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ABSTRACT

Leukemogenic effects are probably a major risk in occupational disease related to benzene derivatives exposure 
among exposed workers.  Biological monitoring of benzene and occupational exposure limit (OEL) is an important 
indicator in assessing exposure and health risk related - occupational disease among workers, through airborne expo-
sure of the permissible exposure limit (PEL) for 8 hours’ time-weighted average (TWA8) at 0.5 ppm or 1 ppm depend-
ing on country. The toxicity effect of benzene may occur in humans via inhalation, ingestion, dermal, or eye contact.  
This paper aimed to review the type of occupational disease related to the toxicity of benzene derivatives exposure 
in the workplace worldwide.  Based on this review, China is the country with the most reported benzene-related 
occupational diseases from 1948 till 2021 through cohort, case, and cross-sectional studies.
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INTRODUCTION

Benzene (C
6
H

6
) is an aromatic, colorless, and sweet 

odor hydrocarbon that was successfully isolated by Mr. 
Faraday, 196 years ago (1,2).  It occurs in the environment 
as derivative compounds of air pollutants and as a 
groundwater contaminant affected by occupational 
settings, from petrochemical industries, factories with the 
usage of organic chemicals, and in paint production as a 
solvent (3).  It is also used as a primary aromatic solvent 
in chemical industries, adhesive, shoe manufacturing, 
printing industry, synthetic rubbers, lubricants, dyes, 
pharmaceuticals, and pesticides.  Benzene easily 
evaporates into the air and has great solubility in 
liquids, as well as being extremely flammable (3,4).  It 

can enter the human bloodstream and cause toxicity 
via the lungs, gastrointestinal tract, and skin due to its 
high volatility and lipophilicity (5,6).  In this regard, 
benzene could directly or indirectly affect the workers 
in such industries.  This paper is intended to review the 
occupational diseases related to exposure to benzene 
derivatives worldwide.

TOXICITY EFFECT OF BENZENE DERIVATIVES 

Benzene has a few synonyms: benzol, carbon oil, 
bicarburet of hydrogen, and coal naptha. It was classified 
as a Group 1 carcinogen and an important pollutant 
that can enter human via inhalation, ingestion, dermal, 
or eye contact. Nerve inflammation (polyneuritis), 
Central Nervous System (CNS) depression, and heart 
sensitization are all toxicity symptoms of short-term 
acute exposure toward benzene.  Meanwhile, long-
term chronic exposure causes anorexia, leukemia, and 
aplastic anemia through inhalation (7).
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Benzene is lipophilic and volatile; it is easily absorbed 
across the alveolar-capillary membrane then wide-spread 
to tissue and organ containing lipids such as adipose 
tissue and the liver.  Half of the benzene inhaled travels 
into the lungs and bloodstream, where it is subjected 
to primary oxidative metabolism in the liver (8).  The 
existence of toxic benzene-oxide metabolic such as 
glutathione, mercapturic acid, and muconaldehyde 
as well as spontaneous phenol and hydroquinone at 
the liver and bone marrow may induce neurotoxicity, 
hematotoxicity, and genotoxicity effects (9–13).  These 
type of toxicity appears as acute and chronic cancer 
risk such as nonlymphocytic leukemia and lymphocytic 
leukemia (14) (Figure 1).  The first stage of benzene-
induced hematoxic lesion includes bone marrow 
depression such as leucopenia or thrombocytopenia 
which have a significant dose-response relationship.  
Individual exposure to high benzene levels at a range of 
160-320 mg/m3 for one year led to a higher percentage 
of bone marrow toxicity.  However, some cases reported 
that it may take 10 years of continuous exposure to 
both high and low doses (4).  Based on findings from 
two epidemiological studies, exposure to a higher 
concentration of benzene can result in hematoxic and 
genotoxic effects where peripheral blood cell counts may 
have a suppressive effect with the decrement of blood 
cells in the circulation system (15–17).  This is supported 
by an in-vivo study that found a chromosomal aberration 
among coke oven workers (18).  Besides, a study in 
Thailand revealed a lower DNA-repair capacity among 
gasoline service attendants (19). Thus, leukemia disease 
may arise as a result of hematologic and genotoxic 
lesions in the bone marrow.  Furthermore, benzene 
can induce skin diseases through benzene absorption 
in dermal membranes such as acute irritant dermatitis 
and chronic eczema also known as allergic contact 
dermatitis.  Adverse effects for non-cancer risk include 
drowsiness, headache, dizziness, confusion, tremors, 
loss of consciousness, and moderate eye irritation. (20). 
The metabolic and toxicokinetic pathways had shown 
the association between concentration level of benzene 
exposure with related diseases.

OCCUPATIONAL DISEASES - RELATED BENZENE 
DERIVATIVES EXPOSURE

The metabolic mechanism of benzene toxicity in the 
bloodstream may induce occupational-associated 
disease among exposed workers.  Benzene-induced 
leukemia was first reported in 1928.  The first case was 
a pharmaceutical worker who presented with acute 
lymphatic leukemia. The second case was a paint 
worker who died of aplastic anemia associated with 
benzene exposure (21,22).  In 1964, cases of acute 
leukemia were reported in Italy.  These came from 
rotogravure printing and shoe factory workers who were 
heavily exposed to benzene (23).  Table I summarizes 
occupational-related diseases from exposure to benzene 
for 95 years (from 1926-2021) involving most workers in 
oil refineries and petroleum industries since it produces 
major toxic compounds of benzene derivatives into the 
environment and occupational setting (24–30).  The level 
of benzene exposure was monitored through assessment 
of airborne benzene in time-weighted average for 8 
hours of working time (TWA8) and urinary trans, trans 
muconic acid (t,t MA) biomarker of benzene.  Based on 
the table, a very high concentration of benzene (TWA8 
range 2-100 ppm) was evident from the cohort studies in 
Ohio, China, and France.  The concentration was higher 
than the permissible concentration set by OSHA which 
10 ppm (before 1978)(31–33).  This situation could be 
explained by the lack of awareness and monitoring 
from the government via an authorized body.  Based 
on the findings from the listed studies, most workers 
suffered from leukemia-related diseases such as acute 
aplastic anemia, acute myeloid, and myeloid dysplastic 
syndrome (MDS). A case-control nested in a cohort study 
reported that the risk of getting leukemia from benzene 
exposure increased with an exposure duration of  ≥10 
years (32).  

This finding is supported by another nested-case control 
study which found that the risk of leukemia doubles 
consistently in subjects working in the industry for 
more than 10 years (28).  Biomarkers of exposure to 
benzene can be detected through biological samples 
for example unmetabolized benzene in the blood, 
breath, urine, urinary benzene metabolites, and 
benzene adducts (DNA, hemoglobin, and albumin) 
(34). Cohort studies in China and Canada in rubber 
manufacturing, painting, and shoemaking industries 
reported that cancer risk disease such as lung cancer 
and leukemia was significantly associated with the 
blood cells alternation (hematotoxicity indicator) and 
increment of the intensity of benzene exposure level 
over the Permissible Exposure Limit (PEL) from TWA8 
or urinary t,tMA (31,33,35,36).  Furthermore, a case 
study from South Korea and China reported that cancer 
disease such as malignant neoplasms and chronic 
aplastic anemia, chronic lymphocytic leukemia (CLL), 
multiple myeloma (MM),  Acute Myeloid Leukemia 
(AML), acute nonlymphocytic leukemia (ANLL), and 

 

Figure 1: Toxicity Effect From Benzene Derivative Exposure (9,10,12–14) 

Figure 1: Toxicity Effecr From Benzene Derivative Exposure 
(9,10,12-14)
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Table I: Summary of Occupational Disease-Related Benzene Derivatives in Worldwide

Country, Year Study Design Occupational Disease Workplace/Occupations
Benzene Expo-

sure Level

America,1928

(22)
Case Study (2 cases)

Idiopathic Aplastic Anaemia (1st 
case)

Leukemia (2nd case)

Can Factory Pharmaceutical

Painter: advertising board
NA

Italy, 1964

(23)
Cross-sectional Leukemia rotogravure and shoe industries NA

Ohio, 1981 
(31)

Retrospective Cohort

(1940-1950)
Leukemia

manufacture of rubber hydro-
chloride

TWA 8= 
>100ppm

Canada,1996

(29)

Case -cohort study 
(1964 - 1983)

Leukemia petroleum distribution workers
TWA 8=0.01 to 

6.2 ppm

The United Kingdom, 
1997 
(28)

Nested case-control 
with the cohort

(1950 – 1993)

Acute myeloid &monocytic 
leukemia

Chronic myeloid leukemia.

Oil manufacturing worker
Benzene < 4.5 
ppm- 10 years

China, 1997  
(33)

Cohort Study

(1949 – 1987) Cancer Risk

rubber workers 
Painters 

Chemical manufacturing 
workers

TWA8 = (5 -40) 
ppm

China, 1997 
(40)

Case control study 
(1992)

acute nonlymphocytic leukemia 
(ANLL)

myelodysplastic syndromes  
(MDS)

benzene-exposed factory in 
Shanghai

TWA8 = (0.02 
-3.4) ppm

France,2002

(32)

A case-control study 
nested in a Cohort 

(1978–1982)
Leukemia

The company ‘‘E´ lectricite´ de 
France-Gaz de France’’ (EDF-

GDF)

TWA8 = <2ppm

Benzene/ year 
=16.8 ppm

South Korea, 2005

(38)
Case Review

(1992 and 2000)

Myelodysplastic Syndrome (MDS)

Acute Myeloid Leukemia (AML)

Chronic Lymphocytic Leukemia 
(CLL)

Multiple Myeloma (MM)

a painter 
 gluing operatortelephone ma-

chine repairer  
researcher, 

founder 
machine operator and 

hand coating occupation

TWA8= (0.005-
5.311) ppm

China, 2009

(44)

Case Report Synchronous primary malignant 
Neoplasms and chronic aplastic 

anemia
Male spray painter TWA 8=>100ppm

Iran, 2010

(42)
Cross-Sectional Study

color vision impairment the 
blue-yellow spectrum (type III)

Car manufacturing factory TWA8=0.62ppm

China, 2011

(39)

Cross-Sectional molec-
ular epidemiological

acute myeloid leukemia (AML)
shoe manufacturing workers

TWA 8= (1-10) 
ppm

Thailand 2012  
 

(27) Cross-Sectional

Cancer risk

Headache,

fatigue and

throat irritation

Gasoline station workers
TWA 8= 

1.81×10–2 mg/
m3

CONTINUE
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Table I: Summary of Occupational Disease-Related Benzene Derivatives in Worldwide (CONT.)

Country, Year Study Design Occupational Disease Workplace/Occupations
Benzene Exposure 

Level

Norway, 2015

(26)

Stratified

case–cohort

(1999–2011)

Acute myeloid leukemia (AML)

Multiple Myeloma (MM)

Chronic Lymphocytic Leukemia 
(CLL)

Offshore worker
Benzene=0.040 
p.p.m.- 0.948 
p.p.m.-years

China, 2015 
 (36)

Retrospective cohort 
(1972– 1999)

myeloid and lymphoid neoplasms,

 lung cancer 

respiratory diseases 

benzene-exposed workers 
coatings, rubber, chemical, 
shoe-making, printing, and 

insulation industries

Benzene exposure 
>28 years

Italy, 2019 

(30)

Cohort study 

(1949 -2011.)

chronic lymphatic leukemia (CLL)

acute myeloid leukemia (AML)
oil refineries

Benzene exposure 
>20 years 

America, 2019

 (41)
Cross-sectional Leukemia nail salon technicians

TWA 8= 3.13-
51.8 ug/m3

 

China, 2020

(43)
NA Cancer risk shoemaking plant

TWA 8 = (2.6 - 
57.0) mg/m3

China, 2021 

(35) Cross-Sectional
Myelodysplastic Syndrome (MDS)

paints, shoemaking
T,t MA = 232.6 
nmol/L

Brazil, 2021 

(25)

Cross-Sectional Epide-
miological

Cancer risk fuel attendants’ workers
T,t MA = 0.10 
mg/g creatinine

 
TWA 8= 8 hour Time Weight Average for airborne exposure 
T,t MA = Trans trans Muconic Acid Urine 
Permissible Exposure Limit (PEL)/8 hours = 1 ppm

Myelodysplastic Syndrome (MDS) were significantly 
associated with the period and concentration level of 
benzene exposure among painter, telephone operators, 
gluing operators, factory workers, and researchers (37–
40). Recently,  association between hazardous odor 
exposure from nail coloring compound and leukemia 
cases among nail salon technicians has been established 
(41). Occupational diseases reported for non-cancer risk 
were color vision impairment, headache, fatigue, throat 
irritation, and respiratory disease (27,36,42).  It was 
found that China is still country with the most reported 
benzene-related occupational diseases from 1948 till 
2021 through cohort, case, and cross-sectional studies 
(13,14,33,35,43,44).  As a summary, various assessment 
and approaches in the epidemiological study for over 
several decades has stretgthen the knowledge as  far 
as the relationship between benzene exposure and 
occupational diseases is concerned.

BENZENE EXPOSURE LIMIT GUIDELINE IN 
OCCUPATIONAL SETTING

Toxicant exposure is defined as indirect or direct contact 
over time and space between the worker and hazardous 
substances (chemical/fumes/dust/fiber) agents that may 
lead to a modification in body metabolism or function 
(45,46). The occupational exposure limit (OEL) is an 
important indicator in assessing exposure and health 
risk to workers through inhalation, i.e biological 
monitoring of benzene such as airborne, dermal, and 
biomarker (46,47).  At present, the airborne exposure of 
the permissible exposure limit (PEL) for 8 hours’ time-
weighted average (TWA8) of benzene-exposed workers 
is 0.5 ppm in Malaysia and other countries. This cut-
off follows the American Conference of Governmental 
Industrial Hygienists -Threshold Limit Values (ACGIH- 
TLVs ) from the 1980s in setting the standards for 
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exposure controls (48). However, the Occupational 
Safety and Health Administration (OSHA), United 
States of America, and the Safety and Health and Safety 
Executive (HSE) United Kingdom current regulatory 
reported that the maximum for an 8 hour time-weighted 
average (TWA) of workplace air is 1 ppm (3.2 mg/m3) 
with a 15-min Short Term Exposure Limit (STEL) of 5 
ppm (49).  The National Institute of Occupational Safety 
and Health (NIOSH) currently recommends 0.1 ppm 
for a 10-h TWA and 1.0 ppm for a 15-min ceiling limit 
(50). In comparison to the occupational limit value 
prior in 1978, the maximum allowable concentration 
of benzene in the workplace in China is 40 mg/
m3, and the United States threshold limit value is 10 
ppm (32 mg/m3) for TWA8 which is similar with the 
United Kingdom (51).  Besides, the guidance values 
known as Biological Exposure Indices (BEIs®) are also 
used for evaluating biological monitoring of benzene 
exposure.  Trans-trans Muconic acid (t,t-MA) was used 
as biomarkers from urine benzene exposure at the end 
of job shift was 500µg/ creatinine (52,53). After several 
decades, improvement in the enforcement of regulatory 
standards of benzene exposure showed the good impact 
of exposure monitoring method and awareness in 
occupational safety and health department.  However, 
the decreasing of the standard occupational exposure 
limit may not eliminate the risk of a worker exposed to 
occupational disease-related benzene.

CONCLUSION

The risk of benzene in occupational settings is 
leukemogenic, from the activation of bone-marrow 
toxicity with an immune-mediated inflammation 
response (13,54).  Confounding factors for the 
environmental and behavioral towards occupational 
benzene-related disease are smoking, ionizing radiation, 
cancer chemotherapy, formaldehyde exposure, genetic 
factors, and socio-demographic history that may 
contribute to benzene-disease risk (14).  Data gathered 
from this review provided insight into the toxicity 
effect induced by occupational-related disease, be it 
cancerous or non-cancerous diseases.  However, there 
is limited research on benzene and its derivatives, 
which neurotoxicity effect should be addressed in future 
studies.
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