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Abstract

BH Marouf

Background: Exposure to heavy metals is considered as the main threat
to human health and biological system. Darbandikhan Lake is one of the
three large lakes in Kurdistan, Northern Iraq; it is currently at a high risk of
pollution by sewage and municipal wastes. The current study was designed
to highlight the potential association between concentration of heavy metals
and carcinogenicity in people who live in Darbandikhan and the surrounding
area. Materials and Methods: A case–control study was carried out on 29
cancerous patients and 25 healthy individuals from Darbandikhan, Kalar, and the
surrounding area; the patients were admitted to the Hiwa Oncology Center in
Sulaimani City. Determination of serum concentrations of copper (Cu), iron (Fe),
cadmium (Cd), arsenic (As), chromium (Cr), lead (Pb), and zinc (Zn), was
performed by an inductively coupled plasma atomic absorption spectrophotometer.
Results: Serum concentration of Pb, Fe, and Cu was higher in cancer group
compared with control in nonsignificantly different (P > 0.05) for Pb, whereas
significantly (P < 0.05) for Cu and Fe. Higher serum Cd concentration was
detected in control group compared with the cancer group. Differences not
detected in Cr and As serum concentration analysis between both groups. Serum
level of Zn was nonsignificantly higher in control group compared with the cancer
group (P > 0.05). Conclusion: Discrepancies in the serum level of heavy metals
of cancer group might reveal the involvement of heavy metal as a contributing
factor of carcinogenicity in these areas.
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Introduction

E

xposure to heavy metals is considered as a main
threat to human health and biological system.
These metals have been widely studied and their effects
on human health regularly analyzed by international
bodies.[1] Cadmium (Cd), mercury (Hg), lead (Pb),
copper (Cu), and nickel (Ni) are among the metals that
have potential adverse effects on human health,[2] and
chronic exposures to them are nearly unavoidable in
daily life, such as from airborne particles, soil, water,
and subsequently food.[3] The general population is
primarily exposed to heavy metals through food; fish
being a major source of methylmercury exposure.[4]
These heavy metals as environmental pollutants have
been recognized to have a role in induction of malignant
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human growths. Recently, certain heavy metals such as
cadmium (Cd), mercury (Hg), lead (Pb), chromium (Cr),
and arsenic (As) showed a close association to
breast cancer.[5] Several epidemiological studies have
demonstrated that exposure to metals has toxic and
carcinogenic effects on humans and animals.[6]
Heavy metals are confirmed as human carcinogens; lead,
cobalt, and iron are observed as potential carcinogens.
Prostate cancer mortality was found to be strongly
contributed to cadmium (Cd), followed by zinc (Zn) and
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chromium (Cr).[7] Excess occupational and environmental
exposure to metals is considered to be a major cause of
metal‑related cancer and also associated with increased
cancer risk.[8]
Darbandikhan Lake is one of the three large lakes in
Kurdistan, Northern Iraq, 230 km northeast of Baghdad.
Two main tributaries feed it: The Tanjero River, which
flows in from the North/Northwest, and the Sirwan
River, which flows in from the East (from Iran). Many
people benefit from this lake and its waters as it is
used as a source for drinking and irrigation water, as an
important fishery, and as a beautiful site used by many
for recreation. It is also an important source of electricity
generated by the Darbandikhan Dam. Darbandikhan Lake
is currently at a high risk due to pollution by sewage and
municipal wastes. Preliminary results of tests for heavy
metals in different sites performed at Darbandikhan
Lake and comparing the results with other surface water
references and the World Health Organization Drinking
Water Standard as additional contrast indicated elevated
levels of cadmium, manganese, lead, and nickel in
surface waters. As well as comparing the results of test
for heavy metals in sediment for different sites at this
Lake with Swedish standards for contamination levels
showed elevated levels of copper, lead, zinc, and nickel
at some or all sites.[9]
Scanty data are available on heavy metals and its relation
with carcinogenicity in this region, for that reason the
current study was designed to highlight the potential
association between concentration of heavy metals and
carcinogenicity in people in Darbandikhan area who use
Darbandikhan Lake as a source of drinking water which
contain above normal limit the heavy metals.

Materials and Methods
This study was a case–control study that was carried
out on 29 newly diagnosed cancer patients (cases) and
25 healthy individuals (control). The newly diagnosed
patients who enrolled in the current study were residents
from Darbandikhan and Kalar area who are using well
and tap water as a main source of drinking water and they
were admitted to the Hiwa Oncology Center in Sulaimani
City. Controls were healthy individuals also selected
from the same area; they were matched for both age
and gender. The inclusion criteria for the present study
includes patients with different types of cancers including
breast cancer, prostate cancer, nonsmall cell lung cancer,
and gallbladder carcinoma admitted to the hospital during
the period from October 2015 to March 2016. Relevant
information including occupational history, smoking
habits, and reproductive history was obtained from each
patient by face‑to‑face interview using a questionnaire,

which was designed for this study. Patients with positive
family history of cancer were excluded from the study.
Individuals using supplementation with trace elements
and metals during the last 3 months before the study
were excluded. The study approved by the Research
Ethics Committee of the College of Medicine, University
of Sulaimani (No. 21 in 07/07/2015) in accordance with
the Declaration of Helsinki and its amendments,[10] and
each patient signed informed consent before enrollment.
Venous blood samples (5 ml) of newly diagnosed
cancerous patients and control group were obtained
from the antecubital fossa veins in accordance with
the guidelines set out in the Declaration of Helsinki.
Serum was separated by centrifugation immediately.
The serum samples were placed in plain tubes and kept
at −80°C (without thawing) until samples were analyzed.
Determination of serum concentrations of Cu, Fe, Cd,
As, Cr, Pb, and Zn were performed by an inductively
coupled plasma atomic absorption spectrophotometer.
Statistical analyses of results were performed using
GraphPad Prism software.

Results
The mean age for the cancer group was 54.3 ± 14.8 years,
whereas for the control group, it was 51.1 ± 22.8 years.
Other demographic data for the participants including
age, gender, resident area, education level, types of
cancer, and sources of drinking water of both cancer and
control groups are shown in Table 1.
The results of serum concentration of metals in the current
study show differences between both cancer patient group
and control group. Serum concentration of lead (Pb)
was higher in cancer group compared with control
but nonsignificantly different (P > 0.05) was detected.

Figure 1: Serum levels of chromium, cadmium, arsenic, and lead in healthy
participants and cancer patients from Kalar and Darbandikhan areas.
Values are presented as mean ± Standard deviation; ND: Nondetectable;
P > 0.05: Nonsignificant difference compared with control
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Table 1: Demographic characteristics of included
participants

Parameter

Control
(n=25)
51.1±22.8

Cancer patients
(n=29)
54.3±14.8

Age, year (mean±SD)
Gender, n (%)
Female
15 (60)
Male
10 (40)
Residence, n (%)
Kalar
17 (68)
Darbandikhan
8 (32)
Education level, n (%)
Illiterate
14 (56)
Secondary school
1 (4)
High school
10 (40)
Cancer type, n (%)
Breast
‑
Brain
‑
Lung
‑
GIT
‑
Leukemia
‑
Miscellaneous
‑
Source of drinking water, n (%)
Well
9 (36)
Tap water
6 (24)
Well and tap water
10 (40)
GIT=Gastrointestinal tract; SD=Standard deviation

17 (58.6)
12 (41.4)
25 (86.2)
4 (13.8)
24 (82.8)
4 (13.7)
1 (3.5)
6 (20.7)
2 (6.9)
3 (10.3)
6 (20.7)
3 (10.3)
9 (31.1)
13 (44.8)
5 (17.2)
11 (38)

Figure 2: Serum levels of copper, iron, and zinc in healthy participants
and cancer patients from Kalar and Darbandikhan areas. Values are
presented as mean ± Standard deviation; P < 0.05: Significant difference
compared with control

Meanwhile, higher serum cadmium (Cd) concentration
was detected in control group compared with the cancer
group. Differences were not detected in chromium (Cr)
and arsenic (As) serum concentration analysis between
both control and cancer group as shown in Figure 1.
High concentrations of copper (Cu) and iron (Fe) were
found in the blood samples of the cancer patients from
Kalar and Darbandikhan areas compared with the healthy
768

participants in the areas. The concentration of Cu and Fe
was significantly higher in cancer patient group compared
with control group (P < 0.05) as shown in Figure 2.
Meanwhile, serum level of zinc was nonsignificantly
higher in control group compared with the cancer group
(P > 0.05).

Discussion
Despite new advances and efforts in cancer research,
the etiology of many types of cancer is still unknown.
Although the risk factors do not fully clarify
variations in the incidence of complex disorders
such as cancers.[11] Many epidemiological studies
reported the involvement of the trace elements in
the etiology of many diseases including cancer, and
indicate a close association between metals like
copper (Cu), cadmium (Cd), arsenic (As), lead (Pb),
zinc (Zn), and nickel (Ni), which are found naturally
in the environment and the development of breast and
prostate cancers.[12,13]
Heavy metals are basically defined as those trace
elements that have ≥5 g/cm3 densities and may cause
harmful biological and environmental effects,[14] usually
biological organisms need trace amounts of some heavy
metals, including cobalt, copper, iron, molybdenum,
vanadium, strontium, and zinc.[15] Analysis of heavy
metals and trace elements in human tissues also shows a
significant role both in human health and diseases states.
They are of significant importance in different cellular
metabolic pathways, and each of the essential and
nonessential trace elements may be harmful if present in
high cellular levels; trace element deficiency or excess
was implicated in the development or progression
of some cancers.[16] It is apparent that some trace
metals are claimed to be carcinogenic and capable of
inducing a toxic effect through the formation of reactive
oxygen species (ROS) and acting as cofactors in the
oxidative damage of biological macromolecules and
deoxyribonucleic acid (DNA).[17]
Excessive exposure to lead has many negative impacts
on human health. Evidences suggest that lead exposure
increases susceptibility to cancer and may exert diverse
toxic effects through interference with the repair
mechanism of DNA after genotoxic insult, impede
the ability of cells to develop appropriate and precise
responses to environmental genotoxins.[18,19]
In the present study, high level of lead concentration
has been detected remarkably in the cancer patients as
compared with the control group; this shows consistency
with the finding of Blaurock‑Busch et al. who detected
in the hair samples of cancer patients a significantly
higher levels of lead when compared to a control group,
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suggesting a probable relationship between lead exposure
and the disease.[20] In the present study, increased levels
of serum iron were also detected in cancer patients
compared with controls, and this finding was in tune
with that reported by da Silva et al.[21] Iron was involved
in many tumorigenesis including breast cancer, and the
suggested role of iron in tumor development could be
related to its action as enzymatic cofactor involved in
carcinogenesis.[22]
Moreover,
iron
can
also
promote
tissue
damage – carcinogenesis through its action as a catalyst
in the conversion of hydrogen peroxide to free radicals
that attack cellular membranes, breaks DNA strands,
inactivate enzymes and initiate lipid peroxidation then
accelerate tumor initiation.[23]
Cadmium, the nonessential heavy metal, represents a
potential environmental and human hazards, and it is
established as toxic and carcinogenic metal, and can
induce elevated ROS formation, which in turn induces
DNA damage, in addition to its ability to interfere with
cell signaling.[24] Based on epidemiological studies, Cd
seems to be associated with overall cancer mortality
in men and women including lung cancer, pancreatic
cancer, non‑Hodgkin lymphoma, and leukemia, ovarian
and uterine cancer.[25] Surprisingly, in the present study,
serum level of cadmium in the control group was
higher than that in cancer patients, the current result
was inconsistent with the results reported by Czerny
et al.[26] This may be attributed to analytical errors or
inconsistent selection of the control group. Copper has
been suggested to play an important role in normal
immune function and several health disorders.[27] In
the present study, serum copper level was increased
significantly in the cancer patients compared with the
control group. This finding is comparable with the study
performed by Baharvand et al. who found that serum
level of copper was increased significantly in the cancer
patients compared to controls.[28] Although we cannot
establish a clear link between copper and cancer, our
data are consistent with those studies which also found
higher level of copper in cancer patients.[13] The role of
zinc in causation of cancer is ambiguous because both its
deficiency and excess has been implicated in cancer.[29]
Zinc is essential for cell growth and proliferation and
may be accumulated in tumor sites to supports tumor
growth, it may also play a crucial role in cancer etiology
and outcome.[30] Siddiqui et al. showed that blood zinc
was significantly higher in malignant cases than in
those of benign and control.[31] In the present study,
nonstatistically significant decrease was reported in
serum level of zinc in the cancer group compared with
the control group, the obtained result is comparable with

that reported in some studies on cancer cases such as
lung, breast, head and neck, liver, stomach, and prostate
cancer,[29,32] which might explain a possible link between
zinc deficiency and occurrence of cancer, as reported in
some case‑control studies.[13,33]
The common type of malignancies in Sulaymaniyah
province, Kurdistan, Iraq was determined by a
hospital‑based, retrospective study. This study shows
the results of 8 years cancer registration of the province
including patients of Darbandikhan and Kalar area,
and the common types by primary site were leukemia,
lymphoma, brain, kidney, and bone. In males, they were
lung, leukemia, lymphoma, colorectal, prostate, bladder,
brain, stomach, carcinoma of unknown primary and
skin, whereas in females, they were breast, leukemia,
lymphoma, colorectal, ovary, lung, brain, carcinoma
of unknown primary, and stomach.[34] Although the
serum level of the studied metals in the present study
did not provide a sufficient evidence for supporting the
hypothesis that metals are a major contributing factor for
developing cancer but the vast majority of researches are
consider metals as a risk factor for initiation the cancer.[35]
Obviously, there is a strong correlation between cancer
rate and metal exposure, lung cancer is associated with
the occupational exposure to metals including cadmium,
chromium, nickel, copper, cobalt, lead, and mercury.
Occupational exposure to cadmium and nickel are
linked to renal and prostate cancer and copper exposure
is linked to non‑Hodgkin’s lymphoma and skin cancer.
Exposure to chromium is also connected to an increased
risk of liver, larynx, esophagus, and gastrointestinal
cancer. Lead is associated with glioma and stomach
cancers while mercury exposures are associated with
prostate and bladder cancers. Metalloestrogens such as
cadmium, calcium, cobalt, copper, nickel, chromium,
lead, mercury, and tin activate the estrogen receptor,
and exposure to these metals may increase the risk of
developing breast cancer.[36‑38]

Conclusion
Discrepancies in the serum level of trace element
and heavy metals of cancer patients in comparison of
noncancerous patients of the Darbandikhan and Kalar
region might reveal involvement of heavy metal as a
contributing factor of carcinogenicity in these areas.
Acknowledgment

The author acknowledges the participants, laboratory
workers, physicians, and other fieldworkers of Hiwa
Oncology Hospital in Sulaimani city as well as University
of Sulaimani for their technical support and cooperation.

Nigerian Journal of Clinical Practice ¦ Volume 21 ¦ Issue 6 ¦ June 2018

769

[Downloaded free from http://www.njcponline.com on Monday, June 11, 2018, IP: 102.251.47.77]
Marouf: Association between serum heavy metals level and cancer incidence in Darbandikhan and Kalar area, Kurdistan region, Iraq

Declaration of patient consent

The author clarifies that she has obtained all appropriate
patient consent forms. In the form, the patient has
given their consent for their images and other clinical
information to be reported in the journal. The patient
understands that name and initials will not be published
and due efforts will be made to conceal identity, but
anonymity cannot be guaranteed.
Financial support and sponsorship

16.
17.
18.
19.

The study is self‑funded by the author.
Conflicts of interest

There are no conflicts of interest.

20.

References
1.
2.

3.

4.
5.
6.

7.
8.

9.

10.
11.

12.
13.

14.
15.

Jaishankar M, Tseten T, Anbalagan N, Mathew BB,
Beeregowda KN. Toxicity, mechanism and health effects of
some heavy metals. Interdiscip Toxicol 2014;7:60‑72.
Koedrith P, Kim H, Weon JI, Seo YR. Toxicogenomic
approaches for understanding molecular mechanisms of heavy
metal mutagenicity and carcinogenicity. Int J Hyg Environ
Health 2013;216:587‑98.
Callan AC, Hinwood AL, Ramalingam M, Boyce M,
Heyworth J, McCafferty P, et al. Maternal exposure to
metals – Concentrations and predictors of exposure. Environ Res
2013;126:111‑7.
Järup L. Hazards of heavy metal contamination. Br Med Bull
2003;68:167‑82.
Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ. Heavy
metal toxicity and the environment. EXS 2012;101:133‑64.
Chiou YH, Wong RH, Chao MR, Chen CY, Liou SH, Lee H,
et al. Nickel accumulation in lung tissues is associated with
increased risk of p53 mutation in lung cancer patients. Environ
Mol Mutagen 2014;55:624‑32.
Killilea AN, Downing KH, Killilea DW. Zinc deficiency reduces
paclitaxel efficacy in LNCaP prostate cancer cells. Cancer Lett
2007;258:70‑9.
Nyqvist F, Helmfrid I, Augustsson A, Wingren G.
Increased cancer incidence in the local population around
metal‑contaminated glassworks sites. J Occup Environ Med
2017;59:e84‑e90.
Ararat K, Mehdi RA, Falih HA, Maher AM. Darbandikhan lake
poisoning event. In: Bachmann A, editor. Nature Iraq preliminary
Field & Lab Report. Publication No. NI‑0908‑001. Kurdistan,
Iraq: Nature Iraq Sulaimani; 2008.
Levine RJ. The need to revise the declaration of Helsinki.
N Engl J Med 1999;341:531‑4.
Pavlík T, Májek O, Mužík J, Koptíková J, Slavíček L, Fínek J,
et al. Estimating the number of colorectal cancer patients treated
with anti‑tumour therapy in 2015: The analysis of the czech
national cancer registry. BMC Public Health 2012;12:117.
Florea AM, Büsselberg D. Metals and breast cancer: Risk factors
or healing agents? J Toxicol 2011;2011:159619.
Karimi G, Shahar S, Homayouni N, Rajikan R, Abu Bakar NF,
Othman MS, et al. Association between trace element and heavy
metal levels in hair and nail with prostate cancer. Asian Pac J
Cancer Prev 2012;13:4249‑53.
Alissa EM, Ferns GA. Heavy metal poisoning and cardiovascular
disease. J Toxicol 2011;2011:870125.
Momodu MA, Anyakora CA. Heavy metal contamination of

770

21.

22.
23.
24.
25.

26.

27.

28.
29.
30.
31.

32.
33.
34.

ground water: The Surulere case study. Res J Environ Earth Sci
2010;2:39‑43.
Cobanoglu U, Demir H, Sayir F, Duran M, Mergan D. Some
mineral, trace element and heavy metal concentrations in lung
cancer. Asian Pac J Cancer Prev 2010;11:1383‑8.
Wang L, Wise JT, Zhang Z, Shi X. Progress and prospects of
reactive oxygen species in metal carcinogenesis. Curr Pharmacol
Rep 2016;2:178‑86.
García‑Lestón J, Méndez J, Pásaro E, Laffon B. Genotoxic
effects of lead: An updated review. Environ Int 2010;36:623‑36.
Chinde S, Kumari M, Devi KR, Murty US, Rahman MF,
Kumari SI, et al. Assessment of genotoxic effects of lead in
occupationally exposed workers. Environ Sci Pollut Res Int
2014;21:11469‑80.
Blaurock‑Busch E, Busch YM, Friedle A, Buerner H, Parkash C,
Kaur A, et al. Comparing the metal concentration in the hair of
cancer patients and healthy people living in the Malwa region of
Punjab, India. Clin Med Insights Oncol 2014;8:1‑3.
da Silva MP, Zucchi OL, Ribeiro‑Silva A, Poletti ME.
Discriminant analysis of trace elements in normal, benign and
malignant breast tissues measured by total reflection X‑ray
fluorescence. Spectrochimica Acta Part B 2009;64:587‑92.
Zhang C, Zhang F. Iron homeostasis and tumorigenesis:
Molecular mechanisms and therapeutic opportunities. Protein
Cell 2015;6:88‑100.
Torti SV, Torti FM. Iron and cancer: More ore to be mined. Nat
Rev Cancer 2013;13:342‑55.
Urani C, Melchioretto P, Fabbri M, Bowe G, Maserati E,
Gribaldo L, et al. Cadmium impairs p53 activity in hepG2 cells.
ISRN Toxicol 2014;2014:976428.
Adams SV, Passarelli MN, Newcomb PA. Cadmium exposure
and cancer mortality in the third national health and
nutrition examination survey cohort. Occup Environ Med
2012;69:153‑6.
Czerny B, Krupka K, Ożarowski M, Seremak‑Mrozikiewicz A.
Screening of trace elements in hair of the female population with
different types of cancers in Wielkopolska region of Poland.
ScientificWorldJournal 2014;2014:953181.
Sayır F, Kavak S, Meral I, Demir H, Cengiz N, Cobanoğlu U,
et al. Effects of crush and axotomy on oxidative stress and some
trace element levels in phrenic nerve of rats. Brain Res Bull
2013;92:84‑8.
Baharvand M, Manifar S, Akkafan R, Mortazavi H, Sabour S.
Serum levels of ferritin, copper, and zinc in patients with oral
cancer. Biomed J 2014;37:331‑6.
Gumulec J, Masarik M, Adam V, Eckschlager T, Provaznik I,
Kizek R, et al. Serum and tissue zinc in epithelial malignancies:
A meta‑analysis. PLoS One 2014;9:e99790.
Grattan BJ, Freake HC. Zinc and cancer: Implications for LIV‑1
in breast cancer. Nutrients 2012;4:648‑75.
Siddiqui MK, Jyoti, Singh S, Mehrotra PK, Singh K, Sarangi R,
et al. Comparison of some trace elements concentration in blood,
tumor free breast and tumor tissues of women with benign
and malignant breast lesions: An Indian study. Environ Int
2006;32:630‑7.
Costello LC, Franklin RB. Zinc is decreased in prostate cancer:
An established relationship of prostate cancer! J Biol Inorg
Chem 2011;16:3‑8.
Epstein MM, Kasperzyk JL, Andrén O, Giovannucci EL,
Wolk A, Håkansson N, et al. Dietary zinc and prostate cancer
survival in a Swedish cohort. Am J Clin Nutr 2011;93:586‑93.
Khoshnaw N, Mohammed HA, Abdullah DA. Patterns of cancer
in Kurdistan – Results of eight years cancer registration in

Nigerian Journal of Clinical Practice ¦ Volume 21 ¦ Issue 6 ¦ June 2018

[Downloaded free from http://www.njcponline.com on Monday, June 11, 2018, IP: 102.251.47.77]
Marouf: Association between serum heavy metals level and cancer incidence in Darbandikhan and Kalar area, Kurdistan region, Iraq

Sulaymaniyah Province‑Kurdistan‑Iraq. Asian Pac J Cancer Prev
2015;16:8525‑31.
35. Huang HH, Huang JY, Lung CC, Wu CL, Ho CC, Sun YH, et al.
Cell‑type specificity of lung cancer associated with low‑dose soil
heavy metal contamination in Taiwan: An ecological study. BMC
Public Health 2013;13:330.
36. Byrne C, Divekar SD, Storchan GB, Parodi DA, Martin MB.
Metals and breast cancer. J Mammary Gland Biol

Neoplasia 2013;18:63‑73.
37. Khlifi R, Olmedo P, Gil F, Hammami B, Chakroun A, Rebai A,
et al. Arsenic, cadmium, chromium and nickel in cancerous and
healthy tissues from patients with head and neck cancer. Sci
Total Environ 2013;452‑453:58‑67.
38. Mulware SJ. Comparative trace elemental analysis in cancerous
and noncancerous human tissues using PIXE. J Biophys
2013;2013:192026.

Nigerian Journal of Clinical Practice ¦ Volume 21 ¦ Issue 6 ¦ June 2018

771

