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Abstract

Objective: The aim this study was to estimate the fraction of leukemia incidence in Iran attributable to
occupational exposure to benzene, ionizing radiation, and ethylene oxiddethods: Nationwide exposure to
each of these leukemogens was estimated using workforce data available at the ILO (International Labor
Organization) website. The prevalence of exposure to leukemogens in each industry was estimated using exposure
data from the CAREX (CARcinogen EXposure) database. The magnitude of the relative risk of leukemia for
each leukemogen was from published literature. Using the Levin’s population attributable risk (incidence),
fractions of leukemia incidences attributed to workplace leukemogens were then estimateglesults: The total
workforce in Iran according to the 1995 census included 12,488,020 men and 677,469 women. Agriculture was
the largest sector with 24.5% of the males and 0.27% of the females, and the electricals-related sector was the
smallest with 1.16% of the males and 0.66% of the females. After applying the CAREX exposure estimates to
each sector, the proportion exposed to leukemogens was 0.016% for male workers and 0.02% for female workers.
Estimating a relative risk of 3.6 (95% CI of 3.2—4.2) for high exposure and 1.9 (95% CI 1.7-2.1) for low exposure
and employing the Levin's formula, the fraction of leukemia attributed to leukemogens in the workplaces among
females was 3.6% (95% CI of 3.1-4.5) and among males was 7.6% (95% CI of 6.4-9.2). These fractions
corresponded to estimated incidences of 0.60 (95% CI of 0.50-0.70) and 0.22 (95% CI of 0.16-0.23) cases of
leukemia per 100,000 populations for males and females, respectivelpnclusion: The incidence of leukemia
due to occupational exposure is very low in Iran, although males are at greater risk than females.
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Introduction exposure and risk data available in the literature related
to them. Lack of sufficient exposure or risk data for other
With the rise in the incidence of leukemia due toworkplace leukemogens excludes them from population
occupational exposure, information is increasinglystudies of this kind. Epidemiologic studies of exposure
available for developing countries to use as a tool tto benzene, ionizing radiation, and ethylene oxide have
combat the preventable causes of this disease. One soureported high and moderate magnitudes of relative risk
of such information is the CAREX (CARcinogen for leukemia among workers exposed to each of these
EXposure) international database on occupationatvorkplace carcinogens.
exposure to known and suspected carcinogens. In general, determining what fraction of cancer
Constructed with the support of the program Européncidences is due to workplace exposure to known
Against Cancer of the European Union, CAREX providesarcinogens has been a challenging issue since late 1970,
selected exposure data and documented estimates of teen scientists of the National Cancer Institute, the
number of exposed workers organized according tdlational Institute of Environmental Health Sciences, and
carcinogen and industry. Another source, the Internation#fie National Institute for Occupational Safety and Health
Agency for Research on Cancer (IARC) (2002), hasfthe United States estimated that up to 40% of all cancers
classified 87 agents as carcinogenic to humans (Growpere the result of occupational exposures (Bridbord et
1), the majority of which have been associated witfal., 1978). In 1981, Doll and Peto estimated that the
leukemia. Among the many carcinogens in IARC Group#raction of cancer in the United States attributable to
1 and 2A, benzene, ionizing radiation, and ethylene oxideccupational exposure ranged between 2% to 8%, a very
are very common in work place and there are sufficiergsharp difference from that of the previous estimate. Since
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then, several authors have estimated the impact dable 1. Number and Proportion of Iranian Workers
exposure to carcinogens in the workplace on the totéh Each Economic Sector According to Sex*
burden of cancer in several countries, using differen§g .,

X ) Male Female
methodologies. Among these methodologies, the—
attributable risk concept (the fraction of disease occurringdriculture 3,062,798 24.53 1,827 0.27
. . . ning 115,185 0.92 4014 0.59
in a given population that would not have occurred ha ,
he f fi b b . duced b .Manufacturing 1,968,806 15.77 24,000 3.54
the factor of interest been a sent), introduce yLew@ectricm 145239 1.16 4475 0.66
(1953), has been of prime interest to epidemiologists anfonstruction 1,634,682  13.09 1413 021
public health scientists. Attributable risk can be measuregtade 1,804,143 14.45 4,143 0.61
either among the exposed or in the general populatiofransportation 955,271  7.65 9,258 1.37
(population attributable risk or PAR) (Miettinen, 1974; Finance 139,286 1.12 12,111 1.79
Bruzzi et al., 1985; Benichou, 2001). The PAR depend§ervices 2,662,610 21.32 616,228 90.96
on the magnitude of the association between an exposurgtal 12,488,020 100.0 677,469 100.0

_and a d|sease_ as well as on the prevalence of the EXPOSHIE 1 on the 1995 census, ILO 2006
in the population.

The incidences of leukemia in the general populatiorCl: 1.7-2.1) for low-level exposures, and 3.6 (95% ClI
in Iran are reported to be 8.5 and 6.1 cases per 100,0802—4.2) for high-level exposures (Driscoll et al., 2004).
populations for males and females, respectivelyAs recommended by World Health Organization in
(Mohagheghi and Mosavi-Jarrahi, 2002). Using publishe@stimating global burden diseases, a partition factor of
figures regarding the relative risk of leukemia associate€.5 was used to divide the number of exposed workers
with exposure to the major workplace leukemogensnto low and high level of exposure, since in developing
(benzene, ionizing radiation, and ethylene oxide) and theountries a higher proportion of the workforce receives a
proportion of exposed workers in different sectors, thishigher level of exposure due to compromise in workplace
study aimed to estimate the fraction of leukemia incidenceafety standards, the recommended partition factor for
attributed to occupational exposures in Iran. This studyhe level of exposure is 0.9 and 0.1 for high and low levels,
is the first to publish estimates of a nationwide incidenceespectively (Driscoll et al., 2004). The attributable
of occupational leukemia in the Middle East. fraction or attributable incidence fraction (AIF) was

calculated using Levin’s equation:
Materials and Methods
AF=3 PRR-1/3 PRR

The methodology basically involves four main steps:
1) estimating the prevalence of exposure at any time iwhere AF is the attributable fraction;ithe proportion
the workforce for the leukemogens of interest (benzendpr exposure category;‘and RRis the relative risk of
ionizing radiation, and ethylene oxide); 2) estimating thghe exposure category tcompared to the reference
magnitude of relative risk of leukemia associated withcategory. To estimate the fraction of leukemia incidence
the exposure to the leukemogens of interest; 3) calculatimgftributed to occupational exposure, the incidence of
the attributable fraction using Levin’s formula; 4) leukemia, as reported by the Tehran Population-Based
estimating the fraction of leukemia attributed toCancer Registry, was multiplied by the estimated AlF.
occupational exposure from the reported incidences in
population-based cancer registries. Results

To estimate the prevalence of exposure in the Iranian
population to the three abovementioned leukemogens, the A total of 944 patients treated by radiotherapy in the
number of workers (both male and female, over 15 yeargfoA total of 12,488,020 males and 677,469 females were
of age) employed in each economic sector was obtainegmployed in different industrial sectors of Iran in 1995.
from the International Labor Organization (ILO) online Close to 25% of males were employed in agriculture sector
workforce database (2006). The CAREX estimatedand 91% of females were employed in the service sector.
proportions of exposed workers for each industry andable 1 presents the number and proportion of males and
leukemogens of interest (1998; 1999) were applied to thiemales in each industrial sector based on the 1995 census
numbers of male and female workers in each industryata. The CAREX estimate of the proportion of workers
Since the number of workers in each industry was basegkposed to the three major workplace leukemogens in each
on the 1995 national census, the proportion of workeridustry is presented in Table 2. Applying the matrix of
who had ever been exposed was obtained by multiplyinthe carcinogen and exposure proportions to the number
the proportion of those currently exposed by the nationadf workers in each industry provided the proportions of
occupational turnover rate (the annual replacement dhe workforce exposed to each leukemogens for each sex
workers in a given job) as well as the rate of the(Table 3). In total, 1.6% of the male’s workforce and 2%
economically active population. The average workeof female’s were exposed to the leukemogens of interest.
turnover in Iran is estimated to be 4 and the rate of thApplication of the national turnover and the growth rate
economically active population is estimated as 74.4% foef the economically active population to the proportions
males and 28.6% for females. of exposed, considering 50% patrtition factor for low and

The reported relative risk of leukemia for exposure tdhigh level exposure, indicated that 2.3% of males and 1.1%
the leukemogens of interest is estimated to be 1.9 (95% females received low-level exposure and the same
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Table 2. Percentages of Workers Occupationally Exposed to Leukemogens According to Industry*

Leukemogens Agriculture  Mining Manufacturing Electrical Construction Trade Transportation Finance Services
Benzene 0.001 0.002 0.003 0.001 0.001 0.010 0.005 0.000 0.020
lonizing radiation 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.001
Ethylene oxide 0.011 0.000 0.034 0.000 0.000 0.004 0.000 0.000 0.000

*Based on the CAREX database estimates, FIOSH, 1998.

Table 3. Percentages of Workers Occupationally Exposed to Leukemogens According to the Economic Sector

Leukemogens Agriculture Mining Manufacture Electrical Construct Trade Transport Finance Services Total

Males

Benzene 0.00025 0.00002 0.00047 0.00001 0.00013 0.00144 0.00038 0.00000 0.00426 0.00697
lonizing radiation 0.00003 0.00001 0.00009 0.00000 0.00004 0.00000 0.00000 0.00000 0.00012 0.00030
Ethylene oxide 0.00270 0.00000 0.00536 0.00000 0.00000 0.00058 0.00000 0.00000 0.00000 0.00864
Females

Benzene 0.00000 0.00001 0.00011 0.00001 0.00000 0.00006 0.00007 0.00000 0.01819 0.01845
lonizing radiation 0.00000 0.00001 0.00002 0.00000 0.00000 0.00000 0.00000 0.00000 0.00052 0.00055
Ethylene oxide 0.00003 0.00000 0.00120 0.00000 0.00000 0.00002 0.00000 0.00000 0.00000 0.00126

proportion received high-level exposure. Employing theto 3.5 for leukemia among workers exposed to ethylene
prevalence of those who have ever received low- and higtexide (Driscoll et al., 2005).

levels of exposure and their corresponding risk ratios, the Our study estimated that 7.6% of the leukemia
Levin formula produced estimated fractions of leukemiaincidence among males and 3.6% among females were
incidence attributed to the leukemogens of interest to battributed to workplace exposure of the Iranian population
7.6% and 3.6% for males and females, respectivelyto the leukemogens of interest. Although there are no
Applying the attributable fraction to the actual estimatepublished estimates for the incidence of occupational
of leukemia incidences revealed a workplace-relatedeukemia in Middle Eastern countries (ours is the first
incidence of leukemia of 0.60 (95% CI 0.50-0.70) perreported attempt), the World Health Organization (WHO)
100,000 population for males and 0.22 (95% CI of 0.16global burden of disease series has estimated an

0.23) per 100,000 population for females, Table 4. attributable fraction of 8% for males and 2% for females
for countries in the regions of western Asia and northern
Discussion Africa (Driscoll et al., 2004; 2005).

There have been many local and international efforts

Our study estimated the portion of leukemia incidencen different countries to estimate the proportion of cancers
in Iranian workers attributed to major workplace attributable to occupational exposures, resulting in
leukemogens. The carcinogenicity and the magnitude afstimates from 3% to 26% in South Australia (Weiss,
association between the leukemogens of interest and tli©99), 29% in Finland (Carbone et al., 2002), and another
incidence of leukemia have been subject of severadstimate of 29% for men and 5% for women in Finland
reviews. Benzene is a gasoline additive and it is used i(Nurminen and Karjalainen, 2001). In Britain, 4.9% of
chemical, pharmaceutical, rubber, printing, and sho&ancer deaths among men and 1.5% among women were
production industry. A systematic review of estimated to be attributed to work-related carcinogens for
epidemiological investigations (Lynge et al., 1997) hasancers of bladder, lung, non-melanoma skin,
estimated a relative risk of 2.0 (95% CI: 1.8-2.2) for lownasopharyngeal cancers, leukemia and mesothelioma
exposure and a relative risk 4.0 (95% CI: 3.6-4.4) for highRushton et al., 2008). The estimated attributable fraction
exposure to benzene in workplaces. lonizing radiatiorof leukemia incidence in our population for both males
exposing mainly radiologists, nuclear planet workersand females is consistent with the published estimates
radium-dial workers, painters, underground miners, androm other countries. The low prevalence of exposure or
aircraft crews is well established leukemogen with highsmall number of economically active women (as is the
magnitude of association (IARC, 2000; 2002). Ethylenecase in conservative countries of the Middle East),
oxide is another established leukemogen used mainly acounts for the low attributable fraction in this sex.
a sterilizing agent in hospitals, spice fumigation, and other Although there is some heterogeneity across studies
chemical industries (Siemiatycki et al., 2004). Pooledn the exposure assessments and classifications, a sizeable
epidemiologic studies have estimated relative risk of 1.fraction of the variations seen in the estimates reported
from different population might be due to uncertainties
incorporated into the estimates resulting from the
methodology used and the nature of the exposure to

Table 4. Estimated Attributable Fraction and
Corresponding Leukemia Incidences for Each Sex

Incidence* Fraction (95%Cl) Incidence (95%Cl) carcinogens in different populations. The methodology
85 7.6% (6.4-9.2) 0.60 (0.50-0.70) used in our study has been widely used in different
6.1 3.6% (3.1-4.5) 0.22 (0.16-0.23) populations. It basically relies on the principles of

estimating attributable risk frequently used by
Ir%pidemiologist. The attributable risk estimate is a function
of exposure prevalence and the magnitude of the
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