Gl 4y sgan
el iadly Mad) el 5 )5 5
aslal) 408 / Jua gall daala

o) agle aud

culal) B ddsall sliall daandiy dxibiaSgng b dul
S 2ol ditua <l

i 01950 i § yla
oS ) /52581 s

il il

sous ] 3l
(ol 39l Guigal ok

Y.YY
a FARE X



oaldlinld)

Ladla e g Al Libeslly 430580 Jalgall aoen dayy (& dadsall oliad) 5a5a
27l sluall Baga Cuay dualy 3130 52 (WQI) olaall s2gn e cdalidall cilaladiadU sladl)
e Baaly Aad elheY e Clalee G AN i alay) S Gus lgaladial Vs
(GWQI) Zdgall slall 535 ydige Aolaa ok Alglan ciudyall oda calglis Lobaall dae g e
Lallal) dsall dobiia plae e aaad Al Gupta & Misra, (2018) dlales (e dfidia
Bsa axitil ((IQS 417, 2001) i) elaad ddhall ducliall Slawalsalls (WHO, 2006)

cpdll gadla (3 c(gpis Alailan b dlay er Gy dilaia U ol
Ay Lalif/ okl dyae ol 3B s e Gigia adi JY) Ghlie DB L) 5
Cre di gt BB dabidl adiy cJeagall dbre olail didan dis pe agin a0 Al

ilaeal) oLisd iy Alad gig Sl il e slatls sial

piy g Thsie (V) sl Auhal) dilaie U sl (e de (139) ]

4ibes) Lailadlls (pH, TDS, E.C) (e JS llia Lgusld 23 Al olaall 43050300 (ailiadll
(SO4%, gy (Ca?, Mg?", Na" K*) cliss€ll (e JS aaiy Lyiida lguslid 5 Al
(GWQID) leal clyitie aad Jiao) & (T.H) LN syually HCO3,NO37, CIY)
GUall Gaa a ) (s Sally cdpcaelall AAlly caspulisdl) 85al) e Jalgall clitialy
slaad) dae gy iy A Ligial) il (IQS 4175 WHO) s 3l 4 - garsdll
(WHO, il (Y¥%) cialy yall 4y zgensall (s3all (i dumalall Al ad s die
Oan dnadall Al i) aae Clud asf 13ag (IQS 417, 2001)A! (Y£%) 5 2006)

5yshaall Aalaall
(271-20) oo &ibas¥) clalleall alatials (WQIL1) oyl slus saga 2 il
s 453y (YA%) 5 copill Laiall e (£3%) ¢ HLY) slae Caiiea 3 «((WHO, 2006) cocn
RN (172_66) ) (GWQI3) 533 QAJDE (s ‘._?A “._\)m IAEEN (Yo/o)j z\.‘gd‘) (YV%)J
oy ((EA-Y2) Baa 24 > 5iliadl) Gl (0) e OsSall & rall Cauneailly §)yghaall dlalaal)



II

o obuall dac il salul) Lpde V) cul€ (1T < Laliall pueg (A1-VY) daa a8, (VY-£9)
(V%) Bl obudly (YV%) doty Lowliall e sbiall ciia & (OV9%0) il 3] las d5))
Lihall Gaclidll Glaagall e Wl L (T€%) cabiled) G @l gl Gl culSy
sl Catia 3 ((172-24) 5o (WQL4A) sludll 5352 8 canglys 23 (IQS 417, 2001)
sus (Y%)5 3 (V1 %) las &3y sl (VA%)5 coall duulidl e (YY%) ¢ LY
(268-80) zsiall Cipiailly §yshaall dsledl) Cas (GWQL6) ad Cingli (o b eyl
(V) -AT) das &gy ((AY-90) 25, ((O2-TA) Basm TV > Hilina g D (©) e 058l
A (VA%) dawy Jaa a8 oledd) e sl o 83kl AleV) cilS (110 < Aulidl e
Lgiall duall (Y9%0) Ayl sbuall daegis (V1%) dawiy cpdll dudlial 2 olaall Ciial
e Al ke 8 dadgal) bl cale JSa L(ZVE) ) by oililaal) g iUl

Al cleladiun)y ydll dalla

lead il LY 00 (°%) O (CAT-T & CAIFIT) s o) jules <oyl

Aralall jsaally ddsall sluall G ddlaial) (4 Hdlie ) oS agay e dids el Al
deal & ) LYY Haady Ldgal) slaall & aspuiially aguallSlly sUeY) Cayud dulaall o3
Aags sle (A Ayl dilase L Ladsal) olual

Ll o A0 DU A A el e Ja i (g5 W Aanit cudll oLl dpegi 2 aiad Y
e b Ml cdue) 3 Joaalaally 405l A laiall dagall JSUially Lgess (o
@) GaleY S olae Gt a3 L Apadly Loagcall cdaglalls aaad Jleaiwl olsdll

S (SSP%) «(AA%) Ay Bl iae o SIS (SAR) 100N jul adl) e 2Ly

can (PI) dilis Jalae cld LYY e (TA%%) Lass oIS (££9%) 5 85lan (£V%)
(R3) 8ystadl) cilin ) e st & Iobaas gy U (31%) dusy alin (LS (KR) Jslas
aiai ulaall o2 s U (Ca-S04) s e S L sl (a (1£%) () gl
bl ) IS0 (AY%) daasiy Lailia <3S (RSBC) Nasle psiagall 3525 o
dalaie olpe dasdle (o Jao L Aol A0l (e ad ag (g ole ailaad

Gt ot ) julaad) L eyl Ly L 8)ltae Bagag adfiye Jasay (53U iyl




III

(OV%) e o3l plaat O Aige e ;e LT olae &) o LeiVWalas (3 asas ol
e o2 (TDS) VI aalss Gl e JLVI 2 (33%) «(E.C) - Lady dasdle
iy (CI) 2l dae s iy gl () + 2 %) &y 13 dlle GLS(T.H) 5 il
st ) e (92%) «(MAR) s N dala 12 (YA%) «(OY%) Al
il G e A i 5 SL e (YY%) 5 ¢(PS) i (g Aalal

3_\ 4;1.\.\ D s (pH) \.A_{;Lq (HCO3_) z\__.\;t} O_A Z\_\_AAL%AS\ )_..\.G (A/\%)j

olse aladi wl Joa cpe il e Hlasiia¥ly Lslad) claalidl DL a5 . () %)
lsn) DY e JlB e dae sl dsdlia pae ) Lgleaa bl Al o)1 LY
S0 e L) e LU IV s aill Jalhe LA (U ) el (5 W (VY%
Lagall (51 sl aal€ il €l e 2 diny (g Caiaat gl a5 GllAT el
bl oyilag gy )y Sae IS aalasi ) aie A lad) 0y €15 Cuww daadall ddlaia b
i ala) a5 ogad (e (HgY) daball 8 dals cJoalaally Al e oSyl
<(190  mg/l) a5 @l (°) o O Clansll (o 2 e duhall dshia als
<(2300  ciasldl s <(1550 mg/l)  cdaslll pminia <(600 mg/l) coie
sl caianll Gl ey daa dlle A5l >(2300 mg/l) s dAagldl dlemg/l)

5 el Gl gaim o JLN1 ge (1) %) Gl ans cdllall bl ey e
Aaugia L) e (£0%) 5 cdaslall dmitie Ciiall Gaia a L) e (Y1%)

Jaa Al A aglad) clgd SN e (V%) 5 daolall A le (Y 0%) 5 skl




Abstract

Groundwater quality is the study of all the physical and chemical factors
that affect the suitability of water for different uses. The Water Quality Index
(WQI) is a mathematical tool that describes the quality of water to determine its
field of use, where the results of interactions between qualitative parameters are
found to give a single value that expresses the quality of water. This study deals
with an attempt to develop an equation for the groundwater quality index
(GWQI) derived from the equation of Gupta & Misra, (2018) based on the
standards of the World Health Organization (WHO, 2006) and the Iraqi standard
specifications for drinking water (IQS 417, 2001), to assess the quality of well
water in the eastern side of the Tigris River in Nineveh Governorate, and its
suitability for drinking.

The studied area was divided into three regions; the first region is located
southwest of Mount Kand toward Talkaif and Wana towns, the second region
extended southwest jabal Bashiqa toward Mosul city, while the third region is
located south of Ain Al-Safra jabal, towards the Great Zab River and the Tigris
River, that includes Al-Hamdaniya district.

One hundred and thirty-nine well water samples were taken to measure
(12) physical variables (pH, E.C. and TDS) in the field, and chemical variables
which have been measured in the laboratory include both cations (Ca?*, Mg?*,
Na*, K%, anions (SO42, HCOs", CI', NOs") and T.H.. Nine variables were used to
calculate the (GWQI), that fall within the permissible ranges for drinking
according to WHO and 1QS 417, excluding non-influential parameters
(potassium, pH, and bicarbonate) based on the statistical treatments. The
percentage of difference between water quality categories when the pH values
changed within the permissible range for drinking was (33%) for (WHO, 2006)
and (24%) for (IQS 417, 2001) and this is one of the reasons for not including
the pH within the developed equation.

Drinking water quality values (WQI.1) varied using statistical treatments
from (20-271) according to (WHO, 2006), as well water was classified; (3%) are
not suitable for drinking, (28%) are very poor, (27%) are poor, and (2%) are
good for drinking. while the values of (GWQI.3) ranged (66-172) with the
developed equation and proposed classification that consisting of (5) categories:
excellent <24, good (25-48), poor (49-72), very poor (73-96) and unsuitable
>96. The prevailing majority of water quality was very poor (57%), then
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unsuitable water was classified as (37%) and poor water (6%). The percentage
of agreement between the two equations was (64%). As for the Iraqi standards
(IQS 417, 2001) the water quality values (WQI.4), ranged (24-172), The wells
classified as (72%) are not suitable for drinking, (18%) very poor, (10%) poor
and (2%) good for drinking, while the values of (GWQI.6) ranged (80-268). The
wells were classified by the developed equation and the proposal classification
which consists of (5) categories (excellent <27, good (28-54), poor (55-82), very
poor (83-110) and unsuitable, >110). The majority was for very poor water
quality by (68%), unsuitable water were (30%) and the poor water quality (2%).
The percentage of agreement between the two equations reached (74%). In
general, the groundwater in the study area is not suitable for drinking and
domestic uses.

Ion exchange standards (CAI-I & CAI-II) indicated that (59%) of the
wells had negative values, which is evidence of the presence of direct ion
exchange in the region between the groundwater and the host rocks. This
process explained the enrichment with calcium and magnesium in the
groundwater. It should be noted that the origin of groundwater in the study area
1s atmospheric water.

The quality of the water used for irrigation depends not only on the total
amount of dissolved salts but also on its type and important problems related to
soil and agricultural crops, so the suitability of the water for use is determined
by salinity, sodicity and toxicity. Well water was classified for irrigation
purposes based on the following criteria; (SAR): (98%) were excellent, (SSP%):
(47%) were excellent quality and (44%) were good. The (PI): (68%) of wells
have good permeability, (KR): (96%) were suitable for irrigation, and the
modified quality facies (R3) showed that (94%) of the well water were (Ca-SOs)
type. All these criteria depend on the presence of sodium mainly except (RSBC)
was not (97%) suitable for its effect on the characteristics of irrigation water and
then on soil permeability, which indicated the suitability of the study area water
for irrigation at a high rate and with excellent quality. All these criteria depend
on the presence of sodium mainly because of its effect on the properties of the
irrigation water and then on the permeability of the soil, which indicates the
suitability of the water of the study area for irrigation at a high rate and with
excellent quality. While the rest of the standards that did not include sodium in
their equations indicated that well water is not guaranteed for agricultural use,
(°2%) according to (E.C), (YY%) according to (TDS), and (T.H) was very hard
by (100%). Chloride toxicity (Cl) appeared at a high rate (57%), (38%)
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unsuitable for irrigation according to (MAR), (92%) of the wells unsuitable for
irrigation according to (PS) and (72%) of wells unsuitable for nitrates and (A%)
is suitable in terms of (HCOs"), except for pH, it was (100%) appropriate.
Through field observations and inquiries from farmers about the use of well
water for irrigation, which generally indicated that the water of a large number
of wells (about 33%) is not suitable for continuous irrigation or for irrigation
during the initial growth stages of germination because to high sulphate
concentrations, therefore, a sulphate-based irrigation classification was
developed as one of the important irrigation criteria in the study area because of
its high concentrations when used repeatedly for irrigation and its accumulated
negative effect on soil and crops, especially in the early stages of its growth. The
developed classification consist (5) categories, which are < (190 mg/l) fresh, <
(600 mg/l) low salinity, < (1550 mg/l) medium saline, < (2300 mg/l) highly
saline and >(2300 mg/1) is very high salinity, So, it was found that (11%) of the
wells fall within the fresh type, (26%) of the wells fall within the low salinity
type, (45%) of the wells are medium saline, (15%) are high saline and (3%) of
the wells are very high saline.
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