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SUMMARY

The evaluation of arsenic and cadmium levels in biological samples of cases with lung cancer

Introduction: Chronic exposure to the toxic metals plays an important role among the causes of lung cancer beside of smoking We g. 
aimed to evaluate the association between the histopathologic type of lung cancer and arsenic and cadmium levels in biological samples.mp

Materials and Methods: This study in a single center was conducted through the years 2009-2013, including 72 patients with lung l
cancer, within a prospective study design. Biological samples (whole blood, scalp hair, urine) of subjects obtained before the treat-tr
ment, and arsenic and cadmium levels were analyzed by atomic absorption spectrophotometer. The characteristics of lung cancer an
cases and metal levels were compared statistically (power: 0.74).

Results: Fifty six (77.8%) of patients were non-small cell lung cancer (NSCLC), 16 (22.2%) were small cell lung cancer (SCLC) in C
72 study subjects (7 F/65 M, mean age= 62.2 ± 8.7 years). According to TNM staging, 27 of NSCLC were stage IV, 14 of SCLC were w
extensive disease. In blood, scalp hair and urine samples of cases, mean arsenic levels were 23.1 ± 9.2 μg/L, 0.6 ± 0.3 μg/g andd 3.6 d
± 1.9 μg/L, while cadmium levels were 1.2 ± 0.8 μg/L, 0.3 ± 0.1 μg/L and 2.8 ± 1.6 μg/L, respectively. A significant negative cor-e 
relation was found between blood and urine arsenic levels (r= -0.350; p= 0.025). Blood and hair cadmium levels were also signif cant fic
positive correlated (r= -0.371; p= 0.017). Both of metal levels except of urine arsenic were higher in NSCLC patients than SCLC,SC
without any statistical significance. No significance relation was found in terms of TNM staging and mortality (p> 0.05).

Conclusion: Any difference was observed between the arsenic and cadmium levels measured in biological samples and histopatho-a
logical type, staging and mortality of patients with lung cancer in this study. We thought that further studies are needed.

Key words: Lung cancer, arsenic, cadmium, blood, scalp hair, urine

ÖZET

Akciğer kanserli olguların biyolojik örneklerinde arsenik ve
kadmiyum düzeylerinin değerlendirilmesi

Giriş: Kronik toksik metal maruziyeti akciğer kanseri nedenleri arasın-
da sigaranın yanı sıra önemli bir role sahiptir. Bu çalışmanın amacı; 
biyolojik örneklerdeki arsenik ve kadmiyum düzeyleriyle akciğer 
kanserinin histopatolojik tipleri arasındaki ilişkiyi değerlendirmektir.

The evaluation of arsenic
and cadmium levels in 
biological samples of 
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INTRODUCTION

Although smoking is the most common cause of lung 
cancer, chronic exposure to toxic metals from envi-
ronment or cigarette smoke may also play role in the 
development of lung cancer due to possible mecha-
nisms such as oxidative stress, DNA repair modulation 
and disturbances of signal transduction pathways (1).

Arsenic and cadmium are toxic metals which have 
classified as group 1 human carcinogens by the 
International Agency for Research on Cancer (IARC)
(2,3). These metals occur naturally in earth’s crust
with higher concentrations and the most important
sources of them for general population are drinking
water, food, air pollution and cigarette smoke. 
Chronic exposure to these metals has been reported
worldwide affecting nearly one hundred million peo-
ple in most countries (4). Previous studies have 
shown that occupational exposure to arsenic and 
cadmium and living in the polluted environment are
associated with lung cancer (5). However, inade-
quate data present on the relationship between lung 
cancer and environmental low-dose arsenic and cad-
mium exposure and it should keep in mind among
the lung cancer causes.

Arsenic and cadmium can be accumulated in liver,
kidney, lung and other tissues because of their long 
biologic half-life achieving from 17 to 33 years.
Additionally, they can also be determined in hair,
nail, skin and other biological samples (2,6). 

The development of lung cancer and the other inter-
nal cancers due to chronic exposure to arsenic and 
cadmium have been well defined since 1950, in 

addition to their non-neoplastic effects (6). Previous 
studies have identified associations between levels of 
these metals in urine, blood and hair with lung cancer 
(7,9). However, there are few studies investigating the 
metal levels of lung cancer patients from Turkish 
population, to date. The objectives of this study were 
to determine the levels of arsenic and cadmium in 
biological samples obtaining from blood, scalp hair 
and urine whom patients diagnosed lung cancer, and 
to evaluate association of these metals and histo-
pathologic type of lung cancer in a single center.

MATERIALS and METHODS

This study was approved by the local ethics commit-
tee in accordance with institutional rules and 
Declaration of Helsinki requirements.

Subjects

Totally, 72 patients with lung cancer who admitted to
our clinic and followed-up between the January
2009-February 2013, were investigated in a prospec-
tive study. The diagnosis of lung cancer was con-
firmed histopathologically for each patient. 

Samples Collection and Storage

Whole blood, scalp hair and urine samples obtaining 
before the treatment were collected from each 
patients, following informed written consent. Venous
blood samples (10 mL) were collected by using met-
al-free heparinized vacutainer tubes (Becton 
Dickinson, Rutherford, NJ, USA). The scalp hair sam-
ples were taken from occipital part of the scalp were
washed and treated as reported in previous studies.
After washing scalp hair samples were dried in elec-

Materyal ve Metod: Akciğer kanseri tanısı alan 72 olguda prospektif olarak yapılan bu çalışma 2009-2013 tarihleri arasında tek bir 
merkezde gerçekleştirildi. Olguların tedavi öncesinde alınan biyolojik örneklerinde (kan, saç, idrar) arsenik ve kadmiyum düzeyleri 
atomik absorpsiyon spektrometriyle ölçüldü. Akciğer kanserli olguların özellikleri ve metal düzeyleri istatistiksel olarak karşılaştırıldı
(Bu çalışmanın gücü: 0.74 idi).

Bulgular: Yetmiş iki olgunun (7 K/65 E, ort. yaş: 62.19  ± 8.74 yıl), 56 (%77.8)’sı küçük hücreli dışı akciğer kanseri (KHDAK), 16’sı 
küçük hücreli akciğer kanseri (KHAK) idi. TNM evrelemesine göre, KHDAK’ların 27’si evre IV, KHAK’lı olguların 14’ü yaygın hasta-
lıktı. Olguların kan, saç ve idrar örneklerinde, ortalama arsenik düzeyleri sırasıyla 23.1 ± 9.2 μg/L, 0.6 ± 0.3 μg/g ve 3.6 ± 1.9 μg/L
iken; kadmiyum düzeyleri 1.2 ± 0.8 μg/L, 0.3 ± 0.1 μg/L ve 2.8 ± 1.6 μg/L idi. Kan ile idrar arsenik düzeyleri arasında istatistiksel 
olarak anlamlı negatif korelasyon (r= -0.350; p= 0.025), kan ile saç kadmiyum düzeyleri arasında ise pozitif korelasyon saptandı (r=
-0.371; p= 0.017). Her iki metal düzeyi de (idrar arseniği hariç) KHDAK’lı olgularda; KHAK’a göre daha yüksekti, ancak istatistiksel 
olarak anlamlı değildi. TNM evrelemesi ve mortalite açısından anlamlı bir ilişki bulunmadı (p> 0.05).

Sonuç: Bu çalışmada, biyolojik örneklerdeki arsenik ve kadmiyum düzeyleriyle akciğer kanseri tipi, evrelemesi ve mortalite arasında 
anlamlı bir ilişki saptanmadı. Daha ileri çalışmalara ihtiyaç olduğu düşünüldü.

Anahtar kelimeler: Akciğer kanseri, arsenik, kadmiyum, kan, saç, idrar
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trical oven at approximately 75°C and stored pre-
cleaned plastic bags with identify numbers. The urine
samples were also collected in the morning from
each patient (10-12). All of the samples prevented of 
the metal contamination, put into sterile vials and
immediately stored at -20°C for elemental analysis.

Metal Analysis

The analysis of biological samples for arsenic and
cadmium was performed at the Institute of Forensic
Sciences of Ankara University, Toxicology Laboratory
in this study.

The concentrations of elements were measured by 
means of an atomic absorption spectrophotometer 
after microwave-assisted acid digestion. The validity 
and accuracy was checked by conventional wet acid 
digestion method and using certified reference materi-
als. The overall recoveries of all elements were found 
in the range of 98.1-99.4% of certified values (13,14).

The lineer range of calibration curve reached from the 
detection limit up to 10 and 10 for arsenic and cad-
mium, respectively. The detection limit (LOD) was 
defined as 3 s/m, where ‘s’ is the standard deviation 
corresponding to 10 blank injections and ‘m’ is the 
slope of calibration graph. The LOD of 0.034 and 
0.005 were calculated for arsenic and cadmium, 
respectively. The validity and efficiency of the micro-
wave assisted digestion method on same certified ref-
erence material as reported in previous work (10,11).

Study Design

The demographic data, detailed history, clinical and 
laboratory findings of all patients were recorded on 
admission to our institution. According to the smoking 
habits, subjects were classified into the following sub-
groups: currents smokers, ex-smokers and non-smok-
ers. Current smokers included even subjects who 
stopped tobacco smoking from no more than one year; 
whereas the non-smokers group included both subjects 
who had never smoked and ex-smokers from at least 
15 years who smoked no more than 30 pack years (PY).

Each patient was screened for lymph node involve-
ment and distant metastasis by one or more diagnos-
tic method including thorax-abdomen computed 
tomography (CT), whole body bone scintigraphy and
positron emission tomography (PET) before the treat-
ment and they were classified according to TNM
(tumor node metastasis) staging for lung cancer (15).

None of the enrolled patients received previous
chemotherapy or radiotherapy treatments before the
collecting samples.

Follow Up

Patients were followed up to February 2013 for four 
years. Mortality rate was recorded in all study subjects. 

Statistical Analysis

Data were assessed by using SPSS 16.0 for Windows 
software package. Student t and one-way ANOVA 

fparametric tests were used for the comparison of 
groups in terms of metric variables and data were 
measured as mean ± standart deviation. The chi-
square test was used to compare categorical varia-
bles. In addition, case summary reports and frequen-
cy charts were used to analyze the group variables.
All p values were two-tailed and a p value 95% (p< 
0.05) and 99% (p< 0.01) were considered statistically
significant.

RESULTS

Sixty five male and 7 female, totally 72 patients 
ranged from 46-85 years old were enrolled in the 
study. Mean age of all cases was 62.2 ± 8.7 years. On 
admission, 50 (69.4%) patients were current smoker,
9 of patients were ex-smoker with mean pack year 
was 52.4 ± 23.7. Only 13 patients were non-smoker. 
The history of occupational possible exposure to 
toxic gas and inhalation was obtained in 7 (9.7%) 
patients, but none of these had arsenic and cadmium
exposure due to their work, directly. Six cases had 
biomass exposure, while 16 cases had as best expo-
sure in their life. Nine (12.5%) patients had past 

frecords of cancer in family members. Two (2.8%) of 
all  were history of previous cancer which developed 
from another organ. Among 47 (65.3%) patients, the 
most common existing co-morbidities were chronic
obstructive pulmonary disease (n= 20, 27.8%) and 
atherosclerotic cardiac diseases (n= 18, 25.0%) 
(Table 1).

fOn the evaluation of thorax CT, tumor diameters of 
all patients were varied 1.5 to 11 cm. The most com-
mon localization of tumor on thorax CT was right 
hilar region (n= 18, 25.0%). The diagnoses of patients
were confirmed by the samples obtained from fiber-
optic bronchoscopy (n= 44, 61.1%), surgical resec-
tion material (n= 14, 19.4%), and transthoracic nee-
dle biopsy (n= 14, 19.4%).

The histopathological diagnoses were non-small cell 
lung cancer (NSCLC) (n= 56, 77.8%) and small cell 
lung carcinoma (SCLC) (n= 16, 22.2%). In NSCLC
group, the subtypes of lung cancer were squamous
cell (n= 24, 33.3%), adenocarcinoma (n= 22, 30.6%); 
unclassified NSCLC (n= 8, 11.1%), and large cell (n=
2, 2.8%).
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When we evaluated to the patients according to the 
TNM staging, while the most common stage was
stage IV (n= 27, 37.5%) in NSCLC, it was extensive
disease (n= 14, 19.4%) in SCLC group. While 18 
(25.0%) cases were treated surgically with and with-
out neoadjuvan/adjuvant chemotherapy and/or radi-
otherapy, 43 of all cases (59.72%) were treated with 
chemotherapy and/or radiotherapy. In 9 (12.5%) 
cases, palliative treatment were administered, and 2 
(2.8%) cases  did not accept the treatment (Table 2). 

Mean arsenic levels were measured as 23.1 ± 9.2 
μg/L, 0.6 ± 0.3 μg/g and 3.6 ± 1.9 μg/L in blood, hair 
and urine samples, respectively. Mean cadmium lev-
els were also found as 1.2 ± 0.8 μg/L, 0.3 ± 0.1 μg/L 
and 2.8 ± 1.6 μg/L in these samples. The mean con-
centrations with standard deviations for each ele-
ment in biological samples are shown in Table 3. 
When the arsenic and cadmium levels were com-
pared for each biological samples in cases, a signifi-
cant negative correlation was found between blood
and urine arsenic levels (r= -0.350; p= 0.025). Blood
and hair cadmium levels were also significant posi-
tive correlated (r= -0.371; p= 0.017).

According to the histopathologic type of lung cancer,
arsenic and cadmium levels in biological samples
except of urine arsenic and blood cadmium were
higher in cases with NSCLC than SCLC, however it
was not significant statistically (p> 0.05, Table 4). 

Table 1. The patients’ characteristics on admission

n %

Sex (F/M) 7/65 9.7/90.3

Mean age, year 62.2 ± 8.7

Smoking habits
Current smoker
Ex-smoker
Non-smoker

50
9

13

69.4
12.5
18.1

Mean pack-year 52.4 ± 23.7 
(10-120)

Biomass exposure 6 8.3

Asbest exposure 16 22.2

Occupational exposure 7 9.7

Previous cancer history 2 2.8

Past records of cancer in family
members

9 12.5

Co-morbidities
Chronic obstructive pulmonary
disease
Atherosclerotic cardiac disease
Hypertension
Diabetes mellitus
Hyperlipidemia
Cardiac failure
Goitre
Chronic renal failure

20

18
15
13
4
4
1
1

27.8

25.0
20.8
18.1
5.6
5.6
1.4
1.4

Table 2. The diagnosis, TNM staging and management of 
lung cancer in all cases

n %

Right lung
Upper lobe
Hilar
Mid lobe
Lower lobe

Left lung
Upper lobe
Hilar
Lower lobe

16
18
5
9

10
10
4

22.2
25.0
6.9
12.5

13.9
13.9
5.6

Diagnostic methods
Fiberoptic bronchoscopy
Surgical material
Transthoracic needle biopsy

44
14
14

61.1
19.4
19.4

Histopathologic diagnosis
NSCLC
SCC
Adenocarcinoma
Unclassifi ed NSCLC
Large cell
SCLC

56
24
22
8
2
16

77.8
33.3
30.6
11.1
2.8
22.2

TNM staging
IA
IB
IIA
IIB
IIIA
IIIB
IV
Limited disease
Extensive disease

5
5
5
3
4
7
27
2
14

6.9
6.9
6.9
4.2
5.6
9.7
37.5
2.8
19.4

Treatment
Surgery
Surgery + chemotherapy
and/or radiotherapy
Chemotherapy and/or
radiotherapy
Palliative therapy
No therapy

11
7

43

9
2

15.3
9.7

59.7

12.5
2.8

Table 3. Arsenic and cadmium levels in biological samples 
of cases

Arsenic levels (mean) Cadmium levels (mean)

Blood 23.1 ± 9.2 μg/L,g 1.2 ± 0.8 μg/Lg

Hair 0.6 ± 0.3 μg/gg 0.3 ± 0.1 μg/Lg

Urine 3.6 ± 1.9 μg/Lg 2.8 ± 1.6 μg/Lg



;Tuberk Toraks 2014;62(3):191-198

, y , y , y ğ , şDemir N, Türksoy VA, Kayaaltı Z, Söylemezoğlu T, Savaş İ.

195

The mean survival time of cases was 522.3 ± 487.4 
(4-1460) days. Mortality rate was 76.4% (n= 55) in all 
subjects on follow-up. In present study, both of metal
levels were not related with mortality, statistically.

DISCUSSION

Eventhough multipl risk factors have been well char-
acterized for lung cancer development chronic expo-
sure to toxic metals may also play role in the patho-
genesis. Occupational exposure and expoisoning in
the endemic areas to arsenic and cadmium are com-
mon because of their wide spread use in industry and
their environmental persistence. Although few stud-
ies reported that arsenic and cadmium had no rela-
tionships to lung cancer, many large epidemiologic
studies in pesticide plants, plastics, pigments, batter-
ies, and smelters workers and among tin miner, cop-
per, zinc and lead smelters over the past 50 years
have been well defined an increased lung cancer risk
in arsenic and cadmium-exposed population, to date
(2,16,17). Additionally, chronic poisoning among the
general population to these metals by inhalation or
oral route is also keep in mind for development of 
lung cancer beside of occupational exposure (18).
Little is known about carcinogenic potential of arse-
nic and cadmium in general population which usu-
ally entail lower levels of exposure. The assessment
of past exposure to environmental arsenic and cad-
mium and their compounds is difficult.

The lungs are target organs of several chemicals
including metals by inhalation. Because of these met-
als have a low solubility in the alveolar regions of the 
lungs as water, so these poorly soluble compounds
can be expected to have a long residence time in the 
lungs, long half-life values are observed for these
metals in liver and kidney (19,20). Although arsenic
and cadmium levels may be measured in tumor tis-
sue of cases with lung cancer, the traditional 

approach is based on the determination of toxic met-
als and their metabolites in biological samples such
as urine, human blood, and hair due to their urinary
excretion and bioavailability (8,21,22). The present
study provided data on arsenic and cadmium levels
in biological samples obtaining from a small study 
group who diagnosed lung cancer in a single center 
from Turkish population.

Whereas occupational exposure is well-described 
risk factor for arsenic and cadmium exposure; there 
was no found a relation between occupational history 
and metal levels of cases in this study, this result may 
be related with any cases had occupational history 
including arsenic and/or cadmium poisoning (23).

The relationship of smoking and lung cancer have 
been known very long time (24,25). When the asso-
ciation of toxic metals and smoking is over viewed, 
tobacco smoke is the main factor affecting the concen-
tration levels of cadmium, lead, and to a lesser extent 
nickel in the lung tissues of NSCLC patients. 
Particularly, cadmium elevation in blood, urine, hair 
and tissue of smokers had been described previously 
(12,21,26). Cigarette smoke contains measurable 
amounts of cadmium, and passive smokers living in 
the same households as smokers have significantly 
higher blood cadmium levels (27,28). Nonetheless, 
non-smokers have also been lung cancer due to envi-
ronmental risk factors and carcinogenic effects of met-
als, approximately 10-15% of all patients with lung 
cancer (29). In this study no association was found 
between arsenic, cadmium levels and smoking history.

According to the histopathology of lung cancer, a 
few studies evaluating to association of tumor metal
levels and lung cancer type have been observed in
literature. Guo et al. showed that the carcinogenicity
of arsenic on lungs is also cell type-specific. A result 
of this study including 37.290 lung cancer patients,
squamous cell and small cell carcinomas appeared
to be related to arsenic ingestion, but not adenocar-
cinoma (30). Heck et al’s study also supported the
possibility of an increased risk of small-cell and
squamous-cell carcinoma of the lung at lower levels
of arsenic exposure (5). In present study, in cases
with NSCLC, arsenic and cadmium levels of biologi-
cal samples were found higher than cases with small
cell lung cancer, but not significant statistically. Hair
analysis showed high levels for both of arsenic and
cadmium although it was insignificant. This may
indicate that long term exposure to even small
amounts of arsenic and cadmium may affect patients
with lung cancer. No relationship was found between

Table 4. Arsenic and cadmium levels in biological samples 
of cases according to the histopathologic type 

SCLC NSCLC

Arsenic

Blood 18.83 ± 7.35 24.40 ± 9.37

Hair 0.51 ± 0.31 0.62 ± 0.31

Urine 3.71 ± 2.80 3.60 ± 1.64

Cadmium

Blood 1.00 ± 0.65 0.62 ± 0.31

Hair 0.23 ± 0.15 0.28 ± 0.11

Urine 2.40 ± 1.51 2.99 ± 1.64
SCLC: Small cell lung cancer, NSCLC: Non-small cell lung cancer.
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the blood cadmium and urine arsenic levels of cases
with the type of lung cancer; it can be associated that 
blood and hair analysis of these metals has detects
immediate exposure (31,32). However, we thought
that these results might be significant with the larger
studies.

Previous analysis of lung cancer mortality in these
metals identified excess lung cancer mortality. 
According to the Third National Health and Nutrition
Examination Survey (NHANES III), cadmium appears
to be associated with overall cancer mortality in men
and women (33). Another study (Park et al.) was also
showed that cadmium was an independent factor on 
mortality of lung cancer (34). García-Esquinas et al. 
showed that low to moderate exposure to inorganic
arsenic was associated with increased mortality for
lung cancer, and the other studies were confirmed
that arsenic exposition was also related the cumula-
tive chance of survival declined significantly in 
patients with lung cancer compared with the controls
(35,36). However Sorahan et al. and Li et al. were not 
found any relationship between cadmium exposure
and lung cancer mortality (37-39). We could not 
show any relation between cadmium and arsenic
levels in biological samples and mortality in lung 
cancer cases.

Epidemiologic studies showed that heavy metals
contamination of groundwater, surface water, air and 
foods is major public health hazard in Turkey as it 
has been in all of the world (40). Although the asso-
ciation of toxic metals exposure and lung cancer has
been well defined in most of countries, there are few 
reports showing the association of metal levels and 
lung cancer from Turkey. Cobanoglu et al. were con-
ducted a study in 50 cases (30 lung cancer and 20 
healthy human) from Turkish population and they 
were observed that serum cadmium value was higher
in lung cancer but it was not statistically significant
(7). A limitation of this study was performed in small 
number of cases at a single center. Other limitation 
was that the past environmental exposure dose of 
arsenic and cadmium for each patient was unknown.

In conclusion, we did not observe any significant
relationship between the characteristics of lung can-
cer and arsenic and cadmium levels in biological
samples. Larger studies are necessary for the evalua-
tion of toxic metal levels’ affects to lung cancer in 
general population from Turkey. The recognition of 
toxic metal exposure in patients diagnosed lung can-
cer by measurements of metal levels in biological
samples is important, thus it can lead to actions to 

reduce exposure. In order to protect public health for
possible polluting toxic elements, it is important to
know the concentrations of these elements in the
human body.
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