'l

>.,
;]l1
:I
I lr) i
'- l0 tl
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4.6. ONE SAMPLE T-TEST FOR PHYSICO-CHEMICAL

PARAMETERS

Thc avcrag€ valuc of pH for SME (65) Nas l thrn lhc permrssrblc hmrt (6'9) Thc

valucs of TSS. TDS, BOD, COD. EC, tcmperature and lurbrdrl) \tcrc srgnrficantly hrghcr

(p<0 05) than thcr slandard valucs Thc DO ol SME $as srgnrficanll) lowcr (p<0 05) thrrl rts

prcscfibd stardird valuc Thc color of SNIF- rangcd Iiom yclloq lo darl bm\rn Thc

conccntrelron ofNa, C1 M8. Cl and HCO, sere srgn,ficantl) looer (p<005) lhan lhc'r

Ttbl. ll ON !hpl.1{6t fo. ph\n.Hh.mt.l ?...m.|.E of SME

Df Srg (2.ta,l.d)
irffcrcncc

95% confidcncc rnrcrval of

Uppcr

PH

TSS

TDS

BOD

COD

EC

Tcp

DO

Turbrdrt\

Na

Ca

Mg

K

CI

HCO]

P

l0 58

l0 79

1171
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311

l0 75
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17.10

t02 5s

22 05
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) 00r

I 001

I0r6

I 001

I 001

6 75

1661t

il{7 q9

.175 08

1662 i0

1864 7i

54 75

181

I rE .ll

l6l0E

159 {l
5199

J0 66

it5 08

lll9:
t 19

472

158 l8

116118

197 11

.l I5 65

1720.11

16.1?

0ll
108 l.l

t5E 02

l16.r I

J6 58

ll57
186 i6

r10 5l

6 5.1

87E

512t17

75213

.1909 3{

5009 ll
7J 03

I ll
l2E 49

t6t r4

tEz 42

't9 sl

19 76

Etl 60

421 30

I8l
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Chapr€r 5 ConclBlon.nd R.coriJncndalrons

> Such plrnts should bc tnfioduccd $hrch could Srow wcll ln such cfflucnts 
'nd 

thc

plants could bc uscd n rndustr)

D Rcgular monrtorrng ts ncccssary bc done by thc rnduslry and by law 
'nforccmcnt

. lrlstrtutrcn

> ln-housc trcatmcnt plant should bc rnstallcd b] thc rndustry

> Exrstlng laws should bc mplemcnted ln truc sprlt

! Farmcrs should bc cducatcd ,rboul thc Propcr use ofthe emucnts

> Awarencss programs should be (onductcd b) the NGOS lnd Pal-EPA to

cncouragc lnvcstor for lnvcstmcnt ln en\ lronment frlcndly tcchnologles

Impcclt oi sugar mrll\ cmucnt on sorl od plantS sccd germ'n$on 5l



Rdults ed Dso$s'on

'tr.lBB 
ot3orlrrn!.|.d bv SME

Paramalar!
(nc/L)

N Mitrrmum Mzrrmum Std. D!vt.tion

Iron

Znc

Cd

Cu

Chlomrum

Pb

Potas,um

Phosphorus

velrd N

4

4

4

4

4

4

4

4

4

20 s2

945

06

t72

26

t42
14.11 00

7E 00

21 6l
Illl
63

234

Il
l6l
2858 00

8t 56

41603

86166

2801E

16r07

03944

09950

61t 01991

2 89201

4.4.1. Conc.ntr.tiol ofiron ln soll

Four samplc srtcs wcrc anatlzcd and the mJ{rmum lalue was 216l mg/kg whllc thc

mrnrmum valuc wes 20 52 mg&g and all lhe !alues uerc N lth'n lhc pcrmssrble lmns

tl I.l
Sorl SamPlcs

fr$E 22 Conc.nlr.hon of Iron m.t,l 
'n 

s'lel'd stmPl6 o{sol

4.4.2. Conccntratlotr ofzrnc rD soll

Thc conccntretron ofzn rn th! sorl samplcs \!r\ ranged from 9 4j mgAg to I I 4l mg'&8

and all valucs wcrc !rrlh,n thc pcrmsslble hmrl ol WHO lor r'ngatron \vatcr Zn ts onc ofthc

rmportaft lracc clcmcnts that pla) !er) rmportanl role rn lhc physrologlcal and mctabolc

proccsscs of mrny orgarusms

tr5
_ ti
-Yt25
P,.
;trit :r

! "l:> t9 i
l9 I

Inp..ts ol $ter frrll\ .mucnt on srled Plur\ \dd rcmrnrtlon 42



I
l-l

9rr't rnE ''

!"
i.

0
!

Sorl SmPlcs

Frlurc2l Coft.nltrlron ofznc m.ttl rn r'l'cl'd t'mPl6 ofsorl

4.4,3. Conccntrttion of crdmium in Soll

fl

PEurc 2a Conc.nl..llon or..dm,uo m't'l 
'n 

s'hct'd s'mPl's otlorl

M.xmum value ofCd rccordcd \ 1s 0 6l mgkg \\h'le mrnrmum value was 0 06 nglkg

rcspcctrvel,

4 4..1. Conc.ntrrtioD ofcoppcr tn loil

Thc mawum value of analfzcd srmplc Ras 2 iJ m8/kg and all thc safiplcs wcrc l+lthrn

rhc safc hmt

012

f o08

:r,
\rl('l \ 1. 1

Sorl Samplcs

rlIH
\,rc 1 Srt l Srtc 't

Sorl SamPles

Frlur.15 Conc.nlrtl'o, otcopp.r m.l"l rn s.l.ctd s.mpl.s ofsdl

H
'6*

l

l

I

0

lmp.cts of a!., flll3 cmu.nr on srlod pLnr: \{J t(rmrn. ori 43



Ch.dcr I Rcsulls ed Drss$m

,a.4.5, Conccntr.tion ofchromlum in soll

Ttlc valucs of Cr In all thc analyzcd samplcs \\crc rangcd from 0 26 mg/kg and 014

mg/kg ard all werc bclow th. parmrsslblc hmrl

I
E

z
?

Sorl samPl's

firtrr.27 Con(.ntnt'on ofl.ad n.ul rn s.h.r.d stnpl6 oftotl

0,i

015

! 025

- 02
a o l(

= ul

0
rll

5 tP: ) r.l

Sorl Srmples

Frtur.26 Co.c..trrno. o(chromrum m.t'lrn t'l"l'd s'mpld olsorl

4.,1.6. Concantration oflcrd ln soil

Thc rcsuhs showcd lhat thc maxlmum valuc of Pb rn soll sernplc was rccordcd as I 6l

mg/kg whllc mrnrmum valuc was I 12 mg,A.g Ii accumulales erth trmc In boncs' aorta' llvcr'

splecn ard krdncls Il rs moslly rngestcd through lood (65%), \\atcr (20%) and 
'rr 

( l5%) and

thus cnter thc human bodY

IE
l6
l4
t2

I

0t
06
0,r
0l

0

hpzcts ot sugr h,ll\.mucnr on \otl .nd pldr. {rd F{nr'_.rror' 14



4.5. PLANTSMORPIIOLOGY

Apphcalton of lndustnal wastcwatcr for rnlgalron of agncukural lands ls bccomlng a

common practrcc (AlJasuny cl ol,200t. Kumar and Ctlopra.:012) Most ofthc crops Slvc

gc.rcr )'rclds whcn rrgatcd wrlh *asle*alcr and dccrcasc thc dcmand for chmrcal

fcrtrlEcrs hcncc savc thc tolal coss of farmcrs (lzhrl!znnan e/ aI' 2011) Followrng

calculalon shorls lhc collcclcd &ld obscr!cd Se.mrnrtron pcrccnlagcs ofoyra(Ab.lnoschus

erc!/?r/6 L) and whttc potato (Solanum tubPravmt

4.5.1. Gcrminrtion Parcantrgc

Ccrmrnatron means thc Iirsl appearance of thc radrclc by optlcal surverllanc. Thc

gcrmrruItton pcrc.ntzgc \tas calculalcd b) usrng lhc follosrng lormula

Nlrnber ol s?cds germt^ated -^^Gel"nlnotton pcrccntage - -i;l;l;;;E;l;ii;;i; x tuu

Trbl. ! Er..t ofSME o.3..d E.rm'n.Ion P.rc.nt.!. ofokr, .nd lom.lo PlrnE

Efflucnt
conccntraoon (%)

Secd gcrmtnatron
Dcrccntapc (o%)

I rme ofgermrnatron
(Hour)

v.gdeblc
Control
5

l0
25
50
75
t00

Okra
95
95
95
90
60
22
00

Tomato
90
E5

90
70
40
l0
00

okra
l.l
2t
21

ll
{8
{8
18

Tomrto
24

24
14

24
Jt
.18

1t

Thc valucs rn Tablc 8 shou ihat t{hcn lh. SMt concentratrcn tncrcascd thc plants

gcrmlnrtlon pcrcanlagc dccrcascd Thc maxlnlum gcrmlnallon of Planis was wlth conkol

emucnts (oka 95 % and potato 90%) and lhc mlnlrnum gcrmrnatlon w:ts for 100 % SME

conccntral,on up to 25 % cmucnt conccnlratlon lna\lmum germtnallon of Planls was

obscrv.d whrlc abovc that lrmri plants gcrmrnatlon dccrcased and al 100% SME thc

gcrmrnallon ofsecds was zero

lmpads of susir mllt.mucnt on erl od pldls se.d !crm,nrnon l5



R6!nB and Dsss'm

I
gt laNu
EroEao
(f.()LF 9< -'

,| 35

E

o

Sced Germuatron

ta Na $a tz
l,' l' iLr ?5

,r ll
l l0

Emucnl Conccntralton o%

(o rol ( l0 li il)

Emuent Conecntratlon oZ

--Olrr 
+ I nrrlo

Fr4r.2t l.t..trttt. !.rmrn.lron ofOkr. aId Tom.ro Pl,trtt

Seed Germrnalton

80

lr)

20

trlurt 29 Okr r lom.ro scd !'rmrntlron 'nd 
GlItu'nr uPirk'

4.5,2. Physiologic.l P.rrmctcrs of thc Pl2nts

Thc root lcngth and ftcsh and dr) wcrghl of the selccled plaits wlrc delcrmrncd by the

Lcnrn el a1, (2014) mcthod

.) Root.nd lhoot lcngih!

Thc root and shoot lcnglhs oflhc Plants was mcasured al 4O'h da) of g€rmlnanon Thc

shoot lcngth was mcasurcd from thc part lvhlch was abovc thc sotl-whllc thc rool was

mcrsurcd from thc pan whrch was Ins,de the soll

lhp.cls otsugr nrll'scmucnton ellad Plsas *.d EcrmrDJuon 46



b) Freih.trd dry wctgbt!

Cardcn frash ok. and tomdo Plarts wcrc lsken and wclghcd Thcn wcrc drrcd ,n rn

ovcn ar 8O'C lor 24 hours Thc dry wclghl of Plants samples wcrc mcasurcd by usrng hlgh

accunrcy clcctflcal balarEc Thc followlng Tablc rndlcatcs thc mcasurcd 1du. oflhc sclcctcd

plants phys,ologrcal Paramclcr

Trbl.9 Roo! rnd !h@l l.nlth of otrt .nd lomrro 8ro*n 'n 
drlT.rcrI 

'orc'n'--^_: 
CSMf,

rmucot cooccntrrtioo -or<n iot"ro 
_ 

l
(%\ --noor f"rgtfi Shuol lenglh noor tingrl Stroor lengttr

(cm) (Lm) (cm) (cm) 
|

coDtrol - rr s+r rl jr s*t s ll+l 1l 33+2 54

5./. 15+l 12 l.1rl 67 3i+l l2 4l+295

l}y. lGal 30 l:+l?6 l9+l 85 41+3 22

25/. 312+2 59 l:+l?8 30+107 41+2 t4

50./. 2g+2 01 l2+ll0 30+: 15 l5+2 05

1s.h 33 5+15 I l1: 51 28+3 2l '14+2 30

loo.h 0oao0 00+00 00{0 00+00

Valucs arc mcen. slendard crror

> Thc rcsults sho\rcd lhat ma\mum plcnts gro\rth \as obscwed for co roland from 5%

to25oZsMEconccntratlonsHlghcrconccntratlonsolsMEuscdtorlrrlgatlondccreascdthc

gro$th of plants

T.bl. l0 Fr..h ,d drY w.rlhr ot olrt 
'nd 

lonr(o trosn 'l 
drtt'r'nl con"ntrttotrt ofSME

Tomrto

I

f,mu.trt
conccrtrltrotr
lY.) lqml

30+4 98

3t+3 7

10+2 45

38+t 12

21+131

38i2 05

Okrr

Frcsh werghl Dry \ erght(gm) frcsh wcrghr Dry *erght (gm)

Control

50/.

t00/.

25.4

50.4

15./.

l{ 54

r lrd 62

t 0+2 17

7+l l5

l+0 {l
8+l Il

6+0 96

5+t 09

9+l 54

6+0 84

t+l 45

610 70

0o+00

(c'll
12+2 56

37+l58

17+t 58

l91l.1E

23+l 20

:jll 73

00+00

V.ltr6.r n.rn + rbrd.rd .rrq

lmpacb ol sut& mll! em!.nron s.rlard Plet\ *.d !.nnrmtror 47



RBUILS &d Dtsds,m

4.6. ONE SAMPLE T-TEST FOR PHYSICO-CHEMICAL

PARAMETERS

Thc avcragc valuc of pH for SME (65) tlas wrthrn thc pcrmsslblc hmlt (6_9) Th.

v.lucs ofTSS, TDS, BOD, COD, EC, tcmPcraturc and lurbrdrty wcrc srgn,ticanlly hrghcr

(p< 05) than thcr standard values Thc DOofSME uas srgnrficanll) Iow.r (P<) 05)lhan rts

prcscnbcd sLrdrld valuc Thc color ot SMI-I rangcd lrom ycllow lo dark brown The

conccntrallon of N4 Ca, M& Cl and HCOr wcre slgnrficandy lower (p<0 05) lhan lhcr

stardard valucs

T.bl. ll ORsmDl.li6t for phri.Hh.mtr.l P.r.m.t.E otSME

Df Srg (2-tarlcd)
lrfrcrence

95% confldcncc Intcrval of
rhc drflcrcncc

Upper

s

PH

TS

TDS

BOD

COD

EC

Tep

DO

Turbrdrry

Na

Ca

Mg

K

CI

HCO]

P

l0 58

l0 ?9

1114

545

371

t0 75

951

tE4

37 40

t02 55

zz 05

t22l

1123

4E9

lt56
l5 82

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

l

0 002

0 002

000

0 012

0 033

0 002

0 002

0 03r

000

000

000

0 001

0 001

0 016

0 00t

0 001

515

16611

5211 99

r75 08

2662 50

1861 75

54 75

Itl
I 18 -ll

t61 08

159 J2

62 99

.10 66

535 08

't3 t 92

8 t9

412

258 38

11612E

t97 42

{1565

2120 3',7

16 47

0ll
I08 3-1

I58 0l

B61l

{6 58

ll 57

r86 56

210 5l

6 5-1

E7E

414 44

512E 72

152',t3

1909 34

5009 13

7l 0l

t28 49

166 14

It2 42

79 11

19 76

8t3 60

423 30

981

lmp.cls olsusd mllscmredon so,l&d pl4t\ $cd lrm'nllon .tE



a l.l OnG Srmpla t-t6l for H.rvy MGt.b

Tha conccntralrons of Fe, Zn ard Pb ,n SME werc srgnrficantl) lorlcr (P<0 05) ttEn thclr

standad vducs whrlc conccntlatrons ofcd, Cu and Cr rn SME wcrc srgnfic. ly hlghcr

t (p< os) than thcr pcrmrssrblc hmls

T.bL lZ HavY m.t.ls on. stnpl. 116l

Df Sr? (2-r.rl.d) M..n
DrfTcrcnc.

957. C'.i:trdcncc ltrt.rY.l of
rh. DrfLr.trc.

UoDcr

Fc

Zn

Cd

Cu

Cr

Pb

12 EEO

6 9tt
4 345

I 440

E 310

28t0

3

3

l
l
3

1

0 00t

0 006

0 023

0 245

0 004

0 067

186150

I5lit5
0 ll38i
0 5 t900

016750

0 r3250

I 4010

0 8l1t

0 0358

-0 6218

0 t0l4

-0 0175

2 J240

2 2024

0 23r8

I6658

0 2316

0 2a25

.l l2 ltrd.p.nd.nt t-tc!!.

Thc conccntrat,ons of Fc. Zn, Cu, Cr and Pb rn SMFI lrrrg.led sorls wcrc srgnlllcantly

hrghcr (p<0 05) lhan thcrr conccdrrtrons ln SME The conccntralron ofCd m SME lrrlgalcd

sorl drd not sho\rcd a srgnrficant dllfercncc (p=0 0g) Ihan tts conccnlratrons ln SME

I

Inp.ctsofsu8t mlll emu.nt on sorlod Plals *ed Bcminarron 49



CHAPTER5
CONCLUSIONS AND RECOMMENDATIONS

5.I CONCLUSIONS

It wrs tntcrc$Ing lo find out 'hat thc secdhng gr-o\!th tras lo*er In control than the cmucnt

conccntmtlons sccd germlnatlon perccntagc wcs hlEhcr for okra than tomalo al thc sME

conccnfi.hons of 5 o/o, 10 yo,25 "/. .nd 50 % l'hc 'l SS. TDS COD, BOD' turbdrty' Na' Mg' Cr

and Cl_r lcvcls rn SME wcrc hlghcr than the pernllsslblc hmlts Thc pH valuc was tn acldlc rrngc

Thc conccntratrons ofCu, Fc and Cd ln SME $crc abole the tlmlt Thc SME conccntratrons of5

'/o-ll y. fid 25 o/o showad bcttcr rcsults (almost 90%) for seeds germln'tlon At 75% and $ovc

conccntrattons ofSME sccds gcrmlnrllon and pl'nls gro*lh rrtc $ls almost zcro Conccntr'tcd

SME can have ncgatlvc lmpacts on plants and \egetable growth ratc rs wcll zrs on soll

ProductlvnY

5.2 RECOMMENDATIONS

Wrth rcgards to th€ prcscnt study recommendatlons dre Elvcn as undcr'

) Thc mrlls cmuent shoutd bc treared bcfo.c drscharge lnto thc envronmcnl by

rcmovlng susPcnded sohd and corrcctrng thc pH value

> Wastc Betcr gancratad from sugar cancs and sugar Proccsslng should bc dllutcd

rnd trcrtcd seParatelY

> Coordnatron bctwccn lnstltutlons and lnduqtrlcs should bc skcngthcncd to carry

on rcscarch and de!clopmcnl actlvllles !t lth the obJcctlves to convcn nutrlcnt rlch

cmuents rnto fcntlzers lo bc uscd ln agrtcukure

Impacls oi sug.r mrll! cmucnt on sorl and plsl s secd EcrhrnJnon
50



Chaptcr 5 Conclu!ron.rd Rcolm.nddrons

> Such plants should bc lntroduccd $h,ch could grow wcll ln such cmucnts rnd thc

plants could bc uscd m rndustr)

> Rcgular monltonng rs ncccssary bc done by thc lndustry and by |tw cnforcamcnt

. mstlutrcn

> In-housc trcatment planl should bc Inslalled by thc rndusrry

> Exlstrng laws should bc lmplcmcnted rn true sptrlt

> Farmcrs should bc cducaled about the proPer usc ofthc cmucnts

> Awarcncss progrrms should bc conducted b) thc NGOs and Pak_EPA to

cncouragc lnvcflor fot lnvcslmcnl ln cn!lronmenl lilcndly tcchnologtcs

Impds of sugd mlih cmucnt on sorl and Plmt\ s<d gcm'nllron 5l
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