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CEEMICAL MONITORING

OE SEWAGE WASTES EOR THEIR USE TN CROP PRODUCTION

TI. IRRTGATION WATER SUALITY OF ?REATED EEELUENT WASTE.

A.S. Gibali, A.A. Abuzkhar, Y.I. El-nehrik. RahnaxalTah *

ABS?RACT

Treated efftuent waste fran tile TripoJi Sevtage Treatnent
Plant is being used invariably to irrigate varjous crops produced

i t-t 41-Hadba 41-Kltadra AgricuLtural Production Project. sanpLes ,

fron the recTaimed $ater used for irrigiation I were coTTected

nanthJy for a perTod of tine varies fron 1-4 to 24 nonths , for
tnoni!:oring TDS, pH, and soTtrbLe saTts . Concentraitions of totaL
Nr [', K, Ca, Ilg, Na, Ee, Mfi, Cu, Zn, Cd, Cr, Ni, Co,and Pb gere

also meas ure d

Various anaTyses of the cofLected treated vater satnples

intlicated potential- Taading ot soi-1 s r.tith high a)Bounxs at soTuble

sal ts by eontinons use o-f tllis trater, I,lost ef f Tuent sanples had

e:<cessive leve7s of CJ, HCO3 , and hiqh adjusted SAR.

ConcerTl]:ations cf Fe, I'fn, Cu, Zni and Pb rlere jl ess than their
cL'iLical conce tratio!1s of 5.0, 0.2, O.2, 2.0, and 5.O ppn in
esse,l tiall\, all effluent sa)npLes t respecxiveLy. Cadnium, Cr, Ili,
an{l Co concentrat:ions were found ta }se not:e than their criticaL
.Leve.Ls of 0. Ol , O. LO, 0.20, and 0. OS ppn in the treated vater in
67, L3,8, and 21t af the sanples tested t respectiveTY .

Variaus properLies of recTained irrigation r'tater stttdied
bave been cliscussed in relation to soif characteristics and theit
passible ef f ec't:s on pLant growth . llore carefuJ nanagenent
pt'actices have been r'tarranted after conductittg properly designed
soiT - planx studres.

Contribution of A7-Eateh University , FacuTty of Agri. t Dept.
of SoiT and Waxer and The National Acadeny for Scientific
Research, EnvironnentaT Protection Progran, TripoTi Libya
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Treated nunicipaL effLuent vaste would be an inportant source
of irrigation water in future for crop production in Libya
AhouL 1-5 ser'tage tteatfftent pJants Jacated in various parts of the
country wauLd be supplying about five percent of the tot.al water
required for agrieulture purposes ( 1L,23 ) This source of
irrigation elater is of further inportance tor crop ptaduction
during scanty raifall suinnrer months in the caastaL belt of the
mediterranean ( 12 )

fhe ttro foTd inportance of irrigating crops tritlt treated
nunicipal effTuent vaste is ta provide 7ov-cost htdter saurce and
planx nul:tient,s coJltained in vaste fiater (4t 10, 14, 15, 77, 20,
21 ) , Eurthernare , this alsc resof ves tite proltlens of sanit:.ation
and provides " Jivinq f ilt:er of soil " before Elrjs Hater
rechatges the ground water reservoir Nevertheless, sane of the
Dujs.rrces associated tritlt usjr]g the t.reatecl wastewater for
i)-'rigaLlan ar€.. the ef f ecxs on the irrigatton syst.en itself ,

loading soiTs vtitl't soLubJe saJ ts, and oftering pfant absorltingi
turf .tces tliL]j Lo:iic 7et,eJ.s of certain efements hazarCous both for
anina) antl hutnan healt)z { 4, 5, 9, 1-0, 21 , 22 ) .It shouLd be noted
tilat t in the f irst part af tltis study , ve f cund tllat ihe sTudge

sarnpTes eontain ltigher LeveTs of Zn, Pb, Nit and Cd than their
ctil:icaL feveLs (2 ) Therefore, a ccnstant and caref uL).

vatchf u1-Zness is tlarranted of what is being used for
Tt'ipoli l'(unicipal Seelage T.reatnent Piant is cLtrrentJy

suppTying xreated wastewater to A7-Hadba AL-X)tadra AgricuTtural_
Pradts,:ti,tn ProjecL It .rs used invariably ta neet rtater
requirenents of vatious agranomic as seLL as horticuitural crops
vtithotrt any conpreh.ensive inf ornatiotT on its quaTit.y for
irrigation This survey wast theretore, carried out to nonitor
the irrigatian qua]-ity of the treated rqaste tlaxer .
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MATERIALS AND METHODS

SanpJes fron treated effLuent used for irrigation coTLected
in plastic bott,les after every four weeks intervaT {nonthyT ) for
a priod of xine varies from L4 to 24 nonths fram tlte Tripoli
Sewage Treatnent: PTant Tocated near A7-Hadba A7-khadta
Agricul tLrrdl- Production Pro j ect

Electrical- conductivity (EC) and hydrogen ion activity (pH)

irt the etf lLtent sa tpJe.s trere neasured by Beeknan Solu-bridge and
glass-calone1 conibination electrode assembTy connected to a

galvanoneterr repectiveLy, Con cen t:rati c' ts of HCO?- , C7- and SO4=

r'lere deXernined in t]le waLer sanpTes accordiDg to tlTe nethods
descritLecl in USDA Handboak na. 60 { 24 )

Eor deternining total percent: soLids duplicates, 200 mJ each,
of vat.er sanpTes r./e re taken into dried, L'>revteiqhed evaporating
djshes They ytere dried ta a constant veigltt at 100 C, r.thereby

-1 oss -trr veigit L r',,a s determined to caLculete the amouDt of total
.,^ o -1 :ds p.i'ese/lL .

Tc deternine l)eavy netaTs, preconcentrated water samples
ttere takeit into 100-)nl ti jeJriahT digestion f Lask's in duplicates
and 70 mJ rsf concent.rated HNO3 was added to al- 7 sampTes The

satnpJes t.rere a-l Jot.ted to digest overnight at roo:n tenperature
Tlte santples ?lere then p)aeed on the digestion rack and heated
slovtly until the light brown f utnes appeared . Ten n7 of diacid
r?Ir.xtu-L-e (HN03 : HC1O4 at 4 , L ) were then added af ter cooling
Tite sanples r.,,e re heated untiT aLL the HI'IO3 was boiTed off and

HC.l04 f trnes appe.rrecl The sanrpJes were furt)ter diqested for 30

ntore minutes and cooLed - Tlte neck of each flask was washed with
redistiTTed trater and reheated untiL perchToric acid funes r.tete

evolved. ?he samples were diLut.ed and fiTtered into 700-nJ and

redistiTTed water was added t.o make the voTune . Standards vere
prepared using tlte sarne coneenttations of acids as for the
sanrp-I es



The Pye unicatn 2000 ator,ic absorptlon spectrophotonete r was
userf to deternine the concetTtraxion of Ee, Cu, I,[n, ZD, Ni , Cd,
Ct, Co, Pb, and Mg. Sodiun, K and Ca concentrations were
det.ernined by fTane phot,oneter Eor concentratian ca and Ng
analysis, Li salutian ras used to diJute sampJes and standars to
eLifiinat;e phosphate interterenee in theit del:ernination (27)

L'a r:ai i/ r'ras dexernined by the K jeldahl nethod ( i.6 ) . TataL p
in the d-igested ,sar?p-z es nas det,ernined by ascorbic acid bLue
coi.ot' nethod (28 ) . Tot.al heavy meta-ls and values of alkaiine earth
cations are reporLecl on vo).Lnne basis for tbe water sampJes (24,
26 )

GTass-wares rrsed in a7.l anLtlyses vere cTeaned vith a Jab
deterg:ent, diluted HCI and reclist jlTerl water, Al j reagents used
were aTso preparecl with redistiTTed vater
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RESULTS AND DISCUSSION

|'he various data obtainecr fron this study and required to
evaTuat.e the saTinity and poTTution/t,axicity probTens caused by
t,he irrigatian $later 

^ru 
pr:u""nted in fabJes 7 and 2

TotaT dissTovecl soiides (rDS) ra,ged from 0.07 to 0,232 vtith
an averaqe of 0,1-42 Accordifig to the criteria for TDS , report.ed
by Hart and vuuren ( 14 ) , 2 j.z ot trte sanpre.s tested ( TDS < 0. los. )
may have detrinentaL effect on sensitive crops. other 662 and 132,
nay adversely affect nany crops and srtouid be used fo.nore
toTerant crops with caretul nangenent, respecti vety . Higher TDS
itt irrigation waters can cr.og the soir- pores and consequenxly
cause perneability probJens ( 74 ).

ELec:tricaf conductivity (EC) had been fieasurecr to predict
t.he etfect of tlze treaXecl water on soiL saTinity and
permealtility. The EC range af 1 , 38 to 2.82 ds,/n hacl aTways
been gre.lter tli,rr O. SO cls/nr indicat.ing t1o perneability
probTens to $later throug]t soi-Zs ( Figure i ) . Hovever t the EC had
aiways been witltin t.rte range af o. is to 3. oo ds/nr consedered
ds lire range of " increasing probren " of soir sar.inity accarding
to the TAO grsidelines (j)

The pH va]- es r.iere aJso f out"td ttithin the nornal ratlge of 6.5
ttt 8.4 durinq the trltole preiod of investigation (3)

The chloride conceDtrat:ions obtained vere aJ,ays irore than 70
nectr/1 in the reciaimed water (fiqure z) ,revearing i-ts adverse
effects on ),ost se,sitjve crops (3). critical Tinit of 10 neq
C1,/1 is inportarTt when water is applied by surtace irrigation
However', as )ow a cancentration as 3 neg/i of either Na+ or c7- ,
weLi beLow tlteir Levers observed in the treated eftluent, applied
by sprinkTer irrigation had been reported to be toxic to citrus
in several irrigated valTeys of California (3)



It is ifitportant to note that. in a recent study (29), totaL
dissoTved s-aJ t.s in the etfluent water had reached ggz6 . 2
nieronhos/cn which is much ntore than tdhat has been obtaind in
t.his study The increase of sa-zts in the effiuent probabJy
refJects the increase of sa-1 ts in the originai water sources
through sea wa ler l,r t.rosion

co)rcent):at ions of bicarbonate ahtained in this st.udy
( I'ab7e 1 ) were f ouncl vrixhir-t the " increasing problem ,, Eange of
1.5O to 8.50 ) eg,/), suggested for overhead sprinkling (3). Higher
Levels of co3= and HCo3- in plant qrovxh mediun have heen found
reponsibTe for p)a)1t nutritiona) problens like fe chiorosis
/'/ 4r Il, , Lt,.

The potentiaL saTinity (ps) anct adjusted sodiutn adsorption
ratio (sAR adj. ) calculated fron the ef f Luntent chenical analysis
data are piese)t tecl in Tals je 1 . ?hese para)ne ter,s are usuaJJy used
Lu evaiuaLe Hater quaLity fcr i.rrigat:ion (3 , 13). The caicuLated
potenLia) s.llinity (Ci + J./2 S04) rangecl fron t4.45 to ZS.OS,
suqgestitlg rhat tltis t'tater xa Jte used an so:-zs r.tixh good
per)neabi. lity (J.3). Tlte sAR adj. ,ras caicltlated to approxinate
the lla h;szat'd o.:f it'z'igation wate-r. The sAR act j. varied f ron 70.4g
tct 22.24.utt1ike EC data,the sAR adj. reveaiecl sonte possibiLities
of tlte perneabilittt, p]:oble ts, Ar:cording to FAO guidelines (3) ,
the $ater sampTes t.ested had aiways SAR adj, of >9 rsuggesting a
severe per eahiiit:y probTens on pails dotninated by
nont:moriLlonixe xype of c7ays. for soils ttith Raoilnite
sesquiaxide as Lheir predoniinant ciay nineral t 2gz ot xhe sanples
trere supposed to cause no perneabiTity prablelr and ot.her 7L2 were
tound in the range of " increasing probJem,,,rith their SAR adj.
betveen 76 to 24.

Most of tlle soiTs in the project are light textured with
cdtion exchange capacity (cEC) values as Jaw as -Iess than l0
meg/7oog oi soiT ( unpultTished data). Tltey are also nastLy



aTkaiine calcareous in ?ratu re , A CEC value of < 7A neq/700 g of
soiT js an indicaxion of predoninance of KoaLinite-Sesquioxide
cZay minerals in the soi7. ATthough, even irrigation with water

having EC of < 0.2 nnhos/cn on soiLs vitl, high initiaL salt
status had heen postulated to cause no pernreability problens
under localised conditions (1), but 5,4R adj.af > 76 in 712 of the

satnpJ es tested is suggestive of severe pernealsiTity probTens jn

soj.l.s dofljnated by KaoTinite type of clay tnineraLs. Sojls wtth
7or,t CEC v.li ues vouLd a-Iso have -Zes-s catian bindittg sites t.o

ofier. ?herefare, irrigaxioD waxer having high SAR adj,, usecl on

Lov CEC soil vtouid add |zigher Leveis of Na to the sail. This
r.tould innediate-Iy resuJL in aD inba.Tance anang various pTant

nLttrients an<1 higit osnoLic pressure of the D-o-r-l so-I ution rthich
vouLd af f ecL wat.er avaiTabi.lity to erops (6 )

Atnong uarlcll,s Lrace el-ements presented in Table 2, F€, I'[n,

Cu, Ztl and Co are essential plant fiicronutrients Cadniun, Cr,

iii , and P)s a.re ncnessenxial eleinents for plant growth , but
accu;nulatiort of any ate of then in a soji alsove a certain leve7
,:ould ]:e toxic botit to pi.arrt: as r,telf as aninaL fife

iinf ortitnat(l-ly ,ros t of t:he crr Leria available to evaTuate the
]ieavy netal toxici.ty probleins of irrigatiotl hrater a:.e for surface
iz-rigaLion r,retfiods on ditf rent soiTs ( 22 ) , But tlre treated
e.f s1 Tttent used througtt sprinkJer irrigation systen itt A1-Hadha

Ai-Kbadra AqricuTtura]. Project l.s Tike toliar application.
NeverLheler-ts t the crit:et'ia of ]tationaT Acadeny of Scie,Tces of USA

reportecl by Page (22) had been useC to avafuate xhe potenxial
heavy ne LaL toxicities f ro)n irrigatictt .

Pigures 3 tlltough 6 shaw that concenxrations of Fe , I'[n, Cu

anrl Pb vtere aLways less than their critical levels of 5, O.2

0.2 and 5 ppn , respectiveiy in the effluent sanpfes. Zinc
concentration too was aLways less than its criticai level of 2

pp)r except for one out of tbe 24 sanples tested was 2.74 ppn

(tigure 7 ).
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Irgures I through 17

and Ca were found in
mote than their criticaL
0.05 ppm, respect-z veTy .

The )nanagenent atternatives suggested by otbers (j) couTd be
adapted to use the recr.ainecr water safely in crop procluction.
?rzese could aiso ]se helpfuT in aTleviating sone of trle heavy
*e taJ toxicity proJ)Le)rrs frorii ttighJ_y variec! water source (lo, zs)
to variaus craps grovn under difterent soiL and clinatii
courli tio,s ( 77 , iE, 1g ) . Hawever, cams>rehensive soiT_plant
studzes are suggested botlt under fieid and gteehouse conditions
be-t'ore ,ny nanageneDt pratice courtl be usetr ef ticientr-y

depect that, toxic Tevels of Cd, Ct, Ni,
67, 73, I and 21g" of the sampJes tested ,
cancent.rations of O. 0l t 0. I , O. 2 and.
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