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Abstract

This article presents an overview of occupational benzene exposures in China based on data published in Chinese medical
journals. The data were derived from 384 reports of benzene poisoning or industrial hygiene surveys published in Chinese medical
journals between 1960 and 2003. The following information was extracted whenever available: industry, occupation, task, date,
benzene levels, sampling location, workplace descriptions and, for case reports, medical diagnosis. Each paper provided one or
more sets of benzene data, each set representing a sampling location or job title with one to several measurements including,
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ainly, breathing zone area concentration measurements, and much less frequently personal monitoring. Two criteria
ata quality were applied to select suitable data for analyses. The selected exposure data were analyzed by indust
eriod. Nine hundred five sets of benzene measurements from 72 industries were reported in the 384 papers selec
eview, and 621 sets (68.6%) presented average benzene concentrations, which covered 55 industries. The distribu
eported average benzene exposures was skewed with a median of 51.5 mg/m3. The average benzene concentrations were b
00 mg/m3 for 406 (65%) of the 621 reported average concentrations. The medians of the reported averages in mg/m3 for the
ve industries with the highest exposures were: 124.8 for leather products, 98.7 for electronic devices, 75.4 for machin
or shoes, and 50.3 for office supplies and sports equipment manufacturing. These data describe the concentrations an
atterns of occupational benzene exposure by industry and time period in China.
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1. Introduction

Benzene is one of the most widely used indust
chemicals in China. A wide variety of industries and
cupations particularly the shoe and suitcase indus
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in China use benzene or benzene-containing solvents
and adhesives [1]. The Chinese occupational medi-
cal literature is replete with reports of benzene over-
exposure and benzene poisoning [2,3]. In 1979–1981
the Chinese Academy of Preventive Medicine carried
out a national occupational health survey of more than
500,000 workers in China who were identified as hav-
ing been exposed to benzene [4]. The reported geomet-
ric mean concentration of benzene was 18.1 mg/m3 and
the 95% range at workplaces was 0.06–844.74 mg/m3

or 0.02–266 ppm (1 ppm = 3.18 mg/m3), with some
workplaces (1.3%) having benzene concentrations in
excess of 1000 mg/m3. The data showed a skewed
distribution with a second mode at approximately
200 mg/m3 and more than 10% of the data were at
or above this value [4]. The nature of the distribu-
tion makes the median of these data difficult to in-
terpret. Measurements of area breathing zone occu-
pational benzene exposure from the 1950s to the late
1980s taken at factories in Shanghai were reported in
a recent article [5]. This database of benzene measure-
ments is maintained by the Shanghai Municipal Insti-
tute of Public Health Supervision. The arithmetic mean
of benzene measurements for workplaces reported in
the database was 132.7 mg/m3 and the median was
2.8 mg/m3.

In addition to ad hoc industrial hygiene surveys re-
ported in the literature, there are incidents of acute poi-
soning and investigations of exposures associated with
such events. For example, an investigation of 33 cases
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Table 1
Past and current benzene occupational exposure limits in China

Years Standard Reference

1956–1979 50 mg/m3, Area breathing zone
concentration

[11,12]

1979–2002 40 mg/m3, Area breathing zone
concentration

[13]

2002–Present 10 mg/m3, Permissible
concentration-short term
exposure limit; 6 mg/m3,
permissible concentration-time
weighted average

[14]

384 papers of benzene poisoning case investigations
or industrial hygiene surveys, covering 72 industries
in China classified according to the national industrial
coding system [8]. Included in the overview is an
analysis of benzene exposure data by industry and
time period.

2. Material and methods

2.1. Information sources

Published literature was identified primarily
through Internet searching of the China National
Knowledge Infrastructure, which covers 1994–2003
and the Chinese Biomedical Literature Database,
which covers 1978–1993. Manual searching was
also carried out to supplement the online search,
particularly for conference proceedings and articles
published before 1978. Through this process, a total
of 384 benzene poisoning case reports or industrial
hygiene surveys published in Chinese journals were
identified.

The benzene exposure data was systematically
extracted into a database. From each paper, the
following information was extracted whenever avail-
able: industry, occupation, task, year, benzene levels
(minimum, average and/or maximum), workplace
descriptions and, for case reports, medical diagnosis.
E zene
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m itle.
D by
a ribed
b g to
f serious benzene poisoning and nine deaths in 2
ssociated with small-scale suitcase manufacturin
orted exposures as high as 2040 mg/m3 [6].1

Industries in China have been regulated with oc
ational exposure limits (OELs) for benzene since
950s. These limits have gone through revisions

he years as shown in Table 1, including a shift fr
he prior area concentration basis to personal expo
easurements in 2002. The development of OEL
hina has been discussed in a number of recent ar

1,7].
The current article presents an overview of occu

ional benzene exposures reported in Chinese me
ournals between 1960 and 2003. The review inclu

1 No systematic monitoring data with the report were avail
s the governmental occupational health inspection has not a
ffectively accessed the informal work sectors in rural areas.
ach paper provided one or more sets of ben
easurements, with each set representing one or
easurements for a sampling location or job t
ata for inclusion in the analyses were selected
pplying standard acceptance criteria (as desc
elow). Exposure data were analyzed accordin
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industry and time period. Table 2 provides an example
of the data extracted for the database. The analyses do
not distinguish between area concentration measure-
ments and personal measurements because personal
measurements were quite rare and the reports did not
necessarily distinguish them, and the rare personal
samples were unlikely to alter the general conclusions
of the analyses in this report.

2.2. Selection criteria

Two criteria were applied to select the published
data and information for inclusion in the analyses. The
first criterion was used to select data for the analysis
by industry type and the second criterion was used for
selecting data for temporal analysis.

For the selection of data for the comparison of expo-
sure level by industry type, the most important factors
were the number of measurements in each set of mea-
surements and the number of sets of measurements for
the industry. A set of measurements consisted of: the
sampling location or job title, the benzene measure-
ments taken, and the year. Table 2 presents data from
five published articles on benzene measurements. Ar-
ticle B in Table 2 provided three sets of measurements,
covering three different jobs, while article E in Table 2
provided two sets of data, covering two different loca-
tions.

For the analyses in this report, we chose a weighted
selection score (WSS) (described further below) of 18.
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score of 18 was the minimum for an industry to

ncluded in the analyses. For example, using the lea
ndustry data in Table 2:

SS= 60+ 60+ 60+ 7 + 26+ 12 = 225

lternatively, if only report C had been available
he leather industry, the WSS = 7, which is below
equired score of 18 and would thus not be include
he trend analyses.

A key component of the WSS criterion for data s
n our review was the quantitative strength of the d
ur “rule of thumb” for this hinged on a common
ccepted sample size of six measurements in eac
nd six measurement sets in a given industry as
is for a reliable estimate of an average conce
ion in typical industrial hygiene surveys [9]. It wou
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have been optimal if each set of measurements had
six samples as well to produce a score of 36 or above
for calculating the median for each industry. However,
this goal of six samples per set and six sets proved to
be too stringent, so a compromise weighted score of
“18” was chosen in order to include more data sets
for the exposure level analysis according to industry
type.

The criteria used to select information for the anal-
ysis of overall temporal trends of benzene exposure by
industry required the published papers for the industry
to include both average exposure concentration results
and the year, and have at least six sets of measurements
for each year.

2.3. Statistical analysis

Nonparametric tests followed by the Kruskal–
WallisH-test were applied to the statistical analysis by
industry type. The Linear, Quadratic and Cubic Poly-
nomial tests of one-way ANOVA contrasts were used
for the analysis of overall temporal trends of benzene
exposure from 1979 to 2001.P< 0.05 was set to verify
the statistical significance.

3. Results

3.1. General feature of occupational exposure to
benzene

The articles included in the database were pub-
lished between 1960 and 2003. Fig. 1 shows that few
articles were published in the early 1960s and none
between the mid 1960s and the late 1970s (the 10
years of the “Cultural Revolution” and its negative im-
pact, which lasted for a few years afterwards). Start-
ing in the 1980s, with the improvement of the na-
tional economy and health services, the frequency of
inspections and air monitoring at workplaces greatly in-
creased, resulting in a surge in the number of published
papers.

Fig. 2 shows the distribution of average benzene
exposure levels included in the present analysis of a
total number of 621 sets data. It indicated that 264 data
sets (42.4%) presented benzene concentration below
40 mg/m3 including nine data sets (1.4%) reported hav-
ing not-detected levels of benzene that were expressed
as “0”. There were 357 sets (57.6%) that exceeded
40 mg/m3, the previous national benzene OEL adopted

F by yea uded in the
a

ig. 1. Number of published reports included in the analyses
nalyses for that time period.
r. Numbers in each bar represent the number of reports incl



Y.-X. Liang et al. / Chemico-Biological Interactions 153–154 (2005) 55–64 59

Fig. 2. Distribution of the average benzene exposure levels. Numbers in the bars denote the number of reports in the analyses in the given
concentration range.

between 1962 and 2001 in China. Of those 621 sets,
142 sets (22.9%) presented concentrations between 40
and 100 mg/m3, and 147 sets (23.7%) presented levels
between 100 and 500 mg/m3. There were 68 sets (11%)
of measurements that far exceeded 500 mg/m3, includ-
ing 15 sets that reported benzene exposure concentra-
tions above 3000 mg/m3. The highest levels were found
for the following occupations: paint coating/spraying
and glue brushing (e.g., in shoes and suitcase indus-
tries). Some measurements were as high as several
thousand mg/m3. Levels of more than 10,000 mg/m3

were reported for work in confined spaces without ad-
equate ventilation, which was usually associated with
acute benzene poisoning. As further examples, acute
benzene poisoning cases were reported among work-
ers who painted the inner walls of oil storage tanks,
worked in poorly ventilated basements, or in deep
wells.

3.2. Comparison of benzene exposure by industry

Reports for 39 industries included both average ben-
zene concentration data and the number of samples. Ac-
cording to the selection criteria, 27 (69.2%) industries
(1972–2002) of the 39 met the required WSS of 18 and
were included in the analysis according to industry. The
results, given in Table 3, show that the median benzene
exposures in the nine industries with the highest re-
ported concentrations exceeded the previous OEL stan-
dard of 40 mg/m3, and 59% (16 of 27) of the industries
had median exposure levels above the new standards
of either 10 mg/m3 (permissible concentration-short
term exposure limit; PC-STEL) or 6 mg/m3 (permis-
sible concentration-time weighted average; PC-TWA).

The previous OELs for chemical substances and
dusts were expressed as maximum allowable concen-
trations that were mainly based on stationary area
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Table 3
Comparison of the average benzene concentrations (mg/m3) by industry

Code Type of industry No. of sets No. of samples Median Average (range)

252 Leather productsa 18 1487 124.8 124.1(3.7–267.8)
449 Electronic devices manufacturinga 6 1930 98.7 120.2(4.5–254.9)
42, 43 Machinery manufacturinga 6 6815 75.4 75.6(4.2–152.7)
243 Shoes manufacturing, leathera 70 12197 50.4 149.9(1.3–1488.6)
291 Office supplies and sports equipmenta 6 106 50.3 79.4(10.7–256.0)
321 Spray painting 29 1186 39.8 53.4(0–226.8)
270 Furniture manufacturing 8 618 39.3 36.6(2.0–72.0)
444 Msc. electronic parts manufacturing 7 197 33.6 50.5(3.0–105.6)
472 Automobile manufacturing 6 3478 32.8 56.8(0–196.1)
314 Organic chemical industry 19 650 23.8 39.3(12.8–130.5)
341 Rubber products manufacturing 15 182 22.9 114.6(0.1–633.6)
998 Other industries 10 6799 18.5 23.8(2.2–85.5)
320 Paint manufacturing 37 525 13.2 23.9(1.0–127.5)
31 Chemical industry 18 859 7.6 19.3(0–123.9)
294 Printing industry 8 6416 6.5 7.2(0–23.6)
401 Metal-based products processing 10 77 1.4 7.5(0–38.0)

296 Toy manufacturing 2 2531 132.9 132.9(1.5–264.3)
363 Coal products manufacturing 3 23 96.0 79.8(12.8–130.5)
361 Crude oil processing 3 992 62.6 54.4(7.4–93.2)
512 Petroleum & geological prospecting 3 22 57.2 41.9(5.8–62.6)
238 Other textile industries/printing & dyeing 1 178 26.2 26.2
520 Civil engineering & construction 3 137 20.3 122.2(1.2–345.2)
374 Pottery & porcelain products manufacturing 3 26 20.2 22.4(7.1–40.0)
450 Electronic circuit manufacturing 3 26 20.2 22.4(7.1–40.0)
342 Plastic products manufacturing 2 1216 15.2 15.2(2.3–28.2)
499 Other precision instruments manufacturing 2 44 14.3 14.3(8.7–19.9)
407 Household metal hardware manufacturing 1 1139 2.3 2.3

a Denotes the top five industries with more than six measurement sets in an individual industry. Industries following the blank space (after
401, metal-based processing) are those for which fewer than six data sets were available.

breathing zone monitoring samples until 2001. The
newly developed OELs in terms of TWA and STEL
have been adopted since 2002 while the area breath-
ing zone monitoring samples at workplace are still
used because personal samplers have not been com-
monly available. Therefore, the data remain compara-
ble.

Table 3 compares benzene measurements by indus-
try, sorted by the median of the reported average ex-
posures. Twenty-seven of the most related industries
were ranked by median benzene concentrations in the
table and further analyses were conducted to verify the
statistical differences of exposure levels by nonpara-
metric tests. Table 3 shows the five industries with the
highest exposures (that met the criteria of six sets or
more of measurements) were: leather products, elec-
tronic devices, machinery, shoes, and office suppliers
and sports equipment manufacturing.

3.3. Historical trends of the benzene exposure data

According to the selection criteria described above,
the reports of medians of the exposure levels for the 22
years between 1979 and 2001 were adequate for tempo-
ral trend analysis. The benzene exposure levels for the
22 years were overall significantly different (P< 0.05).
Fig. 3 shows the trend by year for the median exposure
levels.

These trends were most likely influenced by several
historical events. First, the national economy started
growing in the late 1970s, which resulted in increased
numbers of small-scale industries (SSIs) in rural areas.
Second, the improvement of occupational health ser-
vices after the mid 1990s brought about more stringent
health inspections and workplace monitoring and re-
sulted in more published data. Third, the new Occupa-
tional Disease Prevention and Control Act was adopted
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Fig. 3. Overall trend in median benzene exposure in Chinese industry, 1979–2001. (*) Indicates the number of measurement sets in the database.

by the Standing Committee of the National People’s
Congress in 2001, which required the reporting of ben-
zene over-exposures in industries, including in the SSIs
in rural areas [10].

As shown by Figs. 4–7, average benzene exposure
levels in several major industries showed a similar but
variable decline over the years. More significant de-
clines were evident for the earlier periods. Most of these
industries show slightly increased exposure concentra-
tions at the beginning of the 21st century. The industries
(Figs. 4–7) were chosen for the analysis according to
industry type mainly because of the amount of data
available for them. This may in part be due to more
frequent investigations of these particular industries.

4. Discussion and conclusions

This review article describes the Chinese data for
occupational benzene exposure and its changing pat-
terns according to industries and time period based on

Fig. 4. Change in average benzene exposure levels in leather manu-
facturing over time (1975–2003).
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Fig. 5. Change in average benzene exposure levels in leather shoes
manufacturing over time (1982–2003).

the data extracted from the published Chinese med-
ical literatures between 1960s and 2003. The results
provide important information for prioritizing the pre-
vention strategy of benzene poisoning. The median
values of the reported average concentrations and the
ranges of the averages for the five highest indus-
tries (with six or more sets of measurements) are:
leather products, 124.8 (3.7–267.8 mg/m3); electronic
devices, 98.7 (4.5–254.9 mg/m3); machinery, 75.4

Fig. 6. Change in average benzene exposure levels in spray painting
over time (1974–2003).

Fig. 7. Change in average benzene exposure levels in furniture man-
ufacturing over time (1994–2003).

(4.2–152.7 mg/m3); shoes, 50.4 (1.3–1488.6 mg/m3);
and office supplies and sports equipment manufac-
turing, 50.3 (10.7–256.0 mg/m3). These coincide with
previously reported industries with higher prevalence
of benzene-related hematopoietic diseases [4]. The per-
centage of industries with reported medians exceeding
the prior OEL of 40 mg/m3 was 33% (9 of 27). For 59%
(16 of 27) of the industries, medians of the exposure
levels were below the prior OEL (40 mg/m3) but above
the new standards of either 10 mg/m3 (PC-STEL) or
6 mg/m3 (PC-TWA).

With innovations in production technology, which
included the use of toluene and xylene instead of pure
benzene and improved working practices, and the im-
provement of occupational health services, overall av-
erage benzene exposure levels appeared to decline over
the years. In particular, industries traditionally with
high exposures such as leather products manufacturing,
shoes, paint spraying and furniture industries showed
declines. Relatively high levels (270.38 mg/m3) were
observed during the period between 1981 and 1985, but
dropped to 73.85 mg/m3 in the second half of 1980s.
The exposure levels declined further to 48.42 mg/m3

during the period between 1996 and 2000. However,
the exposure levels fluctuated due to the influence of
the national economic development and newly imple-
mented legislations. For example, the average of the
reported exposures rose to 121.25 mg/m3 at the begin-
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ning of the 21st century, which might partially be due to
the wider disclosure of over-exposures in small work-
shops commonly found in rural areas. Additionally, the
current public awareness and the frequency of health
inspection might bias the results to a certain extent.
The declining tendencies of occupational benzene ex-
posures were also shown by a Job-Exposure Matrix
investigation in Shanghai based on a database main-
tained in Shanghai Municipal Institute of Public Health
Supervision (1953–1989) [4].

There are a number of limitations associated with
the published information and the analyses currently
presented. These include:

1) Different sampling and analytical methods were
employed over the decades covered. Although this
may introduce some bias, we believe that the differ-
ences are minor and will not significantly alter the
findings of this review.

2) Our analysis did not distinguish between benzene
poisoning case reports and industrial hygiene sur-
veys. Benzene poisoning case reports refer to in-
vestigation of the Chinese regulation-defined occu-
pational benzene poisoning. Either acute or chronic
benzene poisoning cases may thus represent high-
end exposures. On the other hand, industrial hy-
giene surveys were commissioned for a variety of
reasons, and are not necessarily targeted at facilities
with benzene poisoning cases or high benzene ex-
posures. The industrial hygiene survey reports thus

ns.
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cri-
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tions
tic-
not

6) The data for trend analyses in this report are av-
erages given in the reports. These averages should
give a good estimate of the typical concentrations.
However, the averages do not give insights into the
range and variability of the concentrations in the
industries covered.
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