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Present
Iragi study
Parameters Specifications | WHO European Canadian USA Living Minimum
2009 Irrigation
(2018) | specifications | specifications | specifications aquatic
&
(1QS)
Maximum
Temperature(C) 25 - - - - 37.5-18.2
PH 6.5-8.5 6855 6.5-8.5 6.5-8.5 6.5-8.5 6.5-8.5 6.5-9 7.61-7.18
EC(ps/cm) 1530 1500 - - 2250 - 5.06-3.06
Turb NTU 5 5 4 5 1-5 - 5 15.5-2.3
TH(mg\l) 500 500 - - - - 1599-600
TSS(mg\l) 51.34 - - - - - 299-68
TDS(mg\l) 1000 1000 - 500 500 - 500 2989-1803

o LS Badinall Sulaall mey alael gLyl
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i) olaad bl 3gaally Aalall g A el s Aallal) il we e lie 2iad (26) Jsaall

b il mlai Vg dadi e cul€ TDS iy 4l 560 4dla) ad o Guiiy Al 5 48 5a)
aail olyall iy Galally (27) Jsandl (e Gy WS L dadlaall £ ja) 20 Y1 J)saY) aren

(very hard) caia il 4 lgases Cuil€ ol 4se g3 o)) 223 Total Hardness

(28) Jsaall b daii e LS5 TDS i aldll uallall ilisioatll Crun 5 sliall e 53 L

il 5 (Slightly —Brackish Water) iia cyaca (S dihidl & LY ol s’ (o sl
(2022) 253 5(2013) sy sead) 4dll Joa s Le pe ALl il




Total Hardnes cuua 4alall oLl cilisias (27) Jsas

Type water Altoviski- Boyd - 2000 Todd - 2007
1962
Soft 0-<75 0-50 0-60
Moderate Hard 75-<175 50 - 150 60 - 120
Hard 175 -< 300 150 - 300 120 - 180
Very hard > 300 > 300 > 180
TDS (ppm).cs dalall olall ciliyiias (28)d san
Altoviski Drever Todd
EEC s (1962) (1997) (2007)
Fresh Water 0-1000 <1000 10 - 1000
Slightly - 2000 | 0 -----
Brackish Water 1000 — 3000 | 1000 - 2000
Brackish Water | 3000 - 10000 | 2000- 20000 | 1000 - 10000
10000 - 10000 -
Salty Water 50000 35000 100000
Brine Water > 50000 > 35000 > 100000

oan o gVl b pal 2 Adsal) sl Aadia 4 e ulid (<G adel g
Gl 3815 a peadlly g A8 =SS At I yabiall 381 55 46 jaa leaal (ag ailiadl]
Adadl s Apallall Gunlicdl ae 4 gall sludd) (ailiad Fias (2o 4 pee oy 3 ALl 5 a5l
A8yl Al i) all g (WHO) dalladl daall dabiie uliie 58 Gunlidl) oda aal (g
.ol (29) Js> 4 LS (1QS)




48 pall Guplial) Cuuny ol (2l 52 4 sal) olpall dpadlial dpul @l cilival sall (29) Jsaa

dzallall
481 jall Clial gall (2011¢WHO) Axallall cilinal gall ualiall
(20091QS) Sleyl all YY) aall b
200 200 50 Na*?
150 150 50 Mg*?
200 200 75 Ca*
0 20.4 1.4 K*
8.5 8.5 6.5 PH
1500 1500 500 TDS
600 600 200 CL
400 400 200 SO,”
0 285 45 HCOy
— *0.5 ---- PO,
50 *50 NO;
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aal o LS (mlal) QL cGhadiall s fiaSl o Al o palll) daslall Jeadll diaisidl
sl (e 2235 (1954) Richard Caias s del ;30 Gl 23U sluall Copiatl deadiodll jpledl
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(2007) Todd (gt cansasy dpalall 380 0 Jass e duel )30 Jpalaall 33 (30) Jsas

Crop EC
Divisi Low Salt Tolerance
on - Medium Salt Tolerance crops High Salt Tolerance
Limon,
Fruit | (0—3000) | P3P | o000 _a000) | CAMBIOUPE 11000 - 10000)
Crons (S /em) Apricot, (uS /om) Olive, Figs, (S /em) Date palm
P H Orange, K Pomegranate. H
Apple.
Green Cucumber, Peas,
Yoo | ooy | beas | oo sooon) | B | ey | Soneeh
Crops | (uS /cm) gz;e.;ﬁ (kS fom) Cauliflower, (uS /cm) beets
' Tomato.
Cotton
. (4000 - Sunflower, Corn, (10000 — ’
;i'ds 6000) | Field beans (GO?OS /012300) Rice, Flax, 16000) S“g;:lzeet’
P51 (us /em) M Sorghum (uS /em) (graini

(1954) Richard

ol iy le 2 yad sl s (31) s

SAR Jalall s 5se 5 SLEC BARY
0-10 S1 <250 C1l
10-18 S2 250-750 C2
18-26 S3 750-2250 C3
>26 S4 2250-5000 C4




(1954) Richard cagias 38y e oLl ¢1431 (32) Js2a

sball Catia BYS\ sball Catia BB\
43 ¢ sama 351 s C1S1
aaladind (Say C3S2 YEN C1S2
aaladiul (Say C3S3 4 7 s C1S3
I C3 54 g C1 54
g C4S1 KPS C2S1
Bre C4 S2 a2 C2S2
las C4S3 40z same C2s3
lax a8 C4 S4 uh C2 s4

&8 WY sle S o ¢ (36) (35) (34) (33) sl 8 LS Richard Cagsi (3ulsi sy
Jrealadl) ) s sua A3l 3 il | pmna sluall oda aladind ()sSy il Ciia (yaun
oS5 ade JaY ol e g sl 13 dladinl e el gy Al dasldl Jeas Al
Gl 8 olaall 238 aladind jaas s Jusdl lllaie sladind 5 O3l dsa s sl e 2 SLY)

Adadl) alaaall @il



Richard casas iy isall augall 8 50 Leindlay JUY1 ol dae 53 (33) Jsas

-(1954)

Richard —a=l | Richard <l EC SAR BUBTS)
P C4S1 3.06 411 S1
P C4S1 3.86 4.05 S2
P C481 3.51 3.79 S3
P C4S1 3.40 4.02 S4
Pr C4S1 3.13 3.76 S5
P C4S1 3.78 3.96 S6
Pr C4S1 3.70 3.92 S7
P C481 4.97 4.34 S8
BT C48S1 3.82 3.94 S9
ad C4S1 4,71 4.55 S10
ad C481 4.23 4.17 S11
ad C48S1 3.92 3.91 S12
P C45S1 3.97 3.95 S13
el C4S1 3.74 4.07 S14
ad C4S1 3.43 3.71 S15
P C45S1 3.30 3.72 S16
el C4S1 3.38 3.98 S17
P C45S1 3.69 3.95 S18
el C4S1 4.00 3.88 S19
P C43S1 4.36 4.18 S20
P C43S1 4.30 4.22 S21




Lo 530 Gl 2 Lgiadta g i Al au gall (& A jal) ABkalal JLY) olua s 53 (34) Jsia
Richard (1954) Ciwai (38 g

Richard —a=ll | Richard —siall EC SAR PSS
P C4S1 4.20 4.30 S1
P C48S1 3.39 3.79 S2
P C4S1 3.45 3.88 S3
P C48S1 3.31 4.36 S4
P C48S1 3.69 411 S5
Pr C4S1 3.55 3.96 S6
Pr C4S1 3.50 3.94 S7
Pr C4S1 4.88 4.46 S8
P C48S1 3.80 4.19 S9
P C45S1 4.27 4.27 S10
P C45S1 4.93 4.50 S11
P C45S1 3.60 3.93 S12
ad C48S1 3.59 3.90 S13
BT C48S1 3.57 3.87 S14
ad C48S1 3.35 3.76 S15
el C4S1 3.49 3.82 S16
el C4S1 3.66 3.86 S17
P C45S1 3.83 4.05 S18
P C45S1 3.92 4.10 S19
P C45S1 3.56 441 S20
Pr C481 4.15 4.37 S21




Richard (1954) il 339 s S5 amgall b o A Lghadiay JLY) sl 48 5 (35) Jo

Richard «a=l! | Richard il EC SAR PSS
P C4S1 4,94 5.77 S1
P C4S1 3.52 3.77 S2
P C4S1 3.64 3.82 S3
P C481 3.48 3.74 S4
P C48S1 3.85 3.79 S5
Pr C4S1 4.04 4.03 S6
Pr C4S1 3.92 3.85 S7
P C48S1 5.06 4.46 S8
P C45S1 4.21 4.22 S9
BT C48S1 4.87 4.77 S10
ad C48S1 4.18 4.2 S11
BT C48S1 3.6 3.83 S12
P C45S1 3.66 3.89 S13
P C45S1 4.36 4.23 S14
el C4S1 3.5 3.78 S15
el C4S1 3.58 3.76 S16
el C4S1 3.71 3.85 S17
P C45S1 4.09 3.98 S18
P C45S1 4.22 4.06 S19
P C48S1 4.56 3.54 S20
P C48S1 4.33 4.13 S21




Richard (1954) i (389 am ) awgall B 8 lgiadlay JLY) ol 4e 5 (36) Jo>

Richard <=l | Richard il EC SAR PSS
P C4S1 4.33 4.23 S1
P C4S1 3.48 3.75 S2
P C4S1 3.4 3.72 S3
P C4S1 3.42 3.74 S4
P C481 3.73 3.85 S5
P C48S1 3.83 3.8 S6
P C48S1 3.66 3.88 S7
P C4S1 4.45 5.75 S8
P C4S1 4.05 4.03 S9
P C48S1 4.62 3.83 S10
P C45S1 4.14 3.96 S11
P C45S1 3.51 3.77 S12
P C45S1 3.9 3.85 S13
P C48S1 3.87 3.78 S14
P C48S1 3.44 3.71 S15
sl C4S1 3.55 3.8 S16
P C45S1 3.58 3.82 S17
P C45S1 3.96 3.83 S18
el C4S1 4,12 3.98 S19
el C4S1 4.69 3.53 S20
sl C4S1 4.16 3.95 S21
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Abstract:

A study was conducted to evaluate the quality of groundwater in the eastern
part of Wasit Governorate within the areas of (Badra and Zurbatiyah) for 21
regular wells, 7 identification wells were distributed in the lands of Zurbatiyah
area and 14 wells in the lands of Badrah. Samples of well water were collected
during four seasons starting from 15\8\2024 to 15\3\2025 for the study area.
Then the samples were placed in plastic bottles and the levels of the wells
(Stable and Variable) and the production capacity of the wells were
determined and the electrical conductivity, pH and temperature of the well
water were estimated using an electronic thermometer, total hardness,
turbidity, total dissolved solids and total suspended solids were calculated, and
positive ions (K+, Mg+2, Ca+2, Na+2) and negative ions (Hco3-, So4-2, Cl,
No3, Po4) were calculated, in addition to measuring heavy elements (copper
Cu, lead Pb, cadmium Cd, chromium Cr, Cobalt (Co). The water quality in the
study area was then evaluated for the four seasons according to Iraqi and
international standards and specifications for water quality. The results
obtained from the study included the following:

1- The fixed levels of the wells in the study area within the Badra region
varied during the autumn season, and their values ranged from 5.46-22 m,
with an annual average of fixed level values of 11.37 m. The highest value
was 22 m in well 7S and the lowest value was 5.46 m in well 5S. Meanwhile,
the fixed groundwater level in the study wells of the Zarbatia region during
the same season ranged from 5-9.23 m, with an annual average of fixed level
values of 7.53 m. The highest value was 9.23 m in well S15 and the lowest
value was 5 m in well S19. As for the spring season, the stable groundwater
level in the study wells within the Badra area was found to range between 5.22
and 15.61 meters, with an annual average of 21.74 meters. The highest value
was 15.61 meters in well 13S, and the lowest value was 5.22 meters in well
5S. Meanwhile, the stable groundwater level in the study wells of the Zarbatia
area in the same season ranged from 4.85 to 9.63 meters, with an annual
average of 7.37 meters. The highest value was 9.63 meters in well S20, and
the lowest value was 4.85 meters in well 19S.

2-As for the water table fluctuations in the Badra area wells during the autumn
season, their values ranged from 5.64 to 36.00 meters, with an annual average
of 21.74 meters. The highest value, 36.00 meters, was recorded in well S2,
and the lowest, 5.64 meters, was recorded in well S10 in the Badra area. In



Zurbatiyah, the water table fluctuations ranged from 14 to 36.31 meters, with
an annual average of 26.55 meters. The highest value, 36.31 meters, was
recorded in well S18, and the lowest, 14 meters, was recorded in well S20.
During the spring season, the water table fluctuations in the study wells within
the Badra area ranged from 15.75 to 35.94 meters, with an annual average of
23.30 meters. The highest value was 35.94 m in well S9 and the lowest value
was 15.75 m in well S12, while the moving groundwater level in the wells of
the study area in Zarbatia ranged from 13.65 to 36.26 m, with an overall
average of 26.39 m. The highest value was 36.26 m in well S17 and the lowest
value was 13.65 m in well S20.

3- The productivity values of the wells in the study area within the Badra site
during the autumn season ranged from 4 to 10 liters per second (L/s), with an
annual average discharge value of 7.35 L/s. The highest value of 10 L/s was
recorded in well S5, and the lowest value of 4 L/s was recorded in well S9.
During the same season in the Zurbatiya area, the productivity of the wells
ranged from 6 to 8 L/s, with an annual average discharge value of 7.07 L/s.
The highest value of 8 L/s was recorded in well S15, and the lowest value of 6
L/s was recorded in well S18. As for the spring season, the productivity of the
wells in the Badra area ranged from 4.23 to 10.3 liters per second, with an
average annual flow rate of 7.542 liters per second. The highest productivity
was recorded at 10.3 liters per second in well S5, and the lowest at 4.23 liters
per second in well S9. For the Zurbatiya area, the productivity of the studied
wells ranged from 6.1 to 8.15 liters per second during the spring season, with
an average annual flow rate of 7.16 liters per second. The highest flow rate
was recorded at 8.15 liters per second in well S20, and the lowest at 6.1 liters
per second in well S17.

4- The temperature of the well water during the study seasons ranged between
(18.2-37.5) me. Turbidity values were (2.3-15.5) NTU, while electrical
conductivity values were (3.06-5.06) decimeters-1. Total dissolved salts
ranged between (1803-2989) milligrams L-1, while pH values were (7.18-
7.61). Total suspended solids values ranged between (68-299) milligrams L-1,
while total hardness values for well water were (600-1599) milligrams L-1.

5-The averages of negative and positive ions of well water were estimated
during the study seasons. The values for calcium and magnesium ions in well
water ranged from (221-375) mg L-1 and (98-165) mg L-1 respectively, and
sodium and potassium ions ranged from (271-433) mg L-1 and (10-26) mg L-



1 respectively. The average concentrations of chloride ions were (201-853)
mg L-1, and the average concentrations of sulfate ions were (433-721) mg L-
1, while the average concentrations of bicarbonate ions were (203-358) mg L-
1. The average concentrations of nitrate ions were (8.7-30) mg L-1, and
phosphate ions were (0.19-0.53) mg L-1. Our results, when compared with
international and Iraqi drinking water standards, showed that pH levels and
nitrate ion concentrations were within permissible limits. However, total
dissolved solids (TDS) and sodium, calcium, chloride, and bicarbonate ion
concentrations exceeded permissible levels. Magnesium and potassium ion
concentrations were within permissible limits except in three wells. Sulfate
jon concentrations exceeded permissible limits except in one well, while
phosphate concentrations remained within limits except in four wells.

6- The average total heavy metal concentrations of the five studied elements
(copper (Cu), lead (Pb), cadmium (Cd), chromium (Cr), and cobalt (Co) in
well water were (0.093-0.486), (0.089-0.605), (0.09-0.175), (0.169-0.483),
and (0.091-0.147) mg/L, respectively. Cadmium ion levels exceeded the limits
set by the World Health Organization (WHO), the US Environmental
Protection Agency (EPA), and Health Canada, but remained within Iraqgi
limits. Cobalt ion levels were also within Iragi limits. Chromium and lead
levels exceeded all international and Iraqi standards, while copper
concentrations were below internationally permissible limits but still exceeded
Iraqi standards.

7- The study results showed that all well water falls within the poor category
C4S1. According to Richard's 1954 classification, all well water is classified
as poor and its use is limited to well-permeable soils and the production of
crops that tolerate high salinity. Furthermore, TDS values were high and
unsuitable for drinking in all cases without treatment. In terms of total
hardness, all water quality falls under the category of "very hard,” while
international classifications for TDS values place it in the category of "slightly
brackish water."
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