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Abstract

This study aims to analyze the spatial distribution of soil contamination by heavy metals at
fuel filling stations and oil storage facilities in Al-Anbar Province, with a focus on assessing
associated environmental and public health impacts. A total of 311 soil samples were
collected from 43 fuel stations and analyzed using advanced techniques, including Atomic
Absorption Spectroscopy (AAS) and Inductively Coupled Plasma Mass Spectrometry (ICP-
MS). In addition, pollution indices such as the Contamination Factor (CF), Pollution Load
Index (PLI), and Geo-accumulation Index (Igeo) were applied.

The results revealed that concentrations of certain heavy metals, particularly cadmium (Cd)
and lead (Pb), exceeded internationally permissible limits. Cadmium exhibited very high
contamination levels (CF > 6) across all study sites, while lead showed high contamination
levels (CF ranging between 3 and 6). In contrast, zinc (Zn), copper (Cu), chromium (Cr),
and nickel (Ni) remained within acceptable limits and indicated low contamination levels.
The Pollution Load Index (PLI) indicated that most sites ranged from unpolluted to
moderately polluted, with higher contamination levels observed in specific areas such as
Amiriyat Al-Sumoud and Al-Karma. The Geo-accumulation Index (Igeo) confirmed
moderate to high contamination by cadmium and moderate contamination by lead, while
other elements showed negligible contamination.

The findings suggest that contamination is primarily associated with petroleum-related
activities, fuel combustion, and, to a lesser extent, natural factors. This poses potential
environmental and health risks, particularly to vulnerable populations. The study
recommends improving fuel storage and transportation systems and strengthening
environmental monitoring programs to mitigate heavy metal accumulation and protect
public health.

Keywords( Spatial Analysis, Soil Pollution, Heavy Metals, Fuel Filling Stations,
Environmental Pollution Indices)
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7192 | 40.54 | 2. 55.29 | 11.66 | 38.27

9902 |29.54]| 1. 48.83] 9.61 |39.06

8680 |38.33]1. 57.54| 8.49 |39.99

7720 |42.99]2. 60.81| 9.82 |39.85

5758 135.32| 1. 53.541 8.02 | 39.14

6176 |40.15] 1. 96.64 | 7.802 | 39.27

5964 |31.92|1. 63.6310.62 | 38.99

12882 [27.83 1. 82.25] 9.25 | 41.48

12384 | 25.8 | 1. 54.62113.72140.21

24446 |133.06]1. 74.13110.51|40.77

8134 |32.66| 1. 56.8910.25]39.49

9904 | 31.6 | 1. 53.23] 5.18 | 40.29

10274 127.96 1. 64.89114.54140.62

9955.076{33.669 68.637] 9.959 |39.802

13866 |29.69|1.62]74.58]10.54]40.08

5926 |21.04]1. 52.93110.50 | 36.35

10278 | 28.3 | 1. 51.69] 18.51] 39.81

5750 |21.19]1. 48.24111.51]36.85

7602 | 29.6 | 2. 50.14112.63139.75

8684.4 [25.964 55.516]12.738|38.568

Y YT A paall jaige | V€47



L) Asblaay 3 g gl Claaa i 8 ALY (palaally &iglill lal) Julasl

11810 [26.06]1. 79.77116.40 | 39.89

13720 |24.27| 2. 51.33114.09139.18

9280 |[23.98]1. 46.38 | 9.73 | 37.67

8314 129.72|2. 61.11]113.51]39.83

10194 [23.64]1. 48.79] 9.86 | 38.16

10004 |33.89| 6.6 |53.52]10.16] 38.23

13576 [24.85]1. 48.35110.13137.55

10985.42] 26.63 55.607]11.982|38.644

9464 | 21.8 | 2. 56.32116.34139.22

11202 [21.71 | 1. 48.76 | 18.76 | 39.04

13366 [24.74]1. 57.01]12.71141.91

7798 |23.53| 1. 56.51112.46]38.38

10458 |21.79| 1. 47.19] 8.78 |38.31

10532 [21.86] 1. 48.19] 8.88 | 38.21

9376 |[25.17] 2.1 |53.68] 10.2 | 38.31

10313.71|22.942 52.5221 12.59|39.054

10504 |26.53 52.3810.81]37.65

10948 |30.73| 3.6 | 60.69|15.72]38.35

10726 |28.63]9.24156.535]13.265] 38

10904 |21.53 55.38] 5.81

11348 |33.73| 5.6 |66.69 | 22.72
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11126

27.63

61.035

14.265

38.01

10534

25.87

46.43

7.25

38.67

10786

32.41

55.38

28.7

36.03

8900

34.47

101.45

10.15

37.23

10073.33

30.917

67.753

15.366

37.31

9222

26.47

67.12

10.25

38.24

4746

12.65

84.73

12.04

38.99

6984

19.56

75.925

11.145

38.615

7128

34.26

71.66

6.25

38.12

Lallal[118]

Ll A,
LYI[119]

goeall HSIAl
Le120]

i Y R S e s Fagpaal ) b AL pualil) ik s
s IS 13 L wpaail aglill Clpige aasiul 23 A Ll e AL §ypea

SASLE (Sda g oY ?i Gl
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Zn, Fe, Cr, ) yaliall (CF) Syl Jale pad i< :(CF)a}m\ Jale1-11
Al aflge paas (b miiie sl dgag N i e <) e B (Cu, Ni
g 8T e ST(CF) sl Jale a cilS i ((Cd) uaiall dcilly L]
Jale ad Cnglii ((PD) eatall il Lhas Jle ish o Jay Laa clsall
cilS ad ((CO) yaie Wi . e sk agmg (Al Lae €1 5 ¥ o &bl
g agive b ol Uangia sl ey Laa 7 5 g 7ol Cushill Jale o8
lle g sl IS Cun (g (salayl) slial 368y cillanag yaal) HLY) dais

Lyl pdlse paand (CF) caghill ile mumg (V) Jsaal

| (CF)shill Jale »
e

|Ni Fe Cr Cd Pb Cu Co zn || &

|0.36 0.27]] 0.47 _ 425 o1l 3.06 |lo.62]] R

|0.44 0.24]] 0.36 - 3.46 ||0.39 - 0.64 F

|o.4o 0.30][ 037 |- 3.47 0.37-0.66 K

|0.36 0.28]] 0.32 - 3.28 |l0.39 3 0.68]] H

|0.41 03 |[ 04 - 3.53 0.41-0.62 A

J)E}X\AL\U:IM

|0.37 0.31]] 0.39 _ 3.81 |lo.45 - 0.62]| c

| 0.3 [lo.28|] 0.44 - 4.23 [l 0.48 - 0.63 D

|0.49 0.19]] 0.28 _ 4.75 1]0.35 - 0.62]] a

|0.63 0.2 |[ 048 - 248 |[02 -0.64 o

|0.71 03]l o5 _ 3.37 |l0.44 - 0.63 N

- ‘SXLG ‘:._“BM\ - - &ﬂ\
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Goslill Jas ydge 3(PLI) Gghill Jaa Jale2-11

Hse 2 ALEN aleally Sislhill (gina el (PLI) sl Jes dale aaains
On ale < #olin Cashll Gligis o Jalal) 138 alatialy andll jelil . e
DaS hlad U8 Y Jime sl ) Caghh agag axc

Lyl pdlse paand (PLIEsHN Jes (ale zmaags (A) Jsaal)

(PLIC3sE Jes Jale

Cile e

Jiina IS Cisle ) Cagla e

Cile e

Gl Ale ) (s

Jiinn IS Cisle ) Cagle e

Jiina IS Cisle ) Cagle e

Jsine IS8 Gigle I Cigle

Jaiee J<S0 d35ka

Jiina IS Cisle ) Cagle e

(1980) 2,V oSVl Jale3-11
< Jil (Zn, Fe, Cr, Cu, Ni) ualiall (Igeo) 2! Sl ale i el
Fnilly Lal g yral) aBlgal) maan (B yealinl) odgs gl bt ) uds Laa e
cdlgall paen (A 5V (gD (I9€0) i il i ((PD) Lalia)ll juaial
raind (CF) aghill Jales (3laty L . paliaylls Jaies sl agag Ao Jay Las



L) Asblaay 3 g gl Claaa i 8 ALY (palaally &iglill lal) Julasl

il 33 ((CO) clli€ll yuaial (I9€0) m ¥ ST aleg «(PD) alia)l
S sl St O el St G ) el Les F 50 O ol Lagad
cJdira Gy

2355 (1980) (a1 STl ale ad il ¢(Cd) aspedlsl] yeaial dacilly Ll
st hlie sliul edle Saglh ) Joine S5 agag Y i baa ¥ 5 Y 0
Ghlial sda 8 &gl IS Can ¢y Apallal) elisd gl ey Jadil
las e ) &dle (Cd) asmenlSll peains Cighill cligivns culS (a8 Ll
o)) Zuang da)Slly dganall dupale (A 28]l illana 8

)l aBlge paeal (I9€0) a)¥) ASIA ale aass (1) Jsaal)

(I9e0) a ¥ ASIl Jale

)

sl
Ni Fe Cr cd || Po Cu co |l zn || &

=2.05 || —2.44 || -1.66 || 2-59 || 1-52 || -2.27 |] 1-03 || -1.25]] R

-1.76 || -2.63 || -2.04 || 2.46 || 1.21 || -1.91 || 0-98 ||-1.23|| F

-1.88 || -2.29 -2 1.21 -2 0.99 ||-1.16]] K

-2.02 || -2.38 || -2.21 1.13]] -1.93 1 ||-1.14]| H

-1.87 || -2.33|| -1.9 1.24 || -1.86 [[ 0.96 [[-1.27|| A || -

-2.03 || 2.28 || -1.95 1.35| -1.75 [ 0.96 || -1.27|| c 29811

-2.34 || -2.42 || -1.78 1.5 || -1.64 || 0.94 || -1.26]] D

-1.63 || -2.95 || —2.44 1.66 || -2-11 [} 0.99 || -1.26]] Q

-1.26 || -2.92 || -1.64 1.58 || -2.94 [} 0.97 || -1.24|] ©

S} (98] [\S) (O¥)
O )] (@) o
W O 3 0

-1.09 2.3 || -1.6 1.17 || -1.77 |} 0.97 || -1.24|] N
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Jfixa gl Jfima il M Sisla e Gsle e
Jle &b e gl I Jfina sl
rla iy

Cd: 1.41-46.20 ) assealSll 3815 cojgla :ALEY Galeal) Ciligissa )
Jindi e cdaalladl 293al) (Pb: 46.38-101.45 ppm) (=la)lls (PPmM
5815 ilS L «(CF 3-6) aliasll Mo (CF>6) asmeslsll laa e g
.(CF<1) Uatdia Caglh & g el dgaal) yaa Zn, Cu, Cr, Ni

ge Y085 L AVYT G gl PLI a8 cojelil sl clhige Y
O—Y asnadlSll IgEO Al cijehil LS Lasacall dipale Clana b sl el
(Jtne Gl Y=Y Galiaplly (wad ) Jaies i)

505 B Ayl cagacall dijale Cillane Claa 1 Alal) gplall Y
oSas Lo caslilly (sala)ll e AT glsa d3lie alialy agieslSll dniiye
sl Sligine Ao il Grlay el Llail) 2S5

Cldll e daaly phlie ) bl i idaually 4t hldal) ¢
Al b palially asaedlQ oS5 da ¢ Al alailly dulal)

Silna o)

LeSae o)A oot (gulai 8ygpm tagdsll Jaill uiddll Bl (pead )
Aol 8 AN Galaad) oSI5 wieg daladil) el Jalid Al S il
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Glaall ligiadd d0)50 dnlia graly olis) tdxinl) Adlpal) galy juad Y
sl gasll an@l (Igeo PLICF) &yshill cilpdige alodinaly gl & LA
JULY) dleal 4y clubis i cdaluall cliall 4uly clela) -
Oalaall aLall apil) e a8l Claaa (e ol Sl dalgad) oLl

AL

el il 8 Auhall 20 zed rdaldival) daaiill Jaaddl) -
Cpeent Jad La cagigll llaae ddaddy doaally il colyilill Jalil ddal)

el g A5l 3hliall e 1isny Lgadlsa Lidls Cillaaall s

gl )
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