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ABSTRACT

Post-shift urine samples from 21 males and 8 females were received over a period of four years (2010 to 2013 
inclusive) from one petroleum refinery in South Africa. Biomarkers of exposure to Benzene, Toluene and Xylene 
(BTX) were analyzed using gas chromatography-mass spectrometry (phenol and o-cresol) and high performance 
liquid chromatography (methylhippuric acid).

About 40% of workers were found to be randomly overexposed to toluene, with 17% exhibiting higher than the 
biological exposure index. No difference was observed in exposure with regard to age and gender (p>0.05), except 
in 2012 where females were more exposed to benzene than males (p=0.003). Friedman’s ANOVA showed that over 
the four years of monitoring, the workers were exposed to variable levels of BTX (p<0.05). Random individual 
overexposure to toluene and an anomaly for benzene were noted.
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INTRODUCTION

Fuel oil (also known as heavy oil, marine fuel or furnace oil) is a 
fraction obtained from petroleum distillation, either as a distillate 
or a residue [1]. Fuel oils are complex mixtures of aliphatic and 
aromatic hydrocarbons, particularly n-alkanes, branched alkanes, 
cycloalkanes, aromatics (benzene, alkylbenzenes, naphthalenes, 
and polycyclic aromatic hydrocarbons), olefins and asphaltenes [2]. 
In addition, they may contain small amounts of heteromolecules 
containing sulphur, oxygen, nitrogen, organometals, and other 
elements as additives. Creosote is also produced as a by-product of 
high-temperature distillation of tar (from petroleum); it contains 
hundreds of different hydrocarbons, including phenols, cresols, 
toluene, naphthols, and tar acids and bases [3]. Among these, 
phenol and phenolic compounds are among the most toxic [4,5]. 
Petroleum refineries and petrochemical plants are therefore major 
sources of volatile toxic hydrocarbons in the environment [6].

Petroleum refineries operate mostly outdoors, handling huge 
quantities of raw oil, its distillates and other oil-based products. 
Continuous operation involves transfer of streams between 
units, sampling and maintenance which are tasks all associated 
with attendant stray leaks leading to exposure of personnel to 
petrochemicals and associated hydrocarbons [7-9]. Dermal contact 
and inhalation are two major pathways of exposure for industrial 
workers where fuel oils are produced or used hence adequate 
Personal Protection Equipment (PPE), such as gloves, boots, 

coveralls, or other protective clothing are mandatory. Workers 
in this industry have been known to suffer from a wide range of 
disease conditions involving virtually all body organs and systems, 
including those of the lungs, endocrine, kidneys, liver, blood and 
central nervous system [10,11]. 

Guidelines for chemical monitoring strategies have established that 
monitoring is necessary if there is reason to believe that a hazard 
exists or may develop in the workplace such as is the case for the 
petroleum refinery in this study [12,13]. The aim of the study was 
to identify and quantify exposure to selected known mutagens and 
suspected carcinogenic agents, benzene, toluene and xylene, in a 
group of South African petroleum refinery workers, in order to 
provide exposure information for bio-monitoring.

METHODOLOGY

Ethics

The Human Research Ethics Committee of the University of the 
Witwatersrand approved this research protocol (Reference number 
M1909100). Following ethics clearance, permission was granted 
to access the required patients’ records from the National Health 
Laboratory Service (South Africa) data warehouse.

Background information and the study population

This was a retrospective, longitudinal study, in which demographics 
and background information were obtained from test request forms, 
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sent to the laboratory. Similarly, job categories of the petroleum 
refinery workers were defined based on information furnished 
on test request forms (Table 1). The study sample consisted of 29 
employees, comprising 21 men (30-65 years old) and 8 women (32-

The results of tests performed for samples received over a period 
of four years (2010 to 2013 inclusive) were retrieved from records 
of analyses performed by the laboratory (Table 2). The data/results 
were then recorded on a Microsoft Excel spreadsheet and analyzed 

57 years old). using descriptive, qualitative and quantitative statistics.

Table 1: Characteristics of the study population and job categories assigned based on information furnished to the laboratory on test requesting documents.

Occupation Main duties
Total (n)

Exposure category
Men Women

Fitter

•   Assemble, install and maintain pipe systems and supports, 
and related hydraulic and pneumatic equipment for oil, 

steam and hot water for industrial production and processing 
systems.

•   Remove blockages, water or other fluids from the ground 
or other areas in which they are unwanted.

•   Rectify any potential material failures that may be caused 
by cracks or leaks in the pipeline.

2 0 High

Mechanic

•   Repair, install, adjust or maintain industrial production 
and processing machinery or refinery and pipeline 

distribution systems. Test new machinery before use or 
installation.

•   Conduct regular inspections to identify faulty equipment 
(e.g. pumps, engines, turbines, etc.)

1 0 High

Boiler Operator
•   Maintain heating systems in the boiler, engines and 

mechanical rooms.
3 1 High

Process Controller
•   Engineer responsible for plant monitoring, sampling, 

start-up and shutdown, commissioning & decommissioning 
of equipment.

4 4 High

Senior Process Controller

•   Senior engineer responsible for creating or maintaining 
automation processes.

•   Controls plant performance, supervising, guiding and 
addressing priorities or performance related deviations.

1 0 High

Supervisor
•   Oversees the workflow, supervises the work of others 

while coaching, resolving issues and serving as a link between 
subordinates and upper management.

3 0 High

Artisan (Hand) •   Responsible for installing, repair and maintenance work. 1 0 Moderate

Welder
•   Operate welding equipment to fuse metals using various 
cutting, gouging and welding processes on pipelines, plants 

and facilities.
1 0 Moderate

Transport workshop •   Servicing and/or repairing of vehicles. 2 0 Moderate

Lab Technician

•   Prepares reagents for laboratory and refinery use. 
Maintains and repairs laboratory equipment as necessary.
•   Performs quality assurance testing on refinery stream 

samples and finished products, to ensure compliance with 
Federal, State and company regulations.

0 1 Moderate

Chemist

•   Petroleum characterization, developing and improving oil 
based products, including fuel and polymers.

•   Developing catalysts for use in refining and creating new 
polymers for fibers and resins.

0 1 Moderate

Transport Manager
•   Administrative work, managing execution, direction, 
and coordination of all transportation matters within the 

organization.
1 0 Low

Transport clerk
•   Office work; organize shipping, handling, storage and 

transportation of goods and provide logistic services.
1 0 Low

Branch Manager
•   Office work; responsible for all of the functions of a 
branch location; hiring employees, finances, marketing, 

public and customer relations.
1 0 Low

Laboratory cleaner
•   Cleans facilities and grounds using proper cleaning 

procedures, transport waste materials to designated collection 
points.

0 1 Low

Total  21 8  
Age ranges (years)  30-65 32-57  
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Table 2: The results of various urine tests (phenol, o-cresol and methylhippuric acid) requested by a petroleum refinery from Analytical Services laboratory 
at the National Institute for Occupational Health.

Employees Phenol (mg/g Creatinine) O-Cresol (mg/g Creatinine)
Methylhyppuric acid (mg/g 

Creatinine
S. No. Age Occupation 2010 2011 2012 2013 2010 2011 2012 2013 2010 2011 2012 2013

1 60 (M) Fitter n/a 15.35 4.42 <0.47 n/a 0.7 0.38 0.75 n/a <0.01 85.08 46.5

2 48 (M)
Process 

controller
3.78 8.37 2.07 5.8 0.09 0.1 0.38 0.15 <0.01 113 45.11 15.03

3 55 (M)
Process 

controller
4.48 12.18 7.7 9.48 0.24 0.05 0.22 0.61 130 156 246.9 10.09

4 60 (M) Fitter 7.02 6.19 3.59 2.18 0.17 0.18 0.36 1.13 5.8 <0.01 98.23 20.56

5 50 (M)
Transport 
workshop

<0.47 12.73 5.08 5.10 0.10 0.04 0.12 0.11 64.2 167 227.2 80.21

6 46 (M)
Artisan, 
Hand

1.5 11.09 2.58 5.40 0.12 0.13 0.07 0.80 12.1 <0.01 19.36 38.47

7 47 (M)
Senior 
process 

controller
n/a 2.35 3.88 5.11 0.09 <0.01 0.05 0.02 12.4 <0.01 127.7 28.57

8 51 (M)
Boiler 

operator
7.79 19.24 3.27 4.32 0.02 <0.01 0.23 0.19 <0.01 <0.01 179.1 147.64

9 41 (M)
Process 

controller
5.81 n/a 4.21 3.55 0.17 n/a 0.10 0.15 23.80 n/a 44.53 15.23

10 61 (M) Welder <0.47 <0.47 2.49 2.22 0.13 0.14 0.15 0.40 60.69 114 114.9 2.18

11 58 (M)
Transport 
workshop

<0.47 2.57 4.11 76.60 0.09 <0.01 0.15 0.30 86.2 106 109.2 180.1

12 36 (M)
Process 

controller
6.08 <0.47 3.79 1.16 0.19 <0.01 0.02 0.03 25.00 <0.01 91.05 31.66

13 41 (M)
Boiler 

operator
<0.47 1.48 3.12 3.07 0.11 <0.01 0.05 0.05 34.9 16.1 75.13 32.26

14 30
Process 

controller
n/a 0.93 3.07 4.39 n/a 0.02 0.28 0.34 n/a 64 81.82 36.06

15 53 Mechanic 0.51 10.32 2.34 2.07 0.04 0.11 0.05 0.01 38.3 <0.01 27.03 25.32

16 62 (M)
Supervoiser 

senior
0.51 <0.47 0.96 3.94 0.03 0.02 0.05 0.02 29.4 42.1 12.44 15.8

17 43 (M)
Transport 
manager

n/a 6.37 2.02 9.12 0.09 0.21 0.08 0.10 7.62 <0.01 69.83 18.66

18 65 (M)
Branch 

manager
<0.47 <0.47 2.37 12.53 0.03 3.00 0.09 0.03 139 <0.01 126.6 19.08

19 53 (M)
Supervoiser 

senior
9.60 11.25 2.9 16.79 0.06 0.12 0.19 0.10 42.1 87.2 99.10 13.59

20 50 (M)
Supervoiser 

senior
<0.47 2.51 5.67 3.46 0.10 0.06 n/a 0.45 56 18.3 141.6 4.93

21 43 (M)
Transport 

clerk
2.88 5.59 2.83 5.20 0.07 0.02 0.07 0.05 11.8 15.2 69.52 33.14

22 55 (F)
Lab 

technician
<0.47 8.74 5.07 2.32 0.04 0.14 n/a 0.08 36.6 74.4 18.89 47.72

23 57 (F) Cleaner lab n/a 0.62 6.24 3.13 0.11 0.45 0.23 1.03 <0.01 27 40.8 24.65

24 33 (F)
Process 

controller
12.58 3.29 1.5 8.4 0.33 <0.01 0.05 0.10 <0.01 <0.01 242 63.7

25 35 (F)
Process 

controller
12.83 5.84 6.87 4.31 0.15 0.02 0.08 0.03 46.7 100 66.96 53.67

26 35 (F)
Process 

controller
2.35 11.17 32.49 7.68 0.28 3.58 0.23 0.07 19.4 <0.01 83.20 12.75

27 37 (F)
Boiler 

operator
<0.47 15.5 7.53 23.5 <0.01 0.02 0.12 0.50 131 91.5 85.41 <0.01

28 32 (F)
Process 

controller
8.4 7.83 14.08 4.65 0.15 <0.01 0.11 0.20 <0.01 83.4 126.3 16.17

29 45 (F) Chemist 0.2 3.46 8.14 30.83 0.10 0.04 1.14 0.17 <0.01 171 66.57 <0.01
n/a: not available and not measured
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Method validation

The tests used for the analyses were validated using certified 
reference materials; Recipe™ Clinchek urine control, levels 1 and 
2 (xylene and toluene exposure) and BioRad™ Lyphochek urine 
metals control, levels 1 and 2 (benzene exposure) [14]. The following 
figures of merit, i.e., accuracy, precision, limit of detection, limit 
of quantitation and uncertainty of measurement were determined 
prior to sample analysis (results not shown).

Sample analysis

Post shift urine samples (20 ml) were received and stored at -20°C 
until analysis. The samples were then analyzed for phenol, ortho-
cresol and methylhippuric acid as biomarkers of exposure to 
benzene, toluene and xylene respectively. The results were corrected 
for urinary creatinine. Urinary BTX levels were determined using 
liquid-liquid extraction followed by gas chromatography (Agilent™ 
7890A system) coupled to mass spectrometry (Agilent™ 5975C) 
detection (GC-MS), and Agilent™ 1100/1200 Series High 
Performance Liquid Chromatography (HPLC) for separation and 
Agilent™ Diode Array for Detection (DAD) with specifics of each 
test described below:

Determination of phenol and o-cresol in urine: The conjugated 
(glucuronide/sulphate) forms of phenol and o-cresol were 
hydrolyzed by acidifying urine samples with 60% perchloric 
acid (Associated Chemical Enterprises, South Africa) and 32% 
hydrochloric acid (Merck, Germany), and heating at 100°C on a 
heating block. The liberated phenol and o-cresol were extracted 
with 98.9% diisopropyl ether (Sigma Aldrich, Germany) and 
analyzed by Agilent™ GC-MS with 2,4-dimethylphenol (98%, 
Sigma Aldrich, Germany) used as an internal standard.

Determination of methylhippuric acid in urine: Urine specimens 
were filtered through a syringe-driven 0.22 µm filter unit and 
passed through the Phenomenex Synergi™ 4u Fusion (RP 80, 
150 × 4.60 mm) HPLC column for separation of the analytes. 
The analyte, Methylhippuric Acid (MHA) was identified by HPLC 
using Agilent™ 1200 Series diode array detector.

Statistical analysis

Results were analyzed using STATISTICA™ v13.0 (TIBCO 
Statistica Ltd, Palo Alto, CA, USA), with the Shapiro-Wilk test 
used to determine the distribution of the obtained data (normality 
test). Friedman’s ANOVA was used to evaluate if the BTX exposure 
levels were constant throughout the four-year period, and the 
Wilcoxon test determined the difference in BTX exposure levels 
between the years. In addition, non-parametric tests (Kruskal-Wallis 
and Tukey post hoc test) were used to determine and evaluate the 
relation between different factors (age, occupation and gender) and 

BTX exposure [15,16].

RESULTS

Table 2 below indicates the results of urine analysis for each test 
request received by the laboratory. The possibility of exposure 
of the study population to fuel oils as hazards in the petroleum 
refinery was determined by the relevant urinary biomarker content.

Phenol in urine

Throughout the four-year monitoring period (2010 to 2013) none 
of the workers exceeded the safe phenol level of 50 mg/g creatinine, 
except for only one individual (Table 2). Measured urinary phenol 
ranged from 0.2 to 30 mg/g creatinine, with the exception of 
one worker in 2013 who had urinary phenol of 76.60 mg/g. This 
individual worked at the transport workshop, probably repairing 
and servicing vehicles as indicated in Table 1.

O-cresol in urine

Compared to non-exposed persons, majority of the workers (17 
workers, approx. 59%) were found to be randomly overexposed to 
toluene over the monitoring period, and of these, 17% (5 workers) 
had results above the Biological Exposure Index (BEI) of 1 mg/g 
creatinine. These individuals that were highly overexposed above 
BEI belonged to one of the following job categories; artisan, 
branch manager, cleaner, process controller, fitter and chemist. Of 
note is the fact that the branch manager and the cleaner whose 
jobs are both categorized as of low exposure were among the five 
individuals whose results were above the BEI (Table 3).

Methylhippuric acid in urine

In this group of refinery workers urinary MHA varied from as low as 
less than 0.01 mg/g creatinine to as high as 246.9 mg/g creatinine 
randomly throughout the four years of monitoring. Although the 
results were well below the BEI, most workers showed to have had 
some kind of exposure as they had results above 12 mg/g, which is 
the value set for unexposed persons (Table 3).

Data analysis

The workers were classified based on their age, gender (male/
female) and job exposure category as indicated in Table 1. The 
group classifications were as follows; ≤ 40 years, ≤ 50 years and 
>50 years for age; and low, moderate and high for job exposure 
category.

The data showed a non-parametric distribution, therefore non-
parametric tests were used to determine and evaluate the relation 
between different factors (age, occupation and gender) and BTX 
exposure and/or urinary BTX metabolites (Tables 4 and 5).

Table 3: Chemical exposure levels believed to be safe for workers.

Chemical Biomarker in urine Unexposed person
Biological Exposure Index (post 

shift)

Benzene phenol ≤ 20 mg/g creatinine 50 mg/g creatinine

Toluene o-cresol ≤ 0.3 mg/g creatinine 1 mg/g creatinine

Xylene methylhippuric acid ≤ 12 mg/g creatinine 1500 mg/g creatinine
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The Kruskal-Wallis test (ANOVA) showed that there was no 
significant difference with regard to BTX exposure among the 
different gender and age groups (p ≥ 0.05), except in 2012 where 
females were more exposed to benzene than males (p=0.005). The 
difference in exposure categories was observed for benzene in 2010 
and xylene exposure in 2011 (p<0.05). In addition, Friedman test 
showed that all the workers were generally exposed to variable and/
or different levels of BTX over the four years of monitoring. No 
significant difference was observed among the various groups with 
regard to urinary o-cresol content.

DISCUSSION

Benzene, Toluene and Xylene (BTX) are major volatile hydrocarbons 
emitted during petroleum refinery operations, and all three 
chemicals are at least suspected carcinogens and mutagens [10,17]. 
The major process streams in petroleum refining are associated 
with higher BTX content, and thus pose significant exposure risk 
to workers in these tasks [1]. Consequently, jobs and tasks were 
categorized in this study according to their associated highest 
potential contact with refinery product streams containing BTX. 
Based on job descriptions workers were divided into high, moderate, 
and low-exposure categories. However, on closer examination, 
during any of the four years of monitoring, some of the workers 

in both the low and moderate exposure categories had very high 
exposures for all the BTX chemicals, even exceeding levels of some 
individuals in the high exposure job group.

Workers of all age groups in the refinery are at risk of exposure 
to BTX (p<0.05), however exposure to xylene was significantly 
elevated in 2012 with an increase of between 70% and 129%. This 
increase was clearly due to an occupational incident (chemical spill, 
new raw material, type of crude oil/gasoline, etc.) since all workers’ 
exposure to xylene (as shown by an increase in its metabolite, 
methylhippuric acid, in urine) increased twofold from 2011 to 
2012. In 2013, there was a decrease in urinary methylhippuric acid 
across all job categories. 

The results also suggest that both men and women generally have 
the same exposure risk with regard to BTX in this petroleum 
refinery. However, an increase in exposure to xylene was observed 
in 2011 where women showed exposure difference of approximately 
60% higher than their male counterparts compared to all the other 
years where men were more exposed. The reason for this significant 
difference in xylene exposure could be from the fact that there were 
fewer women than men in the study. The results could thus be 
showing statistical bias and/or it could also be due to the fact that 
in most cases men and women have different lifestyle habits (e.g., 

Table 4: Comparison of urinary phenol levels among the petroleum refinery workers in the low, moderate and high benzene exposure job categories using 
the Tukey-Kramer post-hoc test.

Tukey-Kramer test 

Comparison Absolute difference Critical value Results* Conclusion

Low/Moderate 0.52 4.7442
The means are not 

significantly different.

Workers in these job 
categories have the same level 

of benzene exposure.

Low/ §High 3.2596 4.1682
The means are not 

significantly different

Workers in these job 
categories have the same level 

of benzene exposure

Moderate/ §High 3.7796 3.1419
The means are significantly 

different

The level of benzene 
exposure is not the same (one 

group is more exposed).

 § Workers in this category are more exposed
* when: [Abs difference]>[Crit value] then (The means are 

different)

Table 5: Results of the comparison of urinary methylhippuric acid levels among workers in the low, moderate and high xylene exposure job categories 
using the Tukey-Kramer post-hoc test.

Tukey-Kramer test

Comparison Absolute difference Critical range Results* Conclusion

Low/§Moderate 94.91 76.32
The means are significantly 

different

The level of xylene exposure 
is not the same (one group is 

more exposed).

Low/High 30.09 65.04
The means are not 

significantly different

Workers in these job 
categories have the same level 

of xylene exposure

§Moderate/High 64.82 55.37
The means are significantly 

different

The level of xylene exposure 
is not the same (one group is 

more exposed).

§Workers in this category are more exposed 
* when: [Abs difference]>[Crit value] then the means are 

different
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heavy smokers and drinkers, etc.) as confounders.

Although there was no significant difference between men and 
women with regard to toluene and xylene exposure, in 2012 a 
difference in exposure to benzene was observed between men 
and women. In the four years of bio-monitoring, women showed 
increased levels of exposure to benzene and toluene compared 
to men. The difference in benzene exposure between men and 
women in 2012 happened to be from an individual worker (process 
controller) whose benzene exposure levels increased rapidly (Table 
3) compared to all other workers. The increase could have been 
due to either non-occupational factors (e.g., contaminated food, 
newly painted/renovated house, etc.) or occupational factors like 
chemical spills, or improper use of personal protection equipment 
while on duty. This individual’s increased exposure led to general 
increase in average exposure to benzene for women while there was 
a decrease in average exposure for men (2011 to 2012), which then 
resulted in the significant difference in exposure compared to the 
other years.

However, generally there was no significant difference (p ≥ 0.05) in 
toluene exposure with regard to the different occupations assessed 
in the study, with all job categories in the refinery having the 
same risk of being exposed to toluene. Also, all the workers in the 
different occupations, within the different exposure categories in 
the refinery had the same risk of exposure to benzene (p ≥ 0.05), 
except in 2010 where high and moderate exposure job categories 
showed a difference in benzene exposure (p<0.05). This suggests 
that levels of benzene that workers in these two categories were 
exposed to were not the same; which could be either from an 
occupational setting or non-occupational factors.

For 2010, 2012 and 2013 all the workers from the different job 
roles in the refinery had the same risk of exposure to xylene, but in 
2011 there was a difference in exposure between the different job 
categories. The difference observed was from the workers in the 
moderate exposure category (Table 5) and this increased exposure 
is evident throughout all the four years of bio-monitoring, except 
only in 2012 where the high exposure job category workers were 
highly exposed (Table 3). The xylene levels of exposure in the plant 
seem to have been constant in the four years with an overall average 
decrease of 7%, while exposures to toluene and benzene have an 
average increase of 146% and 260%, respectively.

In all the four years of bio-monitoring in this petrochemical refinery, 
there has been an increase in benzene exposure, as observed from 
the analysis of its biomarker in urine, phenol, which is not the 
case for xylene (methylhippuric acid in urine) and toluene exposure 
(o-cresol in urine). This is probably due to its higher stability in the 
environment with a lifespan estimate of a couple weeks compared 
to 2 days for toluene and several hours for xylene [18-20]. The 
decrease in xylene exposure throughout the four years could have 
also been influenced by time of urine collection, which was not 
necessarily constant for all participants.

Worker exposure to BTX was monitored at the petroleum refinery 
in this study, probably due to legislation amid growing concerns over 
the years based on cancer incidence data gathered in epidemiological 
studies of petroleum refinery workers [21]. Based on the results for 
benzene exposure, measured as urinary phenol, it was generally 
assumed that there was no significant risk for this group of workers 
throughout the four years of continuous monitoring [22]. On the 
other hand, some workers were significantly exposed to high levels 
of toluene, measured as urinary o-cresol. The sporadic individual 

overexposure to benzene and toluene in this refinery could be 
attributed to single chemical incidents. Workers at highest risk 
of significant exposure to BTX were those workers at the helm of 
production streams and maintenance tasks.

CONCLUSION

While the long-term or repeated worker exposure to hydrocarbons 
is unavoidable in a petroleum refinery, the combined health 
effects that could result from long-term exposure to multiple 
toxic chemicals, especially in female workers must be noted and 
addressed. Bio-monitoring of these workers and proper assessment 
of the health risks and planning for adequate health protection to 
help minimize incidents and exposure are highly recommended. 
In addition, the highly toxic chemicals encountered in this work 
environment necessitate immediate improvement in engineering 
controls coupled with constant vigilance as part of an occupational 
health program aimed at providing scientific basis for decisions 
aimed at minimizing exposure and the protection of worker health. 
Some of the measures recommended to mitigate workplace exposure 
could include reducing working hours and encouraging workers to 
regularly and properly use PPE and adopt proper hygiene.
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