Gl 4 ggan
ol ity Mall agdedl) 515
 stal) A4S ] Jus sl Aol

AN agle aud

b | shpdl (bl el 1§ o S G| i
9138) (ol ool | sl 19 G| | (30 g ¢lguid
Oyl (oo Jua o | it (30 Bk B0 (3 o Gl S Gl

(ool gt | Gty i ety (S

diutdd O youima i § o
S gl /531 ool

BY LRSI URTEa 3 e e id | 3 &
i jald Jalbs EW] uigel 2RLS

a¥ vy KAV¢¢0



aldliual)
cosnill cagy SO e lLsS o gaadl S ety 3 ) ALEN 5 ialially g bl 28y oy Coa g
S Aadlas (e uagall ae Hleg Ll (Cuayladl 5 GtV ¢ paliajll (Sl ¢ Gzl
e o3 3 Y IYV=Y ) € e 5l Aaal Liagd ) 5aN) Coall e Ly Ghall (o Jled
OVl Al la e dejsn Slodiall alail) slaiely daball didaie (5 e g (V11)
(3) bl culsn oo Ladgat (V1) cieliall Ghlial (e z3la (1) 1Y) saill e 5
Al Ghaliall e Ladgai (149) calal) GSLY (e Ladgas (Y1) el Sl Ghaliall (e 23
IS e il At plsy GagillSall jad Ghsl Ao Jailadl Ll (e z3lai (V4) aean o3 LS
e Ll b Lgaalie (5305 LibiaSnill Cliall )50 Ajea (mpals Al s (e s
(EC) itloeSl ddagilly (pH) imspnsell (o) (oo NS (s 5 gl o AL yualial) s
5 ICP-MS s plasialy laasl) Judsil) (gpal LS ((OM) dugamall 83Lal (g57na mams
o (g cAauahall dalaie Hlaty a)d A ALE] il S)5 il Wil (8 (ALS) @lns
 paliall 03] SISA aysall Y (Igeo, EF, CF, Er) cushll clelas Gilen
(PH) dacaelal) Al axd o) cdad )l dilaie (o5l EilaasSonll) (ailiadl) il gl
ol Laa sl (EC) 48lyeS) dulvagill and Lol ¢ Loaell dlacgie ) Loae Wl A (le <l
Asaanl Sl (gginal duealls SISy clgnpan Auhal) (3hiie 8 lgad Jaa
smabie ol bl adlaio (5 3 ALED aaliall L abeSpal) bl @il cusy
@AY Ghliall L5)lie Lelicall Ghliall & e are Aol cliay gpa)lally (alailly asaal<l)
G e Lol ApSual) <AuCull <daladl (LYY <GSkl Cuilgs <daeliwa t AY) il
< Lelia : V) Cnlly (6AY) Ghliall d5)lie dacliall llidl 4l Jaee o) ol i
4N e o) palajll peaie jlig dalel (SLY) < Sl < dySaall < B Cuilen
< Lp<aal) < BRI Qilsa< daelia : V) il @AY halial d5)lie dac liall Ghlial)
Load dueliall Ghaliall 8 4 ane o) sy a8 (gaidl) yaic Lol Lau€ull < dalall SLaY)
< Al < GAbhI Cuilga < el < Delia s V) Gngilly (oA shladl A5l
ilsa halie (8 JSilly lisflly a9 )8l jualie 5815 Ciaee Job Ciliay Ly Aalal) oSLeY)

< Aalall SLYI < A€l < abhall alea t ) il (AW glaliall 35k 35kl




— I .

Llie GihhI Cilga 3hlie 8 Suikiall emic 4Vane ad el curly Laiy el <duSl)
< Aelia< Al < el oSLaY) < Gabhall coilsa s oY) il A sl

Slas¥) dalailly (Igeo, EF, CF, Er) cashll cdlalae clydise il ¢lly caas] ady 4Kl
Llaal) Jady Jemgal) Ainre i ) ualiall o3l Bilial Alla igan ) juds (s3lly ALEN yealial
Led Cocmpan Al 55a) 4)Suall Gloleal) (e Duzd ((Anthropogenic) o liwally )l
Al

malie ¢ ciahall dikie jle 8 ALEN yaliall A dbaS o) Al gl oyl
s aV) deliall ilaie 8 WiSI el Cilaag (reaylally (et ¢ alia ) ¢ aladl)
Cayelal Lain .z 3laill anen 8 LagaSli (ol Jans a8 unially cullisSllg )30 yaalic Ll
28y Al (gola Ailaiag a) deliall ilaie 3 1315 50l) pssadlSllg ag Sllg JSul) pualic
Slas¥) dalailly cdilaidll sl (Igeo, EF, CF, Er) ¢ishll clalae clydisa il elly
Lol HLe &l e (Anthropogenic) yéall Wbaall Hals ) ey oMy ALED 5 alial
LR alially




Abstract

With the aim of assessing the reality of contamination with heavy metals
(Arsenic, Cadmium, Cobalt, Chromium, Copper, Manganese, Nickel, Lead,
Antimony and Zinc) of the soil and dust of Mosul city within Nineveh
Governorate in northwestern Iraq, especially after the last war that the city
witnessed for the period 2014-2017, (166) samples were collected from the soils
of the study area, according to the random system, distributed at the right and
left sides of the city as follows: (6) samples from industrial areas, (16) samples
from roadsides, (9) samples from military areas, (26) samples from parks, (109)
samples from residential areas. Also, (10) samples of dust falling on the leaves
of eucalyptus trees were collected, with five samples from each bank of the city.
To investigate the role of physicochemical properties and their contribution and
the influence on the distribution of heavy metals in the soil, pH, electrical
conductivity (EC) and organic matter content (OM) were measured. Chemical
analysis was achieved using I[CP-MS technique in (ALS) laboratories in Spain to
determinate the concentration of heavy metals in the soil and dust of the study
area, and then calculate the pollution coefficients (Igeo, EF, CF, Er) and
represent the spatial distribution of these elements. The global average
concentration of heavy metals of soil worldwide (World-soil Average)
according to (Kabata-Pendias, 2011) was adopted as a standard value for

comparing heavy metal concentrations.

The results of the physicochemical properties of the soil of the study area
showed that the values of the pH function are between lightly alkaline-
Moderately alkaline, while the values of electrical conductivity (EC) were
observed to converge in the average values in all areas of the study, as well as

for the content of organic matter.

The results of the geochemical study of heavy metals in the soil of the
study area showed that Cadmium, Copper and Zinc reached their highest rates in
the industrial areas compared to other areas in the following order: Industrial>

Roadsides> Parks> Residential> Military. Arsenic was reached its highest rate
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in industrial areas compared to other areas and in the following order: Industrial
> roadsides Military > Residential > > Parks. The Lead reached its highest rates
in the industrial areas compared to other areas and with the following order:
Industrial >Roadsides> Military > Parks > Residential. Antimony reached its
highest rates in industrial areas also compared to other areas and in the
following order: Industrial> Military> Roadsides> Residential> Parks. The
increase in the concentration of these elements in the industrial areas is due to
the various industrial activities in the region. While the highest concentrations of
Chromium, Cobalt and Nickel in the roadside areas compared to other areas are
in the following order: Roadsides> residential> Parks> Military> lindustrial.
Whereas the highest rates of Manganese was reached in the roadside areas
compared to other areas and within the following order: Roadsides> Parks>
Residential> Industrial> Military. Increase the concentration of these elements
in roadside areas is due to heavy traffic, as well as the large number of electric
generators. This was confirmed by the results of pollution coefficients indicators
(Igeo, EF, CF, Er) and the statistical analysis of heavy metals, which indicates
the occurrence of adding these elements to the soil of the city of Mosul due to
human and industrial activity (Anthropogenic), in addition to the recent military

operations that the city was subjected to.

The results of the geochemical study of the heavy metals in the dust of the
study area showed that the elements of Copper, Lead, Antimony and Zinc
reached their highest concentrations in the right and left industrial areas.
Arsenic, Cobalt and Manganese elements have been observed to have similar
concentrations in all samples. While Nickel, Chromium and Cadmium showed
increased concentrations in the right industrial areas and the church container
area. This was supported by the results of pollution coefficients indicators (Igeo,
EF, CF, Er) for area dust, and statistical analysis of heavy metals, which
indicates the effect of human activity (Anthropogenic) on the pollution of city

dust with heavy metals.
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