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Abstract

Objective: To investigate the characteristics of workers with occu-
pational benzene poisoning in Jiangsu Province during 2006-2018, find
out the susceptible population of occupational benzene poisoning and
provide some evidence for establishing some exposure standards for
workers.

Methods: Questionnaire is the tool that we adopt to collect basic
information of workers. Benzene detector is applied to detect the con-
centration of benzene in the working environments. Statistical descrip-
tion and analysis was conducted to analyze the prevalence of occupa-
tional benzene poisoning in Jiangsu Province during 2006-2018.

Results: The number of cases of occupational benzene poisoning
in these years was 145, and 28 of them were diagnosed with benzene
induced leukemia; the patients mainly worked in manufacturing indus-
try (89.7%); most of cases were distributed in small factories (43.4%)
and private companies (46.2%). Male workers took a major part in the
cases of acute benzene poisoning(80%)while female workers had a
higher proportion of the chronic benzene poisoning (65%). Most cases
were distributed in the 30-49 age group (80%). There was no evident
differences among these seniority groups, most of the cases were in
the working age of 1-19 years old (82.9%); concentration of benzene
of chronic benzene poisoning workers were mostly under 0.6mg/m?3
(40%).

Conclusions: The departments of occupational disease prevention
should heighten the benzene surveillance of small-scale private com-
panies in manufacturing industry, regular physical examination and
health education should be conducted in the workers of low concen-
tration of benzene exposure, safety protection measures should be
taken to reduce the incidence of occupational poisoning.
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Introduction

Jiangsu province is one of powerful economic and industrial
provinces in China. Economic growth in the central Jiangsu fluc-
tuated while it held stable in the southern Jiangsu [1]. A great
number of workers from other provinces come into Jiangsu
province for living work. With the development of industry,
the number of enterprises and workers exposed to benzene is
increasing. Benzene is a chemical substance commonly used
in industry and is harmful to human body. After entering hu-
man body, benzene can lead to lipid peroxidation in biofilms
through physiological metabolism, thus causing teratological,
carcinogenic and other changes. It’s reported that there is an
association between ambient benzene and risk of hematologic
malignancies [2]. Studies have shown that the expression of m-
RNA in the blood of workers exposed to benzene for a long time
is different from that of normal people [3]. Some people even
take advantage of the toxicity of benzene to body to commit
suicide [4]. Occupational benzene poisoning is a common occu-
pational disease in the industrial factories of big cities [5], which
can be classified as acute occupational benzene poisoning and
chronic occupational benzene poisoning [6]. Acute toxicity of
benzene is mainly reflected in human skin, respiration and ner-
vous system [7]. A research conducted in population by Fudan
University and the University of Toronto shows that benzene
exposure has linked with a variety of blood system diseases [8].
Benzene - induced leukemia is one of the most serious chronic
benzene poisoning diseases. The pathogenesis of benzene-in-
duced leukemia is related to the genetic changes of benzene-
induced hematopoietic stem cells [9]. In response to the “2030”
health plan of China and achieve the goal of “Health Jiangsu
2030 Planning” as soon as possible, the statistical description
and statistical analysis of the cases of occupational benzene poi-
soning in 2006-2018 was conducted to understand the period
prevalence of benzene workers in Jiangsu province, so as to de-
termine the risk factors, improve the level of management of
occupational benzene poisoning prevention and formulate the
corresponding prevention measures.

Subject and methods

Target subjects: Patients with occupational benzene poison-
ing exposed to benzene in various industries in Jiangsu Province
from 2006 to 2018.

Methods: Questionnaire is the tool that we adopt to collect
basic information of workers. Benzene detector is applied to
detect the concentration of benzene in the working environ-
ments. The cases of occupational benzene poisoning of work-
ers exposed to benzene from 2006 to 2018 were statistically
described and analyzed. Occupational benzene poisoning cases
were classified as acute benzene poisoning, chronic benzene
poisoning and benzene - induced leukemia. These cases were
described and analyzed in terms of the variation with time, in-
dustry distribution, regional distribution, gender, age and work-
ing years.

Results

Basic information: The occupational benzene poisoning data
reported in the province from 2006 to 2018 showed that the
incidence was relatively higher in 2013, with 21 cases, account-
ing for 14.48% of the total reported cases. A total of 145 cases

of occupational benzene poisoning were reported in the past 13
years, including 140 cases of occupational chronic benzene poi-
soning, accounting for 96.55% of the total reported cases, 5 cas-
es of acute benzene poisoning and 28 cases of benzene-induced
leukemia. In terms of the cases of benzene-induced leukemia,
28 cases were reported during 13 years, mainly distributed in
2007, 2013 and 2015, 11 cases in total, accounting for 39.29%
of the total reported cases (Table 1, Figure 1). It is apparent
from figure 1 that a great majority of cases were found in 2013.
The number of cases fluctuated by year and it has no evident
tendency of growth or decrease.

‘/Table 1: The cases of benzene poisoning distributed in time. \‘
e QIO gemene i
poisoning poisoning leukemia
2005 0 2 0
2006 0 6 0
2007 0 11 6
2008 0 7 2
2009 0 9 1
2010 1 11 1
2011 0 10 0
2012 0 11 3
2013 1 20 5
2014 0 12 2
2015 0 10 5
2016 0 18 1
2017 1 9 1
2018 2 4 1
Total 5 140 28
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\\Figure 1: The cases of benzene poisoning distributed in time.
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Industry distribution: The data from 2006-2018 report of oc-
cupational benzene poisoning and benzene leukemia indicates
that most of the cases were found in the manufacturing, the
occupational benzene poisoning patients accounted for 89.7%
of the total cases, chronic benzene poisoning patients account-
ed for 90.7% of the total cases, benzene-induced leukemia ac-
counts for 85.7% of the total cases, other cases were distributed
respectively in leasing and business services, construction, re-
tail trade, transportation, warehousing and postal service, ac-
commodation and catering industry and public management,
entertainment and social organization (Table 2).
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\/Table 2: The cases of benzene poisoning distributed in industry. \‘
Acute Chronic
occupational | occupational Benzene-
Industry induced
benzene benzene N
L L leukemia
poisoning poisoning
Agriculture 0 1 0
Mining Industry 0 0 1
Manufacturing Industry 3 127 24
Construction Industry 1 1 1
Retail Trade 0 2 1
Transportation 0 1 1
Hotel And Catering 0 1 0
Sectors
Leas!ng And Business 1 5 0
Service
Social Organization 0 1
Uncertain 0 1
Total 5 140 28

The distribution of enterprise scale and economic type:
The cases of occupational benzene poisoning and benzene-
induced leukemia diagnosed in Jiangsu Province from 2006
to 2018 were mainly concentrated in small-scale enterprises.
There were 40 cases of chronic benzene poisoning and 5 cases
of benzene-induced leukemia. In large-scale enterprises, there
were 28 cases of chronic benzene poisoning, 1 case of acute
benzene poisoning and 2 cases of benzene-induced leukemia.
There were only 2 cases of chronic benzene poisoning and 1
case of benzene-induced leukemia in tiny enterprises. The in-
formation of ten cases of chronic benzene poisoning and one
case of acute benzene poisoning is unknown. (Table 3, Figure
2). Divided by economic type, cases are mainly concentrated in
private enterprises, state-owned enterprises and foreign enter-
prises, among which private enterprises account for a relatively
high proportion. Benzene poisoning patients in private enter-
prises account for 44.2% of the total cases of chronic benzene
poisoning, benzene-induced leukemia accounts for up to 57.1%
of the total cases, and all acute benzene poisoning cases were
found in private enterprises except for one unknown case. The
number of chronic benzene poisoning cases in state-owned en-
terprises, foreign enterprises and collective enterprises is 38, 34
and 5 respectively. Among the other cases of benzene-induced
leukemia, 5 occurred in foreign businesses, 4 in state-owned
enterprises, 2 in collective enterprises, and 1 unknown. (Table
4, Figure 3).
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Figure 2: The cases of benzene poisoning distributed in firm size
\\of industry.

Table 4: The cases of benzene poisoning distributed in econom- \

‘\\ic type of industry J
Acute Chronic Benzene-
Economic Occupational Occupational
Induced
Type Benzene Benzene .
L L Leukemia
Poisoning Poisoning
State-Owned 0 38 3
Collective 0 5 2
Private 5 62 16
Foreign
0 34 6
Merchant
Uncertain 0 1 1
Total 5 140 28
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Figure 3: The cases of benzene poisoning distributed in economic

type of industry.
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Distribution of gender, age and length of exposure: Among
the occupational benzene poisoning cases in Jiangsu province
from 2006 to 2018, the cases of acute benzene poisoning was
mainly male with 4 cases, accounting for 80% of the total cases,
while the cases of chronic benzene poisoning was mainly fe-
male with 91 cases, accounting for 65% of the total cases. The
number of male and female patients with benzene-induced
leukemia was similar, 16 and 12 respectively (Table 5). The age
of occupational benzene poisoning patients was mainly distrib-
uted in the age group of 30-49 years old, and the number of pa-
tients accounted for 80%. This age group has a higher incidence
of benzene-induced leukemia, with 19 patients, accounting for
67.9% of the total (Table 6). Among the cases of benzene-in-
duced leukemia in Jiangsu province from 2006 to 2018 , work-
ers with 1-19 year has the highest percentage of length of ser-
vice of benzene poisoning patients, accounting for 82.9% of the
total, cases of acute benzene poisoning were all found in the
workers with a contact length of less than nine years. The cases

‘/Table 3: The cases of benzene poisoning distributed in firm size \‘
\\of industry. Y,
Acute Chronic
Firm Size of Occupational Occupational | Benzene-Induced
Industry Benzene Benzene Leukemia
Poisoning Poisoning
Large 1 28 2
Middle 0 40 5
Small 3 60 20
Tiny 0 2 1
Uncertain 1 10 0
Total 5 140 28
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of chronic benzene poisoning mainly concentrated in workers
with a contact length of 1-19 years, with 111 patients, account-
ing for 79.3% of the total cases. In addition to 2 patients of ben-
zene-induced leukemia with the working age of 30-34 years, the
remaining cases were all distributed in workers with a working
age of 1-24 years, especially in workers with a working age of
1-14 years, with 21 cases, accounting for 75% of the total cases
(Table 7, Figure 4).

(Table 5: The cases of benzene poisoning distributed in gender. \‘
Acute Chronic
Occupational Occupational Benzene-Induced
Gender .
Benzene Benzene Leukemia
Poisoning Poisoning
Male 4 49 16
Female 1 91 12
Total 5 140 28

(Table 6: The Cases of Benzene Poisoning Distributed in Age. \
Acute Chronic
Occupational . Benzene-Induced
Age Occupational .
Benzene L Leukemia
L Benzene Poisoning
Poisoning
<19 0 0 0
20~29 0 10 1
30~39 2 39 9
40~49 2 73 10
50~59 1 17
260 0 1
Total 5 140 28
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Figure 4: The cases of benzene poisoning distributed in working

\\years. j

Distribution of contact concentration: According to the data
of occupational benzene poisoning from 2006 to 2018, the ex-
posure concentration of acute benzene poisoning patients is
unknown. Among 140 patients with chronic benzene poisoning,
the contact concentration of 48 patients is unknown, and the
benzene exposure concentration of 56 patients is less than 0.6
mg/m3, accounting for 40% of the total. The number of cases in
1 to 3 mg/m?* was relatively higher, with 19 people, accounting
for 13.6% of the total. There were 6, 4 and 7 people with con-
tact concentration of 0.6-1 mg/m3, 3-6 mg/m?3 and more than 6
mg/m3 respectively. The reported data of benzene-induced leu-
kemia from 2006 to 2018 showed that in addition to 7 patients
with unknown exposure concentration, the most patients with
exposure concentration below 0.6 mg/m3 were 6 patients, 5 pa-
tients with exposure concentration above 0.6 mg/m?2and 6 mg/
m?3, and 3 and 1 patients with exposure concentration between
1 and 3 mg/m3 and 3 and 6 mg/m? respectively (Table 8).

e KTabIe 8: The cases of benzene poisoning distributed in working \
‘ Table 7: The cases of benzene poisoning distributed in working ‘ ‘ years. ‘
\\years. j \\ j
Contact Acute Chronic Benzene-
Acute Chronic Concentration Occupational | Occupational Induced
Working . Occupational Benzene-Induced Benzene Benzene .
Occupational (Mg/Mm3) Leukemia
Years L Benzene Leukemia Poisoning Poisoning
Benzene Poisoning Poisoning
<0.6 0 56 7
<1 ! 6 0 0.6<N<1 0 6 5
1~3 2 25 7
1<N<3 0 19 3
4~6 1 27 5
<
g 1 20 4 3<N<6 0 4 1
>
10~14 0 19 5 26 0 >
5 48 7
15~19 0 20 3
Total 5 140 28
20~24 0 14 2
25~29 0 7 0 Discussion
30~34 0 1 2 ) ) o

S35 0 1 0 According to the data of occupational benzene poisoning

T_ ! s 140 2 from 2006 to 2018, the majority of occupational benzene poi-

t . . . L .

o soning patients are chronic benzene poisoning patients, be-
cause the benzene exposure level of most benzene industry
will not lead to acute benzene poisoning of benzene workers.
The number of people with occupational benzene poisoning
presents the downward trend after first growth, verifies that
benzene industry of our country has developed rapidly while
benzene protection regulations and measures fail to meet the
requirements of healthy standard. Some enterprises lacked
developed public health protection measures and racked their
brains to escape regulatory. The concentration of some benzene
enterprises is higher than benzene concentration limit [10]. The
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reduction of cases in the later period should be attributed to
the specialization of occupational disease classification and the
strengthening of relevant protection.

This research indicates that occupational benzene poisoning
cases are mainly distributed in the manufacturing industry, be-
cause people work with the chemical raw material and chemical
products of manufacturing industry, computer, communication
and other electronic equipment manufacturing industry and
special equipment manufacturing industry have more exposure
to benzene, which is similar to the research results of other
countries [11]. Small and medium-sized enterprises and private
enterprises do not have developed health protection measures,
and many enterprises fail to set up an excellent occupational
health monitoring system. Therefore, cases are mostly distrib-
uted in small scale and private enterprises in the distribution of
enterprise size and economic type. Most of the occupations of
patients with acute benzene poisoning are the jobs of painting
in the chemical industry or in the manufacturing industry [12].
And the workers in these industries are mainly male workers.
With regard to chronic benzene poisoning, the number of fe-
male patients is higher than that of male patients. The chronic
benzene poisoning industry is mainly distributed in manufactur-
ing textile, dyeing and shoe factory, and these factories mainly
hire female workers. Compared with men, women are more
vulnerable to the threat of benzene because of their difference
in physiological mechanism and anatomy. Kuang conducted an
analysis and proposed that individual susceptibility exists in the
cases of chronic benzene poisoning [13]. And these can explain
the distribution of the gender differences of occupational ben-
zene poisoning patients reasonably.

The main concentration of benzene exposure in patients
with chronic benzene poisoning is at a low level, because the
concentration of benzene exposure in most enterprises is at a
low level. Besides, the white blood cell count of workers work-
ing in an environment with low concentration of benzene for a
long time will be significantly reduced.

Therefore, regarding to the prevention and treatment of oc-
cupational benzene poisoning, emphasis should be placed on
the manufacturing industry. The industrial structure of benzene
related enterprises in this province should be adjusted, and
the processes, methods and technologies with serious occupa-
tional hazards should be eliminated as soon as possible. Specif-
ic industrial region should be built, standardized management
should be implemented and policies related to taxation and
loans should be implemented. Benzene related family work-
shop enterprises and small and micro enterprises should be
encouraged to enter the specific region for production, actively
developing towards standardization and scale, and constantly
promoting industrial technology upgrading. Workers exposed
to benzene at low concentrations should be protected, and the
detection of relevant biomarkers can early detect patients with
chronic occupational disease poisoning [14]. Risk managers can
use the four-step health risk assessment method to assess the
risk of benzene exposure so as to obtain accurate information
[15]. Pre-post training should be provided for benzene workers,
and regular training should be provided especially when the
production process is changed or the post is transferred. These
measures can popularize the prevention and control of benzene
work’s harm to the organism.
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