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Abstract
The present study aims to assess the pollution of groundwater with toxic heavy elements

and their carcinogenic and non-carcinogenic effects on health in the study area. For this
purpose, 5 samples of groundwater wells were taken and analyzed for their content of the
elements (Pb, As, Cr) using the ICP-MS device in the ACME laboratory in Vancouver /
Canada. The results of these five wells showed that their concentrations rates increased
according to the following order Pb> Cr> As, as they reached 45.34, 11.8, and 0.74 ug 1™,
respectively, and the lead, arsenic and chromium levels in the five samples were within the
permitted ranges according to FAO standards, the spatial distribution of the three elements
showed that the lead concentration in groundwater was high in the eastern regions, which may
be due to the impact of vehicle emissions and agricultural activities, while arsenic and
chromium concentrations were high in the central and southwestern regions of the study area,
which may be attributed to the effects of agricultural and industrial activities. And it was
found by applying the indicators of heavy elements pollution (MI, HPI) and health risk factors
that the five wells under study are not contaminated to low pollution with these elements
respectively, and do not pose any carcinogenic and non-carcinogenic health risks to the

population of the study area of adults and children through skin contact pathway.

Keywords:Toxic heavy elements, groundwater pollution, carcinogenic and non-carcinogenic
health effects.
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Samples Qi Qi*Wi Z W, Pl
No. Pb | As | Cr Pb As Cr * Q;
1
W1 0.7 0.5 1.2 0.006 | 0.24 | 0.59 0.83 0.83
W2 0.54 1 24.4 | 0.004 | 0.49 | 12.07 12.56 12.57
W3 1.31 0.5 1.6 0.011 | 0.24 | 0.79 1.04 1.04
W4 0.85 1 16 0.007 | 049 | 7.92 8.41 8.41
W5 1.12 0.7 15.8 | 0.010 | 0.34 | 7.82 8.17 8.17
Avg. 090 | 0.74| 118 | 0.007 | 0.36 | 5.83 6.20 6.20
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W4 102 42.7 1.0 16.0
W5 120 56.1 0.7 15.8
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Sample No. | Pbpugl” | Aspgl™* | Crpgl?
W1 35.0 0.5 1.2
W2 27.1 1.0 24.4
W3 65.8 0.5 1.6
W4 42.7 1.0 16.0
W5 56.1 0.7 15.8

Range 27.1-65.8 | 0.5-1.0 1.2-24.4
Average 45.34 0.74 11.8
FAO [14] 5000 100 100
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W3 1.04
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W5 8.17
Average 6.20

L
Web Site: www.uokirkuk.edu.ig/kujss E-mail: kujss@uokirkuk.edu.iq,
kujss.journal@gmail.com
L

44



mailto:uokirkuk.edu.iq/kujss

\Kirkuk, University Journal /Scientific Studies (KUJSS)

Volume 15, Issue 1, March 2020, pp. (34-52)
ISSN: 1992-0849 (Print), 2616-6801 (Online)

L MMIVE  ASUE MMSOE MMT0E MMS0E URNE 2 | WHUE  MMIUE MMSCE MMTOE MMIOE M210E

z
2
5 E El B
N # N Y=
z z 1 -
§=3 =3
; \ T :
s 4
: . 8
a il ]
z z
z } £
P 3
% | % g
5 8
z £ |
5 5
&1 8 £
8 2 &
8
z z 1
o o
o 8 £
# 8 &
8
z : |
2 z
by ) 8 £
8 i 8 &
8
z ~ z 1
5 5
b g 8 £
B / 8 ]
L '/ 9
| jend 1
z 28 z
24 ©  Well Sample R
& & E
B o
——— Main Road 8
1 &) sty s ] I
& Pb Concentration |7
&4 2z Z
2 Value 2 5 s
8 o High: 104638 i a4 o High © 113776 o
J oo Kilometers | b, 006 ¥ o —mm Kilometers | Wl ., g oos0s | ©
s 2 3 4 1 o5 2 3 4 -
T T T T T T T T T T T ¥ T T ¢ T T T T T T T T
ANVE AMIE M50 HMTOE HMI0E 210E AM0E MMI0E A4M50E MMTOE UM90E AAN0E

. ALM0E A4°130E “‘1.5‘ﬂ'E LMTOE A4M90E 44210

BBON
Z
3B/ION

. JST?O‘N )
T T T
FBWON

" E?ZU'N " 357?011 N 351!U'N
T f T T
BWON BN

T T
35270N

N S??’D'N
T T
BABOUN

N 51?0‘?4
T T
B2BON

N 35'2! 0N

T T
35210N

N 35% ?D'N
T T
190N

s Kilometers
®ms 2 3 4

T T T T T T T T T T T
ASM0E AMI0E UM50E LMMTOE UMI0E AN0E

S0 (C syl (B cpmlial (@ tadsnl) sl b Aalull AL jaliall aijsi 12 JS&

Web Site: www.uokirkuk.edu.ig/kujss E-mail: kujss@uokirkuk.edu.iq,
kujss.journal@gmail.com
L

45


mailto:uokirkuk.edu.iq/kujss

w’"""%.

@ v\ Kirkuk, University Journal /Scientific Studies (KUJSS)
$

3 Volume 15, Issue 1, March 2020 , pp. (34-52)
g ISSN: 1992-0849 (Print), 2616-6801 (Online)

Metal Index (M) jabiad) é3a 4.2.2
Gl e las B 38 Gen o8 Y Aedink (P, A, Cr) jualiall &5l pe dasadl) adloddl auen 85 6

3 dS;.. 4 de; ow M:\iﬂ\ )m\.\aj\ ).5:54

Z\.A.Mbj‘ dalaia @ Z\:ﬁjaﬂ o\:mﬂ )ml.\d\ )&}a (‘;_95 9 djé@

Sample No. MiI
w1 0.024
W2 0.259
W3 0.034
W4 0.178
W5 0.176
Average 0.134

: Adgal) obual) & ALE Aalud) jualiall Alaiaal) Laal) il andi 4

Bac it 5 Ll dsa o Adall sl 8 jealiall ol AKE A Aeall jhlad) s Y
fh LSy lalas
: Chronic Daily Intake (CDI) ¢ajall sl pabaiay) e 4.3.1

PIa Gas dabal) yualiall o3¢ Glapesal) yad) Gadall asll (aboaia¥) deja Jaee ol 10 sas (g ey
ol asd) Gabaia¥) Ao daee g el Ljlee JUbY) ) el el galal) pulal s
YL Ajlie cpalldl el el il palall ulaill A (e Zalall pualiall (yh juadl)

0.3
0.5 - las FRCA PR

0.2 -
0.15 -
0.1 A
0.05 +
0 .

) 48 adlgal) jealiall e Aaludl ALEN yealiall o 13 JS&

L
Web Site: www.uokirkuk.edu.ig/kujss E-mail: kujss@uokirkuk.edu.iq,
kujss.journal@gmail.com
L

46



mailto:uokirkuk.edu.iq/kujss

e B

) TQrI{u@ University Journal /Scientific Studies (KUJSS)

‘5@ j Volume 15, Issue 1, March 2020 , pp. (34-52)
Uvmet? ISSN: 1992-0849 (Print), 2616-6801 (Online)

:\...nbﬂ\ J:é cl:\..d\ ‘._?A ALl ‘).-.AM dla)mjb uja).u.d\ ‘):ud\ V\A‘)d\ E;Aj:m JALABAY\ :&c_‘); (-5:\5 :10 djéé

CD Iderm- non cancer

Pb As Cr
Adults | 6.48*107 | 1.05*10" | 3.37*10°
Children | 1.91*10° | 3.12*107 | 9.95*10°

Age

CD Iderm- cancer
Pb As Cr

Adults | 2.77*107 | 4.53*10° | 1.44*10°
Children | 1.63*10" | 2.67*10° | 8.53*10"

Age

:Non Carcinogenic Risk Assessmentdapwall juall jhil) audi 4.3.2
O sl aaly e DY) Lt layeall Jaall jladll dgag aae ) aaly ge SV HQ 5 HI 4l i
Oy <[20] Gy e o sl s3a 8 aadgially Auball a8 pealiall lajull duse e 5l il lia
i it cud A1 e day Les aals e i calS el ol ASYy pealiall pues a8 b 11 dsos e

:\.uabﬂ\ EI gﬁ 308 gal) sliall 528 L;A ‘)mh.d\ o3¢l ;\.:\JLL}» P )LLAA

Al Aihie b galal) Galell e Taludl jaliall Jhaall pi5es dals pd 11 Jsaa

HQgerm & HI

Pb As Cr
Adults | 1.23*10° | 8.53*10" | 5.61*10%
Children | 3.63*10° | 2.53*10° | 1.65*10*

Age

: Carcinogenic Risk Assessmentapwal) jhill andi 4.3.3
5 Alia 4 i)l pde AKE N Glaped) jhall of ) (CR< 1¥107%) oo J8Y) CR a8 i
0585 Gyl sl syshaa o W Lein (CR> 1#107%) L <l less Algiie (1¥107°< CR< 1#1077)
Ol e ki 3yshad (5 UK Y Aol dakaial Fdgall slaall b g3l eaie ob o5 ([22] [26] dille

12 Jga JkaYls

Web Site: www.uokirkuk.edu.ig/kujss E-mail: kujss@uokirkuk.edu.iq,
kujss.journal@gmail.com
L

47



mailto:uokirkuk.edu.iq/kujss

oy Yourmat
el S

7773\ Kirkuk, University Journal /Scientific Studies (KUJSS)

W 7 Volume 15, Issue 1, March 2020 , pp. (34-52)
e ISSN: 1992-0849 (Print), 2616-6801 (Online)

:\...nbﬂ\ dahaia ble.A g_é éﬂ;ﬂ wuﬂ\ ‘)L...Aj ALl ).aw ula).umh )k;j\ (-;:\5 :12 djéé

A Riskgerm & Cancer Risk
Pb As Cr

Adults - 1.65*107 -

Children - 9.77*10° -

a5
leatl o Claliid 32 ) Ml Giad) Jeass

O e Les FAO aellls 36 dadaie julea G il o S5 gyl pabia )l jualic @ilsius of 1

il 02 (pe Wlsinas (3l Lok (o)l Aallin 2ol Halate b A gall olual

aba)l yaie ol bl dikie S8 3dsal) slaad) S8 (P, A, Cr) yualiall SISal) ajsill A (e i -2
e 8 A hlal @b b 3 A sl A5l Al AaddBl Aags Adyal) bl 3 LSl coly)
Gabal) sk Jans (8 Aadipe (055 LaanSIi Ol g asSlls i) (ol Faills Wl o Bk 3o DA
O Dlzd shlid) o3 3 Aspdall Syl Leh 3 saanl) alasinl 55 ) (5505 8 )y Ll Lugial) ghaliall
i) (golss Sl SLall Jins Al A e Sl Aasay Jledl) le 3850 Al Adhaall Gl olas gl
A ) Fsle pe calS dwedll Rdgad) S sl clie g (HP1 5 MI) 2L&l Zaladl ualiall Gigh gydse Lelil .3

c Al e pabialls gy g S jealing ol
L U3 Y (P, As, Cr) ualic ciligine (b dilajed) s Ak jusall naall Jhlaall e llas ad <yl .4

sl culall DA e A paal) Alaiall (8 cpulalal) Gl e gl JebY) el

:Jél_aa.d\
[1] R.H. Friis, "Essentials of Environmental Health™, 2" Edition., Jones & Bartlett
Learning, LLC, USA (2012).

[2] Abdur R., Seema A. Khattakb, Liagat A., Madeeha Z., Shah J., Muhammad A. and Shafi

U., "Geochemical profile and source identification of surface and groundwater

L
Web Site: www.uokirkuk.edu.ig/kujss E-mail: kujss@uokirkuk.edu.iq,
kujss.journal@gmail.com
L

48



mailto:uokirkuk.edu.iq/kujss

ey Yourma
P

7 %‘% KirkuR, University Journal /Scientific Studies (KUJSS)

; ]
X j Volume 15, Issue 1, March 2020 , pp. (34-52)
St ISSN: 1992-0849 (Print), 2616-6801 (Online)

pollution of District Chitral, Northern Pakistan'', Microchemical Journal, 145, 1058-
1065 (2019).

[3] Abdur R., Dong-Xing G., Abida F., Sardar K., Salman Z., Shah J., Seema A. Khattak,
Muhammad S. Khan and Raees K., ""Fluoride prevalence in groundwater around a
fluorite mining area in the flood plain of the River Swat, Pakistan', Science of the
Total Environment, 635, 203 (2018).

[4] Innocent O. Igwilo, Onyenmechi J. Afonne, Ugwuona J. Maduabuchi and Orish E.
Orisakwe, "Toxicological Study of the Anam River in Otuocha, Anambra State,
Nigeria', Archives of Environmental & Occupational Health, 61(5), 205 (2006).

[5] J. O. Duruibe, M. O. C. Ogwuegbu and J. N. Egwurugwu, "*Heavy metal pollution and
human biotoxic effects™, International Journal of Physical Sciences, 2 (5), 112 (2007).

[6] C. P. Kulkarni, ""Assessment of heavy metals in vegetables and cereals collected from
local market, Mumbai'*, International Journal of Food Science and Nutrition, 2(6), 71
(2017).

[7] Masayuki I., Zuo-Wen Z., Shinichiro S., Takao W., Haruo N., Chan-Seok M., Naoko M.
and Kae H., ""Urban population exposure to lead and cadmium in east and south-east
Asia'", Science of the Total Environment, 249(1-3), 373 (2000).

[8] J. A. Al-Kadhimi, V. K. Sissakian, D. B. Deikran and A. S. Fattah, ""Tectonic Map of
Iraq Scale 1:1000000", 2" Edition., GEOSURYV, Baghdad, Iraq (1996).

[9] Varoujan K. Sissakian and Saffa F. A. Fouad, "'Geological Map of Iraq™, scale 1:1000
000, 4™ Edition., GEOSURYV, Baghdad, Iraq (2012).

P,
Web Site: www.uokirkuk.edu.ig/kujss E-mail: kujss@uokirkuk.edu.iq,
kujss.journal@gmail.com
P,

49



mailto:uokirkuk.edu.iq/kujss

ey Yourma
P

7 %‘% KirkuR, University Journal /Scientific Studies (KUJSS)

; ]
X j Volume 15, Issue 1, March 2020 , pp. (34-52)
St ISSN: 1992-0849 (Print), 2616-6801 (Online)

[10] Karen F., "Irrigation in the Middle East region in figures AQUASTAT Survey-2008",
Water Reports, (34), Rome: Food and Agriculture Organization of the United Nations
(2009).

[11] M. Nikbakht, "The Effect Assessment of Ahvaz No.1,2 Water Treatment Plant on
Karoon Water Quality"’, M.Sc. Thesis, Ahvaz: IA University, Iran (2004).

[12] Thomas K. Boateng, Francis O. and Osei A., ""Heavy metal contamination assessment
of groundwater quality: a case study of Oti landfill site, Kumasi'*, Applied Water
Science, 9(2), 33 (2019).

[13] S. V. Mohan, P. Nithila and S. J. Reddy, ""Estimation of heavy metals in drinking water
and development of heavy metal pollution index", Journal of Environmental Science &
Health, 31(2), 2832 (1996).

[14] R. S. Ayers and D. W. Westcot, ""Water quality for agriculture™, FAO Irrigation and
drainage paper Report No. 29. Rev. 1, Food and Agriculture Organization of the United
Nations (1985).

[15] Ozlem T. Dede, "Application of the heavy metal pollution Index for surface waters: A
Case study for Camlidere'’, Hacettepe J. Biol. & Chem., 44(4), 499 (2016).

[16] A. E. Edet, and O. E. Offiong, 'Evaluation of water quality pollution indices for heavy
metal contamination monitoring. A study case from Akpabuyo-Odukpani area, Lower
Cross River Basin (southeastern Nigeria)', GeoJournal, 57(4), 295 (2002).

[17] Zohreh M., Rezvan K. and Farhad E., ""Heavy Metal Contamination Assessment of
Groundwater Resources in Behbahan Plain Southwest Zagros', Open Journal of
Geology, 5(5), 325 (2015).

P,
Web Site: www.uokirkuk.edu.ig/kujss E-mail: kujss@uokirkuk.edu.iq,
kujss.journal@gmail.com
P,

50



mailto:uokirkuk.edu.iq/kujss

ey Yourma
P

7 %‘w KirkuR, University Journal /Scientific Studies (KUJSS)

; ]
X j Volume 15, Issue 1, March 2020 , pp. (34-52)
St ISSN: 1992-0849 (Print), 2616-6801 (Online)

[18] Gabriella T. and Renzo C., ""Heavy metals in drinking waters from Mount Amiata
(Tuscany, Italy). Possible risks from arsenic for public health in the Province of
Siena", Science of the Total Environment, 327(1-3), 41 (2004).

[19] L. Lyulko, T. Ambalova and T. Vasiljeva, ""To integrated water quality assessment in
Latvia". In J. G. Timmerman, W. P. Cofino, R. E. Enderlein, W. Jilich, P. L. Literathy,
J. M. Martin, P. Ross, N. Thyssen, R. K. Turner and R. C. Ward (eds) "MTM
(monitoring tailor-made) 111, proceedings of international workshop on information

for sustainable water management', Netherlands (2001).

[20] U. S. Environmental Protection Agency (U.S. EPA), "Risk Assessment Guidance for
Superfund Volume 1: Human Health Evaluation Manual (Part A)", Office of
Emergency and Remedial Response, Washington, D.C., USA, (1989).

[21] U. S. Environmental Protection Agency, ""USEPA Region 11 risk-based concentration
table: technical background information™, Unites States Environmental Protection
Agency, Washington (2006).

[22] U.S. Environmental Protection Agency, "Regional Screening Levels™, Unites States
Environmental Protection Agency, May 2016, prepared by Oak Ridge National

Laboratories (2016). available at: http://epaprgs.ornl.gov/chemicals/index.shtml.

[23] L. Ferreira-Baptista and E. De Miguel, ""Geochemistry and risk assessment of street

dust in Luanda, Angola: a tropical urban environment™, Atmospheric Environment,
39(25), 4501 (2005).

[24] Milad M. Aminiyan, Mohammed B. and Farzad M. Aminiyan, "Evolution of human
health risk based on EPA modeling for adults and children and pollution level of
potentially toxic metals in Rafsanjan road dust: a case study in a semi-arid region,
Iran™, Environmental Science and Pollution Research, 25(20), 19767-19778 (2018).

P,
Web Site: www.uokirkuk.edu.ig/kujss E-mail: kujss@uokirkuk.edu.iq,
kujss.journal@gmail.com

e —
51



mailto:uokirkuk.edu.iq/kujss
http://epaprgs.ornl.gov/chemicals/index.shtml
https://www.sciencedirect.com/science/article/abs/pii/S1352231005003110#!
https://www.sciencedirect.com/science/article/abs/pii/S1352231005003110#!

I e

5 z %‘x,_ Kirkuk, University Journal /Scientific Studies (KUJISS)

- j Volume 15, Issue 1, March 2020 , pp. (34-52)
et ISSN: 1992-0849 (Print), 2616-6801 (Online)

[25] Mustafa H. Ismael, Balsam S. Al-Tawash and Younus I. Al-Saady, ""Hydrochemical
characteristics and environmental evaluation of surface and groundwater quality at Al-
Tarmiyah Area, Baghdad, Iraq™, Iraqi Journal of Science, 60 (5), 1069 (2019).

[26] Zheng S. and Jiajun C., "'Risk assessment of potentially toxic elements (PTESs) pollution
at a rural industrial wasteland in an abandoned metallurgy factory in North China",
International journal of environmental research and public health, 15(1), 85 (2018).

L
Web Site: www.uokirkuk.edu.ig/kujss E-mail: kujss@uokirkuk.edu.iq,
kujss.journal@gmail.com
L

52



mailto:uokirkuk.edu.iq/kujss

