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ABSTRACT

Introduction: Occupational exposure to volatile organic compounds (BTEX) and heavy metals in
industrial settings poses significant health concerns. These substances may lead to toxic, carcinogenic,
and hematobiochemical effects. This study aimed to assess the health risks associated with exposure to
these pollutants in a power equipment manufacturing industry over a 10-year period and to compare the
accuracy of quantitative (USEPA) and semi-quantitative (Singapore) risk assessment methods.

Material and Methods: This cross-sectional study was conducted across six occupational groups. Personal
air sampling of BTEX and heavy metals was performed according to NIOSH protocols. Carcinogenic and
non-carcinogenic risks were estimated using the USEPA method and the Singapore semi-quantitative
approach. Additionally, hematological and biochemical indicators of exposed workers were analyzed.

Results: Nickel had the highest cancer risk, and the highest hazard quotient (HQ) values were related to
xylene, benzene, and nickel. While the semi-quantitative method classified most risks as negligible to low,
the USEPA method identified several cases with definite health risks. Significant effects were observed on
SGQT, SGPT, fasting blood sugar, creatinine, and blood pressure among exposed groups.

Conclusion: The USEPA method demonstrated higher sensitivity and reliability in identifying occupational
chemical hazards and should be prioritized in future assessments. Furthermore, the findings underscore
the importance of preventive measures to reduce chronic exposure to BTEX and heavy metals in similar
industrial settings.

Keywords: Risk assessment, US environmental protection agency method, Singapore semi-quantitative
method, BTEX, Metals

HOW TO CITE THIS ARTICLE

Najafi A., Golbabaei F., Sadeghi Yarandi M., Yaseri M., Jahani R., Shams SR., Kalantary S. Comparative Quantitative
and Semi-Quantitative Occupational Risk Assessment of BTEX Compounds and Heavy Metals in a Power Equipment
Manufacturing Industry. J Health Saf Work. 2025; 15(3): 589-611.

1. INTRODUCTION

Industrial environments, often expose workers
to hazardous substances. BTEX compounds
(benzene, toluene, ethylbenzene, and xylenes)
are widely used as solvents or intermediates and
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pose significant health risks due to their volatility
and toxicity. Additionally, heavy metals such as
chromium, nickel etc. are commonly released
during industrial processes like welding, cutting,
and coating operations. Chronic exposure to
these substances can lead to noncarcinogenic and
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carcinogenic outcomes in exposed workers.

Occupational risk assessment is critical
for understanding and managing these health
hazards. While the quantitative method developed
by the United States Environmental Protection
Agency (USEPA) offers detailed estimations of
cancer and non-cancer risks, it is often resource-
intensive and data-dependent. Alternatively,
the semi-quantitative method developed in
Singapore provides a more accessible, albeit less
precise, approach for estimating chemical risk in
workplaces.

This study aimed to assess the occupational
exposure to BTEX compounds and heavy metals in
a power equipment manufacturing industry over a
ten-year period. The objectives were twofold: (1)
to determine the extent of exposure and associated
health risks using both USEPA quantitative and
Singapore semi-quantitative methods, and (2) to
compare the effectiveness of these methods.

2. MATERIAL AND METHODS
Study Design

This descriptive cross-sectional study (2012-
2021) was conducted in a power equipment
manufacturing industry in Tehran, Iran. Workers
were grouped into Similar Exposure Groups (SEGs)
based on tasks and pollutant exposure.

Air Sampling and Analysis

BTEX compounds were measured using NIOSH
method 1501 with charcoal sorbent tubes and SKC
pumps (0.2 L/min); samples were desorbed with
carbon disulfide and analyzed by GC-FID (Varian
CP-3800) using a silica capillary column. GC
conditions included helium as carrier gas, injector
at 200°C, column at 130°C, and detector at 210°C.

For metals, NIOSH method 7300 was applied.
Samples were collected on 37 mm MCE filters
(0.8 um) using SKC PCXR8 pumps (2 L/min).
Filters were treated with nitric-perchloric acid,
evaporated, and diluted. Metal concentrations were
determined by ICP-OES (Perkin-Elmer Analyst
200).

Risk Assessment
Carcinogenic risk assessment based on USEPA
method

Nickel, Benzene are classified as a group
1 carcinogen, and ethylbenzene, a group 2B
carcinogen by IARC. The cancer risk (CR) is
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evaluated by utilizing the inhalation unit risk
(IUR) values supplied by the EPA and exposure
concentration (EC). The CR can be determined
using the Equation 1:

CR = EC x IUR (1

Where EC (mg/m?) is the exposure
concentration and IUR (pug/m?®)!' represents
Inhalation unit intake. The exposure concentration
(EC) of Ni, Benzene, and ethylbenzene due to
inhalation was obtained using the following
Equation:

_ CxETxEFxED

Where C is the concentration (mg/m’) in the
sampling area. ET represents the exposure time
(h/day), EF denotes the exposure frequency (day/
year), ED is the exposure duration (years) and AT
represents the average time (70 years x 365 days/
yearx 24 h).

CR value less than 1x107° is considered to
represent a negligible risk. CR values between
1x107° and 1x107°, and between 1x107° and
1x107*, are regarded as possible and probable risks.
However, a CR above 1x107* is likely definite risk.

Non-carcinogenic risk assessment based on USEPA
method

The HQ is calculated by dividing the exposure
concentration (EC, mg/m®) by the inhalation
reference concentration (RFC, mg/m®), as shown
in Equation (3):

EC
HO=——
Q RFC 3)
EC was calculated using Equation (4):
EC=C><ET><ED><EF )
AT

Where C represents the concentration (mg.
m™), ET is the exposure time (h/day), EF is the
exposure frequency (day/year), ED is the exposure
duration (years), and AT is the average lifetime (30
years x365 days/ year x24 h). A HQ greater than
1 suggests the potential for carcinogenic, while
an HQ less than 0.1 indicates a negligible risk of
harmful effects and greater than 0.1 is Probable.
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Semi-quantitative  risk  assessment based on
Singapore method

A semi-quantitative health risk assessment
method, as outlined by the Ministry of Manpower
of Singapore. The risk rate (RR) was calculated
using hazard ratings (HR) and exposure ratings
(ER) based on the following equation (6):

Risk Rate = (HR x ER)"* (6)
The exposure rating (ER) was calculated based
on air monitoring results, using Equation 7:

_ MxDxF
w

E (7)

Where, E is the weekly exposure (mg/m®), M
is the exposure rate (mg/m’), D is the average of
exposure (h), F is the number of exposures in week,
and W is the average working hours per week.

Evaluation of hematologic and  biochemical
parameters

This study investigated the effects of the
examined compounds on BMI, White Blood Cells
(WBC), Red Blood Cells (RBC), Fasting Blood
Sugar (FBS), blood creatinine (Cr), cholesterol
(Chol), triglycerides (TG), Aspartate Transaminase
(SGOT), Alanine Transaminase (SGPT), Systolic
Blood Pressure (SBP), and Diastolic Blood Pressure
(DBP), over a ten-year period, comparing the
results with a control group.

3. RESULTS AND DISCUSSION
Demographic information

The highest and the lowest mean ages belonged
to welder’s staff (43.4 + 3. 5 years) and grinding
(35.2 * 2.6 years), respectively. On the contrary,
the highest mean of work experiences was in the
assembling (17£2.70 years), and the lowest was in
painting, with a mean of 10+0.00 years.

Occupational exposure to BTEXs and Metals

The average concentration of Cr III in all work
units, as well as the concentration of benzene
in rotor assembly 3, and assembly 1 units, were
above their TLV-TWA. However, the average
concentration of Ni, except in the gearbox and
compressor assembling unit, and Fe,O,, toluene,
ethyl benzene and xylene in all units were below its
TLV-TWA (Table 1). These findings are consistent
with previous studies on metal fumes generated
in welding and machining processes, where iron
oxide and other hazardous metals like manganese,
nickel are common.

Carcinogenic risk assessment

For benzene, a high percentage of work units,
except for assembly 1 unit, were in the probable
risk. For Ni, a percentage of the population in all
units studied fell within the definite carcinogenic
risk, with the welding and stator assembling 3 units
showing the highest levels (Table 2). The high risk
associated with benzene in quality control is linked

Table 1: Occupational exposure BTEXs and Heavy Metals

Average Concentration of Occupational Exposure (ppm or mg/m®)
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Job title Benzene Toluene Ethyl Benzene Cr (I1I) Fe;03 Ni
Xylene (ppm) 5 3 g
(ppm) (ppm) (ppm) (mg/m’) (mg/m’) (mg/m?)

stator assembling 2 0.02+0.04 0.05+0.08 0.02+0.07 0.64+2.32
gearbox & compressor

. 0.01£0.03 0.07+0.17 6.39+14.61
assembling
welding 0.03+0.06 0.52+0.76 0.04+0.03
Grinding 2 0.11+0.2 0.91+0.89 0.13+0.18
Grinding 3 - - - - 0.06+0.08 0.63+1.08 0.06+0.08
painting 0.05+0.08 0.16+0.26 0.51+0.84 9.81+14.69
quality control 0.06+0.09 0.19+0.28 0.31+0.59 1.77+2.61
Assembling 2 0.01+0.01 0.02+0.02 0.03+0.08 0.03+0.03
Assembling 3 0.02+0.03 0.18+0.21 4.01£10.60 13.82+33.62 - - -
stator assembling 3 - - - - 0.01+0.02 0.12+0.17 0.16+0.15
rotor assembly 3 0.36+0.52 2.32+3.49 0.45+0.58 3.92+6.32 - - -
Assembling 1 0.49+0.2 2.11+0.81 0.15+0.04 0.64+0.23
TLV-TWA ACGIH (ppm or mg/m®)
B = 0.5 ppm, Tol 20 ppm, Ethyl Benzene= 20 ppm, Xylene= 20ppm
Cr (III)= 0.003 mg/m?, Fe;Os= 5 mg/m’, Ni= 0.2 mg/m’
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Table 2: Results of the carcinogenic risk assessment of the compounds under Study during 10 years

Compound chemical and cancer risk (CR)

Carcinogenic risk level (percentage)

Job title (without unit) Negligible Probable Possible Definite
CR<10*¢ CR>10¢ CR>10* CR>10?
Benzene
stator assembling 2 1x10° 30 70 0 0
painting 2x10* 20 60 20 0
quality control 3x10° 10 90 0 0
Assembling 2 5%10°° 46 54 0 0
Assembling 3 1x10° 40 60 0 0
rotor assembly 3 1x10* 70 30 0
Assembling 1 1x10* 10 90 0
Ethylbenzene
stator assembling 2 4x10°¢ 70 30 0 0
painting 5x10* 0 53 27 20
quality control 4x10” 28 52 20 0
Assembling 2 5x10°° 70 30 0
Assembling 3 6x10* 20 40 30 10
rotor assembly 3 7107 70 30
Assembling 1 3x107 100 0 0
Nickle
gearbox & compressor S
assembling 4x10 40 40 0 20
welding 1x10° 0 0 40 60
Grinding 2 1x10° 0 3 67 30
Grinding 3 1x10° 0 0 70 30
stator assembling 3 1x107° 0 40 0 60

to the use of penetrant test sprays, which contain
benzene for detecting cracks in manufactured
products. Similarly, the extensive use of organic
solvents like ethylbenzene in painting increases
its carcinogenic risk. Carcinogenic risks for Ni
were found across various occupational groups,
especially in welding, grinding, and cutting
operations. The higher risk in welding may be
attributed to exposure to welding electrodes
containing a significant percentage of Ni.

Non-carcinogenic risk assessment

The highest average of HQ was related to
xylene, benzene, and Ni. The highest HQ values
were observed in the painting, rotor assembly 3,
assembling 1, welding, grinding 2, grinding 3, and
stator assembling 3.

Semi-quantitative  risk assessment based on
Singapore method

The lowest risk level was associated with
ethylbenzene across all units studied. The benzene
risk was low in all units. The risk of toluene was
medium in units painting, rotor assembly 3, and
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assembling 1. The risk level of xylene was low in
all units except for the painting unit, where it was
medium. The risk level of metals was low across
all units studied. When comparing the two risk
assessment methods, the EPA method, which
incorporates RFC and IUR, proved to be more
detailed and conservative.

Effect of chemical compounds under study on
hematologic and biochemical parameters

The exposure to BTEX significantly affected
SGOT, SGPT and FBS, with notable differences
observed between the exposed and the control
group (P-value < 0.05). The effects were more
pronounced in the group exposed to metals,
where significant differences were noted in WBC,
creatinine, cholesterol, triglycerides, SGOT, SGPT,
and blood pressure over the past decade (P-value
<0.05).

4. CONCLUSIONS

Both the EPA and Singapore methods are
useful for evaluating occupational exposure
risks, but the EPA method is preferred for more
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cautious and precautionary results. To mitigate
these health risks, measures such as improving
ventilation, ensuring the use of protective
equipment, replacing harmful substances
with safer alternatives, and following safety
regulations can be implemented. These steps
help minimize exposure to BTEX compounds
and metals, reducing the likelihood of related
health problems.
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