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Introduction
Organic solvents and their vapors are a common 
part of our environment. Th ey are used in industry 
for a variety of purposes. Organic solvents are used 
widely by furniture manufacturers in coatings sprayed 
onto wood, for thinning coatings, and for cleaning 
spraying equipment. Such solvents are volatile organic 
compounds (VOCs) emitted during their use, and 
they have the potential to damage both health and 
the environment [1]. Th erefore, occupationally, 
organic solvents with strong toxicity are replaced with 
weaker ones. So far, studies on low-dose exposure to 
organic solvents are confl icting and diffi  cult because 
the symptoms are slow to develop when exposure to 
organic solvents is in low concentrations [2].

Occupational exposure to solvents may lead to various 
injury and illness through inhalation of the toxic 
vapors and/or absorption of irritants through the 

skin. Th e magnitude of hazards worsens in a confi ned 
area. Organic solvents are very toxic to the nervous 
system, liver, kidney, heart, and male reproductive 
hormones [3–8]. In general, the toxicity of solvents is 
related to their lipophilicity [9]. Exposure to signifi cant 
concentrations can result in liver dysfunction, cell 
injury, and even organ failure [10].

In recent years, many investigators have concluded that 
occupational exposure to solvents may cause insidious 
damage to the liver; even exposure to a weaker solvent 
(hydrocarbons), but in large quantities, can cause acute 
liver necrosis, fatty liver, and hepatorenal syndrome. It 
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was also reported that hepatorenal syndrome can be 
caused by habitual glue sniffi  ng in toluene abuse [2].

Th e hepatotoxic eff ects of some of the solvents were 
recognized as early as 1887. Previous studies on the 
impact of organic solvents on liver function have mostly 
dealt with high doses, such as acute liver disease caused 
by dimethylformamide [11,12] and acute hepatitis 
caused by trichloroethylene [13]. So far, studies on 
low-dose exposure to organic solvents have shown 
no relationship with liver toxicity [14]. Th e clinical 
assessment of hepatotoxicity and industrial solvents 
must take into account synergism with medications as 
drugs of use and abuse such as ibuprofen and penicillin, 
alcohol, age, and nutrition [15].

For this reason, Brautbar and Williams [15] 
emphasized that cofactors play a critical role in 
toxicity from organic solvents. However, studies on 
the usefulness of traditional liver function tests in the 
detection of liver injury caused by a mixture of organic 
solvents are confl icting [16]. It is conceivable that the 
general picture of the eff ects will vary depending on 
the composition of the solvent mixture and the extent 
of exposure.

Clinical presentation of occupational liver disease may 
be acute/subacute or chronic, but is often insidious. 
Liver disease initially appears in the form of fatty liver. 
As it progresses, it deteriorates into hepatitis, liver 
cirrhosis, and liver cancer. Solvents may damage liver 
cells and liver transaminases may be used to monitor 
liver damage. Liver disease cannot be confi rmed with a 
blood chemistry test, but clinically, alanine transaminase 
(ALT) is most commonly used as a biomarker of liver 
damage. In the liver function tests, ALT, aspartate 
transaminase (AST), and γ-glutamyltransferase 
(GGT) can be elevated by other organ damage than 
the liver [17]. Th us, to increase the sensitivity, diff erent 
biochemical parameters of liver function should be 
measured [18], such as alkaline phosphatase (ALP), 
albumin, and lactate dehydrogenase (LDH).

Th e aim of the present study was to determine the 
potential impact of occupational exposure to mixtures 
of organic solvents on liver function tests.

Participants and methods
Th is study included 63 painting workers out of 1000 
male workers in a furniture-manufacturing plant. 
Th ey had worked in the painting and fi nishing 
processes for more than 2 consecutive years and 
were designated as the exposed group and therefore 
exposed directly or indirectly to a mixture of toluene, 

styrene, and benzene at the work place. Th e exposed 
group was divided into three subgroups according 
to the duration of employment. Twenty-seven 
nonexposed male workers, who had worked outside 
the manufacturing building, were matched with the 
exposed workers for age, socioeconomic status, special 
habits, and duration of work, and were designated as 
the control group. An interview questionnaire was 
administered that was especially designed to cover 
present and past occupational histories as well as 
questions on manifestations suggestive of chronic 
solvents intoxications for both exposed and control 
groups.

Indoor air sampling
Six samples were collected in the diff erent production 
units according to a standard method developed by 
the National Institute of Occupational Safety and 
Health using activated charcoal tubes [ORBO-32’ 
Supelco, Bellefonte, PA USA 16823-0048, activated 
coconut charcoal (20/40)], at a fl ow rate of 200 ml/
min, using an air sampling pump with electronic fl ow 
control (A.P. Buck Inc., Orlando, Florida, USA). Th e 
fl ow of the pump was calibrated using a Mini-Buck 
Optical Calibrator (A.P. Buck Inc.). After 4 h, the 
sampling was stopped by placing caps on both ends 
of the tubes. Th e tubes were covered in aluminum foil 
and stored at 4°C until analysis [19]. Th e laboratory 
analysis was carried out using gas chromatography 
(model 7890; Agilent Technology, Wilmington, DE 
19808-1610 USA). Th e system was equipped with a 
fl ame ionization detector.

Blood sampling and biochemical methods
Five milliliters of blood was collected into a clean 
tube from each participant at 12:00–2:00 p.m. before 
the lunch break on the last day of the working week. 
Blood samples were left to clot for 20 min at 37°C and 
then centrifuged at 3000 rpm for 15 min. Th e sera were 
separated and stored at −20°C until measurement. 
ALT, AST, GGT, ALP, and LDH activities were 
measured using the Kinetic Kit (Randox Laboratories, 
55 Diamond Road, Crumlin, County Antrim, BT29 
4QY, United Kingdom) according to the methods of 
Glinghammar et al. [20], Goldman and Ausiello [21], 
Teitz [22], Englehardt et al. [23], and Weisshaar et al. 
[24], respectively.

Statistical analysis
Th e statistical package for the social sciences (SPSS, 
version 16.0; SPSS Inc., Chicago, Illinois, USA) 
program was used for analysis. Results are reported 
as mean ± SD. One-way ANOVA was performed 
for analysis of more than two variables, followed by a 
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post-hoc test for detection of signifi cance. A simple 
linear correlation (Pearson’s correlation) was used for 
quantitative data. Qualitative data were presented 
as frequencies (n) and percentages. Comparisons of 
quantitative data were performed using Student’s 
t-test for data with a normal distribution. Th e level of 
signifi cance was at less than 0.05.

Results
Identifi cation of volatile organic compounds in the air 
at the work place
Analysis of VOCs in the air of the work place that 
were collected using activated charcoal tubes Table 1 
confi rmed that the workers were exposed to xylene, 
toluene, styrene, bromobenzene, and benzene; by 
contrast, trimethylbenzene, 1,2,3-trichlorobenzene, 
isopropyl, and 1,2,4-trichlorobenzene were found in 
traces. Th e concentrations of all VOCs detected were 
below the permissible exposure limit.

Th e demographic and other data of the exposed and 
controls are shown in Table 2. Th e mean age of the 
participants in the exposure and control groups was 
39.2 ± 9.9 and 41.3 ± 15.1 years, respectively. Th e 
mean diff erence in age between the two groups was 
nonsignifi cant. Th e average years of employment 
were 13.74 ± 8.01 years. No statistically signifi cant 
diff erence was found between exposed and control 
participants in terms of smoking habits (P = 0.8). 
When the protective measures were investigated, 
only 5% of the exposed workers were always using 
protective masks or gloves at work and the rest of them 
(95%) were rarely using or not using masks or gloves 
at all during work. Almost all participants reported 
that they had some type of medical complaints. Th e 
most frequently mentioned problems were with the 
eyes, skin mucous membrane irritations (56.6%), 
and musculoskeletal disorders, especially joint pain 
(53.3%).

Evaluation of liver functions
Liver function tests of the exposed workers and 
controls are shown in Table 3; these were statistically 
signifi cantly increased in the means of ALT, AST, GGT, 
ALP, and LDH activities in occupationally exposed 
workers compared with the controls (P < 0.0001, 
<0.001, <0.0006, <0.002, and <0.0001, respectively). 
No statistically signifi cant diff erences were found 
between subgroup G2 and controls in serum AST, 
ALP, and GGT. Th ere was a statistically signifi cant 
increase in the means of AST and ALP activities in 
exposed workers with a duration of employment longer 
10 years (G3 and G4) compared with controls.

Table 3 shows the correlation between duration 
of employment and liver function tests in exposed 
workers. Serum ALT, ALP, and LDH showed a 
signifi cant positive correlation with the duration 
of employment (P < 0.024, <0.0001, and <0.029, 
respectively), whereas the correlation of serum AST 
and GGT with the duration of employment was 
not signifi cant (P < 0.214 and <0.055, respectively) 
(Table 4).

Discussion
Exposure to mixtures of organic solvent is more 
commonly found rather than exposure to a single 
one. Th e additive eff ect of a mixture of organic 
solvents causes increased hepatotoxicity, even if 
the concentration of the solvents is below the 
environmentally permissible concentrations [25]. 
As shown in this study, workers engaged in painting 
and varnishing sectors in the furniture enterprise 
are exposed to a mixture of volatile organic solvents, 
which were, according to air analysis of the work place, 
below the threshold value of exposure permissible 
limits. Notably, it was unveiled that furniture workers 
in those sectors had 6.95 and 1.64 times of toluene 
and benzene, respectively, higher than those of the 

Table 1 Concentration of different volatile organic compounds (mg/m3) in the air at the work place

VOCs Mean concentration OSHA PEL TWA NIOSH REL TWA MAC ACGIH 2004 TLV TWA

Toluene 151 760 375 192 192

Xylene 174 435 435 334 345

Benzene 1.4 3.19 3.19 1.6 3.2

n-Butyl benzene 10.28 NA NA 70.5 NA

Styrene 126.5 420 215 126.5 85

Trimethylbenzene 1.4 NA 125 NA NA

1,2,3-Trichlorobenzene 0.1 NA NA 0.1 NA

Isopropyl 1.71 980 980 983 400

Bromobenzene 49.14 NA NA NA NA

1,2,4-Trichlorobenzene 0.09 NA NA NA NA

Source: ICSC (http://www.cdc.gov); ACGIH, American Conference of Industrial Hygienists; MAC, maximum allowable concentrations 
according to Egyptian Environmental Law 4; NIOSH, National Institute of Occupational Safety and Health; OSHA, Occupational Safety and 
Health Administration of the US; PEL, permissible exposure limits by US laws; REL, recommended exposure limits; TLV, threshold limit 
value; TWA, time-weighted average for 8 h shift; VOC, volatile organic compound.
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non-exposed group, and workers who worked for 
more than 8 h/day had higher blood toluene and 
benzene levels [26].

In our study, the biochemical measurements were 
selected to assess hepatic injury associated with 
necrosis including the serum hepatic transaminases 
ALT and AST and hepatic cholestasis including ALP 
and GGT [27,28].

ALT is an enzyme involved in the transfer of 
an amino group from alanine and present in the 
cytoplasm. ALT is found in various tissues, but is 
most commonly associated with the liver. Th erefore, 
ALT is a good biomarker of hepatocellular injury 
[29]. AST is an enzyme involved in the transfer 
of an amino group from aspartate. More than 80% 
of AST is present in the mitochondria and the 
remaining 20% of AST is present in the cytoplasm. 
Th us, cytosolic AST immediately appears in the 
blood from an injured cell, but mitochondrial 
AST remains in the core regions of an injured cell. 
Th us, mitochondrial AST in the blood refl ects the 
more severe cell damage or necrosis [30]. In case 
of alcoholic hepatitis, mainly the mitochondria are 
damaged. Th us, AST increases more than ALT [30], 
which is not obvious in our study. It is generally 
accepted that increased cytosolic enzyme in the 
blood occurs secondary to cell membrane damage 
or cell necrosis [31]. Th erefore, increased AST and 
ALT are biomarkers of hepatic injury rather than 
hepatic dysfunction [29].

Th e present study showed that the mean ALT and 
AST serum activities were signifi cantly elevated 
in exposed participants compared with controls. 
Similarly, many studies have shown increased levels of 
liver transaminases in workers exposed to a mixture of 
aromatic solvents [32–36]. Emara et al. [37] proved that 
there was deterioration in hepatic functions among 
74 spray painters exposed to more than 20  diff erent 
solvents, especially transaminases. Metwally and 
El-Shabrawy [36] found that the mean levels of 
ALT and AST were signifi cantly higher among the 
car-spraying painting workers compared with controls. 
Similar results were reported by Hussein et  al. [33] 
among shoemakers. Iavicoli et al. [38] found higher 
hepatic transaminases in workers exposed to low 
doses of isopropanol. Also, Caciari et al. [32] found 
the same changes in transaminases among a large 
group of workers exposed to organic solvents. Our 
results were not in agreement with those of Ukai 
et al. [14] and Amr et al. [39], who reported that the 
liver function tests in their studies did not show any 
exposure-related abnormality, and Fernández-D’Pool 
and Oroño-Osorio [25] attributed the changes, if 
present, to obesity and alcohol consumption, and not to 
the occupational factors of the plant that they studied.

Kaukiainen et al. [34] reported a positive correlation 
between serum ALT and AST and cumulative solvent 
exposure for 5 years in a study of 29 solvent-exposed 
workers and 19 controls; also, Brodkin et al. [40] reported 
evidence for diminished hepatic clearance in workers 
exposed to styrene in addition to a signifi cant linear 
association between the hepatic transaminases ALT 
and AST and exposure to styrene, which is consistent 
with mild hepatic injury. In addition, Mohammadi et 

al. [41] found a signifi cant relationship between ALP 
level and exposure to a mixture of organic solvents. In 
our study, we found the same positive correlation for 
ALT, ALP, and LDH and the duration of employment. 
Our result confi rmed that ALT is a good biomarker 
of hepatocellular injury and a sensitive biomarker for 
exposure to solvents in the study groups as it showed 
a signifi cant gradual increase in all the exposed groups 
(G2, G3, and G4), whereas the AST showed an increase 
only in the groups of workers with more than 10 years 
of exposure (G3 and G4) than the control group.

Table 3 Liver function tests of controls and workers exposed to organic solvents

Liver function tests Controls (G1) (n = 27) G2 (n = 24) G3 (n = 22) G4 (n = 17) Total (n = 63)

ALT (U/l) 22.74 ± 5.61 29.37 ± 8.05* 30.59 ± 8.25* 34.70 ± 5.417* 31.23 ± 7.71*

AST (U/l) 21.40 ± 3.93 25.29 ± 8.90 26.72 ± 7.27* 28.41 ± 5.85* 26.74 ± 7.57*

GGT (U/l) 15.70 ± 3.07 16.75 ± 4.52 20.09 ± 4.98* ‘19.05 ± 4.60 18.53 ± 4.86*

ALP (U/l) 168.52 ± 5.83 164.92 ± 29.74 213.82 ± 35.62* 224.5 ± 32.85* 198.08 ± 5.65*

LDH (U/l) 240.44 ± 21.93 311.75 ± 62.2* 332.06 ± 63.53* 351.06 ± 68.37* 329.46 ± 65.22*

All data expressed as mean ± SD; ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate transaminase; 
GGT, γ-glutamyltransferase; LDH, lactate dehydrogenase; *P < 0.05, signifi cant difference compared with the control group.

Table 2 Demographic characteristics of healthy participants 
and workers exposed to solvents under investigation

Parameters Control 
(N = 27)

Exposed 
(N = 63)

P-value

Age (mean ± SD) (years) 41.3 ± 15.1 39.2 ± 9.9 0.458

Duration of employment 
(mean ± SD) (years)

— 13.71 ± 8.01 —

Nonsmoker [n (%)] 20 (74.1) 45 (71.4) 0.8

Smoker [n (%)] 7 (25.9) 18 (28.6)

Using personal protective 
equipment [n (%)]

No — 42 (66.66) —

Yes — 21 (33.33) —

Always — 3 (14.29) —

Rarely — 18 (85.71) —



86 Journal of the Arab Society for Medical Research

GGT is a membrane-bound enzyme found in the 
kidneys and liver. Renal GGT is excreted into the 
urine, not the blood. Meanwhile, hepatic GGT has 
direct access to the blood. Hence, most of the serum 
GGT activity in the blood is from the liver. GGT is 
released into blood by cellular injury, cholestasis, or 
overproduction, which is induced by medication [38]. 
Elevated GGT alone may be found in chronic 
alcoholics. Th is fi nding is not obvious in our study. 
Lee et al. [42] suggested that GGT can be used not 
only as a liver function index and biomarker of alcohol 
intake and of oxidative stress. In the present study, tests 
of hepatic cholestasis used (GGT and ALP) showed 
signifi cant diff erences between the two groups studied 
(the exposed and the control), which is consistent 
with several studies on workers exposed to organic 
solvents, which have shown increased levels of liver 
transaminases and GGT, which indicated that hepatic 
cholestasis and necrosis were two common exposure 
eff ects [33,43,44]. Meanwhile, the two cross-sectional 
studies of Brodkin et al. [40] in workers exposed to 
lower levels of styrene have shown increased levels of 
direct bilirubin and ALP compared with the control 
groups, but no increase in transaminases, which meant 
mild hepatic disorder without signifi cant hepatic 
parenchymal necrosis [40]. Chen et al.’s [45] study 
observed an increased activity of GGT only and its 
activity was related to the intensity of exposure to a 
mixture of organic solvents as xylene and toluene were 
the most common contaminants in the air samples 
of their study [45]. Th e results of Mohammadi 
et al.’s  [41] study were consistent with ours in terms 
of the signifi cance of the ALP diff erence between the 
exposed and the control group.

Dere and Ari [46] reported that benzene inhalation 
in rats caused a signifi cant increase in LDH, ALP, 
ALT, and AST activities in the serum of exposed 
rats compared with the control groups, which is in 
accordance with our results; the increasing in LDH 
activities in the exposed group may have been because 
of the hepatocellular necrosis leading to leakage of 
the enzyme into the blood stream. In general, the 

discrepancy between various studies could be because of 
the diff erence in the sample size, study method, type of 
the solvent studied, exposure intensity, and liver tests 
studied.

In conclusion, the relationship between the 
occupational exposure to organic solvents and 
hepatic injury was propounded, even if the exposure 
was below permissible exposure limit. Serum ALT 
increased gradually and correlated with the duration 
of employment, which indicated that serum ALT is a 
good biomarker of hepatocellular injury and a sensitive 
biomarker for exposure to solvents.
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