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Abstract.- Present study was designed to evaluate the effects of chemicals used in textile dyes on the health of
occupationally exposed workers. The various blood biochemical parameters of a total of 62 male textile workers (20-
45 years of age) involved in the dyeing processes for a period of six months to 20 years and 50 non-industrial workers
were compared to assess the health of industrial workers. The levels of acid phosphatase (AP), alkaline phosphatase
(ALP) and lactate dehydrogenase (LDH) were found to be low while those of aspartate aminotransferase (AST) and
albumin were higher in textile industry workers. The changes observed in the blood component did not correlate with
the age and job duration. A significant (p<0.05) depletion in ALP and elevation in ALT was recorded in most of the
age groups along with alterations in AP, LDH, AST and globulin. On the other hand significant decrease in AP, ALP,
LDH and increase in AST was observed in workers involved in the dying processes for 6-10 years. The present study
suggests that occupational exposure to textile dyes causes adverse effects on the health of industrial workers, though

these effects are not related to the age or duration of exposure.
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INTRODUCTION

Dyeing is one of the critical procedures in

textile industry in which the workers get exposed to
a number of hazardous chemicals including acids,
bases and caustics, bleaching agents, chromophores
and organic solvents like formaldehyde and
benzene (Wernli et al., 2006). These chemicals gain
entry into the system through inhalation or dermal
contact. Systemic effects may occur beyond the site
of contact if the dye is absorbed into the
bloodstream and distributed throughout the body
(Singhi et al., 2005).

Liver is the major organ involved in
detoxification process and is the first target of
chemical induced tissue injury. Shimizu et al.
(2002) reported liver dysfunction among workers
handling 5-nitro-o-toludine, a raw material for azo
dyes. Soyinka et al. (2007) documented hepatic
malfunctioning in workers occupationally exposed
to benzanthrone, an important dye intermediate used
in the manufacture of vat dyes.

A substantial amount of work is available
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regarding effects of textile dyes on lung function,
allergies and cancer (Mastrangelo et al., 2002;
Singhi et al, 2005; Wernli et al, 2006;
Astrakianakis et al., 2007; Kuzmickiene and
Stukonis, 2007), but limited information is available
about their influence on liver function (Soyinka et
al., 2007). Moreover, information about their effects
on protein fractions of serum like albumin, globulin,
gamma globulin (y-globulin) and A-gamma-
globulin (A-y globulin) have not been documented
so far. All the findings about effects of dyes are
based on reports from advanced countries where the
concentration of pollutants are kept at recommended
low levels (Osunsanya et al., 2001; Ustinaviciene et
al., 2004; Donbak et al., 2006; Wernli et al., 2006).
Despite the fact that textile industry is one of the
important manufacturing sectors and prominent
occupation of  Pakistani  population, least
information is available regarding the health of the
workers involved in different processes. Present
study was, therefore, designed to determine the
effects of dyes on the liver function tests and serum
protein fractions of occupationally exposed workers.

MATERIALS AND METHODS
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Sixty two subjects, occupationally exposed to
textile dyes in two factories at Sheikhupura Road,
Lahore were included in this study. They were sex
and age matched with fifty control subjects from
village Kot Pindidas, Sheikhupura who had no
previous exposure to textile dyes. All the subjects
gave their informed consent and a semi-structured
questionnaire was used to obtain information on
age, smoking habit, job duration /exposure time and
history of disease or allergy of the subjects.

Blood samples were collected into lithium
heparin specimen tubes. Plasma was separated from
cells by centrifugation at 3380 x g for 15 min.
Plasma was stored at -20°C until analyzed.
Estimation of acid phosphatase (AP) (Andersch and
Szayphinskhi, 1947), alkaline phasphatase (ALP)
(Haussament, 1977), lactate dehydrogenase (LDH)
(Weisshaar et al., 1975), aspartate and alanine
aminotransferase (AST and ALT) (Reitman and
Frankel., 1957), total serum protein (Henry et al.,
1974), and serum albumin (Doumes et al., 1971)
were performed using commercial kits from
RANDOX (RANDOX Laboratory Ltd., UK).
Gamma globulin  (y-globulin) was determined
following the procedure of Wolfson et al. (1948).
Serum globulin  level was determined by
substracting the serum albumin value from total
protein (Varley, 1975) while A-gamma globulin (A-
v-globulin) was calculated by substracting the serum
v-globulin  levels  from  globulin  levels.
Albumin/globulin (A/G) ratio was determined by
dividing albumin contents from globulin and taking
its percentage.

Statistical analysis

Comparison between exposed and unexposed
groups was carried out using Student's t-test in the
SPSS computer statistical package (Version 12,
SPSS Inc, Chicago). To investigate the influence of
age on the work related changes, the factory and non
factory workers were divided into 5 age groups (21-
25; 26-30; 31-35; 36-40 and 40-45 years). On the
other hand, the exposure time specific changes were
evaluated by dividing factory workers into five
groups on the basis of their job duration in the
dyeing process (> 1; 1-5; 6-10; 11-15 and 16-20
years). All parameters were expressed as mean *

standard error and the comparison was made with

respective control groups of non factory workers. P

values < 0.05 were considered significant.
RESULTS AND DISCUSSION

Various chemicals are used in dyeing process,
which have hazardous effects on workers involved
in this process (Wernli et al., 2006; Singh et al.,
2005). Donbak et al. (2006) have also reported the
genotoxic potential of dyes and their solvents on the
liver and serum. A correlation between adverse
changes in liver structure and biochemical
constituent has been shown in different mammals
exposed to various xenobiotics (Kazmi et al., 2003).

Table | shows the comparison of various
biochemical components of blood parameters of
industrial workers with unexposed control group. A
significant (p<0.05) decrease in AP, ALP and LDH
was recorded in textile industry workers, whereas
AST and albumin were found to be elevated.
However, other parameters remained unchanged.
Table Il shows age specific changes in liver function
tests of industrial workers, whereas Table Il shows
age specifics changes in various protein fractions of
industrial workers. A decrease in AP, ALP and LDH
and increase in AST, ALT and globulin was
recorded in some age groups of textile workers.
Table IV shows effect of duration of exposure to
textile dyes on enzymes and proteins levels. The

Table I.- Effect of textile dyes on various blood
components of textile industry workers.
Parameters® Control Exposed Reference
(n=50) (n=62) values

AP 23.29+0.69 21.07+0.61°  1-35 IU/L
ALP 43.48+1.74 37.25+1.09°  19-69 IU/L
LDH 195.71+9.90  166.83+3.15"  160-320 IU/L
AST 23.44+1.12 28.25+0.87°  upto 25 IU/L
ALT 25.62+1.02 27.89+1.40 upto29 IU/L
Protein 6.91+1.10 6.95+0.12 6-8.7 g/dI
Albumin 4.14+0.11 452+0.10°  3.8-4.4g/dl

. 1.13-2.17
Globulin 2.59+0.18 2.66+0.11 o/dl
y-globulin 1.21+0.06 1.35+0.09 0.9-1.5 g/dI
A-gamma 138:089  135:012 L4240
globulin
Albumin/— e70014 2024015 L2250/l
globulin ratio

#Abbreviations used: ALP, alkaline phosphatase; ALT, alanine
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aminotransferase; AP, acid phosphatase; AST,
aminotransferase; LDH, lactate dehydrogenase.

aspartate

“Mean+SEM; Student’s “t’ test, *p<0.05
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Table II. Age specific comparison of various enzyme levels of textile industry workers.
Age (years)  Groups (n)? AP (1U/L) ALP (1U/L) LDH (1U/L) AST (1U/L) ALT (1U/L)
21-25 Control (10)® 23.36+0.53 34.51+3.67 193.0+15.31 24.53+2.37 22.49+2.05
Exposed (19) 19.27+0.94" 41.37+1.68 168.59+8.80 32.22+4.04 33.22+2.09
26-30 Control (10) 22.83+1.40 44.87+3.67 218.51+19.09 26.39+1.82 24.94+2.44
Exposed (21) 20.19+1.14 34.93+1.70 167.06+3.77 26.39+1.35 25.83+0.87
31-35 Control (10) 20.39+2.78 48.14+2.49 204.22+23.03 28.23+2.97 22.27+2.67
Exposed (07) 25.97+0.88 39.97+1.88" 167.1345.87 25.97+2.17 23.60+1.11
36-40 Control (10) 24.96x0.93 49.16+2.10 184.61+18.97 25.83+2.69 26.07+2.87
Exposed (06) 20.11+1.46" 23.43+1.20" 161.0524.67 27.23+2.50" 26.99+1.32
40-45 Control (10) 25.77+0.62 43.15+2.10 152.39+36.47 22.27+1.22 19.93+2.28
Exposed (09) 23.32+1.61 39.87+2.83 165.59+6.12 26.94+1.18 27.97+1.49
1 = number of samples; “p < 0.05
Table I11.  Age specific comparison of various protein fractions of textile industry workers.
Age a . Albumin Globulin v-globulin A-y globulin A/G ratio”
(years)  Croups(m Protein (g/d) ™ g/ay (g/dl) (g/dl) (g/dl) (g/dll)
21-25 Control (10) 6.42+0.30 4.29+0.28 2.13+0.28 0.91+0.16 1.22+0.28 2.25+0.36
Exposed (19) 7.34%0.25 4.65%1.15 2.80£0.25 1.25+0.18 1.39+0.25 2.14+0.38
26-30 Control (10) 6.88+0.42 3.95+0.26 2.94+0.31 1.37+0.07 1.56+0.29 1.51+0.20
Exposed (21) 6.75+0.16 4.49+0.17 2.33+£0.18 1.35+0.17 1.20+0.19 2.24+0.22
31-35 Control (10) 6.99+0.52 3.95+0.13 1.84+0.26 1.15+0.15 0.69+0.22 2.29+0.29
Exposed (07) 6.51+0.17 4.58+0.37 3.04+0.28" 1.64+0.35 1.41+0.37 1.56+0.20
36-40 Control (10) 6.98+0.59 4.22+0.09 2.74+0.53 1.38+0.12 1.36+0.46 1.82+0.32
Exposed (06) 6.64+0.35 3.80+0.17 2.84+0.27 1.55+0.20 1.28+0.42 1.38+0.13
40-45 Control (10) 7.60£0.72 4.42+0.68 2.82+0.58 1.22+0.08 2.15+0.53 1.49+0.36
Exposed (09) 7.14+0.33 4.66x1.07 3.37x0.27 1.24+0.21 1.84+0.23 1.91+0.35

1 = number of samples; "Albumin to globulin ratio; “p< 0.05

textile industry workers with up to 10 years of
exposure were found to be most affected in which
significant variations were recorded in AP, ALP,
LDH and AST. ALP was significantly reduced and
AST significantly increased in industrial workers
exposed during 20 years of job. The albumin level
was however increased in all groups (Table 1V).

The AP, ALP and LDH were noted to be
highly sensitive parameters in relation to exposure
to dyes in textile workers. In present study,
depletion in the levels of these parameters was
observed which the depletion of ALP due to toxicity

of xenobiotics has also been reported recently. Their
depleted levels may either be due to impairment in
their synthesis or its retention in the cells (Soyinka
et al., 2007). In contrast to the findings of Soyinka
et al. (2007), an increase in albumin and globulin
levels was observed at various instances in this
study. These observations point towards work, age
and exposure time related shift in hepatocyte
functioning. The activity of LDH is a good indicator
of anaerobic capacity of the tissues and is inducible
by oxygen stress. The decreased level of LDH
observed in present study is in accordance with
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Wade et al. (2002) who reported similar findings in methoxychlor, hexachlorobenzene, and other
male rats following exposure to low levels of other
environmental contaminants (dieldrin, endosulfan,
Table IV.-  Experience specific comparison of various serological parameters of textile industry workers.
Job duration of exposed groups (Years)®
Parameters Control >1 year 1-5 years 6-10 years 11-15 years 16-20 years
(n =50)* (n=15) (n =15) (n=12) (n =10) (n =10)

AP (IU/L) 23.24+0.69 21.80+2.11 20.34+1.02" 19.94+1.30" 23.87+1.03 22.19+1.48
ALP (1U/L) 43.48+1.74 42.50+4.70 40.41%1.53 33.25+2.06" 37.45+2.32 35.22+3.14"
LDH (1U/L) 195.71+9.91 142.15+9.77 177.04+6.68 161.00+4.41" 162.14+7.56 168.47+3.26
AST (1U/L) 25.62+1.02 22.00+1.55 30.18+2.98" 27.00+2.83" 26.88+1.04 27.42+2.27"
ALT (IU/L) 23.44+1.12 25.28+1.41 30.20+1.85 27.38+1.56 24.98+1.14 29.30+1.49
Protein (g/dl) 6.90+0.21 6.77+0.20 7.16+0.24 6.78+0.18 6.72+0.28 7.0620.30
Albumin (g/dl) 4.14+0.11 4.86+0.40" 4.77+0.15 4.21%+0.15 4.56+0.38 4.48+0.23
Globulin (g/dl) 2.59+0.18 2.47+0.21 2.62+0.23 2.67+0.23 2.66x0.28 2.84+0.21
y-globulin (g/dl) 1.21+0.01 1.52+0.40 1.34+0.16 1.24+0.17 1.55+0.45 1.35+0.13
A-y globulin (g/dl) 1.38+0.16 0.95+0.32 1.09+0.23 1.39+0.24 1.81+0.32 1.59+0.21
AJG ratio® (g/dl) 1.86+0.14 2.030.27 2.31+0.34 1.86+0.25 1.99+0.38 1.72+0.20

1 = number of samples; "Albumin to globulin ratio; " p< 0.05

chlorinated benzenes etc.).

The analysis of data with different prospects
indicated an increase in the levels of AST and ALT
in industry workers. The higher levels of AST and
ALT have already been associated with liver
toxicity by various authors (Kazmi et al., 2003;
Soyinka et al., 2007). The significant elevation can
be attributed to the impairment in their synthesis
under the influence of xenobiotics (Kazmi et al.,
2003). Another possibility might be the disturbance
of membrane integrity by dying chemicals with a
concomitant increase in lipid peroxidative damage
leading to leakage of the amino transferases located
within the cells (Soyinka et al., 2007), however, the
significant depletion observed in other enzyme
parameters (AP, ALP, LDH) do not support this
scenario.

Albumin level showed an overall increase in
workers involved in dying process. A similar shift in
the albumin has been reported in rats by Wade et al.
(2002) in response to exposure to persistent
contaminants like aromatic hydrocarbons. The
author related it with hypertrophic changes in liver.
Serum protein fractions seemed to be insensitive
parameters in relation to dyeing chemicals. This
observed trend may also be explained by the large
functional capacity of the liver. The significant
decreases in plasma proteins may not become

apparent except in severe or long standing hepatic
disease. The relatively long half-life of these
proteins is also a factor (Keith et al., 1999). Also,
symptoms are not apparent until concentrations are
quite low. It has also been observed that in some
conditions of liver diseases e.g., cirrhosis, and
chronic hepatitis, liver function test can remain
normal. Chronic liver disease has been reported as
one of the various disorders of occupational
exposure. In such case there is no clinical evidence
until after years of exposure. The effect of
occupational exposure on the synthetic function of
the liver can therefore said to be at the sub-clinical
level (Soyinka et al., 2007). It has been said that one
of the limitations of these tests is that normal results
of these variables are over valued as ruling out the
possibility of present and future health effects
related to exposure (Kale et al., 2001).

It is interesting to note that significant
differences were observed for various parameters
between exposed and their respective controls,
however the values were in the normal reference
range, indicating that the industry workers have
their enzyme values at the border line, a form of sub
clinical hepatocellular damage. These findings
suggest that there is the possibility of liver
involvement among even asymptomatic textile
workers, and that periodic liver screening may be
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useful; furthermore, use of these tests (especially the
ratio of ALT, AST, LDH) for workers who are
exposed to dyeing chemicals, is advisable even
when environmental monitoring indicates levels
below the threshold limit values.
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