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GEOCHEMICAL DISTRIBUTION OF GROUNDWATER WITHIN AND
AROUND AGO TWOYE, SOUTHWEST NIGERIA.

nluiev A RN and SLimvar 1O

! [l;l‘n‘.;‘-'.'w,(‘;;‘-’ ri Ercnev qonoes, borprreryn irf J't.‘ur.‘h !',(f_:,’rl\'. ’\'r!‘giu‘f('ﬂ

D Deprariens ot Cleofiogs Unoversdin of Wadonn, Ova, Nigeria,

\hstract _ T

L reed ool esesstert ol suitda s of srouodwater resoarces for donking and tmigagion purposcs become pertee
. N -

0T fece al contmmoes ncreasing glohal pollenon theeats of groandwarer This work assesses the ghysical and

chennen D ehamcterisies of the Toens gronndsater resoarees aronmd A po Twose, southwest, Nigena to deteomne 1.

watalnl Toe drmkeng aed s ineatien. Besnlis shoseed that woter sienples hive generally Jow wital dissolved

sl ol ranee walues ol A3 pH ranges o =700 whitle otad hordnesy varies from 20-227 mg/L CaCOs
contt e s htly Insed e Ranges of the concentratons al cations for the study areo were 18-26.3Me/l 1L3-T58M el 6
and N Ol M Nicand Korespectoely wlnle amon showad ranges of 35 16 0Me/] 2414630 e and
sENLs e PO S Ol SO pespectivey

b snter soanples s e study aren hased onceatons and wmens Gallwathin safer zane for donking androgation
P ses e b O snd HOOX wlneh showed hreher vabues i L% andd 359 of water respectively The results ol
Serlier bsorpraon Bote rS AR L Masnes i Absorption ritio IMARG Permeabhility Tndex (P 1)) Soluble Sodinm
Frorcemiaee 18810 Resduad Soadiunr Brearhonae cRSBCY wnd Kelly ratio tRR) range between 215-1443, 1044+

ST IR ST N R0 D A and A DS respectivelvs ATE the water samples are exeellent Ter

et sl repends oo adl the parameters eseept MAR and KR wlich showed hizard i 30% amd 3050 of water

b e clements arany sed leve vidues belov the reconmmended standurd it escept barum tn only one sample
vl sl v Stsineel The vilees of polluton inde s Torall sites Lall Below 1w hich confivmad suitabiiiny ol nost of the
wote saeples Ton Totie dikng wnd rcieation purposes, This worls showed that the geelogy appears to have greate
ey o the chemien tanstormation of the grovndwater reseitees espeeially mofor elenwnts, compared 1o any

preessthle el leers dine 1o the o hiieposeime et ies

S WOt O b B ration Groochienyistrv: Pollution

1. Introduction cun be contaminated by lack of sunitation,

‘ ‘ uncantrotled applivations of Tertilizers and manure.
Waler pliys an noportant rale for the S ) ) .
. ‘ o as woll i imdiseriminate disposal of domestio wastes,
cristenee and ststenance of Tife, Teis indispensable ‘ . ) . . )
. . L : _ Rapid wrbanization. especially in developing
andutlisce messential aotivitios including burian ‘ : : N -
- R . L countrres hike Nigera, has also aftectod the
constmplion, agoculture, tndustey, transportation, =
. ‘ . . avadlubility ¢ ality of gr wiler. $0% ol

Dy dru-clectrie power senerution andreereation. One wailubdity and quality of grondwater 0% ol ull
ol the most rmportant eeises of the taenty st the diseases hlmlun being are water-borme

corturs s e searcty of drinking water. Mest avcording to world health organization and once

freshw ater hodies ol the warkd over e becoming growndwater o polluted. its gquality cannet be

[‘]Lj\‘;L\|]]:_>‘) P\ll]i!lk‘d. thus ;[]’1’3._‘1]]]51 the L]le]ll} of restored h}‘ stopping the pol!ulums FrOIm the souree

woater ard appreximately 75 of the carth s useahic Consumption ol water with high concentration ol

Proshwager isiored as growmdwater, Groands afer migor and trace elements hus been reported to cause
167
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drsorders sl abmentory conal, resprratory, nervous
and corenany svstens as wenl s mseartiage and
catvel Crepsoarrgated woith sach sroundseater also
chivws poor secd cenmation, relardation and
dovelopiment I therelore becomes mporiant 1o
rovalorlv o mennor the gunlite o growndsater 1o
Crvute s sl bor drinking and wrgation
pugpeses s e protectb s Henee this work intends
wodssess the pivsiceschemcad churactenstios ol
croumdwater resoutces within o Age bwove.
Southwest Nrgerne mnd Hs emvrons inoopder (o
dotornmne s suitabihity tordrmking and mgoation

]‘Hl'p\»‘s‘g'\
2. Description of the study area

The stde e which compises of Ago
Paoov e st Basement complex of the
Setbwesiern Nigernas occws between Precunbrian
- Loweer Paleozore tlones wimd Hockes, 1964
Rahiwman 19760 T0 s docated in Tatitide O6"S6" 1o
O7 (07N and Tongitude 037567 w G007 E. There are
twodistinet seaseny nomely e rainy scasen (April
- Octoeriand the diry seuson (Nuvember = March)
within the area. The ramy season is characterzed
I Toeh varn ol wath an average wnnuoal sainlall ol
Tat - tauUnm tOkavinka, clat, 20005, while the dry
sewsund s Charactertzed by dey, dust-Taden wind. The
nutirtd vegetatlon vonsists of multitudes of
crergreen trees ranging o tropieal hardwood,
palin trees aand wreen wrasses, DifTerent 1vpes o
crope e cultpvated whicl inchude covey wm, minze.
itk i coces and atherss Qecapution of the
peeple in this area s Taming amd many people
eigage tndilTerent crop planation, There we also
two different lunthermy sites 1o thiv area. The

drimmge pattern s dendritice,

The seoleey of e study area bes withm
Boscient complen of Nigeriu which consists of
crastalline seneows wnd metamuorphie rocks. The
rochs e wither directiy exposed or covered by
shadtesy antle of sand and clay. The compley is an
extension ol the Toeo = Benin — Nigera shield

which occwr Fast ol Wost Atrrcan Cration, The rocks

[k

CosSeuthaeest Nigeri

1othe study area consist ol granites. minor
amphibofites, schist quartzite, pegmatite. miamalit
and gneiss with minor intrusions. The tgneous and
metamorphic racks of the Basement Complex are
crystdbine in nature and have low purasits and
permedhility. Therelure, the agutler amits e the
sty ared e found i weathered rocks wndd wre
probubly 2nhanced by the presence of the ohaerved
structurad feanuees, The nudjor source of water supply
within the area Iy through the shallow hand-dug
wells which can casily he contafinated by
anthropogenic activities such as Indiseriminate
dumping ol solid wastes and sewuge activines.

3. Methodology

groundwater drnwn
freen hand dug wells and horcholes were collected

Twenty samples ol

Tocations within Ago fwoye and s civirens Py, |
Several sensitive parameters of water such as Totd
Dissolved Solids (TDS), Electrical Conductivity
(EC)and pld were determined in the field using the
appropriate digital meters (e.g. water treatrment works
CWTW -conductiviry meter mode! 1./92 and WTRWV-
nH meter modei pH/ST).

The analysis ol frace elements and cations
i water were carricd out using inductively coupled
plasma optical emission spectrometry (1CP-0OTS}
while weidified water samples were analyzed tor
anions concentrations using the DIONEX DX-120
ion chronutegraphy technigues, All analyvses were
varried out at the ACME laboratory, Ontario Canads,

To check the accuracy, achivation
laboratories (Onturio, Canada) employed two
mternal standards {each run twice) and Tound that
the errors were consistently minimal.

Samples from all the water samples wore
analy zed for 73 constituents and physical preperties.

7

More than three quarter (02) of the 75
constituents anafyzed tor were not detected above the
laboraiery reporting levels (LRLsy i any sample. The
surmimarics which inelude rnge, mewn, standard deviation
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e Southwest Nigen,

Table ] Summary ol Phyveica-chemieal purameters in witer saimples

I'arameters Min Ml Average St. deviation | WHO, 2010 Standard
P 4 7N .29 4 0.5-8.5
18 4y 8 6a) 270625 [83.86 5000
Cu [ RisT 16,3005 0 IY

s R 158 796 178

N {3 184 2529 119 200 W
I | o 2493 202

SOH 1634 0.8 11.2% 4143 250)
{1 M 463 R 0327 250
O3 33 16l Y585 3583 -

H 3 4 745 463

1411 Al H G062 7600 MR x)
or 1.5 144 .84 4494 100
(n (I 87 23 253 1000
Nn A 33055 4714 A2 40
NI (2 (4 (73 007G 20
I'b 1] U4 .81 200 10}
Sh (.22 92 1561 252 X0
r 0oz {135 006 .08

/i 1Y QANC [NT7% 3446 3000
L (FREY, 473 1.2 142

(o 127 e 1038 24.24

I 02 [3.5 29 361

11 00l 002 0013 0.006

AY s n7 245 a7

A2 Chemical chargeteristios ol water

Calemmranges from L3 to 26.3mg/l with
airaverige of 16 3 eTable D Caconcentration in ali
witler saniples are </ and can be classified as

soud groundwater zones based on WHQO (2010}

Table. 4 Mg ranges from 1.3 (o 16.5mgfl with an
average of 798 (Tublel). Probable release off

magnesium mmght be from hiotite granites and hiotite

-

£y
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Y seere proseoted an Tables T for physical and migor the water sumples are presented i Table 1. The pl
glenients and trace elements. Analvtical resulls tor ranges [rom 40010 7.90: the mean s 6.29 (Table. 1).
stnrhcant clements were compared with World Low pH value of Tess than 8 are said o be un
Hoealth Oreanisation WHG 2010 standand, indication ol the presence ot free CO, and that the
Purameiers such an o Sediim Adsorption Rano disselved corbonates exist ahimoest entirely as HCO),
AR Seluble Sodm Percentage (85170, 1o furm. Alse kased on the classification by
Restdual  Sodoom Bicarbonate (RSBC, Ezcigha, (1989} the water samples vary belween
Mugnesium Adsorpuon Rauo (IMAR Y Kellys Ratio acidic wslightly alkaline. 50% of the samples were
e PRI and Peomcability Index (PTy were also caleuialed acidic and Tall cut of World Health Oreanizalion
from the result e deternme e suitability of water Standard (WHO. 20100, Total Dissolved Solids
farirrigaion purpose using the cquation m Oladejo (TDSrand Total hardness of the samples range from
clal 2002 Results woere alse lutther compared wath 92-793mg/l and 20-221mg/ICaCO  respectivelv. All
recormmended standinds and pollation index was the waler sanples except the anes at Tocations |, 7
calenluted e deternine the water quadity for hunan and 8 can be classifiedens fresh water and are sithin
vesumplion the recommended standards of 30(mg/1 for TS
4. Results and Discussion (WHOQ, 2010). The water can alse be classilicd as
’ ¥ excellent and Tair Tor irmgation purpose Table.
4 L Phasieal Properties I :
: preriic ~Total Hardaess (TH) indicates that the water in
The summary of the physical purameters, the study arca 1s between soft o slightly hard (Table.
cations.amens and trace elements determined from 3
16Y
>
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. Tabhle 2 Classilication of Waler Buased

RINAPARERINEN A

K Frosh
LOO1- 30K 1D Slheghithy Saline
UK UHAA mModerately saline

VI 35000 0 Very Saline

L;s}ﬁfﬂli [rine

Table 3 Classilication of Hardness

by CTODRD. 1980

() Sut

Di-1.20 Muonderateh Tard
P21-1N0 Vlard

=] 8 Very lard

anviss Tram o the stody arcas Muagnesium
concentration s classiied with Tess than 3mgdt as
Wsaler zone dor drmbing waterTable 550 AN water
samples i the study arew fallwathen safer zone Tor
drinking purposes. N wnd Krunge from 6-48 b/
and o smgdwidy mean values of 2527 and 393
respectivelvs I s the most dominant catton i the
sindyoareds Prosence of sodium and potassium s
attrhuted (o the primary seurce of weathering of
alivali Feldspar, High weathermg of feldspathic gnciss

aleng the gnerssic terratn indicates alkali

Table L Clussitication of Caleimn

Concenmration of Caloinm | Suitable Zones

| Growd
SU=T0myl Moderate
=0y l Puor

171

Table. 3 Classilication of Magnesium

Concentration of Mugnesium ¢ Suitable Zenes
< Amy/l Goud

30 20meA Maoderaty

=1 20my/l. Poor

concentration in the study arca. All sumples cun be
categorized hased on (WHO, 2010 Randard oo
suttabte for drinking water (< 100 mg/ (Table. 61
High concentration of Na has been linked to heurt
diseases. The cations in the water samples follow
the trend N Cu Mg K

Bicarbunate ranges hetween 35 to 10 lmy/
[ with the mean value of 93,55, Primary source of
hicarhonate Tons m groundwater s the dissolved
COobnoraln water, which when coters the soil
dissolves more carbun-dioxide. Decay of organic

Table. 6. Classification of Sulphate

Concentrution of Sulphate | Suitable Zones

< 200mg/] Gond
200 -f00mg/l Muaderite
M img] Poor

matter wnd SO, reducing bacteria may also releise
CO, for disselution. Water charged with CO.
dissolve carbenate minerals, which passes through
soil and rtecks o give bicarbonates. The
concentration 65% of the samples were <100Gmg/|
and good Tor tirigation and drinking according Lo
the classification based on WHO standard while
357 of the samples showed value > 100 ppoand
categorized as moderate zone which is suitable Tor
indusiral zetivity but not good for drinking puposes
{Table. 7).

Chloride water samples in the study area
are below [00mg/l cu‘;pl for two samplies which
contain higher concentration (> [O00 mg/l) ol oF,
Chloride ton occurs in naturad water in fairly low

iy



Cieoaeiiesl Bisthatwon of Grocadsater - oo o Southwesl Nigeria,

.
.\J' - N Ty ' . oot limer T e o - 1 T ter
Fable 7 Classilication of Adkalies and microchne, which are common i grantes.
anciss and pegmatite oveurving i this urea s greatly
respansible for the contrilution of Nutand K wons
ncenin 5 Suitabie Zones . . :
Coneentrafion ol Sodium I - o eroundwater, Feldspars are more susceptible for
< L0l sond . ) ‘ .
L0 Lo weathering and alteration than quartz in silicate
B ERRATHTY NMuoderate - . ‘ p
]’ iyl : . rocks. The regional geelogy also tmplies that the
SA00M 1Pour o
A0 alleal carth sihicates ogear evervwhere inthe arca,
4.4 Tonexchange
Concett s, usualls fess than [0 mesl o onless . . ‘
‘ , fon exchange is one ol the tmportant
Une siiler s Drac ksl or sefine. Al water samples ) , % )
o ‘ i processes responsible for the concentration of 1ons
car bo clussitied oy poud suitible zones except for ) L .
) ) i o prouncwater is lon exchange. Chlore-ulkaline
fuo saonplos that fall within moderately sunable _— . .
- T indices (CAD and CAZ) caleulated Tor the
sones and poor sones ClTable 8 Sulphate .
o } croundwater samples of the study area strongly
Conec Rt en smees betwoen 2060w 36.Nmes Al !
\ ‘ CF ) . N saguest the vecurrence of on exchonge provess.
% seppes Tallbwitan soed zone Lo drinking bised on
WO standand Clable vy The anions follow he CAECT N2 K7
o] Ol =500 . CAL2=CL 7 Na r K+__SOF +HCO +C0 - -
‘ _ . _ NO)
A T vdrogeochemival processes '
. T : T All values are expressed | : .
e ratios between Total cations and Nu+K (AT vatues are expressed in meg /1)
as sl O M e D and Q48 respectively dFig When there is an exchuange between Caor
N Ty o SR . RN g . B o .
2o This chaervatem showed the invalvement of Yoo the groundwater with Naand K in the aquifer
! Tahle. % Cliest Teation of Chlorde material, the ubove index s pegative. andal there s
Goreverse lon exchange, then the index will be
- . - - wonitive (Schoeller 1965, 19671 CATand CAZ values
Concentration ol Chlorde Suitable Zones l )
R »f the s Cared ranve between -6.05-39 47 B
< 100l Giood of the study area range between -0.05-39.47 wnd
[tir- 230010/ Moderaty O41- 3571 (Fig, 3). This ohservation indicates that
T Pl reverse o exchange is the dominant process mthe
aroundwater (75% and 85% ), whereas normal 1on
af Tubteo v Classilicatne ol Brearbenale exchange is also noticed in water samples,
&
4.5 Trace Flements
Concentiation of Bicarbonate | Suituble Zones
’ . All the trace elements anaiyeed have
< Tonmg/l Good X
el vidues below the reyommended standard except
[ty 250mydl Moderule g : ; :
; barmum in only one sample with value of Y0Ymg/l.
T - 3 . .
wIS N Poo The average (race element concentration in the
. surbice water sumples ol the study area s given in
sthieate wewthermy methe geochemical processes, (Table. 1),
which vontirbute mainly sodium, caloum and . . . s
% , I | Seallrd I'he concentrations of Ba, Mp, Cr, Niand
wotissum doms Lo the groundwater (Stallard ane . ‘ < <
! = e Coare as Tellows 5244 10 Y09.02mg/l, 0.05
i UN T Sarm el MU e - . . . . .
Pchonmd T8 Sarmetal, 19891 MWeathenng ol soda 350.55my/l Lamgllhto L3 dmgll 0.2mg/ o 043 my/]
Feldspar ralhites and potash leldspurs torthoclase and 027 1o 83 ma/l with the Tollowing averages
|72
> }

Ol
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Cieoeleaneal Db of Conmdstler.,

PTOINT DGR 025 and TSR respectively, Cu,
PhoSho U Zn Cec TVl und N Rave the tollowing

O] 3 ad WS respectively s Al he race clements

arewithoy WO 20010 stanwdurd exeept Bain ene

swnple amd S Tour samples, The plots ol

stenificand race clements ugamst torad vations
shoved very Tow correlation (g b Brch mdecades
profaiainy of different sovrees. Major elements are
probaily Jron weathering of the buedrecks in the
study arew wnle trage elements may e Dom the

atthrapogonic sonrees,
0. Water Suitability for Irrigation Purpose
G Sodiom Adsorption Ratio (SAR)

Sodimn Adserpoon Ratiod SAR = Na /N

S Car 2o the water samples range from 205 100 1443

drnd i be clusstived gs exeellent and good Tor

wrieaon Tubie, TOTodd, TYSOY Approximately 8074
al the values obtimed Tor the Sedivm Adsorption
Ratie oSARY during the present sty are
seneralby less fhan 1O and can be chissilied as
eaclbontwinle the reninmimg 2060 can be classificd

s tond Tor e purpese ol prigation,
G2 Magnesiwm Ab<omtion Ratio (MATR)

The range ol vadues obtined for the
Mlaciesium Adsorpuion Rutio AR Y of the water
samples hebween 10039 and 80990 Magnesiem
cortenl ol owaler s considured as one ol the
Nesionpartunt quaelitatee eeiterio i determiming
the gty of waler for rigation Generally, caleium
and agnesinn onenlain woskate of equilibrium i
Iostavaters, ol ingreasing amount of magnesium
mowter will merease the sahnity of the water and
Based on the MAR values, 700 of the waters wre
constdered sunable with noe harzardous eftects to

thie sl Table [0
G Permentaliny Tndes

Ahe valaes of the Permeubiliny Indes
vhtained o thee worke ranges between 3 15% -
aTt g

JEET e Generallve the satl permeabibity isatfeeted
by the Tong lermuuse of jreigated water with high

eeJSouthawest Nivorig

Tahle [0 Characteristios of Water Tor brrrgahien

Purpose

S5AR SSP | RSBC Pl

Y3 G705 (86 3Kl RRAIN | 93
1337 | 6534 103 0. 1 [SERR L5
203 ive | Lal 16002 L5 | 4
442 7402 (.89 139 [ 11165 241
T4 6670 | 093
AN 637 | 241 | 4798 | 8303 | 13T
f.el | 5907 [.35 073 1 1319) [
oS 28 e 221 0349 132
34 3302 03y | 3025 1 4678 | 04
27.210 3334 (151
H.83 53021 0w 377 AL49 |l
1459 46,79 [17 RINE 5245 (.73
[3. G188 AT TLTT | 12328 0o

N.15 6076 | 120 3752 ! |3

[
|5

K76 5779 136 | 43.98 3303 1.2
595 50 103 3257 IRO8 | ORT
f.5 55.39 1.4 RENE 3014 [0
6.4 a3 1.3 4163 EARCIN IO

497 454 201 3040 AL {1y

692 RNt 4642 755 ) 0X3

values of  total dissolved solids and  sodinm
bicarbonate.  However, based on the classitication
presented by (Doneen, 1904), the results obtained
i this work fall within the Class T eategory, which s
desertbed as exeellent irrigation water.

6.5 Seluble Sodium Percentage (SS1P)

Seiuble Sodium Percentage  (SSI7)
narameter provides an estimate of the percentayy

of sediem ions present in the water sample, which
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fviher provides anndication of - the probubie
hasard that could he resuled from accumulation
ol sodimm o Therelore, SST s fregricntly used
e deternimadies, of the suitability of water Tor
irbaation purpose, According o toshiet ol 28090,
&gl percentage ol sadium o the water for
irrication purpose G potentially stunt the plant
crowth imd rednees ~onb oermeabhtys In s work,
e values vbtained for the SSP purameter range
Botvweesr 28 N and T2l
sud AT SSP
worly are swethin the recommended permissible
fimt el 500

According e W oo
values  ebtamed o the proesent
and tharerore these waler samples
WL W e classiied as teseellent” Tor the

parpose ol g atie,

Sonbium Bicarbonute RSB

watues ohtaimed tor the water sumples vary botween

Rosiduo.
2 24w/l Generallye the conventration of
hicarbenate nd cirbonate within the sathmfloenees
the suitabihty of water oy irrigation puypose.
hoecause water <anples with high RSBC value terd
o have relasivedy high ptT values, Therefore Tand
i gatedw R such waiter hecomes inferile owing
deposition ol sodinn carbonate (Eaten, 19500 In
thrs woork, the range of values oblaimed tor the RSBC
o the water samples s =200 o 24D megll ' Based
v the tating andiees, these water sampies ure
described as "Good lor irrigation, Alse, e ranges
abvalues for the Kelhy's Rutio tKR yobtamed for the
wiler samples s 040 2410 The vabues obiined
are slightly higher than the penmissible Timitof 1.0
revommended by Avers and Westcot (19R5) iy 504%

ol the 1etal samples,
0.5 Pallunon mde s

[T pedlnton mcdes was tsed 1o this study
teevaduate the deree of trave metal contaminution
sNsTnda et alc TURZOChon, et el 1991 Kimeetal,
[oOR Emayan etal. 2005 Nigr, 2007 The tolerable
fevel s the clement comeentration in the waler
considered sale Tor himan consumption (Kloke,
[ Toocetal 199N The (WHOL 20103 standard

S Soeutwest Niget

was used as tokersble level for water and the
potlution index can be caleulated using the formula

helow.
-

Pl= Heavy metal concentration in water

Tolerable leveld

Number of heavy gictals

The results of Pollution Index for all the
water sampies are below 1 owhich indicate no

contamination with regards (o trace elements.
Conclusion

The groundwater quality of Ago Iwoye,
Soulhwest Nigeria was assessed [or s dinking
and nrigational suitabibiny, Results showed thit

water samples have generally Tow total dissolved

solids with average values of 90-3 34mg/l
pH ranges from 4-7.9 while total hurdness varies
from 20-221 mig/l, CaCO {seft o shightly hardy,
Average concenirations ol cations for the study
arca were 16,31, 7.98,25.27 and 3.93 for Ca, Mg, Na
and K respectively while anion showed average
concentrations ol 93835, 11884 and 36.8 Tor HOO
Cland SO, respectively,

All the water samples in the study arca
Fased o cations and anions fall within safer zone
for drinking and irgigation purposes except for €
and HCO, which showed higher values i 10% and
33% of water simples respectively.

The values of Total Dissolved Solids 192

— 27025 my/l), Polassium ratio (KR (U4 1-2.41 ),
(28.8 - 72.02,
22.57 SO Resudual
= 241 and Sedium
Adsorplion Ratio (2.15-14.43). Magnesium
Absorption rutio (MAR) 10.49-86 Y indicate that the
witer quality was smtable for irrigation purposc.
Al the trace elements are within (WO, 2010y

Soluble Sodium Percentage
Pormeability Index (415

Sodium Bicarbonate (2.1

BRI



Orlukovie AN and

Stndhard cncept Bai ooe saumple and Sboan tour
samnples w hide Podlution indestis belos T orall the
caaples wheeh showed no contamisauon, The
sealogy appears o Mo wreater infivenee vn the
Chermcal tramstormation ot the groundw ater
rosothves, vopared tooany pussihle elfevts due
Lo the antlumposenic awtvities within the siuds
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