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Abstract 

The use of organic solvents indoors as well as outdoors causes severe toxic effects on both the 
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occupants and non-occupants. In the present study, effects of shoe polish, organic solvents, and 

adhesives on the health status of shoe makers in upper district Swat, Khyber Pakhtunkhwa, 

Pakistan were evaluated. Histories and blood samples were taken from both the exposed and 

non-exposed people. Blood biochemical parameters and hematological analysis was performed 

using UV Double Beam Spectrophotometer and Fully Automated Hematology Analyzer 

SYSMIX (Japan). There was significant increase in blood triglyceride, cholesterol, low density 

lipoprotein, high density lipoprotein, serum glutamate pyruvate transaminase, alkaline 

phosphatase, creatinine, and uric acid level of workers. No effect on blood glucose level was 

observed in workers as compared to non-exposed control. In shoe making workers, the results 

for hemoglobin level, total red blood cells count, hematocrit value, mean corpuscular volume, 

mean cell hemoglobin level, mean cell hemoglobin concentration were normal. There was 

significant increase in total leukocyte count, lymphocytosis, Eosinophilia and monocyte count 

in shoe making workers as compared to control. A significant decrease was observed in 

platelets and neutrophil count of workers when compared to the control group. The results 

showed an alteration in biochemical parameters and up to some extent in hematological 

parameters in exposed workers as compared to control. The study suggests that these people 

are at a higher risk to various health hazards as compared to those who are not exposed to such 

environment. Concentration of these compounds must be measured so that proper protective 

measures may be adopted by the workers. Also same study involving a large population size is 

also recommended to identify other health problems related to exposure to these chemicals. 

Keywords: Biochemical parameters, Complete Blood Profile, Shoe making workers, Organic 

solvents 

1. Introduction 

Shoe polish manufacture is one of the oldest occupations. Various risk factors which include 

noise, dust and hazardous substances due to exposure to different organic and inorganic 

chemical (Elci et al 2007) contribute to health problems in cobblers. Leather dust, petroleum 

products, metals and solvents are the main risk factors to shoe makers (Isci Sagligi Dernegi 

1992). As per other research studies, chemical exposure, noise and stress lead to cancer, 

musculoskeletal injuries and neuropsychiatric disorders (Jockel et al 2000, Fu et al 1996 and 

Armstrong 1995). People working in this kind of environment near busy roadways are at risk to 

elevated levels of air pollutants from external sources like vehicle exhausts and also from shoe 

dust, organic solvents, adhesives and shoe polish during working hours (Bae et al 2004). Many 

toxic chemicals, together with organic solvents to which humans are occupationally or 

non-occupationally exposed, having its physicochemical characteristics with different 

absorption routes and target organs. These have been confirmed to have toxicity in many 

organs (Xiao and Levin 2000) including the liver (Warnes et al 1999), hematopoietic organs 

(Natelson 2007), nervous system (White and Proctor 1997), immune endocrinological system 

(Wichmann et al 2005), kidney, cardiovascular system, skin, mucosa, and reproductive organs, 

and body homeostasis maintenance function (Merker et al 2006). The short term problems 

which can occur in shoe workers are irritation of the eyes, nose and throat, headache, dizziness, 

and confusion (Ukai et al 1993, Ukai et al 1994). The long term effects are neurological and 

psychological disorders (Elci et al 2007). The neurological disorders in shoe makers are due to 
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destruction of neurotransmitters, enzymes, essential and trace elements inside the body (Alkan 

et al 2004). The earlier reports show that people who work on such sites where benzene 

concentration is high have physical discomfort, energy metabolism dysfunction and also 

changes in their blood glucose level (Dere et al 2003). Liver, kidney, lungs, heart and brain are 

also target sites of benzene which can also cause chromosomal damage and break DNA strands 

(Rana and Verma 2005). Toluene leads to nervous system disorders, renal and hepatic damage 

(Hadded and Winchester 1990, James and Martindale 1996). Xylene, toluene and n-hexane 

have neurotoxic, myotoxic and hepatotoxic effects (Akisu et al 1996). Exposure to chemicals 

might also lead to liver injury (Soyinka et al 2007). Analysis of liver enzymes shows 

hepatotoxicity. Alanine amino transferase (ALT) and asparitine amino transferase (AST) are 

most frequently measured enzymes which reflect hepatotoxicity (Douidar et al 1992). The 

kidney is also susceptible to a wide range of nephrotoxins which differ in their nephrotoxic 

effects from mild renal dysfunction to severe damage and end stage renal failure (Price 2000). 

Several studies have been carried out on those workers exposed to solvents but only a few 

studies have analyzed that toluene exposure leads to renal dysfunction (Stengel et al 1998). In 

the present study we studied the effect of chemicals used in mini shoe making industries on 

different blood components and hematological parameters of shoe making workers. 

2. Materials and Methods 

2.1 Sampling Area 

History was taken and blood samples were collected from different shoe making workers and 

also from people living all around the area at Behrain, Madyan and Fatehpur at district Swat, 

Khyber Pakhtunkhwa, Pakistan during December 2011 till March 2012. The study was 

approved by the ethical board of University of Malakand, Chakdara, Dir (Lower), Khyber 

Pakhtunkhwa, Pakistan.  

2.2 Collection of Blood Samples from Workers and Control 

Before taking history and collecting blood samples, the purpose of study was explained to all 

the participants and written informed consent were obtained. Histories were taken on printed 

forms. A 5ml blood was collected from the brachial vein of 30 shoe making workers and 20 

control people. Blood pressure and body temperature were recorded. 3ml blood was transferred 

to test tube containing heparin for complete blood profile. 2ml blood was transferred to falcon 

tube having no anticoagulant for the isolation of serum and the samples were then transferred to 

(-20 °C) a refrigerator for storage. 

2.3 Serum Isolation 

Test tubes were kept in a slanting position and transferred to other sterilized test tubes after the 

oozing out of serum. Serum was used for analysis of different blood chemicals. Shimadzu 

UV-Visible double beam spectrophotometer 1700 Pharma (Japan) and SYSMEX (Hematology 

Analyzer) KX-21(Japan) was used. 

2.4 Samples Analysis for Different Biochemical Parameters 

The biochemical parameters that were analyzed for both the workers and control group were 



Journal of Biology and Life Science 

ISSN 2157-6076 

2013, Vol. 4, No. 2 

www.macrothink.org/jbls 119 

glucose level, cholesterol level, triglycerides level, SGPT level, Alkaline phosphatase, creatinine, 

uric acid, LDL- Cholesterol and HDL- Cholesterol.  

The glucose level was determined in the presence of glucose oxidase, formed when hydrogen 

peroxide reacts with phenol and 1-aminophenazone to give red violet colour as indicator 

(Barham et al., 1972 and Teuscher et al., 1971). The cholesterol was measured by using the 

procedure mentioned by Trinder et al., 1969 and Kaplan et al., 1989. The triglycerides were 

determined after the enzymatic hydrolysis with lipases. Indicator is quinonemine formed from 

hydrogen peroxide; 4-amino antipyrine and 4-chlorophenol under the catalytic influence of 

peroxidase (Schettler and Nossel 1975, Jacobs and VanDemark 1960). The CRESCENT 

Diagnostic kits (Saudi Arabia) were used for serum Glutamate Pyruvate Transaminase (SGPT) 

determination.  This is based on colorimetric determination of GPT activity. Alkaline 

Phosphatase (ALP) was measured by using kinetic photometric test, optimized standard 

method according to the German Society of Clinical Chemistry (DGKC). Creatinine was 

estimated by kinetic method without deproteinisation-Jaffe reaction using CRESCENT 

diagnostics kits (Saudi Arabia). Creatinine reacts with alkaline picrate to produce a 

reddish-orange color. The intensity of this colour at 490nm is directly proportional to the 

creatinine concentration. Uric acid was estimated by enzymatic colorimetric test using 

HUMAN diagnostic kit (Germany). Uricase catalyzes the oxidation of uric acid to allantoin 

H2O2. In the presence of peroxidase (POD), H2O2 react with 4-aminoantipyrine (4-AA) and 3, 

5, dichloro-2-hydrroxybenzenesulphonate (DHBS) to form a quinoneimine dye, the 

concentration of which at 520 nm is directly proportional to the uric acid concentration. High 

Density Lipoproteins (HDL) and Low Density Lipoprotein (LDL)-Cholesterol contents were 

determined enzymatically according to the method provided with Dia Sys cholesterol FS, kit 

(Germany). 

2.5 Blood Profile 

An automatic digital machine (Sysmex KX-21 Japan) was used for blood profiling. 

Heparinized blood was used for the complete blood count. Hemoglobin (Hb %), Total Red Blood 

Cell Count (TRBC), Hematocrit Value (HCT), Mean Corpuscular Volume (MCV), Mean 

Corpuscular Hemoglobin (MCH), Mean Corpuscular Hemoglobin Concentration (MCHC), Total 

Leukocyte Count (TLC), Platelets Count, Neutrophils, Lymphocytes, Eosinophils, and Monocytes 

were measured. 

2.6 Data Analysis 

The data obtained was statistically analyzed. Mean, Standard deviation, column statistics and 

row statistics were performed for each parameter. Graphpad Prism, Demo version 5.0 was used 

(www.graphpad.com). 

3. Results 

3.1 History of Workers and Control 

To collect the specific information from workers as well as from control group, a questionnaire 

was formulated regarding their age and health status. The information collected is summarized 
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in table 1 and 2. 

Table 1. History of Workers (n=30) 

Age group 

(years) 

No. of  

workers 

Marital 

Status 

Exposure 

time 

(hours/day) 

Total 

time  

(years) 

Health   problems 

before the job 

Health 

problems after 

the job 

18-24 6 Unmarried 9 hours 2 years No specific Joint pain 

25-31 14 Married 10 hours 6 years No specific Depression 

32-38 4 Married 8 hours 7 years No specific Allergy 

39-45 4 Married 7 hours 8 years No specific Joint pain, 

allergy 

46-52 2 Married 6 hours 10 years No specific Depression, 

Allergy, GIT* 

GIT* = Gastrointestinal tract 

Table 2. History of Control (n=20) 

Age group 

(years) 

No of workers Marital status Exposure time Health problems 

18-24 4 Unmarried No exposure No specific 

25-31 3 Married No exposure No specific 

32-38 5 Married No exposure No specific 

39-45 6 Married No exposure No specific 

46-52 2 Married No exposure No specific 

3.2 Blood Biochemical Parameters 

A 2 ml blood sample was taken from both the workers and control group and was transferred to 

falcon tubes. After clotting of blood, serum oozed out and was transferred to other sterilized 

tubes for blood biochemical analysis. 

All the serum samples were analyzed for determination of blood glucose level, blood 

cholesterol level, triglyceride level, SGPT, alkaline phosphatase, creatinine, uric acid, LDL 

cholesterol and HDL cholesterol. 

3.3 Blood Cholesterol Level 

Cholesterol is an essential structural component of mammalian cell membranes and an 

important component in the synthesis of steroid hormones, bile acids and several fat soluble 

vitamins (Leah 2009). About 20-25% of the total daily cholesterol production occurs in the 

liver; intestines, adrenal glands and reproductive organs being other sites for cholesterol 

synthesis (Pearson et al 2004). The mean blood cholesterol level along with standard deviation 

for both shoe making workers and control are given in figure no 1. In workers, the serum 

cholesterol level was 218 ± 12 mg/dl with a range of 202 to 244 mg/dl. In control, it was 159 ± 

29 mg/dl with a range of 102 to 197 mg/dl. The result showed that there was significant 

increase (P<0.005) in serum cholesterol level due to exposure to certain glues and chemicals 

like benzene, toluene, xylene and n-hexane. 
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Figure 1. Blood biochemical parameters of shoe making workers and control 

SD*=Standard Deviation,SGPT*= Serum Glutamate Pyruvate Transaminase 

ALP*= Alkaline phosphatase, LDL*= Low density lipoprotein,  

HDL*= High density lipoprotein 

3.4 Blood Glucose Level 

Some of the glucose is directly utilized as a source of energy by brain cells, red blood cells and 

intestinal cell while the rest reaches muscle cells, liver and adipose tissue where it is stored as 

glycogen under the fatty influence of insulin (Fraser-Red and Bert 2009). The mean value of 

blood glucose level in workers was 112 16 mg/dl with a range of 81 to 138 mg/dl. The mean ± 

standard deviation of glucose for control was 108 17 mg/dl with a range of 82 to 136 mg/dl 

(Figure 1). There is no significance difference (P<0.005) between glucose level of workers and 

control. It was concluded that there was no significant effect of glues and organic solvents on 

glucose level of shoe making workers.  

3.5 Blood Triglyceride Level 

In human body, high level of triglyceride in the blood stream has been linked to atherosclerosis, 

and extends the risk of heart disease and stroke. The risk can be partly accounted for by a strong 

inverse relationship between triglyceride level and HDL- cholesterol level (American Heart 

Association 2013). The mean and standard deviation of both workers and controls has been 

shown in figure 1. The mean blood triglyceride level along with standard deviation of shoe 

making workers was 252 ± 41 mg/dl with a range of 206 to 350 mg/dl. In control, it was 136 ± 

17 mg/dl with a range of 114 to 174 mg/dl. The significant difference (P<0.005) between the 

triglyceride level of workers and control showed that shoe polish, organic solvents and glues 
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had significant effects on the triglyceride level of shoe making workers. 

3.6 Serum Glutamate Pyruvate Transaminase (SGPT)  

SGPT (Serum Glutamate Pyruvate Transaminase) is a liver enzyme produced by liver cells 

(hepatocytes) and is specific for liver damage. Liver inflammation can occur due to 

drug/medication, fatty infiltration, alcohol, liver and bile duct diseases (Cabot 2006). 

Hepatocytes damage will cause elevation of SGPT due to leakage. This elevation of enzymes 

correlates with the number of damaged cells. Low level of GPT may indicate recovery or may 

indicate failing number of functional liver cells. Abrupt rise in SGPT indicates an acute process, 

while slow increase may show bile duct obstruction (Fleming 2006). The mean SGPT level in 

workers was 45 ± 2.9 IU/L with a range of 39 to 53 IU/L, and in control was 30 ± 6.5 IU/L and 

the range was 16 to 40 IU/L (Figure 1). The results showed significant increase (P<0.005) in 

SGPT level of workers. 

3.7 Alkaline Phosphatase (ALP) Level 

Alkaline phosphatase in healthy adults mainly derives from liver, bones and in lesser amount 

from intestine, kidneys, leukocytes and placenta (Friedman 1996). An increase in alkaline 

phosphatase level is frequently associated with a variety of diseases, such as intrahepatic 

cholestasis, extra hepatic bile obstruction, and hepatitis (Wiwanitkit 2001). In shoe making 

workers, the serum ALP level was 323 ± 12 IU/L with a range of 309 to 359 IU/L. In control, it 

was 173 ± 29 U/L with a range of 103 to 229 IU/L (Figure 1). The results showed that there was 

significant increase (P<0.005) in ALP level in shoe making workers. The reason may be the 

exposure to benzene, toluene, xylene etc which are used as adhesives and other glues by shoe 

making workers. 

3.8 Blood Creatinine Level 

Serum urea and creatinine level are important indices for evaluation of chemicals effects on the 

kidneys. As the kidneys become impaired, the creatinine level in blood will rise. The presence 

of high concentration of urea and creatinine in the blood suggests the inability of the kidney to 

excrete these products (Ovuru et al 2004). The blood creatinine level of workers was 1.8 ± 0.21 

mg/dl with a range of 1.5 to 2.4 mg/dl. In control, the creatinine level was 0.83 ± 0.14 mg/dl 

and the range was 0.60 to 1.0 mg/dl (Figure 1). The difference (P<0.005) between the values of 

workers and control showed that chemicals used in shoe making have significant effect on 

kidney filtration of shoe making workers. 

3.9 Blood Uric Acid Level 

Uric acid is present in extremely small amount in human urine but constitute a large part of 

body waste matter of birds and reptiles. Sometime it accumulates as the human kidney stones 

or deposited upon bones in the form of urates (Sulemanet al 2011). The uric acid level of shoe 

making workers was 7.7 ± 0.37 mg/dl with a range of 7.1 to 8.5 mg/dl and in control was 3.8 ± 

0.22 mg/dl with a range of 3.4 to 4.2 mg/dl (Figure 1). There was significant increase (P<0.005) 

in the uric acid level of workers as compared to control which showed that organic solvents, 

certain glues and adhesives used by shoe making workers affected the uric acid levels.  
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3.10 Blood Low Density Lipoprotein (LDL)  

Low density lipoprotein (LDL) and high density lipoprotein (HDL) are the two major classes 

of lipoprotein. They have different effects on the risk of coronary heart disease (CHD). High 

concentrations of LDL are atherogenic while high concentrations of HDL are negatively 

associated with the risk of CHD. It should be realized that some people have high total 

cholesterol concentrations, due to high HDL levels. Therefore the total cholesterol to HDL 

cholesterol might be the most efficient predictor for the risk of CHD (Kannel and Wilson 1992). 

The mean and standard deviation of LDL of shoe making workers was 167 ± 8.2 mg/dl with a 

range of 155 to 181 mg/dl and that of control was 96 ± 24 mg/dl with a range of 45 to 131 mg/dl 

(Figure 1). Results showed that there was significant increase (P<0.005) in LDL in shoe 

making workers as compared to control.  

3.11 Blood High Density Lipoprotein (HDL) 

The mean and standard deviation of HDL of workers was 40 ± 6.6 mg/dl with a range of 30 to 

57 mg/dl. The mean and standard deviation of control was 69 ± 5.4 mg/dl with a range of 62 to 

86 mg/dl (Figure 1). The results showed that there was a significant decrease (P<0.005) in HDL 

level of shoe making workers. 

3.12 Blood Profile 

3 ml of blood sample each was transferred to heparinized tubes for the analysis of complete 

blood profile; hemoglobin (Hb), total red blood cell count (TRBC), hematocrit value (HCT), 

mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular 

hemoglobin concentration (MCHC), total leukocyte count (TLC) and differential leukocyte 

count (DLC). Complete blood profile was analyzed for shoe making workers and also for 

control (Figure 2). 

Figure 2. Complete blood profile of shoe making workers and control 
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SD*= standard Deviation, RBC* = Red Blood Cells, Hb* = Hemoglobin, MCV* = Mean Cell Volume, 

MCH* = Mean Corpuscular Hemoglobin, HCT *= Hematocrit,   TLC*= Total Leukocyte Count, 

MCHC*= Mean Cell Hemoglobin Concentration 

3.13 Hemoglobin (Hb) Level  

Hemoglobin is a chromoprotein forming 95% of the dry weight of RBC and 30-34% of wet 

weight. The main function of hemoglobin is the transport of respiratory gases. The normal 

hemoglobin (Hb) contents in blood are 14-16 gm%. In adult male, it is 15 gm% while in adult 

female; it is 14.5gm% (Semibulingam and Perma 2006). The mean hemoglobin level and 

standard deviation of workers was 14 ± 1.5 gm/dl having a range of 11 to 16 gm/dl. In control, 

it was 15 ± 0.70 gm/dl with a range 14 to 16 mg/dl (Figure 2). There was no significant 

difference (P<0.005) in the hemoglobin level of workers as compared to control.  

3.14 Total Red Blood Cells (TRBC) Count 

The mean and standard deviation of TRBC of both shoe making workers and control has been 

given in figure no 2. The TRBC count in workers was 4.4 ± 0.58 million/cmm on an average 

and a range of 3.1 to 5.6 million/cmm. The mean TRBC count in control was 4.8 ± 0.74 

million/cmm with a range of 3.3 to 6.0 million/cmm. There was no significant difference 

(P<0.005) in TRBC count of workers and control. 

3.15 Hematocrit (HCT) Value 

The volume of red blood cells expressed in percentage is called the hematocrit value or packed 

cell volume (PCV). When the blood containing certain anticoagulant present in the hematocrit 

tube is centrifuged at a speed of 3000 revolution per minute for 30 minutes, the RBCs will 

settle down at the bottom and form 45% of the total blood while 55% will be the clear plasma 

(Semibulingam and Perma 2006). The HCT value of workers and control has been shown in 

figure 2. The mean and standard deviation of HCT value in shoe making workers was 44 ± 

5.9 % with a range of 33 to 55 % and that in control was 45 ± 7.3 % and its range was 28 to 

61 %. The results showed that there was no significant difference (P<0.005) in the HCT value 

of both shoe making workers and control.  

3.16 Mean Corpuscular Volume (MCV) 

The average volume of a single RBC is known as MCV and its unit is cubic micron (cu.µ). The 

normal MCV is 90 cu.µ (78 to 90 cu.µ). In megaloblastic anemia and in pernicious anemia, 

RBCs are macrolytic in nature, so MCV is more while it is less in microlytic anemia 

(Semibulingam and Perma 2006). The mean and standard deviation of MCV in workers was 82 

± 6.3 cu.µ with a range of 62 to 92 cu.µ and the in control was 78 ± 11 cu.µ with a range of 52 

to 91 cu.µ (Figure 2). The results showed that there was no significant difference (P<0.005) in 

the MCV level of both workers and control.  

3.17 Mean Corpuscular Hemoglobin (MCH)  

MCH is the amount of hemoglobin present in one RBC and it is expressed in Pico gram (pg). In 
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pernicious and megaloblastic anemia it decreases or remains normal, in which RBCs are 

macrolytic and normochromic or hypochromic (Semibulingam and Perma 2006). The mean 

MCH in workers was 29 ± 4.4 pg and the range was 19 to 39 pg. In control, it was 28 ± 7.1 pg 

having the range of 18 to 52 pg (Figure 2). There was no significant difference (P<0.005) in 

MCH of both workers and control.  

3.18 Mean Cell Hemoglobin Concentration (MCHC) 

MCHC is the amount of hemoglobin expressed in relation to the volume of one RBC and 

expressed as percentage. The normal value of MCHC is 30% (30 to 38%). This is the most 

absolute value in the diagnosis of anemia and decreases in iron deficiency anemia in which 

RBCs are hypochromic and microlytic (Semibulingam and Perma 2006). The mean and 

standard deviation of MCHC in workers was 34 ± 3.1 % and a range of 26 to 39 % and in 

control was 33 ± 3.4 % with a range of 23 to 37 % (Figure 2). The result showed that there was 

no significant difference (P<0.005) in the MCHC of workers and control. 

3.19 Total Leukocyte Count (TLC)  

About 7000 white blood cells are present per microliter of blood in a healthy human adult. 

There are six types of white blood cells and these are neutrophils, eosinophil, basophils, 

monocytes, lymphocytes and plasma cells (Guyton and Hall 2006). The mean and standard 

deviation of TLC in both the workers and control have been given in figure 2. The mean TLC 

and standard deviation in shoe making workers was 12301 ± 1233/cmm with a range of 10400 

to 15000/cmm. The mean TLC and standard deviation in control was 7085 ± 1133/cmm with a 

range of 4850 to 8800/cmm. There was a significant difference (P<0.005) in the TLC of both 

the groups.  

3.20 Neutrophil count 

Neutrophils play an important role in the body’s defense mechanism and provide the first line 

of defense against the microorganisms. The granules of neutrophils contain enzymes (proteases, 

myeloperoxidases, elastases and metalloproteinases) which destroy the microorganisms 

(Semibulingam and Perma 2006). The mean and standard deviation of workers was 32 ± 5.2 % 

with a range of 22 to 40 %. The mean and standard deviation of neutrophils in control was 62 ± 

4.3 % and its range was 54 to 70 % (Figure 2). There was significant decrease (P<0.005) in the 

neutrophils count of shoe making workers than that of control.  

3.21 Lymphocytes Count  

The lymphocytes are a group of white blood cells and play an important role in immunity. On 

the basis of their size, they are divided into small and large lymphocytes and on the basis of 

function they are divided into T- lymphocytes and B-lymphocytes (Semibulingam and Perma 

2006). The mean along with standard deviation of lymphocytes count in shoe making workers 

and control has been given in figure no 2. The mean ± standard deviation of workers was 58 ± 

4.9 % with a range of 49 to 66 % and that of control was 34 ± 4.1 % with a range of 26 to 40 %. 

The results showed that there was a significant increase (P<0.005) in the lymphocyte count in 

workers as compared to control. 
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3.22 Eosinophil Count  

The eosinophils play an important role in the defense mechanism of the body and their count 

increases during allergic conditions and parasitic reaction. They are responsible for 

disintegration, detoxification and removal of foreign particles (Semibulingam and Perma 

2006). The mean and standard deviation of eosinophil in workers was 7.7 ± 1.2 % with a range 

of 6 to 11 % and in control was 2 ± 0.92 % with a range of 1 to 4 % (Figure 2). There was 

significant difference (P<0.005) in the values of both shoe making workers and control.  

3.23 Monocyte Count  

These are the largest leukocytes and move freely through all tissues of the body and play an 

important role in the defense of the body (Semibulingam and Perma 2006). The mean and 

standard deviation of monocytes in shoe making workers was 9.2 ± 0.88 % with a range of 7.3 

to 11 % and in control, it was 2.2 ± 1.2 % with a range of 1 to 4 % (Figure 2). The results 

showed that there was significant increase (P<0.005) in the monocyte count of workers as 

compared to control.  

3.24 Platelets Count 

Platelets are considered to be the fragments of cytoplasm. Platelets are formed by 

megakaryocytes in the bone marrow. The normal platelet count is about 2, 50,000 cubic mm of 

blood and they help in blood clotting (Semibulingam and Perma 2006). The mean and standard 

deviation of platelets count in both the shoe making workers and control has been given in 

figure no 2. In workers, the mean count and standard deviation was 108103 ± 9331/cmm with a 

range of 98000 to 130000/cmm and in control, it was 242976 ± 57987/cmm with a range of 

181900 to 380000/cmm. There was significant difference (P<0.005) in platelets of workers and 

that of control.  

4. Discussion 

To collect the history from workers as well as control, data was collected on printed form 

regarding the age, and health status. The workers were engaged for different working hours per 

day at shops and most of the workers recently joined this occupation. There was joint pain, 

depression, asthma, contact dermatitis and gastrointestinal abnormalities. There were no such 

complications present in control group. Various research workers have identified different 

types of effects on workers and these were local irritation, typically to the eyes and the nose 

(Ukai et al 1994), dizziness and floating sensations (Ukai et al 1993), reproductive problems 

(Fiedler and Lerman 2007), neurological and psychological disorders (Elci et al 2007), and 

musculoskeletal system, contact dermatitis, chronic pulmonary diseases and damage of 

peripheral nerves in solvent-exposed workers (Szadkowska-Stańczyk et al 2003). These results 

concluded that chemicals in adhesive reagents used in shoe making have severe ill effect on the 

health of the workers.  

The results of present study showed that there was significant increase in serum cholesterol 

level due to exposure to certain glues and chemicals like benzene, toluene, xylene and 

n-hexane in workers as compared to control. Khan and Yusufi 2009 observed that nephrotoxic 
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effect of benzene was manifested by increase blood urea nitrogen, serum creatinine and 

cholesterol levels. Takahashi et al 1988 studied changes of plasma lipids, free fatty acid, and 

blood glucose in male rabbits after toluene administration. Initially, plasma cholesterol was 

virtually unchanged, but the cholesterol level increased slowly after 6 h. It showed that 

exposure to organic chemicals at working place has an ill effect on the cholesterol level and 

these workers are at more risk to have cardiovascular problems. There was no significant 

difference between glucose level of workers and control as mentioned in results. It has been 

concluded that there was no significant effect of adhesive glues and organic solvents on 

glucose level of shoe makers. Sukhodub 1997 found an increase in glucose concentration in the 

blood serum of 24-month old rats after 2-days benzene treatment. Takahashi et al 1988 reported 

initial hyperglycemia and then hypoglycemia in male rabbits, after toluene administration. The 

reason for this deviation may be the difference in the concentrations of benzene and other 

adhesive organic solvents, differences in durations of exposure and differences in the 

experimental subjects. There was significant increase in blood triglyceride levels of shoe 

making workers as compared to control. The differences between the blood triglyceride levels 

of workers and control showed that shoe polish, organic solvents and glues have significant 

effect on the triglyceride level of shoe making workers. Stumph et al 1985 measured blood and 

brain toluene concentration and circulating triglyceride levels in male Sprague-Dawley rats 

after exposure to 2500 ppm toluene and found an increase in circulating triglyceride levels. 

Takahashi et al 1988 observed high blood triglyceride level at and after 2 hours of toluene 

administeration in male rabbits. The hypertriglyceridemia observed may have some adverse 

effects on heart function. The results in the present study showed an increase in SGPT level of 

workers as compared to control. Ayan et al 2012 investigated the acute toxic effects of 

high-dose toluene and its mechanisms on the liver tissue of toluene-treated rats. The level of 

plasma transaminase was found to be increased in toluene administered rats. Tas et al 2011 

mentioned the harmful effects of toluene inhalation in the liver of rats and possible protective 

effects of melatonin on these detrimental effects. Toluene inhalation significantly increased 

serum ALT and AST, and decreased serum albumin, but did not affect serum ALP and total 

bilirubin levels. Dere et al 2003 also found same results by investigating the effects of benzene, 

an occupational and environmental toxicant, on different enzymes of liver and kidney of rats. 

Kinght et al 1991 reported an increased level of serum transaminases and gama glutamyl 

transpeptidase (GGT) in workers in the printing industry exposed to toluene via the respiratory 

route. Same results have also been reported by Ann et al 2001 and Hussein et al 2008 that 

studied the workers exposed to organic solvents and having increased levels of liver 

transaminases and GGT, which indicate hepatic necrosis and cholestasis. It was concluded that 

organic chemicals in workshops have toxic effect on liver and lead to increase in liver enzymes. 

In the present study, there was a significant increase in ALP level in shoe makers. The reason 

might be the exposure of shoe makers to benzene, toluene, and xylene used as adhesive and 

other glues. According to NIOSH, 4.8 million workers are exposed to toluene, and 140,000 

workers are exposed to xylene (Rosenberg and Katz 2007). Mohammadi et al 2010 mentioned 

that mean plasma ALP level in the case group was significantly higher than in the control group. 

Brodkin et al. 2001 did two cross-sectional studies in workers exposed to lower levels of 

styrene and found increased levels of direct bilirubin and alkaline phosphatase compared with 
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the control groups. Warnes et al 2000 and Xiao and Levin 2000 have also reported that the 

additive effect of a mixture of organic solvents causes increased hepatotoxicity. Results of 

Uuksulainen et al 2002 are not in deviation from results of present study as there were no 

differences in the hepatic enzyme levels between the workers exposed to a mixture of organic 

solvents in shoe repair work and that in control. Pool and Orono 2001 studied workers 

occupationally exposed to mixed organic solvents in the petrochemical industry and found no 

differences in the levels of hepatic enzymes compared to the control group. Todd et al 2008 

stated that there were no toxic effects of mixed organic solvents on liver. Tas et al 2011 

investigated the harmful effects of toluene inhalation in the liver of rats and found no effect on 

serum ALP and total bilirubin levels. The reason for these deviations may be due to differences 

in samples size, experimental design, types of the solvents studied, and exposure intensity and 

also differences in diagnostic procedures. From the present study it has been concluded that the 

organic chemicals that are used in shoe making industry has toxic effect on liver. There was 

significant increase in creatinine level of workers as compared to control. The results suggested 

that chemicals used in shoe making have also an impact on kidney function of shoe makers. 

Khan and Yusufi 2009 determined multifaceted effects of long term benzene administration on 

various enzymes involved in carbohydrate metabolism, brush border membranes (BBM) and 

oxidative stress and found a significant increase in serum creatinine, BUN, serum cholesterol 

indicating significant damage to the kidney accompanied by increase in serum phospholipids 

and inorganic phosphate. González-Yebra et al 2006 documented that toluene may be a factor 

associated with the presence of renal damage in exposed shoe workers. Pai et al 1998 also 

concluded that toluene and hexane have toxic effects on kidneys of the paint sprayers in a car 

manufacturing plant where personal protective equipment was widely used. A significant 

number of sprayers had elevated levels of serum creatinine. These organic chemicals also lead 

to damage. There was a significant increase in the uric acid level of shoe making workers as 

compared to the control group. It showed that organic solvents and adhesives have toxic effect 

on uric acid level in blood. The reason may be over production by liver or poor elimination of 

uric acid by kidneys. No reported data is available on this parameter. The LDL level for both 

the workers and control was analyzed and results showed that there was significant increase in 

LDL in shoe making workers as compared to control. There was also a significant decrease in 

HDL level of shoe making workers. It has been concluded that the organic solvents and 

adhesives affected the LDL and HDL levels.  

Complete blood profile for the both the shoe makers and control group has been made in 

present study. The parameters have been discussed as under;  

The results showed that there was no significant difference in the hemoglobin level of workers 

as compared to control. Pesatori et al 2009 evaluated hematological outcomes (WBC, 

neutrophils, lymphocytes, monocytes, eosinophils, basophils, RBC, Hb, HCT MCV, platelets 

and MPV) in a population of 153 Bulgarian petrochemical workers exposed to benzene (range 

0.01-23.9 ppm) and 50 unexposed subjects. No dose-response effect was observed for most of 

the examined hematological outcomes. Collins et al 1997 concluded that risk of lymphopenia 

and other early indicators of hematotoxicity are not increased among workers in the study who 

were exposed to low levels of benzene. Andrzejak et al 1992 assessed the general and 
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toxicological status of footwear factory workers exposed to toluene, benzene and trace 

amounts of chromium. There was little effect of aromatic hydrocarbons on hematopoiesis. 

Bogadi-Sare et al 1995 studied hematotoxicity in female workers exposed to low benzene 

concentrations. Hemoglobin level and mean corpuscular hemoglobin concentrations were 

significantly lower in the shoemaking workers than in controls. Uzma et al 2008 investigated 

the toxic effect of chronic exposure of benzene and carbon monoxide in petrol filling workers 

on blood parameters, thyroid and respiratory functions. A significant increase in hemoglobin 

(>16 mg %) was observed in workers with longer period of exposure when compared with the 

control subjects. The reason for this deviation might be the exposure to different constituents 

(mainly CO, as it is not frequently present in shoe making workshop as compared to that of 

petrol pumps) in the environment of petrol pump as compared to that of shoe making workshop, 

duration of exposure and the differences in techniques through which the blood has been 

analyzed. The results for TRBC count for both the worker and the control groups showed no 

significant difference. It suggested that there was no toxic effect of organic solvents and 

adhesive on TRBC count in shoe makers. Pesatori et al 2009 evaluated hematological 

outcomes and observed no dose-response effect for most of the examined hematological 

outcomes. Collins et al 1997 found no increase in the prevalence of lymphopenia among 

benzene-exposed workers. Tsai et al 1983 reported no adverse hematologic effects in refinery 

workers exposed to low levels of benzene (less than 1 ppm) for 1 to 21 years. Uzma et al 2008 

found a significant increase in red blood cells in workers with longer period of exposure when 

compared with the control subjects. The decrease in red blood cells have been found by 

Rothman et al 1996 in a cross-sectional study of 44 workers heavily exposed to benzene as an 

8-hr time-weighted average and 44 age and gender-matched unexposed controls from 

Shanghai, China. Kipen et al 1989 observed significant decreases in leukocyte and erythrocyte 

counts and hemoglobin during the years of highest exposure.  The reason for this deviation 

may be the differences in the working environment places, the toxicants concentrations in 

workshops, and duration of exposure of the workers to these toxicants. There was no 

significant difference in the HCT level of both shoe makers and control. Pesatori et al 2009 

observed no dose-response effect in a population of 153 Bulgarian petrochemical workers 

exposed to benzene and 50 unexposed subjects. Rothman et al 1996 compared hematologic 

outcomes in 44 workers heavily exposed to benzene and unexposed controls from Shanghai, 

China and found reduction in hematologic parameters. The reason of deviation might be due to 

high exposure of toxicants, and difference in age of the subjects. The MCV in shoe makers and 

control was determined and results showed that there was no difference in the MCV of both 

workers and control. Pesatori et al 2009 and Collins et al 1997 found similar results for MCV. 

An increase in MCV was recorded by Fishbeck et al 1978 and also when exposure ceased off 

then the MCV gained the normal value. Bogadi-Sare et al 1995 investigated hematotoxicity in 

female workers exposed to low benzene concentrations and found high MCV in the 

shoemaking workers than in controls. An increase in MCV was found by Rothman et al 1996 

after comparing hematologic outcomes in a cross-sectional study of 44 workers heavily 

exposed to benzene as an 8-hr time-weighted average and 44 age and gender-matched 

unexposed controls from Shanghai, China. There was no significant difference in mean 

corpuscular hemoglobin of workers and that of control. It has been concluded that chemicals 
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used in shoe making have no any effect on MCH. An increase in MCH was observed by 

Bogadi-Sare et al 1995 that investigated hematotoxicity in female workers exposed to benzene 

concentrations. The MCH was significantly lower in the shoemaking workers than in controls. 

In the subgroup of shoemaking workers exposed to benzene concentrations of 5 ppm or lower, 

no differences in hematological parameters were found. The reason of the deviation may be the 

toxicants concentrations in workplaces. There was no significant difference in the MCHC of 

workers and that of control. Bogadi-Sare et al 2003 found the difference in MCHC in 

benzene-exposed workers and in control by analyzing the hematological, immunological, and 

cytogenetic assay results. MCHC was lower in the shoe workers than in controls (Bogadi-Sare 

et al 1997). Moszczyński and Lisiewicz 1983 studied 106 workers occupationally exposed to 

benzene, toluene and xylene and observed a decrease in MCHC. There was significant increase 

in TLC of shoe making workers as compared to that of control. No reported data was found on 

this parameter.The results for neutrophil count showed a significant decrease in its number as 

compared to control. Qu et al 2002 examined hematological findings in Tianjin, China and 

observed significant decrease in red blood cells (RBC), white blood cells (WBC), and 

neutrophils and correlated with both personal benzene exposures and levels of urinary 

metabolites. Pesatori et al 2009 found no effect on neutrophil count. The results for lymphocyte 

count showed a significant increase in shoe making workers as compared to control. Doskin 

(1971) observed lymphocytosis in workers exposed to 3 to 13 ppm benzene for 1 to 3 years. 

Swaen et al 2010 examined hematological effects at low benzene exposure levels in an 

occupational setting and lymphocyte counts for the exposed and non-exposed group were 

similar. Aoyama 1986 examined immunotoxicity of benzene, and found that effects on 

humoral and cell-mediated immune responses are a result of the selective toxicity of benzene 

on B lymphocytes and suppressor T cells. Reason for deviation might be the differences in 

durations of exposure and also in exposure levels to the toxicants, and also differences in 

experimental subjects. There was significant difference in eosinophil count among shoe 

making workers and control. Uzma et al 2008 investigated effect of chronic exposure to 

benzene and carbon monoxide in petrol filling workers. White blood cell count except 

eosinophil and platelets were significantly lower in workers compared to controls. Aksoy et al 

1971 studied hematological parameters in workers, 95% of whom worked with solvents 

containing benzene in small shops manufacturing shoes under unhygienic conditions. It was 

concluded that benzene exerts its harmful effect, primarily on the leucocytes, with eosinophilia 

and basophilia and thrombocytopenia, and finally pancytopenia. The results showed a 

significant increase in the monocyte count of workers as compared to control. Moszczynski 

and Lisiewicz (1982) performed quantitative evaluation of the white blood cell and the platelet 

system and found an increased count of monocytes in the peripheral blood. A significant 

decrease in platelet count was observed in shoe making workers as compared to that of control. 

Andrzejak et al 1992 evaluated the general and toxicological status of footwear factory workers 

exposed to toluene, benzene and trace amounts of chromium and that three persons were 

affected with thrombocytopenia. Aksoy et al 1971 also found same results in 217 male Turkish 

workers exposed to a maximum of 210 ppm benzene for a period of 4 months to 17 years and 

found thrombocytopenia. Pesatori et al 2009 evaluated hematological outcomes in a population 

of 153 Bulgarian petrochemical workers exposed to benzene and 50 unexposed subjects. There 
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was no effect on platelets. Uzma et al 2008 sorted out the adverse effect of chronic exposure to 

benzene and carbon monoxide and found that white blood cell count except eosinophil and 

platelets were significantly lower in workers compared to controls. Collins et al 1997 found no 

increase in the prevalence of lymphopenia among benzene-exposed workers. No ill effect was 

observed on platelets count among the workers. The reason for the deviation from the present 

results may be the differences in age, gender, habits, and in environment where the studies have 

been carried out and also in diagnostic procedures.  

Conclusions and recommendations 

The present study focuses on the health effects of shoe making workers that are exposed to 

hazardous substances during the processing and repairing of shoes. Different organic solvents 

and adhesive glues that contain benzene, toluene, xylene and hexanes are used during making 

and repair. Workers are persistently exposed to these toxic substances and are unaware of its 

hazardous effects. The workers were affected with asthma, contact dermatitis, depression, joint 

pain, and gastrointestinal abnormalities. The problems were more severe in the workers that 

were engaged since long time in this occupation as compared to newly engaged ones. The 

conditions of workshops were very poor and unhygienic. No gloves or masks were being used 

to protect the skin from direct contact or to prevent the inhalation of these chemicals. These 

results suggest that these workers are at more risk to liver and cardiovascular problems as well 

as lung abnormalities. There is an urgent need to study more deeply on large populations to 

check the effects of exposure to the chemicals used in shoe making workshops.  
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