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Heavy metals are present in sediments and soils as a result of erosion,
transportation and sedimentation processes, and the concentration of
these elements increases as a result of human civil, agricultural and
industrial activities. This study includes an assessment of the level of
pollutant concentrations of heavy metals for twenty-three elements (All,
Fe, Mn, Cr, V, Ba, Sr, Ni, Zn, Co, Rb, Cu, Pb, U, Mo, As, Sn, Cd, Ag,
Sh, TI, Bi, and Se) in the sediments of selected dam reservoirs. Heavy
metals are extracted by standard methods and measurements using
ICP-MC. Nine samples are collected (three samples from each
reservoir) for the purpose of evaluating the environmental pollution has

been occurredaccording to the pollution indicators represented by (EF,

Eenrichment Factor SPI, and Er). The highest values of the enrichment factor (EF) in the

Rreservoirs Dam

sediments of reservoir dam are for the elements (Mo, Cd, Bi, Al, and
U) (As, Mo, Cd, Bi, Al, and U) (Sr, Mo, Cd, Sh, Bi, and U)
respectively. While the results of the (Er) and the (SPI) indicate a high
level of (Cd). It is attributed to the nature of the sediments that contain
percentages of these elements, as well as the influence of the particle
size, the proportion of organic materials, the climatic conditions, the
location of the tourism activities that are used in the neighboring
agricultural lands, or their source of radioactive contamination from the
remnants of military weapons, industrial waste, oil visits, and crude oil.
The results of the pollution indicators show that the source of the heavy
elements for the sediment of the selected dam reservoirs was due to
human influences.
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\Y 285 207 272 254 293 259 261 271 214 252 245 237
TI 0.7 0.8 0.7 0.73 0.8 0.8 0.8 0.8 0.9 0.9 0.9 0.9
Pb 8.5 10 32.7 17.06 7.3 7.3 6.6 7.06 9 3.8 7.4 6.7
Bi 0.7 0.5 0.5 0.56 0.4 0.6 0.6 0.53 0.7 0.6 0.6 0.6
Cr 410 400 461 423 300 314 308 307.33 200 219 199 206
Fe 29997 33963 27465 30475 24955 24956 2205 23987 24059 9820 24969 19616
Mn 609 697 599 635 534 528 478 513.33 388 307 413 369.3
AL 40584 46861 33763 40402° 33953 35118 3028 33117 30757 9182 29577 23172
U 7.7 9.3 7.3 8.1 8.7 15.5 11 11.73 19.3 29.9 11 20

celyal 8w gy 8 AoV ALEN jualiall 5815 Jaea *
gl aalgy o eV LA palial)l 3SI5 Jaea *
e au gy (& AoV ALEN jealiall 505 o *
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Adaal) ciluhal) ae Bl Sgaadl cuulyy 8 ALEN pualindl 50805 Jare LjlEa 13 Jsaad)

Location
Hea Samarra Wand Mandeli Al- Khaleifawi Al-Tamimi
M vy Barrage Dam Dam 2023 et al., 2022
etals
Average Average Average
Co 40.06 234 22.9
Ni 114.1 69.6 89.3 176.5
Cu 223 19.5 16.3 37.2 1.450
Zn 44.33 36.4 48.3 87
As 4.9 5.7 34
Se 0.3 0.3 14
Rb 38.66 34.6 30.9
Sr 1915 936.8 972
Mo 6.5 3.9 3.6
Ag 0.96 1 0.9
Cd 1.36 1 1.2 3.92 0.009
Sn 3 1.6 1.2
Sh 0.9 0.9 1
Ba 231 282.8 484.3
\Y 254 271 237
Tl 0.7 0.8 0.9
Pb 17 7 6.7 19.6 0.256
Bi 0.5 0.5 0.6
Cr 423 307 206 543 142.8
Fe 30475 23987 11604 9228 1118
Mn 635 355.5 369.3 789
AL 40402.6 33117 23172
U 8.1 11.7 20
g paal) adlsall (3 a3 Jee G o) B au gy (8 AL pualiall 315 Jane®
il e gy Ao aw calgy (B SIS Jare e ed A paall aBlsall caudgy (B ALED paliall 3S)5 Joaad®
cAasgyall adlsall & WSS Jare (b0 JB) inaddl jei g 4 ALED pualiell 5:S)5 Jasa®
A paal) adigall A (EF)sliY) Jale il gdags 14 Jgaal)
Location
EE Samarra  Samarra  Samarra Wind Wind Wind Mandeli  Mandeli ~ Mandeli
Barrage Barrage  Barrage  Average Dam Dam Dam Average Dam Dam Dam Average
A B C A B C A B C
EF Co 1.53 1.98 3.07 2.197 1.642 2.196 0.89 1.24 1.90 3.016 1.50 147
EF Ni 2.80 2.87 2.18 2.61 2.11 2.02 1.98 2.378 2.92 2.35 3.82 3.03
EF Cu 1.17 1.27 1.00 1.15 1.36 1.32 1.16 1.28 1.35 1.12 1.34 1.27
EF Zn 0.89 0.98 0.75 0.87 0.99 0.93 0.88 0.921 1.50 141 151 1.48
EF As 3.71 4.03 3.55 3.76 4.93 5.679 6.11 5.57 3.38 6.625 3.81 3.94
EF Se 0.024 0.021 0.026 0.024 0.52 0.60 0.64 0.59 0.19 0.20 0.16 0.18
EF Rb 0.67 0.63 0.61 0.64 0.73 0.73 0.72 0.73 0.91 0.63 0.74 0.76
EF Sr 0.77 0.72 0.72 0.74 3.61 4.35 6.10 4.02 4.39 14.22 4.02 7.54
EF MO 6.82 8.98 6.92 7.57 4.74 6.33 6.67 5.91 5.37 13.89 5.17 8.14
EF Ag 0.018 0.018 0.016 0.017 0.02 0.020 0.033 0.025 0.014 0.06 0.022 0.035
EF Cd 10.53 23.26 18.69 17.49 14.24 14.24 23.28 17.25 6.56 88.49 15.81 10.41
EF Sn 1.25 0.55 3.68 1.83 0.75 0.61 2.25 1.54 0.71 2.79 0.68 1.73
EF Sb 3.95 3.87 3.83 3.88 4.74 4.74 5.97 4.82 5.47 14.74 5.27 8.49
EF Ba 0.55 0.45 0.54 0.51 0.72 0.71 0.96 0.80 0.84 5.52 0.94 1.10
EFV 3.82 2.45 3.99 3.42 4.73 4.18 4.77 4.56 3.58 10.34 3.95 3.62
EFTI 1.77 1.78 1.93 1.83 243 243 2.75 2.54 2.84 6.96 2.73 3.51
Ef pb 0.75 0.78 3.17 1.57 0.78 0.78 0.79 0.78 0.99 1.03 0.79 0.94
Ef Bi 10.84 6.84 8.45 8.71 7.44 11.17 12.64 10.42 13.52 28.39 11.16 17.69
Ef Cr 4.28 3.69 5.26 441 3.76 3.94 4.37 4.03 2.60 6.99 2.49 3.36
Ef Mn 1.12 1.13 1.20 1.15 1.18 1.16 1.19 1.18 0.88 1.72 0.912 1.17
Ef Al 5.56 5.67 5.053 5.43 5.594 5.78 5.64 5.67 5.25 3.84 4.87 4.65
Ef U 5.96 6.36 6.17 6.16 8.10 14.43 11.59 11.37 18.63 70.74 10.23 11.98
Jals glief*
Lgia cliel*
\;b ;,L'x'c\'*'

e cliel*
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EF Co WEFNi MEF Cu EF Zn WEF As " EF Se WMEFRb WEF Sr MEF MO WEF Ag MEF Cd
B EF Sn ®EF Sb EF Ba mMEFV ®mEFTI Ef pb mEfBIi Ef Cr mEf Mn=Ef Al mEf U
18
16
14
12
T
10
8
6
4
2
0
Samarra Dam Wind Dam Mandeli Dam
Location
LAl @\y ga LSy Jale =l a6 J<ad)
g pral) adlgal) (B Al jhal) jdi3e @il g .5 Jgaall
Location
Samarra  Samarra  Samarra Wind Wind Wind Mandeli  Mandeli  Mandeli
Er Barrage Barrage Barrage Average Dam Dam Dam  Average Dam Dam Dam Total Average
A B C A B C A B C
Er-Ni 2.132 2.46 151 2.03 1.33 1.28 111 1.243 1.77 1.58 241 5.78 1.92
Er-Cu 448 5.46 3.48 4.473 4.3 418 3.26 3.91 414 14 4.26 9.8 3.26
Er-Zn 0.67 0.84 0.524 0.682 0.59 0.593 0.493 0.56 0.91 0.35 0.96 2.23077 0.74
Er-As 28.23 34.70 24.70 29.21 31.17 35.88 3411 33.72 20.58 16.47 2411 61.17 20.39
Er-Cd 240 600 390 410 270 270 390 310 420 660 300 1380 460
Er-Pb 2.87 3.37 11.04 5.76 2.46 2.46 2.22 2.38 3.04 1.28 25 6.82 2.27
Er-Cr 6.50 6.34 7.31 6.72 4.76 4.98 4.88 4.87 3.17 3.47 3.15 9.80 3.26
Er-Mn 0.85 0.97 0.83 0.88 074 073 066 071 054 042 0.57 1.54 0.51
M Er-Ni ®Er-Cu Er-Zn ®WEr-As @EEr-Cd ®Er-Pb ®=Er-Cr Er-Mn
35 1
30
= 25
20 A
15 -+
10 -+

Samarra Dam

Wind Dam
Location

Mandeli Dam

) gBlga (B ) i) jdiGe il gy 7 JSE
s el Blal) 7 3Lai b agsadlSl) el il bl 50 af a5 i
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g paal) lsal) (b camalyl) sl e il guiags 16 Jsaad)

Location
SpI Samarra Wind Mandeli
Barrage Dam Dam
SPI - Ni 0.11 0.06 0.1
SPI - Cu 0.15 0.21 0.03
SPI - Zn 0.03 0.03 0.04
SPI - As 1.41 1.83 1.11
SPI - Cd 22.36 16.9 25.09
SPI - Pb 0.31 0.13 0.12
SPI - Cr 0.36 0.26 0.17
SPI - Mn 0.04 0.03 0.02
Toanha gy *
C"_Um\ sk ;.u.n\jj *
37 SPI - Ni
2.5 A mSPI - Cu
5 mSPI - Zn
I~ mSPI - As
B3 15 4
SPI - Cd
11 = SPI - Pb
0.5 - mSPI - Cr
0 . o 4 ~ SPI - Mn
Samarra Dam Wind Dam Mandeli Dam
Heavy Metals

Aahl) aBlga A ol Eigli pdige il gy -8 JSA
Fusg paall @dlsall o 3lai b aspedlSl) peariad Candg )l Eisl p5a i anesii o5 :Akaabe
bl Sl 3 2Ll B g ey K110 e
Gluagilly clalivgy)

Y il ((Jaie a2l aus colyalis Bam) dusg el adlsall 8 ALEN jualiall Canl .
(AlI>Fe>Mn>Cr>V>Ba>Sr>Ni>Zn>Co>Rb>Cu>Pb>U>Mo0>As>Sn>Cd>Ag>Sh>TI>Bi>Se).
(Al>Fe>Sr>Mn>Cr>Ba>V>Ni>Zn>Rb>Co>Cu>U>Pb>As>Mo>Sn>Ag>Cd>Sb>TI>Bi>Se).
(Al>Fe>Sr>Ba>Mn>V>Cr>Ni>Zn>Rb>Co>U>Cu>As>Mo>Pb>Cd>Sn>Ag>TI>Sh>Bi>Se).

oo Dhad (Ll jsaall (8 Lagify ) asm cully dug el allsall puen (b waally asssal¥) g il Jaal
raliall o3a ellics Cum Chabaall (35S Walialy jealiall @l ls o Jond tus 1@€a & clual) s 8l
LLE e ap (Jalby LaySi 5ab) o aeluy 13y (Cphally Gol)) deelll dppall alaal) s (558 laal

gl (& L3S e a5 (Ally LegiSys
Suug 25l dury shyalis B3 gige (b pualially Jle o) @y cadg 1 ol (EF) szl dale it oyl .
« sl e (U Bi Sb Sr, Mo, Cd) (As Mo, Cd, Bi, Al ,U) (Cd ,Bi , Al U, M0) yalialls lsia
(Ni ,As, V, TI, Cr, AlYNi ,Sr,Sb V, T, Cr)(Co ,Ni, As, Sb, V Cr) ualially Lassia clie) i3,
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