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Occupational Risk Factors of Lymphohematopoietic
Cancer in Rayong Province, Thailand

Apinya Punjindasup MD*,
Suleeporn Sangrajrang PhD**, Chatchai Ekpanyaskul MD, MSc*

* Department of Preventive and Social Medicine, Faculty of Medicine, Srinakharinwirot University, Nakhon Nayok,
Thailand

** Research Division, National Cancer Institute, Ministry of Public Health, Bangkok, Thailand

Background: The Lymphohematopoietic Cancer (LHC) incidence rate in Thailand has been rising over the past decade with
unknown etiology, including Rayong province. One hypothesis of LHC risks is exposure to occupational carcinogens.
Objective: To determine the association of occupational exposure and LHC risks in Rayong province, Thailand.
Material and Method: This matched hospital-based case-control study was conducted in a Rayong provincial hospital from
September 2009 to January 2013. One LHC case was matched with four controls in gender and age, +5 years. Demographic
data, residential factors, behavioral factors, and occupational exposure-including chemical exposure-were obtained by
interviews and collected by occupational health care officers. The risk factor was analyzed by conditional logistic regression
and reported in odds ratio with 95% confidence interval.
Results: This study found 105 LHC cases which met the inclusion criteria and were included in the study, yielding a 66% cover
rate of cases reported in the database. The histology of LHC were 51 leukemia cases (47.7%), 43 lymphoma cases (42.0%),
and 11 multiple myeloma cases (10.3%). The results revealed that occupational exposure to pesticide and smoke were
statistically significantly associated with LHC with adjusted ORs 2.26 (95% CI 1.30-3.91) and 1.99 (95% CI = 1.13-3.51),
respectively. When stratified to histological subtype of LHC by WHO 2000, leukemia was statistically significantly associated
with occupational exposure to smoke, adjusted ORs 2.43 (95% CI 1.11-5.36), with occupational pesticide exposure a
significant risk of lymphoma, adjusted ORs 4.69 (95% CI 2.01-10.96). However, neither fumes, wood dust, working
outdoors, cleaners, contact with animals, petroleum products and chlorine; nor occupational exposure to volatile organic
compounds (VOCs) such as benzene or organic solvents, were statistically significant risk factors of LHC. In addition, there
were no significant risks in the demographic data, residential factors, and behavioral factors.
Conclusion: Occupational exposure to pesticides and smoke were important occupational risks in developing LHC in
Rayong province. However, the ability or power to detect this problem due to the small sample size and recall bias from the
study design could not be excluded.
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Lymphohematologic cancers (LHC) are
initiated by myeloid stem cells in bone marrow.
LHCs have been classified by the WHO 2000 as
leukemia, multiple myeloma and lymphoma(1). The age
standardized incidence rate (ASR) of LHC worldwide
out of every 100,000 people for leukemia was 5.1;
multiple myeloma, 1.5; and non-Hodgkin lymphoma,
6.1(2). High incidence rates occur among residents of
Western Europe, Canada, the USA, Australia and New

Zealand(3). The Asian region has low incidence rates,
including Thailand(4). In the past, LHC was not a
common cancer occurring in the Thai population. With
changes in the Thai lifestyle, progressing from rural
agriculture to city-based industry, there has been a
slight increase in this cancer. According to the Thai
national cancer registry for 2007-2009, leukemia had an
ASR of 5.2 (males) and 4.3 (females) per 100,000; and
lymphoma had an ASR of 6.5 (males) and 4.4 (females)
per 100,000(4). With the LHC incidence rate in Thailand
rising over the past decade with unknown etiology, in
industrial areas such as Rayong province, the ASR of
leukemia has risen to 10.1 (male) and 9.5 (female) per
100,000, and lymphoma has an ASR 12.2 (male) and 9.9
(female) per 100,000(4)  in the same period.
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The causes of LHC are complex and diverse,
and only partially understood. Previous studies have
reported the risks of cancer such as genetics, smoking,
alcohol, infection, exposure to radiation, and
environmental and occupational exposure(5). All of the
known factors are easy to prevent in occupational
contexts by eliminating the source of exposure through
occupational health concepts. The International
Agency for Research on Cancer (IARC) classified some
chemical and microbiological agents that had sufficient
and limited carcinogenic evidence of LHC(6).
Occupational exposure to benzene increased the risk
of leukemia(7) and multiple myeloma(8). Occupational
exposure to petroleum increased the risk of leukemia(9).
Occupational exposure to organic solvents increased
the risk of leukemia(10), multiple myeloma(11) and non-
Hodgkin’s lymphoma(12). Occupational exposure to
pesticides increased the risk of leukemia(13), multiple
myeloma(14) and non-Hodgkin’s lymphoma(13). However,
knowledge of other potential occupational risk factors
is still limited. In contrast, some studies have suggested
occupational exposure to benzene and organic solvents
do not increase risks of leukemia(14), and occupational
exposure to pesticides have been reported as no
leukemia, multiple myeloma and non-Hodgkin’s
lymphoma risk(15).

The inconclusive risk of LHC through
occupational exposure in many studies include few
studies in Thailand, and no study in Rayong province,
where unknown causes of increasing ASR of leukemia
and lymphoma are expected from exposure to risks
at work. A significant gap in knowledge is the
occupational risk factors of LHC in Thai people.
Therefore, the objective of this epidemiological study
was to identify the occupational risk factors of LHC
among patients in Rayong  province in order to support
the hypothesis that exposed occupational carcinogens
may be associated with LHC.

Material and Method
This is a matched hospital-based case-control

study conducted at Rayong provincial hospital that
enrolled subjects between September 2008 and January
2013. The study was approved by the ethical committee
of Rayong provincial hospital. The entire study
population was native to Rayong province. The
included LHC cases were older than 15 years of age,
diagnosed according to the International Classification
of Disease; ICD 10 code C91-96, and receiving treatment
in the hematologic medical clinic of the internal medicine
department of Rayong provincial hospital during the

study period. Cases were classified into subtype by
WHO 2000 as leukemia, multiple myeloma or lymphoma.
The accurate diagnosis of LHC stratified by those
subtypes, were histologically confirmed by
hematologists and pathologists. All LHC cases had
been living in Rayong province more than 1 year, able
to provide data for themselves. All cases were still
continuing follow-up therapy with a hematologist and
data collection evidence of date and details of diagnosis
were abstracted from medical records in Rayong
provincial hospital. The inclusion of 420 controls were
also older than 15 years of age, were hospital-based
controls without any cancer or haematological disease
as clarified before data collection. The controls also
had to live in Rayong province at least 1 year prior, and
admission to other in-patient departments such as
obstetrics and gynecology, orthopedic surgery,
ophthalmology, otolaryngology, general surgery and
general internal medicine departments were included
in this study. All subjects were interviewed by trained
occupational health care officers. After identifying each
case, the 4 controls were found and matched with
gender and age +5 years. The information was recorded
in a pre-designed questionnaire of the Thai National
Cancer Institute. This form contained socio-
demographic information such as age, gender, race,
residential area, family history of cancer; unhealthy
behavior, such as smoking or alcohol consumption;
and selected occupational exposure during their work
or in their working environment.

The definition of each confounding variable
was as follows: residential area was classified as living
in or out of pollution control areas; smoking included
ex-smokers, current smokers of any type at any time of
tobacco smoked or not; alcohol consumption included
ex-drinkers and current drinkers exposed to any type at
any time of alcoholic beverages consumed or not;
family history of cancer defined as history of any type
cancer in a first relative; duration of work was described
as the period since beginning work in Rayong province
to being diagnosed with LHC, and controls were asked
their longest work at one job until time interviewed. For
occupational exposure information, they were asked
about their previous or current occupation lasting at
least one year. Then, the interviewer asked about their
job description and whether they had ever been
exposed to possible carcinogens in any routine
exposure at work. The report showed the following
hazards in their work or work environment: Volatile
Organic Compounds (VOCs) included benzene and
organic solvents; chlorine; petroleum products; contact
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Factors Characteristics Cases (%); Controls (%); p-value
n = 105 n = 420

Gender Male 56 (53.33) 224 (53.33) 1.00a

Female 49 (46.67) 196 (46.67)
Age Mean + SD (year) 47.62+16.20 47.03+16.24 0.74b

Family history of cancer Yes 21 (20.00) 81 (19.29) 0.87a

No 84 (80.00) 339 (80.71)
Race Thai 104 (99.05) 417 (99.29) 1.00a

Others 1 (0.95)     3 (0.71)
Residential area In polluted control area 27 (25.71) 109 (25.95) 0.96a

Out of polluted control area 78 (74.29) 311 (74.05)
Duration of work Mean + SD (year) 22.45+17.03 18.17+16.01 0.02b

Alcohol drinking Yes 50 (47.62) 186 (44.29) 0.54a

No 55 (52.38) 234 (55.71)
Smoking Yes 67 (63.81) 237 (56.43) 0.17a

No 38 (36.19) 183 (43.57)

a Chi-square; b Independent t-test

Table 1. Characteristics of cases and controls in this study

to animals; cleaners; pesticides included insecticides,
fungicides and herbicides; working outdoors; wood
dust; fumes and smoke including smoke from cigarettes,
exhaust engines, burning industrial processes, grilled
and baked foods, etc. This study quantified a minimum
exposure of at least one year (non cumulative) per
carcinogen type. These interview results were used to
classify individuals as having been occupationally
exposed to LHC carcinogens.

Statistical analysis
Each case and control variable was

summarized using standard descriptive statistics,
including frequency and percentage for qualitative data
and mean and standard deviation for quantitative data.
The normally distributed quantitative data was also
checked by a Kolmogorov-Smirnov test. The longest
occupation of cases and controls were classified by
the first digit job title codes of International Standard
Classification of Occupations (ISCO) 1968(16). The test
of difference in demographic data and occupation data
were done by Chi-square or independent t-test. The
differences were considered statistically significant
when the p-value was <0.05. Conditional logistic
regression analysis was applied for obtaining the risk
estimates between LHC or each LHC subtype and each
occupational exposure. The risk is presented with both
crude and adjusted odds ratio (ORs) and its 95%
confidence intervals. Adjusted risk was the control by
family history of cancer, smoking and alcohol

consumption. If there is no case in each occupational
exposure category of LHC or each LHC subtype, that
category will not be included in the analysis due to
inability to estimate precision risk. All statistical analysis
was performed using SPSS for Windows (version 19.5,
SPSS Incorporated).

Results
On checking the Rayong hospital database,

there were 158 LHC cases in the study period. This
study enrolled 105 LHC cases as participants, yielding
a 66% coverage rate. The missing cases are due to
referrals for treatment in other provinces, loss of follow-
up, and death. The participating cases comprised 51
leukemia cases (47.7%) classified as 17 acute myeloid
leukemia (33.3%), 26 chronic myeloid leukemia
(51.0%), 5 acute lymphoid leukemia (9.8%) and 3 chronic
lymphoid leukemia (5.9%); 11 multiple myeloma cases
(10.3%); and 43 lymphoma cases (42.0%). The mean
age of the cases and controls was 47.62 years (SD 16.20,
range 15-82 years) and 47.03 years (SD 16.24, range 15-
82 years), respectively. There were 56 males (53.33%)
and 49 females (46.67%) and the 4-fold matching
controls were therefore 224 males and 196 females. By
occupation, most were in ISCO group 6-agricultural,
animal husbandry and forestry workers, fishermen and
hunters (38.10% in cases and 30.71% in controls). The
descriptive data of cases and control group, and the
statistical comparison between the two groups, are
shown in Tables 1 and 2.
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Occupational exposure Total lymphohematopoietic cancer

Cases (%); Controls (%); Crude ORs Adjusted ORs*
n = 105 n = 420

VOCs 14 (13.33)   55 (13.10) 1.02 (0.55-1.89) 0.99 (0.53-1.84)
Benzene   4 (3.81)   20 (4.76) 0.79 (0.27-2.37) 0.78 (0.26-2.35)
Organic solvents 10 (9.52)   36 (8.57) 1.12 (0.54-2.32) 1.07 (0.52-2.23)

Chlorine   2 (1.90)     8 (1.90) 1.00 (0.21-4.71) 0.94 (0.20-4.50)
Petroleum product 10 (9.52)   28 (6.67) 1.51 (0.69-3.28) 1.54 (0.70-3.40)
Contact with animals   3 (2.86)   10 (2.38) 1.22 (0.32-4.71) 1.16 (0.30-4.47)
Cleaners   2 (1.90)   26 (6.19) 0.29 (0.07-1.25) 0.29 (0.07-1.24)
Pesticides 25 (23.81)   52 (12.38) 2.26 (1.31-3.91) 2.26 (1.30-3.91)
Working outdoors 51 (48.57) 177 (42.14) 1.31 (0.85-2.03) 1.31 (0.84-2.03)
Wood dust 17 (16.19)   76 (18.10) 0.87 (0.49-1.56) 0.87 (0.49-1.55)
Fumes   6 (5.71)   27 (6.43) 0.88 (0.35-2.20) 0.86 (0.34-2.15)
Smoke 21 (20.00)   45 (10.71) 2.04 (1.17-3.58) 1.99 (1.13-3.51)

* Adjusted by family history of cancer, smoking and alcohol consumption

Table 3. Crude and Adjusted odds ratio and  95% confidence intervals for each occupational exposure and risk of LHC

The following factors from Table 1 were
selected as confounders: genetic factors such as first
degree relatives with any cancer and health behavior
such as smoking and alcohol consumption. The most
common three occupational exposures in cases were
outdoor work, pesticides and smoke; while for controls
they were outdoor work, wood dust and VOCs. Of these,

the significant occupational carcinogenic exposures
were pesticides and smoke. There were 25 cases
(23.81%) and 52 controls (12.38%) of exposure to
pesticides, and 21 cases (20%) and 45 controls (10.71%)
exposed smoke. After adjusting for these confounders,
workers who had been exposed to pesticides had 2.26
times (95% CI = 1.30-3.91) higher risk of LHC compared

Major group of occupation Cases (%); Controls (%); p-value
n = 105 n = 420

0 Umemployed     3 (2.86)   32 (7.62) 0.28a

1 Professional, Technical and Related workers     7 (6.67)   12 (2.86)
2 Administration and Managerial workers     0     5 (1.19)
3 Clerical and Related workers     3 (2.86)   15 (3.57)
4 Sales workers     4 (3.81)   26 (6.19)
5 Service workers   10 (9.52)   51 (12.14)
6 Agricultural, Animal Husbandry and Forestry workers,   40 (38.10) 129 (30.71)

Fishermen and Hunters
7 Foremen, Miners, Metal processors, Wood paper makers,     9 (8.57)   36 (8.57)

Chemical processors, Spinners, Food beverage, Tobacco and Tailors
8 Shoemakers, Cabinetmakers, Stone cutters, Blacksmiths, Machinery,   12 (11.43)   39 (9.29)

Electrical fitters, Broadcasting, Plumber and Welders
9 Rubber product makers, Plastic makers, Printers, Painters,   17 (16.19)   75 (17.86)

Bricklayers, Riggers, Dockers, Transport operators and Laborers
Total 105 (100) 420 (100)

a Chi-square

Table 2.  The longest occupation of cases and controls in this study classified by International Standard Classification of
Occupation (ISCO) version 1968
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with non-exposed workers; and those exposed to
smoke had 1.99 times (95% CI = 1.13-3.51) higher risk of
LHC than those non-exposed, as seen in Table 3.

When stratified by subtype of LHC by WHO
2000, leukemia was statistically significantly associated
with occupational exposure to smoke at adjusted
ORs 2.43 (95% CI = 1.11-5.36). Occupational pesticide
exposure was a significant risk of lymphoma, adjusted
ORs 4.69 (95% CI = 2.01-10.96). However, occupational
exposure to VOCs, including benzene and organic
solvents, chlorine, petroleum products, contact with
animals, cleaners, working outdoors, wood dust, and
fumes did not present statistically significant risk
factors of LHC in any subtype, as presented in Table 4.

Discussion
Cancers are less attributed to occupational

factors compared with other lifestyle factors. But
occupational factors are easily preventable by
elimination of or a decrease in exposure levels, or other
preventive occupational health methods. Occupational
exposure has long been linked to the risk of LHC
through exposure to chemicals. Many chemicals are
carcinogens and co-carcinogens in gene-environment
interactions(17). Some carcinogens attack hematopoietic
stem cells, developing LHC. A previous study presented
risk factors for only leukemia in Thailand by a case
control study in which benzene, organic solvents and
pesticides were significantly associated with
leukemia(5). This, however, is the first epidemiological
study of occupational cancer in Rayong province, with
its highest incidence of LHC(4). LHC cases participating
in this study are mainly male and older than 45 years
old, which is no different from national statistics(3,4).
The dominant occupation according to ISCO coding in
both case and control groups is Agricultural
Occupations (Group 6). This picture is consistent with
the geography of Rayong province which has more
than half of its land under agriculture, mostly growing
tropical fruit, with the other half being developed as
industrial areas, the base of the petrochemical
industry(18).

This study revealed that occupational
exposure to pesticides and smoke was significantly
associated with LHC. When stratified by subtype of
LHC, lymphoma was statistically significantly
associated with pesticide exposure and leukemia was
statistically significantly associated with smoke
exposure.

For pesticides, including insecticides,
fungicides and herbicides, the biological mechanism

underlying the linkage to the pathogenesis of LHC
remains largely unknown. However, several mechanisms
are conceivable. Developing cancer is a complex
process, including multiple factors in the gene-
environment interaction(17). Chronic exposure factors
merge in the body and turn to cancer depending on
genetic susceptibility. With occupational exposure to
carcinogenic pesticides, the body changes exogeneous
chemical carcinogens to procarcinogens by over-
expression of reactive oxygen species (ROS) with
cytochrome P-450 and accumulates in the tissue of the
whole body. Procarcinogens gradually are released into
the blood stream, with bone marrow being one of the
target organs affecting the hematopoietic system(19)

leading to possibly extensive DNA damage, protein
damage and hematopoietic irregularities(20). This study
reveals occupational exposure to pesticides is highly
associated with LHC at adjusted ORs 2.26 (95% CI 1.30-
3.91), corresponding with a previous study(17) that
pesticide exposure is a risk factor of hematopoietic
cancer. Agriculturists in Greece exposed to pesticides
on farms had a significant risk factor to LHC ORs 3.29
(95% CI 1.81-5.98) and myelodysplastic syndrome ORs
3.67 (95% CI 1.18-12.11)(21). When stratified by subtype,
lymphoma was highly associated with pesticide
exposure in work, with adjusted ORs 4.69 (95% CI 2.01-
10.96), similar to agriculture and livestock work related
to non-Hodgkin’s lymphoma(22). Thai agriculture
methods, particularly the gardening of fruits and
vegetables, use a mixture and variety of pesticides,
sold under trade names, to control damage to plants
from insects, mold, and weeds. Often they are used
with unknown types of application, lack of awareness,
and without body protection. Therefore, the specific
pesticides relating to LHC risk are difficult to know and
could not be differentiated in this study.

Occupational exposure to smoke in this study
included any smoke occurrence during the working
environment or work process, such as passive smoke
in a pub or restaurant, working by the roadside or car
park, working near burning industrial processes and
smoke from cooking. Occupational smoke exposure
associated with LHC in this study had adjusted ORs
1.99 (95% CI 1.13-3.51). However, it is only significantly
associated with leukemia with adjusted ORs 2.43 (95%
CI 1.11-5.36). The important carcinogen components
from all smoke sources were PAHs, Benzo(a)pyrene,
and dioxin(17,23). Inhalation can cause carcinogen
damage in the DNA(23), disturb DNA synthesis, and
DNA methylation alterations mutate into LHCs such
as leukemia(24). Some mechanisms explain this as



S18                                                                                                                J Med Assoc Thai Vol. 98 Suppl. 10  2015

O
cc

up
at

io
na

l
  

  
  

  
  

  
  

  
  

  
  

  
  

L
eu

k
em

ia
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 M

u
lt

ip
le

 m
y

el
o

m
a

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

L
y

m
p

h
o

m
a

ex
po

su
re

C
as

es
 (

%
);

C
on

tr
ol

s 
(%

);
C

ru
de

A
dj

us
te

d
C

as
es

 (
%

);
C

o
n

tr
o

ls
 (

%
);

C
ru

de
A

dj
us

te
d

C
as

es
 (

%
);

C
o

n
tr

o
ls

 (
%

);
C

ru
de

A
dj

us
te

d
n 

=
 5

1
n

 =
 2

0
4

O
R

s
O

R
s*

n 
=

 1
1

n 
=

 4
4

O
R

s
O

R
s*

n 
=

 4
3

n
 =

 1
7

2
O

R
s

O
R

s*

V
O

C
s

8
 (

1
5

.6
9

)
3

3
 (

1
6

.1
8

)
0

.9
7

0
.8

6
1

 (
9

.0
9

)
2

 (
4

.5
5

)
2

.0
0

2
.1

9
5

 (
1

1
.6

3
)

2
0

 (
1

1
.6

3
)

1
.0

0
0

.9
8

(0
.4

2
-2

.2
1

)
(0

.3
7

-2
.0

1
)

(0
.1

8
-2

2
.0

6
)

(0
.1

4
-3

3
.6

5
)

(0
.3

7
-2

.7
2

)
(0

.3
5

-2
.6

9
)

B
en

ze
ne

2
 (

3
.9

2
)

1
2

 (
5

.8
8

)
0

.6
6

0
.6

2
1

 (
9

.0
9

)
1

 (
2

.2
7

)
4

.0
0

4
.6

8
1

 (
2

.3
3

)
7

 (
4

.0
7

)
0

.5
5

0
.5

3
(0

.1
4

-3
.0

0
)

(0
.1

3
-2

.8
4

)
(0

.2
5

-6
3

.9
5

)
(0

.1
9

-1
1

6
.4

4
)

(0
.0

7
-4

.7
1

)
(0

.0
6

-4
.5

4
)

O
rg

an
ic

 s
o

lv
en

ts
6

 (
1

1
.7

6
)

2
1

 (
1

0
.2

9
)

1
.1

6
1

.0
3

0
1

 (
2

.2
7

)
-

-
4

 (
9

.3
0

)
1

4
 (

8
.1

4
)

1
.1

5
1

.1
3

(0
.4

5
-3

.0
2

)
(0

.3
8

-2
.7

9
)

(0
.3

7
-3

.5
5

)
(0

.3
6

-3
.5

6
)

C
h

lo
ri

n
e

1
 (

1
.9

6
)

3
 (

1
.4

7
)

1
.3

3
1

.4
5

0
1

 (
2

.2
7

)
-

-
1

 (
2

.3
3

)
4

 (
2

.3
3

)
1

.0
0

0
.9

7
(0

.1
4-

12
.8

2)
(0

.1
4-

14
.9

8)
(0

.1
1

-8
.9

5
)

(0
.1

1
-8

.8
7

)
P

et
ro

le
u

m
 p

ro
d

u
ct

4
 (

7
.8

4
)

1
1

 (
5

.3
9

)
1

.5
0

1
.5

3
2

 (
1

8
.1

8
)

3
 (

6
.8

2
)

5
.0

6
 4

.3
8

4
 (

9
.3

0
)

1
4

 (
8

.1
4

)
1

.1
6

1
.1

2
(0

.4
5

-4
.9

6
)

(0
.4

5
-5

.1
7

)
(0

.4
0

-6
4

.0
0

)
(0

.1
8

-6
2

.4
7

)
(0

.3
6

-3
.7

9
)

(0
.3

4
-3

.6
9

)
C

o
n

ta
ct

 t
o

 a
n

im
al

s
2

 (
3

.9
2

)
3

 (
1

.4
7

)
3

.1
5

2
.5

2
0

1
 (

2
.2

7
)

-
-

1
 (

2
.3

3
)

6
 (

3
.4

9
)

0
.6

5
0

.6
6

(0
.4

3-
23

.3
6)

(0
.3

4-
18

.6
2)

(0
.0

7
-5

.7
2

)
(0

.0
7

-5
.8

3
)

C
le

an
er

s
1

 (
1

.9
6

)
1

3
 (

6
.3

7
)

0
.2

9
0

.2
8

0
4

 (
9

.0
9

)
-

-
1

 (
2

.3
3

)
9

 (
5

.2
3

)
0

.4
2

0
.4

3
(0

.0
4

-2
.2

8
)

(0
.0

4
-2

.2
3

)
(0

.0
5

-3
.4

8
)

(0
.0

5
-3

.5
9

)
P

es
ti

ci
d

es
7

 (
1

3
.7

3
)

2
1

 (
1

0
.2

9
)

1
.4

5
1

.4
3

3
 (

2
7

.2
7

)
1

1
 (

2
5

)
1

.1
1

1
.1

1
15

 (
34

.8
8)

20
 (

11
.6

3)
4

.0
4

4
.6

9
(0

.5
6

-3
.8

0
)

(0
.5

3
-3

.8
4

)
(0

.2
8

-4
.4

3
)

(0
.2

7
-4

.7
3

)
(1

.8
1

-8
.9

8
)

(2
.0

1
-1

0
.9

6
)

W
or

ki
ng

 o
ut

do
or

s
19

 (
37

.2
5)

80
 (

39
.2

2)
0

.9
1

0
.8

8
8

 (
7

2
.7

3
)

2
3

 (
5

2
.2

7
)

2
.1

9
2

.9
8

24
 (

55
.8

1)
74

 (
43

.0
2)

1
.7

0
1

.7
6

(0
.4

8
-1

.7
5

)
(0

.4
5

-1
.7

0
)

(2
.5

6
-8

.6
2

)
(0

.6
4

-1
3

.9
1

)
(0

.8
6

-3
.3

6
)

(0
.8

9
-3

.5
1

)
W

o
o

d
 d

u
st

7
 (

1
3

.7
3

)
3

9
 (

1
9

.1
2

)
0

.6
7

0
.6

9
1

 (
9

.0
9

)
7

 (
1

5
.9

1
)

0
.5

5
0

.4
8

9
 (

2
0

.9
3

)
3

0
 (

1
7

.4
4

)
1

.2
6

1
.2

5
(0

.2
8

-1
.6

1
)

(0
.2

9
-1

.6
8

)
(0

.0
7

-4
.7

1
)

(0
.0

5
-4

.2
7

)
(0

.5
4

-2
.9

5
)

(0
.5

3
-2

.9
3

)
F

u
m

es
5

 (
9

.8
0

)
1

4
 (

6
.8

6
)

1
.5

0
1

.4
9

0
2

 (
4

.5
5

)
-

-
1

 (
2

.3
3

)
1

1
 (

6
.4

0
)

0
.3

5
0

.3
5

(0
.5

0
-4

.5
0

)
(0

.4
9

-4
.5

7
)

(0
.0

5
-2

.7
9

)
(0

.0
4

-2
.8

4
)

S
m

o
k

e
1

2
 (

2
3

.5
3

)
2

1
 (

1
0

.2
9

)
2

.6
0

2
.4

3
1

 (
9

0
.9

)
4

 (
9

0
.0

9
)

1
.0

0
1

.0
7

8
 (

1
8

.6
0

)
2

0
 (

1
1

.6
3

)
1

.7
3

1
.6

8
(1

.1
9

-5
.6

6
)

(1
.1

1
-5

.3
6

)
(0

.1
1

-8
.9

5
)

(0
.1

1
-1

0
.8

0
)

(0
.7

1
-4

.2
4

)
(0

.6
8

-4
.1

8
)

*
 A

d
ju

st
ed

 b
y

 f
am

il
y

 h
is

to
ry

 o
f 

ca
n

ce
r,

 s
m

o
k

in
g

 a
n

d
 a

lc
o

h
o

l 
co

n
su

m
p

ti
o

n

T
a

b
le

 4
.

C
ru

d
e 

an
d

 A
d

ju
st

ed
 o

d
d

s 
ra

ti
o

 a
n

d
 9

5
%

 c
o

n
fi

d
en

ce
 i

n
te

rv
al

s 
fo

r 
o

cc
u

p
at

io
n

al
 e

x
p

o
su

re
 a

n
d

 r
is

k
 o

f 
 s

u
b

ty
p

e 
le

u
k

em
ia

, 
m

u
lt

ip
le

 m
y

el
o

m
a 

an
d

 l
y

m
p

h
o

m
a



J Med Assoc Thai Vol. 98 Suppl. 10  2015                                                                                                                S19

carcinogens interrupting Gap Junctional Intercellular
Communication (GJIC), supporting the process of
progression(23). Occupational smoke causing chronic
inflammation generate free radicals incur ROS to caused
DNA adduct and block GJIC(25). In a laboratory study,
mice were fed with contaminated benzo(a)pyrene which
suppressed bone marrow function, leading to
leukemia(23). When describing experiments in mice by
mathematical methods, the carcinogen benzo(a)pyrene
was found to be toxic to bone marrow, especially
granulopoietic cells rather than erythropoietic cells(26).

On the other hand, occupational exposure to
VOCs, benzene, organic solvents, chlorine, petroleum
products, contact with animals, outdoor working, wood
dust, cleaners and fumes were not significantly
associated with LHCs. There are many possible
explanations such as exposure to small amounts,
unidentified specific type of chemical substances from
occupational exposure, changes in working behavior;
it could be difficult to identify the frequency or duration,
and find the relationships. Moreover, the small sample
size of each occupational exposure as well as the low
participating number of LHC cases may not be
considered representative of the population of patients,
and may be of low statistical power to analyze the
association of risk factors of LHC. However, the control
up to four fold could help increase the power of the
statistics for analysis in this study. Confounding factors
influential with the development of LHC from individual
genetics and unhealthy behavior (smoking and alcohol
consumption) were controlled by multivariate analysis.
The analysis of the interaction between these factors
and occupational exposure was not done due to the
small sample size.

Recall bias might be unavoidable in a case
control study. This study did not ask subjects to recall
and identify specific exposures, or specific periods of
duration of those exposures. Recall bias may have
therefore occurred. LHC cases may have made
recollections of exposure more than control subjects,
even though the interviewer did not tell the specific
objective of this study to either group. Although
controls selected from a hospital base are not
representative of the residents in Rayong province,
they should have paid attention to possible
occupational exposure in the same way as the cases. If
this bias really occurs, some hazard such as chlorine
exposure, which is easily remembered by its odorous
quality, must also be significant in the association in
this study. Exposure assessment in this study was a
quality assessment, but also its limitation. To avoid

this bias, this study quantified a minimum exposure of
at least one year (non cumulative). The interviewer
training before doing the interviews made it easy to
collect details of job descriptions that could easily be
linked to each occupational exposure hazard as well as
excluding environmental exposure sources. However,
environmental exposure is still problematic in this study,
as some areas in Rayong province have environmental
pollution from industries. It is difficult to differentiate
these from occupational exposure by interview only.

Nevertheless, the present result should be
considered carefully and confirmed with further studies.
Future research study designs should be more rigorous
analytical studies such as cohort study or a study of a
specific type of chemical that may make it easier to
identify the associated risk of LHC, such as classified
pesticides, organic solvents, petroleum products,
fumes or smoke. Exposure to chemicals should be
assessed in detail by each occupational exposure risk
by other methods, such as quantitative exposure
measurement or using a job exposure matrix to increase
the validity of the assessment. It may also identify the
dose response and reduce the confounding factors. In
addition, selection of a control group from the general
population in Rayong province would help to analyze
the research results more accurately.

For prevention and control of the epidemic
problem of occupational cancer in the future, the
relevant parties should develop and implement
occupational health protocols in all levels of the health
services. Public health officers should be more
proactive in preventing, controlling, and monitoring
these occupational risk factors. They should not forget
that other occupations such as agriculture or service
settings, not only industrial ones, are associated with
cancer. The first step that should be taken is to decrease
carcinogen exposure as much possible by occupational
health methods such as substituting by other
pesticides, good ventilation to reduce smoke in the
working environment, and use of personal protective
equipment. The development of an exposure
assessment database is another important surveillance
system for future studies.

In conclusion, the present findings support
the hypothesis that occupational pesticides exposure
is associated with the increased risk of LHC, and this
association varies widely across disease subtype
lymphoma. Occupational smoke exposure is associated
with the increased risk of LHC and leukemia subtype
in Rayong province. However, the ability or power
to detect this problem due to the small sample size
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and recall bias from the study design could not be
excluded.

What is already known on this topic ?
The causes of lymphohematopoietic cancer

(LHC) are complex and diverse. Some risk factors are
partially understood, such as genetics, smoking,
alcohol, infection, exposure to radiation, and benzene.
However, understanding of occupational exposure to
other carcinogens from work is still limited and
inconclusive.

What this study adds ?
This study found that pesticides and smoke

exposure from work are risk factors of LHC among
patients in Rayong province, where the rising incidence
rate is higher than National statistics. It supports the
hypothesis that exposure to occupational carcinogens
are associated with LHC. This occupational risk factor
is easy to prevent by eliminating the source of exposure
through occupational health methods.
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