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The purpose of this research was to compare the causes of death in 5 villages situated in Simav Plain, Turkey, during 2005–2010 where
different arsenic levels were detected in drinking water supplies. Since groundwater in Simav Plain had arsenic concentrations that
ranged between 7.1 and 833.9 ppb, a two-phase research was formulated. In the first phase, public health surveys were conducted with
1,003 villagers to determine the distribution of diseases. In the second phase, verbal autopsy surveys and official death records were
used to investigate the causes of death. In total, 402 death cases were found in the study area where cardiovascular system diseases
(44%) and cancers (15.2%) were major causes. Cancers of lung (44.3%), prostate (9.8%), colon (9.8%), and stomach (8.2%) were
comparably higher in villages with high arsenic levels in drinking water supplies. Furthermore, the majority of cases of liver, bladder,
and stomach cancers were observed in villages with high arsenic levels.
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Arsenic in drinking water is considered to be a carcinogen by
the World Health Organization (WHO), and chronic arsenic
exposure is known to cause cancers of skin, bladder, lung,
liver, and stomach.1,2 In addition, arsenic is also considered
to be among the etiological characteristics of many chronic
illnesses, such as cardiovascular diseases, diabetes mellitus,
and others.1–8 In accordance with the research that proves the
link between arsenic and lethal diseases, the arsenic standard
value in drinking water was reduced to 10 ppb level in many
countries.9–11

The arsenic problem in groundwater in Kütahya, Turkey,
has been reported in previous studies.12–14 Doğan et al12 has
documented the presence of skin lesions in the inhabitants of
Emet District of Kütahya Province due to high arsenic ex-
posure through dermal track. Gunduz et al,13 on the other
hand, have determined the arsenic pollution in groundwater
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of Simav Plain, a graben area near Simav District of Kütahya
Province. The region is situated in an area of active tecton-
ism, with the presence of alteration zones and geothermal
resources. An average arsenic concentration of 99 ppb was de-
tected by Gunduz et al,13 where maximum levels reached 561
ppb. In the same study, 221 cases of death between 1998 and
2005 were analyzed, and cardiovascular diseases (45.2%) were
found to be the primary cause of death, followed by cancers
(15.8%) and respiratory system illnesses (5.7%). Among all
neoplasms, lung cancers were the most predominant (34.1%)
cancer type, which was followed by stomach (20%), colon and
prostate (20%), and liver (17.1%) cancers.

Although there is substantial amount of information
present on elevated arsenic occurrences for many parts of
Turkey, literature on health problems associated with arsenic
exposure is limited to the study of Doğan et al,12 where they
discussed the skin cancer occurrences of arsenic-exposed pop-
ulation from Emet District of Kütahya Province. Nevertheless,
no research has been conducted so far on the occurrence of
systemic diseases with arsenic exposure. Thus, this study is
conducted in an area where a moderately long-term exposure
to arsenic was experienced. The study area included 3 vil-
lages (Çitgöl, Boğazköy, and Gölköy) of Simav District with
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above-standard arsenic levels in drinking water supplies where
minimum 20 years of exposure took place. Such a long-
term exposure to high arsenic-containing drinking water was
believed to create human health implications with regards
to systematic diseases. Based on this premise, this research
was conducted in the villages of Çitgöl, Gölköy, Boğazköy,
Öreyler, and Demirciköy to determine the causes of death
during the 2005–2010 period through a verbal autopsy survey
and compilation of official records and to demonstrate the re-
lationship between high arsenic exposure and causes of death
in the area.

Methods

Study Area

The study area of this research is the Simav Plain situated in
Western Anatolia, Turkey (Figure 1). Simav Plain is a graben
depression with complex geology and active tectonics. Pre-
vious research conducted in the study area has revealed the
presence of elevated levels of arsenic in surface and subsur-
face waters of the plain.13,15 Further research in the area
has revealed the fact that the alluvial material that forms the
groundwater containing aquifer in the plain was extremely rich
in arsenic. The results of the geochemical investigations con-
ducted at 21 boreholes that were drilled throughout the plain
has shown that arsenic in Simav Plain alluvial layer ranged
between 7.1 and 833.9 ppb, with an average of 48.99 ppb and
a standard deviation of 80.21 ppb.16 When compared with the
average value of 1.5 ppm arsenic in world soils,17 it was clear
that the study area was a hot spot and had elevated risks as-
sociated with human exposure to arsenic. In addition, further
monitoring studies verified the above-average arsenic occur-
rences in the groundwater of the alluvial plain based on the
results of wet and dry season sampling programs completed
during April and September 2011.16 Accordingly, the arsenic
levels in groundwater ranged between 1 and 1025.6 ppb with
an average of 234.9 ppb and a standard deviation of 261.8 ppb
during April 2011 monitoring program, and between 1.3 ppb
and 1123.7 ppb with an average of 256.2 ppb and a standard
deviation of 288.9 ppb during September 2011 monitoring
program.16 The time-series results of arsenic in the water sup-
plies of the 5 villages are given in Table 1. From a public health
point of view, this information was sufficient to initiate further
studies to understand the potential health implications of this
elevated arsenic presence in the plain’s groundwater that was
used for domestic and irrigational water supplies.

Research Approach

The main objective of this study was to compare the causes of
death in villages with high levels of arsenic and with below-
standard levels of arsenic in their drinking water supplies.
Considering the general deficiencies in collecting the data for
causes of death in rural areas, different methods of data col-
lection were used to overcome the problems associated with
data availability. One of the methods used was a verbal au-
topsy survey conducted by a medical doctor who was also a
public health specialist to query the presence of deaths in the

village within the last 5 years by questioning relatives of the
deceased and to assess the main cause of death. However, this
method was insufficient to reach all cases of death, and infor-
mation regarding the remaining cases was obtained from of-
ficial records. Unfortunately, some of these records (obtained
from the records of public health centers, municipalities, and
civil registration and nationality offices) were also deficient in
the study area. Despite the deficiencies, the available official
death records were also analyzed and when a definitive cause
of death was not written, the relatives of these death cases
were questioned with the verbal autopsy survey. All the data
collected from these methods were assessed together and were
cross-checked with the causes of death of a few cases avail-
able in hospital records to evaluate the overall accuracy of the
verbal autopsy surveys.

Population and Sample Size

The population of this study was composed of all inhabi-
tants of the villages of Gölköy, Boğazköy, Çitgöl, Öreyler,
and Demirciköy with an age of 18 and above (Figure 1). The
total population of the 5 villages studied was 6,879 in the year
2009, of which 47.9% (3,292) were male and 52.1% (3,587)
were female. About 17.2% of the total population was above
the age of 65. Based on the records of the Civil Registra-
tion and Nationality Office of the District of Simav, a total
of 5,178 people (18+ population) lived in these 5 villages in
the year 2009. Of this total, 3,264 individuals lived in 3 vil-
lages (Boğazköy, Gölköy, and Çitgöl) where drinking water
supplies contained above-standard arsenic levels and the re-
maining 1,914 individuals lived in 2 villages (Demirciköy and
Öreyler) with below-standard level of arsenic in drinking wa-
ter supplies. The number of individuals aimed to be reached
in each group of villages (sampling size) was computed sepa-
rately according to the following formula given by Lemeshow
et al18:

n = N
(
Z2

1−α/2 P(1 − P)
)

d2(N − 1) + Z2
1−α/2 P(1 − P)

where n is the sample size, N is population size, Z1-α/2 is the
number of standard errors from the mean (1.96), P is the an-
ticipated population proportion (0.5), and d is the absolute
precision required on either side of the proportion (0.05). Ac-
cordingly, the minimum sample sizes to be reached by the
field teams were found to be 344 for the villages with high
arsenic in drinking water and 321 for the villages with low
arsenic in drinking water. Based on these minimum numbers,
the household survey was conducted with a total of 1,003 peo-
ple, of which 614 lived in villages with high arsenic level and
389 lived in villages with low arsenic level in drinking water
supplies.

Implementation Details

The verbal autopsy survey was held in 3 phases during the
first 2 weeks of June 2010 and June 2011. The first phase was
conducted simultaneously with the household survey. In this
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Fig. 1. The study area.

phase, household questionnaire forms were filled by question-
ing individuals from randomly selected houses until a prede-
termined sampling size was reached in each village. In all 5
villages, the minimum sampling size was exceeded to better
characterize the settlements. The questionnaires were imple-
mented by a group of trained surveyors and were conducted

through face-to-face interviews. During questionnaires, the in-
dividual was asked if he could recall any incidences of death
in his family or in the village during 2005–2010 period. Death
cases determined from this questioning were then reported to
the medical doctor, who was also a public health specialist so
that he then could conduct the verbal autopsy survey with the
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Table 1. Arsenic Concentrations (ppb) in the Drinking Water Supplies of the Villages Studied, 2011, Simav-Kütahya

As (ppb)∗∗∗∗

Village July 200512 May 201015 April 201115 September 201115

Demirciköy No data 1.3 1.3 1.3
Öreyler No data 1.0 Not sampled Not sampled
Çitgöl 27.0 42.9 37.2 64.4
Gölköy-Boğazköy∗ No data No data 318.2 331.4
Gölköy-Boğazköy∗∗ 177.2 1812.8 876.3 605.0
Gölköy-Boğazköy∗∗∗ No data 9.2 Not sampled Not sampled

∗Previously used spring: Gölköy and Boğazköy villages have used water from this spring during 1984–1997 period.
∗∗Previously used well: Gölköy and Boğazköy villages have used water from this borehole during 1997–2008 period. The well is not used since 2009.
∗∗∗New well: Gölköy and Boğazköy villages are currently using the water extracted from this new well since July 2009.
∗∗∗∗The arsenic measurements were made with inductively coupled plasma mass spectrometer (ICP-MS) technique.

relatives of the deceased. The specialist then conducted the
verbal autopsy survey to the closest relative of the deceased
who was beside the deceased during his final hours in order
to obtain information regarding the cause of death. All ver-
bal autopsies were conducted by the same expert to eliminate
the risk of differences in personal interpretations. The total
number of verbal autopsy surveys conducted was 29 (70.7%
of all deaths) in Gölköy, 47 (92.2% of all deaths) in Boğazköy,
33 (22% of all deaths) in Çitgöl, 40 (57.1% of all deaths) in
Öreyler, and 22 (24.4% of all deaths) in Demirciköy, which
summed to a total of 171 surveys in the study area.

The second phase of the study was based on official death
records. All cases of death during 2005–2010 period were ob-
tained from Family Health Center in Gölköy and Boğazköy;
from municipality death records in Demirciköy; and from
Civil Registration and Nationality Office of the District of
Simav in Öreyler and Çitgöl. These records were used not
only to fill in the missing records of death that could not be
reached during verbal autopsy surveys but also to verify causes
of death that were identified in the surveys.

In the third phase, the accuracy of the cause of death
information obtained from verbal autopsies and official
records were verified by the records of Simav Hospital. The
death documents of 22 people who died in the hospital were
requested from the hospital administration. The hospital
provided information regarding 15 of the 22 cases of death.
Subsequently, the causes of death in hospital records were
compared with the information obtained from verbal autopsy
surveys to judge the overall performance of verbal autopsy
survey procedure in the study area.

Survey Form

The verbal autopsy survey form used in this study was devel-
oped by the World Health Organization and was previously
used in National Burden of Disease and Cost Effectiveness
Project.19 The survey was composed of 3 sections and mostly
contained closed-ended questions. The first section contained
questions for cases of death that occurred with ages 5 and
above. The second section contained questions regarding in-
fant deaths that occurred between 0 and 28 days. The final
section was designed to question cases of child death that

occurred between 29 days and 5 years of age. The main objec-
tive of the form was to determine the cause of death through
questioning the suffered disease(s) and its characteristic signs
and symptoms prior to death.19

After completion of the verbal autopsy survey, questions
regarding the primary cause of death and final cause of death
were asked and assessed together to determine the actual cause
of death for the particular case. Cardiac arrest, respiratory
arrest, cardiogenic shock, etc, were accepted to be the final
cause of death and were not considered to be primary cause
of death.

Statistical Analysis

Upon completion of data control and correction, the results
of the study were analyzed with the Statistical Package for the
Social Sciences (SPSS) program (SPSS ver. 15, Chicago, IL,
USA). Chi-square goodness-of-fit, Student’s t test, and vari-
ance analysis were used in statistical analysis of the data. It
was assumed that p < .05 for all statistical analysis. The In-
ternational Classification of Diseases (ICD-10) coding system
that was offered by WHO in grouping disease symptoms and
cause of death was used in this study.

Crude mortality rate, cancer-specific crude mortality rate,
and age-standardized mortality rate were calculated and used
in the analysis of death data. Crude mortality rate calcula-
tions were done annually using the population and number
of deaths in 2009. Cancer-specific crude mortality rates were
calculated for 2005–2010 period and were done using age-
standardized mortality rates that were calculated based on
world standard population. Age-standardized mortality rates
that demonstrate the number of new cases of death per 100,000
people per year is a rate measure that a population would have
if it had a standard age structure. Standardization is necessary
when comparing several populations that differ with respect
to age, since age has a powerful influence on cancer risk.

Results

A total of 402 cases of death were determined in 5 villages dur-
ing 2005–2010 period. Of this total, 171 cases were determined
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Table 2. Distribution of Age of Death With Respect to Sex in Villages Studied, Kütahya-Simav, 2011

Female Male Total

Village n %a Mean SD n %a Mean SD n %b Mean SD p∗

Gölköy 18 43.9 76.7 14.7 23 56.1 75.6 11.6 41 10.2 76.1 12.9 .5490
Boğazköy 18 35.3 73.1 11.5 33 64.7 76.3 14.1 51 12.7 75.2 13.2 .1760
Öreyler 39 55.7 77.5 16.1 31 44.3 68.9 20.1 70 17.4 73.7 18.3 .1150
Demirciköy 40 44.4 80.9 8.9 50 55.6 69.8 17.5 90 22.4 74.7 15.2 .0001
Çitgöl 74 49.3 71.5 23.1 76 50.7 65.3 18.5 150 37.3 67.5 20.2 .3080
Total 189 47.0 77.0 14.7 213 53.0 70.9 17.0 402 100.0 73.5 16.3 .0020∗∗

aRow percentage.
bColumn percentage.
∗Mann-Whitney U test.
∗∗Student’s t test goodness of fit of difference between 2 averages.

via verbal autopsy survey and the remaining 231 cases were ex-
tracted from official records. Official death records were also
accessed for 121 of 171 cases to which verbal autopsy were
made. The average age of death was 73.5 ± 16.5; 53% of the
deceased were male and 47% were female. The average age of
death was 77.0 ± 14.7 and 70.9 ± 17.0 for females and males,
respectively. Statistically significant (p < .05) differences were
detected between the ages of death of 2 sexes (Table 2). The
average crude mortality rate in the study area for the year 2009
was calculated as 8.3�. Specifically, the mortality rates were
found to be higher in Gölköy (18.6�) and Boğazköy (19.7�)
and comparably low in Çitgöl (5.6�), Demirciköy (7.7�),
and Öreyler (9.3�). As expected, the average age of death was
found to be higher in women. The crude mortality rate in the
study area was calculated to be 8.3�, which was higher than
the national value of 6.3� of year 2008.20 This difference be-
tween crude mortality rates was an expected outcome, since
the total population of age 65 and above was higher in the
study area (17.2%) when compared with the national average
(7.2%).

Of all death cases during 2005–2010 period that were de-
tected in the verbal autopsy survey, 70.2% occurred in the
residence and 24.6% occurred in the hospital, whereas the re-
maining cases (5.4%) occurred in the field or orchard. Twenty-
two of the total 42 cases that occurred in the hospital was in
Simav State Hospital. The records of 15 of these cases were
obtained from the hospital, and the cause of death determined
from the verbal autopsy was verified with the cause of death
stated in hospital records in 12 of the cases (80%). Two infant
deaths at 2 and 9 months occurred in Çitgöl. One of these
deaths was related to respiratory distress of newborn (P22),
and the other occurred due to spina bifida (Q05). One child
death occurred at the age of 7 in Demirciköy and was related
to drowning and submersion while in natural water (W69).
Apart from these 3, 81.1% of all other cases of death occurred
at an age 65 or higher and 17.8% occurred between ages of 20
and 65. No statistically significant (p > .05) differences were
detected between the ages of death among the villages.

No significant differences (p > .05) were detected between
the distributions of cigarette, alcohol, and drug use of all cases
of death that were detected through verbal autopsy survey.
Rates of cigarette and alcohol use were found to be 29.8% and

9.4%, respectively. Only 1 case of death related to drug use was
detected in the village of Öreyler. This individual died at the
age of 35, and the determined cause of death was related to
mental and behavioral disorders due to multiple drug use and
use of other psychoactive substances (F19).

The primary cause of death identified in this study was the
diseases of the circulatory system (44%). In this group of dis-
eases, cardiac insufficiency (24.4%), cerebrovascular disease
(8.2%), essential hypertension (5.2%), and acute myocardial
infarction (5.0%) were the top 4 commonly observed causes
of death in the study area. Excluding the category symptoms,
signs, and abnormal clinical and laboratory findings (not else-
where classified), cancers (15.4%) and diseases of the respira-
tory system (5.7%) rank the second and third most common
causes of death in the area, as seen from Table 3 and shown
in Figure 2. No cases of stillbirth or maternal mortality were
recorded in the study area during 2005–2010 period.

In general, lung cancer was found to be the most pre-
dominant cancer type that resulted in deaths in this study,
which was followed by prostate and colon cancers. The cancer-
related mortality rates were found to be 177.4/100,000 as
crude mortality rate and 104/100,000 as age-standardized
mortality rate calculated based on standard world population.
Age-standardized cancer mortality rate was 117.6/100,000
for villages with high arsenic levels and 83.5/100,000 for vil-
lages with below-standard arsenic levels. When cancer-related
deaths are analyzed, it was observed that cases of stomach
liver and bladder cancers were reported from villages that had
high arsenic levels.

A total of 39.4% of all cancer-related deaths had a defi-
nite history of cigarette smoking. In an additional 31.1% of
all cancer-related deaths, cigarette use could not be identified
clearly. Furthermore, it has been found that there is a definite
history of cigarette smoking in 51.8% (14 cases) of all lung
cancer–related deaths and a skeptical history in an additional
29.6% (8 cases). Statistically significant relevance (p < .05) has
been detected between cigarette smoking and cancer related
deaths. Whereas 36.4% of cigarette smokers died as a result
of cancer, only 17.1% of nonsmokers died from cancers. Sta-
tistically significant differences (p < .05) were found between
cigarette smoking and cancer occurrences. Furthermore, lung
cancer was found to be the cause of death in 21.2% of all
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Table 3. Distribution of Primary Cause of Death in Villages Studied, 2011, Simav-Kütahya

Total Gölköy Boğazköy Öreyler Demirciköy Çitgöl

ICD-10 code Disease group n % n % n % n % n % n %

A00–B99 Certain infectious and parasitic
diseases

1 0.2 0 0.0 0 0.0 0 0.0 0 0.0 1 0.7

C00–D48 Neoplasms (cancers) 61 15.2 8 19.5 12 23.5 12 17.1 8 8.9 21 14.0
E00–E90 Endocrine, nutritional and

metabolic diseases
13 3.2 3 7.3 7 13.7 1 1.4 1 1.1 1 0.7

F00–F99 Mental and behavioral disorders 1 0.2 0 0.0 0 0.0 1 1.4 0 0.0 0 0.0
G00–G99 Diseases of the nervous system 5 1.2 0 0.0 0 0.0 5 7.1 0 0.0 0 0.0
I00–I99 Diseases of the circulatory

system
177 44.0 21 51.2 19 37.3 29 41.4 63 70.0 45 30.0

J00–J99 Diseases of the respiratory
system

23 5.7 3 7.3 2 3.9 8 11.4 3 3.3 7 4.7

K00–K93 Diseases of the digestive system 8 2.0 0 0.0 3 5.9 2 2.9 2 2.2 1 0.7
M00–M99 Diseases of the musculoskeletal

system and connective tissue
2 0.5 0 0.0 1 2.0 0 0.0 0 0.0 1 0.7

N00–N99 Diseases of the genitourinary
system

7 1.7 0 0.0 1 2.0 0 0.0 3 3.3 3 2.0

P00–P96 Certain conditions originating
in the prenatal period

1 0.2 0 0.0 0 0.0 0 0.0 0 0.0 1 0.7

Q00–Q99 Congenital malformations,
deformations and
chromosomal abnormalities

1 0.2 0 0.0 0 0.0 0 0.0 0 0.0 1 0.7

R00–R99 Symptoms, signs and abnormal
clinical and laboratory
findings, not elsewhere
classified

88 21.9 6 14.6 3 5.9 8 11.4 6 6.7 65 43.3

S00–T98 Injury, poisoning and certain
other consequences of
external causes

14 3.5 0 0.0 3 5.9 4 5.7 4 4.4 3 2.0

Total 402 100.0 41 100.0 51 100.0 70 100.0 90 100.0 150 100.0

smokers and only 4.8% of nonsmokers. On the other hand,
no statistically significant differences (p > .05) were detected
between cancer-related deaths and alcohol use.

When causes of death were grouped as cardiovascular dis-
eases, diabetes mellitus, cancers, and all other causes, it was
found that statistically significant differences (p < .05) were de-
tected between the 2 groups of villages with different arsenic
levels in their drinking water supplies. In villages with high
arsenic levels in drinking water supplies, 39.6% of all deaths
were related to cardiovascular diseases and diabetes mellitus,
16.9% was related to cancers, and 43.5% were related to other
causes. On the other hand, in villages with below standard
arsenic levels in drinking water supplies, 58.8% of all deaths
were related to cardiovascular diseases and diabetes mellitus,
12.5% were related to cancers, and 28.7% were related to other
causes. It has been further found that cancers were observed in
higher numbers in villages with high arsenic levels as opposed
to villages with below-standard arsenic levels.

The results of this study revealed the fact that circulatory
system diseases were the primary cause of death in the area,
which was consistent with national and international distri-
bution of causes of death.20–23 According to WHO data,21

30.5% of all deaths in 2008 were due to cardiovascular diseases,

which were followed by infectious diseases (15.3%) and can-
cers (13.3%). When national causes of death at age 5 and above
were analyzed from 2008 data of Turkish Statistical Institute, it
was found that heart and cerebrovascular diseases were dom-
inant, with a ratio of 50.4%, and cancers were second most
important cause of death, with a ratio of 16.4%.20 Based on the
data obtained from the hospital death records of 2010 from
the Ministry of Health, circulatory system diseases (I00–I99)
have the highest percentage of occurrences nationwide with
33.5%, followed by cancers (C00-D48) with 14.8%.20,22 On the
contrary, 2008 data from Kütahya Province Department of
Health23 reveal that 52.5% of all deaths in Kütahya Province
occurred due to heart and cerebrovascular diseases, followed
by respiratory system diseases (8.5%) and gastrointestinal and
respiratory system cancers (7.9%). Consequently, circulatory
system diseases are among the most predominant cause of
death on global, national, and local scales, which is also veri-
fied by the results of this study. However, cancers are the third
most predominant cause of death after infectious diseases on
global scale, whereas they are second on national scale. On
a local provincial scale, cancers are the third predominant
cause of death after respiratory system diseases. In this study,
however, cancer-related deaths ranked second place.
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Fig. 2. Distribution of primary cause of death in villages studied, 2011, Simav-Kütahya.
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Table 4. Distribution of Cancer-Related Mortality Causes With Respect To Sex in Villages Studied, 2011, Simav-Kütahya

Total Gölköy Boğazköy Öreyler Demirciköy Çitgöl

ICD-10 code Cancer type—Men n % n % n % n % n % n %

C34 Malignant neoplasm of
bronchus and lung

24 52.2 3 50.0 2 22.2 7 100.0 6 85.7 6 35.3

C61 Malignant neoplasm of
prostate

6 13.0 1 16.7 4 44.4 — — — — 1 5.9

C16 Malignant neoplasm of
stomach

5 10.9 — — — — — — — — 5 29.4

C18 Malignant neoplasm of colon 2 4.3 1 16.7 — — — — 1 14.3 — —
C22 Malignant neoplasm of liver

and intrahepatic bile ducts
2 4.3 — — 1 11.1 — — — — 1 5.9

C71 Malignant neoplasm of brain 2 4.3 — — 1 11.1 — — — — 1 5.9
C67 Malignant neoplasm of

bladder
2 4.3 — — — — — — — — 2 11.8

C95 Leukemia of unspecified cell
type

1 2.2 — — 1 11.1 — — — — — —

C77 Secondary and unspecified
malignant neoplasm of
lymph nodes

1 2.2 1 16.7 — — — — — — — —

C90.0 Multiple myeloma and
malignant plasma cell
neoplasms

1 2.2 — — — — — — — — 1 5.9

Total 46 100.0 6 13.0 9 19.6 7 15.2 7 15.2 17 37.0

Cancer type—Women
C18 Malignant neoplasm of colon 4 26.7 — — 1 33.3 2 33.3 1 25.0
C34 Malignant neoplasm of

bronchus and lung
3 20.0 1 50.0 1 33.3 — — — — 1 25.0

C56 Malignant neoplasm of ovary 2 13.3 — — — — 1 16.7 1 100.0 — —
C22 Malignant neoplasm of liver

and intrahepatic bile ducts
2 13.3 1 50.0 — — 1 16.7 — — — —

C50 Malignant neoplasm of
breast

2 13.3 — — — — — — — — 2 50.0

C95 Leukemia of unspecified cell
type

1 6.7 — — 1 33.3 — 0.0 — — — —

C25 Malignant neoplasm of
pancreas

1 6.7 — — — — 1 16.7 — — — —

Total 15 100.0 2 13.3 3 20.0 5 33.3 1 6.7 4 26.7

A similar distribution was found when the causes of death
were analyzed with respect to the presence of arsenic in drink-
ing water supplies. For villages with high arsenic levels in
drinking water supplies, the primary causes of death were
diseases of circulatory system (35.1%) and cancers (16.9%),
respectively. Although the primary causes of death for vil-
lages with arsenic concentrations below standard levels were
the same, the relative percentages of occurrences changed to
57.5% for diseases of circulatory system and 12.5% for cancers
(Table 3 and Figure 2).

In general, lung cancer was found to be the most predom-
inant cancer type that resulted in deaths in this study, which
was followed by prostate and colon cancers. In men, the most
predominant cancer type was determined to be lung cancer,
followed by prostate cancer (Table 4). In women, on the other
hand, the most fatal cancer type was found to be colon can-
cer, followed by lung, breast, and ovary cancers (Table 4). The

cancer-related mortality rates were found to be 177.4/100,000
as crude mortality rate and 104/100,000 as age-standardized
mortality rate calculated based on standard world population.
Age-standardized cancer mortality rate was 117.6/100,000 for
villages with high arsenic levels and 83.5/100,000 for villages
with below-standard arsenic levels (Table 5).

A total of 39.4% of all cancer-related deaths had a defi-
nite history of cigarette smoking. In an additional 31.1% of
all cancer-related deaths, cigarette use could not be identified
clearly. Furthermore, it has been found that there is a definite
history of cigarette smoking in 51.8% (14 cases) of all lung
cancer–related deaths and a skeptical history in an additional
29.6% (8 cases). Statistically significant relevance (p < .05) has
been detected between cigarette smoking and cancer-related
deaths. Whereas 36.4% of cigarette smokers died as a result
of cancer, only 17.1% of nonsmokers died from cancers. Sta-
tistically significant differences (p < .05) were found between
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Table 5. Distribution of Cancer-Related Mortality Rates in Villages Studied, 2011, Simav-Kütahya

Total
Gölköy, Boğazköy,

Çitgöl Demirciköy, Öreyler

ICD-10 codes Cancer type n CMR ASR n CMR ASR n CMR ASR

C34 Malignant neoplasm of bronchus
and lung

27 78.5 50.6 14 62.6 43.4 13 108.0 63.6

C61 Malignant neoplasm of prostate 6 17.4 8.3 6 26.8 15.1 0 0.0 0.0
C18 Malignant neoplasm of colon 6 17.4 8.3 3 13.4 7.6 3 24.9 9.3
C16 Malignant neoplasm of stomach 5 14.5 10.6 5 22.4 16.9 0 0.0 0.0
C22 Malignant neoplasm of liver and

intrahepatic bile ducts
4 11.6 5.6 3 13.4 7.6 1 8.3 3.1

C67 Malignant neoplasm of bladder 2 5.8 2.8 2 8.9 5.0 0 0.0 0.0
C95 Leukemia of unspecified cell type 2 5.8 3.1 2 8.9 5.4 0 0.0 0.0
C71 Malignant neoplasm of brain 2 5.8 2.8 2 8.9 5.0 0 0.0 0.0
C56 Malignant neoplasm of ovary 2 5.8 3.2 0 0.0 0.0 2 16.6 3.1
C50 Malignant neoplasm of breast 2 5.8 4.1 2 8.9 6.4 0 0.0 0.0
C77 Secondary and unspecified

malignant neoplasm of lymph
nodes

1 2.9 1.4 1 4.5 2.5 0 0.0 0.0

C90 Multiple myeloma and malignant
plasma cell neoplasms

1 2.9 1.4 1 4.5 2.5 0 0.0 0.0

C25 Malignant neoplasm of pancreas 1 2.9 1.8 0 0.0 0.0 1 8.3 4.4
Total 61 177.4 104.0 41 183.4 117.6 20 166.1 83.5

Note. CMR = crude mortality rate (per 100,000); ASR = age-standardized incidence ratios. World standard population (per 100,000).

cigarette smoking and cancer occurrences. Furthermore, lung
cancer was found to be the cause of death in 21.2% of all
smokers and only 4.8% of nonsmokers. On the other hand,
no statistically significant differences (p > .05) were detected
between cancer-related deaths and alcohol use.

Comment

As a result of extended life expectancy, prevention of pre-
mature deaths, and increased exposure to environmental risk
factors, number of deaths due to chronic diseases and can-
cers increase globally. In this regard, smoking is considered
to be the predominant risk factor for these diseases. In this
study, statistically significant correlation was detected between
smoking and cancer-related deaths in the study area. Environ-
mental risk factors such as heavy metal contents in drinking
water also play an important role in the occurrences of chronic
diseases and cancers. Although some of these factors are an-
thropogenic, many could be the result of natural processes and
are typically geogenic in nature.

Arsenic is considered to be among these geogenic environ-
mental risk factors and has been proven to create significant
health risks.2–4,6,7 Epidemiological studies have shown that ex-
posure to high arsenic levels (>300 μg/L) in groundwater is a
typical risk factor for cardiovascular diseases and mortality re-
lated to hypertension, atherosclerosis, ischemic heart diseases,
diabetes mellitus, and vascular diseases.3,6,7,24 In particular,
Rahman et al3 has shown that diabetes mellitus risk adjusted
for age, gender, and body mass index were 5.9 times higher

(95% confidence interval: 2.5–7.7) in areas with arsenic expo-
sure from drinking water. Similarly, Wang et al25 have shown
that deadly metabolic syndrome (ie, coexistence of cardiovas-
cular diseases, obesity, dyslipidemia, and diabetes mellitus)
risk adjusted for age, gender, occupation, and lifestyle includ-
ing cigarette smoking was 2.54 times higher (95% confidence
interval: 1.20–5.39) in an arsenic-exposed population.

Arsenic could also result in pigmentation, hypercreatosis,
and other complications that could lead to cancer in skin.7 In a
study conducted in Bangladesh, Argos et al26 have shown that
premalignant skin lesions have a dose-dependent correlation
with arsenic exposure. In a study conducted in Emet District
of Kütahya, Turkey, skin lesions were detected in 30.9% of the
total population in the village of İğdeköy with very high ar-
senic concentrations in drinking water supply (8.9–9.3 mg/L),
whereas it was observed only in 5.35% of total population in
the village of Dulkadir with comparably lower arsenic levels
in drinking water supply. In Emet area, the most predominant
skin lesions were palmoplantar keratosis, basal cell carcinoma,
plantar keratoderma, and plantar hyperkeratosis.12 Such high
arsenic levels in drinking water supplies in Emet area are iden-
tified to be the main reason for the high number of occurrences
of skin lesions. Although Emet was in close proximity to this
study area, the arsenic levels were significantly lower, which
explains the reason for not finding as many skin cancer cases
in the study area as in Emet.

The most important consequence of arsenic exposure from
drinking water on human health is cancers. Numerous epi-
demiological researches have shown arsenic-related increased
cancer risk and mortality in humans.2 Among these cancers,
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the most significant ones are cancers of skin, lung, liver, blad-
der, and gastrointestinal tract.7 In a study conducted in Ar-
gentina, correlations between high arsenic levels and lung,
bladder, and colon cancers in females were found.27 In an-
other study conducted in Taiwan, it was found out that
lung and bladder cancer risks increased 2.27 (95% confi-
dence interval: 1.44–3.58) and 7.80 (95% confidence interval:
2.64–23.1) times, respectively, in cases where arsenic levels ex-
ceed 300 μg/L in water.28 Moreover, Çelik et al29 have shown
a correlation between arsenic levels and cancer incidence and
mortality in their systematic review on arsenic in drinking wa-
ter supply and lung cancer. Similarly, Marshall et al30 have
also reported that arsenic increases the mortality risks from
lung and bladder cancers.

In this study, cancer-related mortality ranked second place
among all cases of death. Cancer-related mortality was found
in high percentages in area with high arsenic concentrations,
whereas circulatory system–related mortality dominated the
villages with below-standard arsenic concentrations. Cancer-
related age-standardized mortality rate was calculated to be
higher in villages with high arsenic levels. When cause-related
mortality rates were analyzed, it was observed that all cancer
types, excluding lung, colon, ovarian, and pancreas cancers,
were found to be higher in villages with high arsenic levels (Ta-
ble 5). However, cigarette smoking is a confounding factor for
lung cancer occurrences. Despite the fact that no significant
deviations between villages were found in the percentage of
smoking population, 30% of deceased had a history of smok-
ing. Furthermore, high cigarette consumption in individuals
with lung cancer was believed to be one of the reasons for this
situation. Nevertheless, it must be noted that 4 of 5 death cases
with no smoking history were seen in villages with high ar-
senic concentrations in drinking water supply. Although there
are no statistical data that could support the cause-and-effect
relation of this phenomena, this finding is still valuable con-
sidering the literature data as well as the fact that only very
few cases of lung cancer could be obtained in a relatively small
population.

Deaths related to colon cancer were found to be the same
in both groups of villages with low and high arsenic levels.
Only 1 case of death from pancreas cancer was found in high
arsenic area. Furthermore, all other deaths from other can-
cer types were dominant in high arsenic area. In essence, all
cases of bladder and stomach cancers and the majority of liver
cancer cases were found in villages with high arsenic concen-
trations in drinking water supply, which implies the presence
of high risk in these villages associated with high exposure,
since no other differences were observed between the villages
that could influence the cancer-related mortality rates. The vil-
lagers of Gölköy, Boğazköy, and Çitgöl have consumed high
arsenic-laden drinking waters for over 20 years. Although no
data exist beyond 20 years, it is likely that these villages have
used similar water resources with high arsenic levels. Consid-
ering this long duration of exposure to high arsenic levels, it is
not surprising to find health-related problems in the exposed
population. The primary reason for not discovering this phe-
nomenon earlier is mainly related to the lack of robust health
records. It is important to note that only 24.6% of all deaths
occurred in a hospital and only 22 took place in local Simav

State Hospital. Of these 22 cases, the records of 15 cases were
accessed and compared with the results of verbal autopsy. In
12 (80%) of these cases, the causes of death taken from hospi-
tal records were consistent with the results obtained from the
verbal autopsy.

Causes of death in rural areas in Turkey are rarely docu-
mented properly unless the event took place in a hospital. Even
in hospital conditions, the doctors in charge could sometimes
behave inconsiderately and do not document the actual cause
of death correctly. This situation makes it hard to detect and
analyze the mortality data in the country, which was one of
the reasons for implementing a verbal autopsy survey to reach
the actual cause of death in this study.

In addition to direct exposure through drinking water, the
population can also be indirectly exposed to arsenic through
consumption of arsenic-laden agricultural products. It was
previously reported that agricultural products irrigated with
arsenic-containing water could contain significant amounts
of arsenic. In a study conducted in India, Roychowdhury
et al31 has determined that arsenic was absorbed by the skin
of most vegetables. Their results further revealed that the indi-
vidual food composite and food groups containing the high-
est mean arsenic concentrations (mg/kg) were potato skin
(292.62 and 104), leaf of vegetables (212.34 and 294.67), arum
leaf (331 and 341), papaya (196.50 and 373), rice (226.18
and 245.39), wheat (7 and 362), cumin (47.86 and 209.75),
turmeric powder (297.33 and 280.9), cereals and bakery goods
(156.37 and 294.47), vegetables (91.73 and 123.22), and spices
(92.22 and 207.60) for 2 areas of West Bengal, India, respec-
tively. In this context, edible crops grown in the study area
are mostly irrigated with arsenic-containing groundwater and
are most likely to be a second route of exposure for local
inhabitants.

Conclusions and Recommendations

A comparative analysis of causes of death in an arsenic-
exposed population and a control population pointed out the
fact that the cases of death from certain diseases that oc-
curred in arsenic-exposed population were higher in number.
Although the results of this study did not clearly reflected a
direct arsenic-cancer relationship, comparably higher cancer-
related death cases were detected in villages with high arsenic
in drinking water supply. In particular, some cancer types (ie,
stomach and bladder) were only detected in villages with high
arsenic levels. More concrete correlations are only possible
with minimum 10-year follow-up monitoring studies.

Despite the uncertainties associated with defining direct
correlations between arsenic exposure and cancer (excluding
the globally accepted case of skin cancer), this study demon-
strated not only a systematic methodology in assessing the
public health concerns of arsenic exposure under data-limited
field conditions but also helped local inhabitants to achieve
improved life standards with regards to access to arsenic-free
drinking water. In this particular case, this improvement was
achieved through stopping the exposure by finding an alter-
native water resource in 2 villages (Gölköy and Boğazköy)
and by implementing an advanced arsenic treatment plant in
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the other village (Çitgöl) as a consequence of the studies con-
ducted in the study area.

However, minimizing the exposure risk through drinking
water is not enough to completely eliminate the health risks
associated with arsenic exposure. Considering the presence of
other possible routes of exposure, further research is deemed
necessary to quantify the presence of arsenic in certain agri-
cultural products, such as sunflower seed, bean, tomato, and
sugar beet that are common to the area and are irrigated
with arsenic-contaminated waters and in animal products
such as milk and meat of animals that consumed arsenic-
contaminated waters in the field. Reducing the exposure risks
from food chain would help the local population avoid an-
other route of exposure and minimize arsenic-related health
problems in the area.

Finally, continuous monitoring of the quality of local
drinking water resources should be provided with particular
reference to arsenic and its species. Such a monitoring activ-
ity would help local administrators quantify all possible risks
associated with arsenic exposure and would prevent the occur-
rences of many diseases, including but not limited to cancer.
These preventive measures would reduce the overall costs of
treating such diseases.
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