Gl 4 sgan
) Eaadly Mall a3 g
Jasal) daals

dail) aglal) 4008

gﬂ\&hﬂﬂ\ salinll dsal) Jhaldal) adtg o) anadll)

Juasall Digal Byl cilall Lalau

Obed dada s 48

-~ J 3

dgana dzan ajla 3. N

a 2025 21447



D

oaldiual)

Lie (e eV Culall Ladad) Al 6 ALEN jaaliall (sine 2paa3 Al o2 Cuusd

e (V) Cumed Al Lilaia (e npalima 5l daaty Caglil) il andi Cings Jaasal
las e B unage Al e Saad o(wS YXY) alal Aaliine 305 Gy Ll (e 485
Age s Ay Chats Akid) A5 of Adeaslly A5 Jllail 505 @yglily (Al s )
xS Uan cgmnll 83l (e Agline crs o (s57inty dliina ) dumidia dasle i3 ¢Je i)
sl Cliss € oy s Ladipe ssine il cuyglily el Slly By cmal) pilsall sy il
Aoy Ll Lol (sl gyl L ablly Sl Ladally siasiall (o i b Lo g
¢Sn «Th <Y Zr Nb «V) i) jealiall 5805 30830 (XRF) sl Lind) 35841 Slea
«Si02 AL203 {MgO) 4wl alialls (Pb Ni «Zn «Cu «Co <Mo «Mn «As «Sb «Cr
asailsally Sl Ly ¢ pualinl) (i ny 35 ¢ Liny) gilisll cyglil L (Fe20s «TiO2 (K20
(Adeys A dplad hpe i) Abid e Jeed Coialy cdpallal) wlly 455lEs ¢Sl
2Ll JICE) apant Ciagy (@l Galiaia¥) Slea aladialy goliiall auagll Julad slyaY
sl d5ag (BF) (gouall iletll Jalan (e IS s Ll gSlly ¢ Sl ¢ ulaall ¢ aliall
) Uy ) yanll Adle A8 G\Shey culiQlly (abayl & bl elly « (RAC) bl
OLS Lty cAapall ST b Glalial) 6 Wil Al Lgiyshs (e Las ¢ Slaall CDLAI
b cagbill Aap caghil Jalas) Laniicaall culydgall el Lo 8yshas J& Jully Gulail
(Alcinall Zfial) halaal) yi5ag shall Jalae ccughill gyan yd5e com) Sl jisa cclicy)
L (<o S LA (any ae caine () (mbiia Cre sy Al dilaie Jd Caghill o

cdapial) AaiVly G S0 dabaad) calelaana) el GeSa sl s L el dayy @ske i



D

g Aallal) o Agdaall Lilal) pdl) e sl Gy Aaalie 15085 lelyal slaie) oy e
ilsal (ry iligicaddl ays i e Wolaia B s bl slal) Taasl) G V) caniill dap e
Aaha)
252 (PCA Zcll) GLSpall Jalad) il il sy aia SLaaa ) (Jadatl) il oy gl
Al g IS gl Glblaad) s ) e aacdl S1aYls dagatl) Jie cAbaSpall Gibleal)
ey aaalae gaia ALEN jealiall Chiaan 8 Jalail) ae b (ALl paliall ajsi Bale) 8
Liass edopiall A peaaly Ll G il sy Al lisSe Gaci omslall Lo yslias

Al Hieliall 3halial) 3 jealial) ey 5805 ¢ Uy 3 oA Sually Ze luall il

II



HIGHLITS

GRAPHICAL ABSTRACT

Dsdall sl Slaai¥) daladse
Lad (e (gsS0 alilud)
pd il Aty ligSa

107

gl o Sl L)l i
]
i o C:)mponent Number o ) )

KeywordSZ k_ulaﬂ w\ 4.1‘).\3\ "g ‘d.\.q.d\ ‘)AAM\ ng.\;.a J.}AA.l M\Jﬂ\ ol Chikial MM‘
e ] M.L.mu,m.ac‘)AL.aa_)_).}\mm;u#‘uhw#ud«;@ﬂ‘uhw}uy‘
Al il Slmd (S 2x2) ol Aaliia A5 G5 Al (0n 48 5a e (31) Cined A
Ll &yl A5l Jlladl) il el s ARl Gl jiliae e B Laa e A (e
Jm " eﬁﬁué\mf\;}h&\h‘&M\Lxﬁﬁuq@ﬁw\&)ﬁjﬁwb
- 4_\ I a8 gl u | A | 3alall 45 glete YEN]

ell &2 & 2 ol 2 G Lall (e 45 RN
i) aingl) Lasa gl 3\;\.\:\»;1\ Y Sl e\mu. Jalall el sl gal el 305
Jisay yhall Jalae ¢Mn ¢As «Sb «Cr «Sn «Th <Y «Zr «Nb ¢« V)& 3! jaliall 31 53 2as3l(XRF)

Adisall Al il

<TI0z K20 ¢Si0; ¢Al;03 ¢ MgO)awssi ) yaliall s(Pb «Ni ¢Zn «Cu «Co <Mo
pssalpall s ISl Ll s punliall ey 5S35 pliny) bl ekl (Fe,04
Al dy )las doelina) Ll Glie Gued Gpal s dpallall il 458 a5 Sl
Bt Caagy s Al abaial) lea alasiuly abitddl acagl) dalai o) 2y () )
DA dalae 0a S il Sy oISl caaill ¢alia 1 A3Lasll JISSY)
Sl Sy pabia il O gl cisells ¢ (RAC) LSRN i sisas (BF) (sl
Al L) sha G Las ethaall GBGI ) QY1 oail Adle Bl (Shiay
Qi 5y sk Gl OS5 Guladl) (S Laiyy cdai el 380 a0 el ghliall 8 LiwY s
(i ) (raidia (e 7 5) iy ) pall Al b ) o Aadiionall <l 5 5all gl
Muju.\]' AV L_Ac\ 4;)&.13.1‘9& QLDASL@MQSA.\‘;M u}{lal\ua_‘@
Gl ya) slaiel edia s dy,a) Aozl s o) Al claladiny) il
il Aa 2 e i dadlall S Adaall 48R0 ) e slaie W) G Asulia 458 5
@\}J\ O «_IMM\ @J}J u.\; %) ).'i\.a.u ‘_A.u «_Uhﬂ (a\.d\ Lol u\ ‘}“
Aol LSSl il S pnid) aaie ilaa) Jilail gl o ekl ddliaal)
Glbleall cuila ) ¢ adasdl 51 55aY1 5 & il i diilasS suall clileall ) 53(PCA)
‘_g d.d;.d\ .k:\.uj sé\.u\.u.\ﬁ\ ‘).u.a\.ud\ @J}a DJLG‘ é cé\.i)g_d\ L_w‘}‘)ﬂs 4\.\.1_5.\.»‘)5‘
L_IDJSAWA\J’_\.\H\ LAJJLAA J).\\ &_umc_ua\;.aw‘d.\s.ﬂ\ )m\.\d\&d.u.uu
Leluall cblall LdwY 5 dy il 1aiidl maly il o milil) cai<y 4 5l

ALl 5 e lial) Ghlill 8 jualiall ey 580 55 gl 3y Suall

2025 M.sc. Thesis @Univ. of Mosul, College of Fac. Env. Scie. Dept.
Env. Scie. (https://www.uomosul.ig/).




Republic of Iraq
Ministry of Higher Education
University of Mosul

College of Environmental Sciences

Geoenvironmental Assessment and Health Risk
Evaluation of Heavy Metals in the Surface Soils of
the Eastern Side of Mosul City

Rugaya Badr Mohammed Hussein

M.Sc / Thesis

Environmental Sciences

Supervised by

Asst. Prof. Dr. Hazim Jumaa Mahmood

2025 A.D 1447 A.H



(€ )

Abstract

This study determined the heavy metal content in surface soil samples from
the left bank of Mosul City, aiming to assess pollution levels and identify their
primary sources within the study area. Thirty-one (31) composite soil samples
were collected using a systematic grid (2x2 km), along with one reference
sample from an unpolluted area for comparison. Physicochemical analysis
results showed that the area's soil has a basic (alkaline) pH, low to moderate
salinity, and varying organic matter content, reflecting differences between
urban and agricultural sites. The soil also exhibited relatively high calcium
carbonate content and varied texture (loamy, clay loam, and clayey).
Comprehensive chemical analysis using X-ray Fluorescence (XRF) was
conducted to determine concentrations of trace clements (V, Nb, Zr, Y, Th, Sn,
Cr, Sb, As, Mn, Mo, Co, Cu, Zn, Ni, Pb) and major elements (MgO, Al.Os,
Si02, K20, TiO2, Fe:0:). Results showed elevated concentrations of some
elements, particularly nickel (Ni), molybdenum (Mo), and chromium (Cr),
compared to global averages. Five representative samples (industrial,
commercial, residential, and agricultural) were selected for Sequential
Extraction Analysis using Atomic Absorption Spectrometry. This aimed to
determine the chemical forms (speciation) of lead (Pb), copper (Cu), nickel (N1),
and cobalt (Co). Both the Bioavailability Factor (BF) and Risk Assessment Code
(RAC) were calculated. Results indicated that lead (Pb) and cobalt (Co) have
high mobility and potential for release into the environment, reflecting their
significant environmental risk, especially in areas with high concentrations.
Copper (Cu) and nickel (Ni) were relatively less risky. The applied pollution
indices (Contamination Factor, Degree of Contamination, Enrichment Factor,
Geoaccumulation Index, Nemerow Pollution Index, Potential Ecological Risk
Factor, and Potential Ecological Risk Index) indicate that pollution in the study

area ranges from low to moderate. Some localized areas showed higher pollution
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levels. This variation reflects the impact of different land uses and human
activities, highlighting the need for appropriate preventive measures. While the
choice of local or global background values affects the assessment outcome, the
overall pollution pattern and distribution across different sites remain consistent.
Multivariate statistical analysis (Principal Component Analysis - PCA) revealed
the role of geochemical processes, such as weathering and surface adsorption,
alongside sedimentary processes like river deposits, in redistributing chemical
elements. The analysis also helped classify heavy elements into groups based on
their main natural sources within the soil components. Furthermore, results
showed a clear impact of human activities, particularly industrial and military
waste, leading to elevated concentrations of specific elements in industrial and

densely populated areas.



