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Abstract:-
Background: Vinyl chloride is a one of the highest production volume chemicals in the world, approximately 98% of all vinyl chloride produced is used to manufacture polyvinyl chloride (PVC) which in the last 50 years became a major industrial substance with a variety of applications. Objective: The aim of the present study was to investigate some health hazards among workers occupationally exposed to vinyl/ polyvinyl chloride in the cable industry, with special emphasis on respiratory, hepato-renal and immunological effects. Subjects and methodology: This study was conducted in one of the major factories in Kuwait concerned with manufacturing of power cables, telephone cables and cable joints. The study was accomplished during the months January to March, 2007 during periodic medical examination. The studied group is composed of 76 workers in extrusion, covering, scrub, recycling, and mixing and are exposed to vinyl/polyvinyl chloride. They were Indian adult men aged between 30-48 years, working 12 hours/day with one day off per week. A referent matched Indian group of 54 males selected from other departments of the factory, were also enrolled in our study. The following investigations were performed after taking individual consent: (A) A special questionnaire .(B) Full clinical examination. (C) Ventilatory function tests . (D) Biochemical investigations including: Serum Immunoglobulin G and complement 3, Complete blood picture, Liver and kidney functions, Lipids profile.(E) Environmental measures. Results: Our work showed a statistically significant difference between the exposed and the control groups as regarding GIT and respiratory manifestations, Raynaud's phenomenon, eye and skin lesions. There was also a statistically significant difference between both groups regarding ventilatory functions, the immunological parameters, kidney functions, albumin and total protein and triglycerides. Among the exposed group there was a statistically significant negative correlation between duration of exposure and the platelets count and albumin level and statistically positive significant correlation between the duration of exposure and serum urea, GGT and immunological parameters. Conclusion and recommendations: exposure to vinyl and polyvinyl chloride in the cable industry is associated with a diversity of health hazards with a significant role of immunological disturbance. Pre-employment examinations must be performed to exclude those susceptible to respiratory, hepatic, renal and neurological diseases .Periodic medical examination should be done for early detection of any adverse health hazards. Re- evaluation of the permissible exposure levels for vinyl chloride set by the international organizations is highly recommended especially as it is considered as a human carcinogen.
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Introduction:
Vinyl chloride is a manufactured substance that does not occur naturally; however, it can be formed in the environment when trichloroethylene, trichloroethane, and tetrachloroethylene, are broken down by certain microorganisms. Vinyl chloride monomer (CH2 = CHCl,) is a colourless gas. It is also known as monochloroethylene and chloroethene. At normal temperature it has a mild, sweet odour. Vinyl chloride is one of the highest production volume chemicals in the world. Approximately 98% of all vinyl chloride produced is used to manufacture polyvinyl chloride (PVC) (ATSDR, 2007).                                                     

Pure PVC is white, translucent, rigid, and somewhat brittle. In that form it is called rigid-vinyl plastic. Plasticizers give it flexibility, and can account for up to 80% of the weight of PVC. PVC is used to make a variety of plastic products including pipes, wire and cable coatings, automotive parts, packaging products, construction materials and furniture (Sheftel, 2000). 
Vinyl chloride is rapidly and virtually completely absorbed after oral or inhalation exposure. There is strong evidence that the toxicity of this compound is attributable to its enzymatic oxidation and conversion to reactive polar metabolites. Most studies concluded that the target organs for chronic VCM action are the liver, brain, lung, lymphohematopoietic system and skin. Liver affection is the most important one. The acute toxic effects of vinyl chloride include central nervous system depression (anesthesia) , cardiac, circulatory, and respiratory irregularities (Zhu et al., 2005 and Gennaro et al., 2008). 

Studies of workers occupationally exposed to vinyl chloride suggest that the immune system may be activated by vinyl chloride. Data suggest that reactive intermediates may bind to proteins in the body, sufficiently altering them so that they become antigenic. In some instances, an autoimmune-like syndrome develops. (Costantini et al., 2006).
VCM has been classified by the International Agency for Research on Cancer (IARC) as a Group I carcinogen. OSHA regulates levels of vinyl chloride in the workplace: No employee may be exposed to vinyl chloride at levels greater than 1 ppm averaged over 8-hour period or levels greater than 5 ppm averaged over any period exceeding 15 minutes. (ATSDR, 2007). 
Aim of the work:-
The aim of the present study was to investigate some health hazards among workers occupationally exposed to vinyl/ polyvinyl chloride in the cable industry, with special emphasis on respiratory, hepato-renal and immunological effects.
Subjects and methods:-
This study was conducted in one of the major factories in Kuwait concerned with manufacturing of power cables, telephone cables and cable joints .The study was accomplished during the months of January to March, 2007 during periodic medical examination. The studied group comprised all workers (76) in the various sections of the company occupationally exposed to vinyl/polyvinyl chloride which is used in the covering of the cable wires (telephone or power cables). The PVC powder or pellets is exposed to high temperatures and pressure to be transformed into a covering sheet. The scrub sheets or coverings are recycled again in one section of the company to be reused either as a covering or in the production of buckets, joints and other products.
The exposed workers were Indian adult men aged between 30-48 years (37.17±8.5), working on the basis of 12 hours/day with one day off per week. None of the workers used any protective equipment. A referent group of 54 Indian males matched for age (that ranged from 28-45 yrs with a mean of 38.43±9.46), sex, socio-economic status, smoking habits, weight and height selected from other departments of the factory not exposed to vinyl chloride ( cleaning, maintenance and office personnel). The exclusion criteria of the workers, included any worker consuming alcohol (19 workers), workers with current / history viral hepatitis, connective tissue disorders as rheumatoid arthritis- scleroderma- systemic lupus erythromatosis. 
The following investigations were performed to all workers:

(A) A special questionnaire including occupational history. (B)  full clinical examination. (C) Ventilatory function tests were done using portable spirometer connected to a portable computer (Flow-screen version 2.10gb, Erich Jaeger, Wuerzburg prg_ EP ROM 14.10.91) measuring FVC (Forced vital capacity), SVC (Slow vital capacity) , FEV1% (Forced expiratory volume in the 1st second), FEV1/FVC %, and PEF (Peak expiratory flow), MEF 25( maximum expiratory flow at 25% of FVC, MEF50% ( Maximum expiratory flow at 50% of FVC) and MEF 25-75% maximum expiratory flow over the mid-point of the curve. (D) Biochemical investigations including:-
*Serum immunoglobulin G and Complement 3

The method used is the immuno-turbidimetric in which human IgG & Complement 3 form a precipitin with a specific antiserum which is determined turbidimetrically at 340 nm (Borque et al., 1988 and Guder et al., 1996). 
*Complete blood picture: Red blood cells (106/mm3), white blood cells (total in 103/mm3 and differential count in % granulocytes, lymphocytes and monocytes ) Hemoglobin Hg(g/dl), hematocrite Hct (%) and platelets count Plt (103/mm3)

 *Liver and kidney functions (Alanine aminotransferase ALT, aspartate aminotransferase AST, Gamma Glutamyl Transferase GGT, alkaline Phosphatase ALP, Albumin, Total Protein, Serum creatinine, urea)

*Lipid profile: Cholesterol, triglycerides, high density lipoprotein (HDL), low density lipoprotein.

Blood sample collection:

From each subject, 10 cc of blood were taken through a vein puncture using a dry plastic disposable syringe under complete aseptic condition. Three cubic centimeters of blood were taken into an EDTA tube for complete blood picture. The remaining 7 cc of blood were kept in a tube and allowed to clot then centrifuged at 3000 rpm for 10 minutes for separation of the serum for determination of the following biochemical parameters COBAS Integra 400/ 700/ 800 version 1.2 (Roche). All Samples were analyzed in the laboratory on the same day.

(E) Environmental measures:

	Pollutant
	Minimum
	Maximum
	Mean
	Standard Deviation

	PVC (μg/m3)
	24.44
	185.39
	66.3
	33.65

	VC (μg/m3)
	0.00
	21.10
	13.34
	1.173

	Some thermal degradation products:



	CO (ppm)
	.01
	8.29
	.7086
	1.17

	Pollutant
	Minimum
	Maximum
	Mean
	Standard Deviation

	CH4(ppm)
	1.73
	3.7
	2.16
	.323

	O3(ppb)
	0.00
	.06
	.015
	.01632

	Chloromethane(ppm)
	0.18
	1.03
	0.824
	0.361

	Chlorobenzene(ppm)
	ND
	ND
	ND
	ND


ND: Not Detected

PVC: Polyvinyl chloride

VC: Vinyl chloride

CH4: Methane
OSHA permissible exposure level for VC, 1.0 ppm (2.6 mg/m3) for 8 hour TWA, or a short time exposure limit of no more than 5ppm for 15 minutes. For the PVC the permissible exposure level should not exceed 5mg/m3 for an 8 hour TWA (ATSDR, 2006) .The readings were collected for 9 days at the different factory premises, at an interval every 5 minutes, then an hourly average data was calculated followed by mean over the working hours to calculate the timed weighted average (TWA). Then this was repeated over the 9 days.

The Polyvinyl chloride (as particulate) is measured in (μg/m3) and the vinyl chloride in (ppm). Some thermal degradation products of PVC were also measured, shown in the table, as reported in the study by (Kim et al., 2004).

The average wind speed during the data collection was only 1m/s. This may have a negative impact in the air quality in such a way that the wind may not be able to take the pollutants present in the air. On correlation (results not shown) between the different pollutants level and the climatology factors namely temperature , wind speed and humidity, a significant negative correlation was found for all pollutants .

All pollutants concentration was less than the permissible standards set by the OSHA, and even the permissible set by the Environmental Protection Agency in Kuwait.

The pollutants were measured using two portable measuring instruments, the GC/FID (Gas Chromatography) and the Voyager Photocav.
Results and Discussion:- 
This study was conducted on a group of workers occupationally exposed to vinyl/ polyvinyl chloride, in a cable manufacturing company. 
Table (1) Different symptoms among the examined groups:-

	
	Exposed group (76)
	Control group (54)
	X2
	P value

	
	N
	%
	N
	%
	
	

	Tiredness
	14
	18.4
	9
	16.7
	0.069
	> 0.05

	*Neurobehavioral manifestation
	4
	5.3
	2
	3.7
	0.174
	>0.05

	†GIT manifestations
	14
	18.4
	3
	5.6
	4.59
	<0.05

	Chronic bronchitis
	35
	46.1
	11
	20.4
	9.10
	<0.001

	Allergic rhinitis
	26
	34.2
	8
	14.8
	6.14
	<0.05

	Peripheral neuritis
	9
	11.8
	2
	3.7
	2.7
	> 0.05

	^Eye manifestations
	19
	25
	4
	7.4
	6.71
	<0.05

	»Skin manifestations
	21
	27.6
	3
	5.6
	10.22
	<0.05

	Raynaud's phenomenon
	9
	11.8
	0
	0
	6.87
	<0.05


Significant value < 0.05
*Neurobehavioral disturbances: mood disturbances (anxiety, irritability, depression) , memory disturbance, lack of concentration, sleep disorders. 
†Gastrointestinal manifestations: loss of appetite, nausea, disturbances in bowel, pain,gastritis.                                                                                                              
»Skin manifestations: allergic dermatitis and scleroderma- like manifestations.  
^Eye manifestations: Conjunctivitis, allergic manifestations, discharge.

Our work demonstrated a statistically significant difference between the exposed and the control groups as regards GIT, chest, skin and eye manifestations as shown in (table 1). 

In accordance with our results , many researchers found that in two hospital based case-referent study of systemic sclerosis (SSc) and occupational risk factors, an excess risk for SSc was observed in men with previous occupational exposure to vinyl chloride (Bovenzi et al., 2003 and Diot et al., 2002). In a case report study of a 58 years old man, who was exposed to PVC for 10 years, CT scan of the lungs showed evidence of pneumoconiosis and scleroderma like manifestations (Stunicka et al., 1995). Transbronchial biopsy revealed foreign body granulomas with macrophages laden with birefringent inclusions which ultrastructurally resembled PVC dust. Biopsy samples of thickened skin showed histological evidence of extensive fibrosis. During follow up Raynaud's phenomenon and oesophageal involvement developed (Stunicka et al., 1995). Comparable to our results are those of Zhu and his co-workers 2005, who found significant difference only for peripheral neuropathy, and upper respiratory tract irritation, in a group of Chinese workers in a VC polymerization plant. 

Neurological effects of VC exposure include dizziness, drowsiness and fatigue, headache, euphoria and irritability, nervousness and sleep disturbances, nausea, visual and hearing disturbances, and loss of consciousness. Signs of pyramidal and cerebellar disturbances have also been observed. Peripheral neurological effects have been reported, including parasthesia, tingling or warmth in the extremities, numbness or pain in the fingers, and depressed reflexes (ATSDR, 2007).

In agreement with our results regarding the significant occurrence of gastrointestinal manifestations, are the results by (Ho et al., 1991) who reported higher prevalence of nausea, abdominal distension, heartburn and loss of appetite in Singapore workers exposed to 1–21 ppm vinyl chloride.
Table (2) Ventilatory functions among the examined groups
	
	Exposed group N:76
	Control group   N:54
	t test
	P value

	
	Mean
	±SD
	Mean
	±SD
	
	

	FVC% predicted
	78.51
	± 20.19
	86.46
	± 10.72
	2.6
	< 0.05

	SVC% predicted
	79.83
	± 16.2
	83.9
	± 15.9
	0.7
	> 0.05

	FEV1%predicted
	80.7
	±17.00
	89.28
	±10.19
	3.30
	<0.001

	FEV1/FVC
	82.04
	±14.28
	88.30
	± 7.48
	4.7
	< 0.05

	PEF% predicted
	82.04
	± 21.15
	92.70
	± 12.58
	8.8
	< 0.001

	MEF25%predicted
	87.82
	36.4
	109.32
	29.6
	3.5
	<0.001

	MEF50%predicted
	83.9
	28.5
	103.7
	15.82
	4.58
	<0.001

	MEF 25-75%pred
	61.1
	± 8.3
	75.5
	± 4.6
	6.6
	< 0.05


Significant Value < 0.05

Table (3) Correlation coefficient between duration of exposure to PVC in cable industry and spirometric parameters:-

	P value
	F
	R
	Parameters

	> 0.05
	0.368
	-0.105
	FVC%

	> 0.05
	0.143
	-0.173


	SVC%



	> 0.05
	0.346
	-0.110
	FEV1%



	> 0.05
	0.437
	-0.091
	FEV1/FVC

	> 0.05
	0.170
	0.159-
	PEF%

	> 0.05
	0.565
	-0.68
	MEF 25-75%


Significant Value < 0.05

Table (2) shows a statistically significant decrease in the values of pulmonary functions in the exposed workers compared to the control. There was also a negative correlation between the duration of exposure and all parameters (but not statistically significant) as shown in table (3).

The effects of vinyl chloride-polyvinyl chloride exposure on the respiratory system of exposed workers seem to indicate two patterns of non-malignant effects: granulomatous reaction, to PVC dust, with inclusion of PVC particles in macrophages and histiocytes, and associated interstitial fibrosis. The long-term exposure may lead to lung cancer, although the magnitude of this effect has not yet been completely evaluated (Boffetta et al., 2003).
Earlier reports, (Arnaud et al., 1978) had identified the occurrence of roentgenographic abnormalities and pulmonary function impairment and also indicated that dysnea is a prominent symptom in VC and/ or PVC-exposed workers. 
In agreement with our findings are those of (Ng et al., 1991) who found that workers with high cumulative PVC dust exposure had a lower forced expiratory volume in 1st  second and forced vital capacity, and a higher prevalence of radiological profusion of small opacities. Wheezes or chest tightness was also significantly more frequent in the exposed group.
Regarding the correlation between the duration of work and values of ventilatory functions as shown in table (3), there was a non statistically significant correlation between ventialtory functions and duration of employment. This agrees with the reports of (ATSDR, 2007), which concludes that it is rather the intensity of exposure to VC than the duration of exposure that results in deterioration of the pulmonary functions.
Table (4) Comparison between the exposed and control groups as regards liver functions, lipid profile and kidney functions:

	
	Exposed group N:76
	Control group   N:54
	t test
	P value

	
	Mean
	±SD
	Mean
	±SD
	
	

	Liver functions
	
	
	
	

	ALT (10-41U/L)
	28.79
	± 15.62
	31.32
	±17.86
	0.58
	> 0.05

	AST (10-39U/L)
	23.86
	± 7.96
	21.90
	± 6.68
	1.47
	> 0.05

	ALP (32-122U/L)
	84.52
	±25.27
	80.62
	±17.43
	0.98
	>0.05

	GGT (11-50U/L)
	25.84
	±13.68
	22.11
	±13.04
	1.79
	>0.05

	Albumin (35-50g/L)
	36.53
	± 2.51
	47.59
	± 2.54
	2.35
	< 0.05

	Total protein (64-83 g/L)
	75.63
	±4.11
	78.81
	±3.83
	4.52
	<0.05

	Total bilirubin (0-17umol/L)
	12.46
	±10.12
	10.25
	±4.94
	1.38
	>0.05

	Lipid profile
	

	Cholesterol (3.1-5.2mmol/L)
	4.77
	±0.88
	4.52
	±0.72
	1.75
	>0.05

	Triglycerides (0.4-1.8mmol/L)
	1.8
	±1.17
	1.36
	±0.6
	2.15
	<0.05

	High density lipoprotein (0.8-1.4mmol/L) 
	1.17
	±0.28
	1.17
	±0.38
	0.06
	>0.05

	Low density lipoprotein (0.15-2.59mmol/L)
	3.34
	±0.77
	2.19
	±0.70
	1.17
	>0.05

	Kidney functions
	

	Creatinine (0.7-1.2 mg/dl)
	1.02
	± 0.12
	0.8
	± 6.1
	6.6
	< 0.05

	Urea (10-20 mg/dl)
	20.9
	± 3.8
	16.7
	± 1.1
	4.6
	< 0.05


Significant Value < 0.05

The clinical assessment of liver condition in workers exposed to hepato-toxins can be made through the use of serum liver function tests (LFTs) and diagnostic imaging techniques. As vinyl chloride monomer (VCM) toxicity affects the liver as a primary target, liver function have been investigated .
Table (4) shows the comparison between the exposed and the control groups as regards  the liver functions, lipid profile and kidney functions. As regards liver functions, only albumin and total proteins were significantly lower in the exposed workers compared to the control. Moreover they showed a negative correlation with duration of exposure which is statistically significant for albumin level (table 7) which is an indicator of chronic level affection especially the synthetic functions of the liver with prolonged exposure to vinyl chloride. ALP, GGT and bilirubin were higher in the exposed workers but not statistically significant. Triglycerides were significantly higher in the exposed workers, the mean values for cholesterol, and LDL were higher in the exposed workers but not statistically significant. Regarding the kidney functions both parameters (urea and creatinine) were statistically higher in the exposed workers compared to the control.

Most of the recent studies (Huang et al., 1997; Hsieh et al., 2003) failed to confirm the association between current or past VCM exposure and LFTs alterations. The main determinants of abnormal liver function tests in VCM-exposed workers appeared to be extra-occupational risk factors such as high alcohol consumption and obesity (as expressed by BMI).

Huang and his co-workers (1997) analysed data of 251 workers and used ALT as an indicator of liver function. Using regression analysis, VCM exposure was not found to be associated with abnormal ALT levels. 

Comparable to our results are those of (Maroni and Fanetti 2006) who found that in VC exposed workers, the most frequently elevated parameters were in a decreasing order, total cholesterol, triglycerides, total bilirubin, GGT and ALT. They also found that AST/ALT ratio was >1 in 28.1% of the workers. 
Also (Ho et al., 1991) detected abnormalities in LFTs in VC exposed workers. Gamma-glutamyltransferase levels were significantly higher in workers exposed to vinyl chloride at TWA exposure concentrations of >10 ppm compared to workers exposed to lower concentrations . Abnormal liver function (i.e., increased alkaline phosphatase, alanine aminotransferase, or gamma-glutamyltransferase) was demonstrated in workers exposed to high concentrations of vinyl chloride (1–20 ppm). 
According to (ATSDR, 2007), no studies were located regarding renal effects in humans after exposure to vinyl chloride. In a very early experimental study the kidneys were adversely affected by VCM as appeared from increased blood urea nitrogen levels and relative kidney weights in Wister rats exposed to atmospheres containing 5000 ppm vinyl chloride monomer, 7 h/day, 5 days/week, for a period of 52 weeks (Feron et al., 1979).
Table (5) Comparison between the exposed and control groups as regards blood picture and immunological tests:

	Complete Blood   Picture 
	The exposed group N:76
	The control groupN:54
	t test
	P value

	
	Mean
	±SD
	Mean
	±SD
	
	

	RBCs (4-6 106/mm3)
	5.28
	± 0.41
	5.22
	± 0.41
	0.87
	> 0.05

	HB (11-18g/dl) 
	15.60
	± 1.34
	15.82
	± 0.86
	1.03
	> 0.05

	WBC (4.5-10.5 103/mm3
	8.63
	± 1.98
	8.20
	± 1.77
	1,26
	> 0.05

	Lymphocytes (20-51%)
	32.63
	± 6.58
	33.48
	± 6.32
	0.74
	> 0.05

	Monocytes (1.7-9.3%)
	5.22
	± 2.32
	5.23
	± 1.90
	0.23
	> 0.05

	Granulocytes (42.2-75.2%)
	62.14
	±7.54
	61.28
	±6.89
	0.675
	> 0.05

	HCT (35-60%)
	45.36
	± 3.63
	46.01
	± 2.46
	1.15
	> 0.05

	PLT (150-450 103/mm3)
	256.18
	± 50.03
	266.42
	± 48.89
	1.04
	> 0.05

	Immunological tests

	Complement 3 (5.9- 10.8 U/L)
	13.9
	± 2.6
	4.8
	± 0.7
	14.8
	< 0.001

	Immunoglobulin G (7.00-16.0 g/L)
	15.49
	± 2.4
	12.5
	± 1.35
	8.02
	< 0.001


Significant Value < 0.05

Table (5) shows the results of blood picture and immunological tests in the examined workers. No statistically significant difference was found between the exposed and the control groups as regards all haematological parameters. On the other hand a statistically significant difference was found (p <0.001) between both groups regarding the immunological parameters tested (complement 3 and immunoglobulin G). In addition a significant positive correlation (table 6) was found between duration of work and the immunological parameters.
Studies of workers who have developed "vinyl chloride disease", a syndrome consisting of Raynaud's phenomenon, acroosteolysis, joint and muscle pain, enhanced collagen deposition, stiffness of the hands, and scleroderma-like skin changes, indicate that this disease may have an immunologic basis with a close correlation between the disease severity and the extent of the immunologic abnormality. The most frequent immunologic findings in workers with vinyl chloride disease is an increase in circulating immune complexes, immunoglobulin G and  complements especially complement 3 (McLaughlin and Lipworth 1999). 

The same results were obtained years ago by Ward et al., (1976) who investigated the immunologic status of 58 workers from a VC polymerization plant. The findings included hyperimmunoglobulinemia, cryoglubulinemia, cryofibrinogenemia, in vivo complement activation via the classic pathway, with C4 and C3 conversion and an increase in the B cell lymphocyte population. Immunofluorescent examination of skin, muscle, and lung biopsy specimens revealed the presence of circulating immune complexes, with deposition on vascular endothelium and occlusion of small vessels. In areas with subintimal proliferation and luminal occlusion, there was immunoglobulin, complement, and fibrinogen deposition in the subintimal regions of the vessel wall. 
Exon (1984) on his study of the immunotoxicity of vinyl chloride detected that among the toxic effects in humans are circulating immune complexes the frequency of which is related to the severity of the clinical signs of the intoxication and the duration of exposure. This is in accordance with our findings of the significant positive correlation between duration of work and the immunological parameters tested. The author added that hypergammaglobulinemia, cryoglobulinemia, with disturbance of C3 in serum together with aggregates of immune complexes in skin, muscle, and pulmonary tissue samples biopsies have been observed in vinyl chloride workers. The above observations suggest an autoimmune or immune complex disease with hyperactive humoral immune responses.
Our work showed that there was a statistically significant negative correlation between duration of exposure to PVC during work and Platelets counts and albumin level as shown in (table 6). We demonstrated also a statistically positive correlation between duration of exposure to PVC during work and complement 3 and IgG and GGT as shown in (table 6).

Table (6) Correlation between duration of exposure and blood picture, liver and kidney functions and immunological tests in the exposed workers.
	Complete Blood Picture
	R
	F
	P value

	RBCs (106/mm3)
	-0.132
	0.255
	> 0.05

	HB (g/dl)
	-0.203
	0.078
	> 0.05

	HCT (35-60%)
	-0.133
	0.251
	> 0.05

	WBCs (103/mm3)
	0.134
	0.249
	> 0.05

	Granulocytes (%)
	0.196
	0.090
	> 0.05

	Lymphocytes (%)
	0.216
	0.06
	> 0.05

	Monocytes (%)
	-0.021
	0.855
	> 0.05

	PLT(103/mm3)
	-0.257
	0.02*
	<0.05

	Liver and Kidney functions
	R
	F
	P value

	Albumin (g/L)
	-0.286
	0.024*
	<0.05

	Total protein (g/L)
	-0.032
	0.78
	> 0.05

	ALT (U/L)
	0.119
	0.307
	> 0.05

	AST (U/L)
	0.056
	0.630
	> 0.05

	GGT (U/L)
	0.317
	0.005*
	<0.05

	ALP (U/L)
	0.16
	0.178
	> 0.05

	Urea (mg/dl)
	0.271
	0.018*
	<0.05

	Creatinine (mg/dl)
	0.098
	0.401
	> 0.05

	Immunological tests
	R
	F
	P value

	Complement 3 (U/L)
	0.256
	0.019*
	<0.05

	Immunoglobulin G (g/L)
	0.234
	0.023*
	<0.05


*Statistically Significant < 0.05

McLaughlin and Lipworth (1999) studied the workers who have developed "vinyl chloride disease"and they reported a close correlation between the disease and the extent of hematological abnormality. The most frequent hematological finding was thrombocytopenia. Also in agreement with our results is the report by (ATSDR, 2007 and Costantini et al., 2006) in which prolonged exposure to vinyl chloride can induce thrombocytopenia.  In this study the mean platelets count in the exposed group was lower than the control group but not statistically significant, with a significant negative correlation between platelet count and duration of exposure. Sheftel (2000) reported that VC monomers are very reactive and biologically aggressive and the health effects include short- and long-term effects on the immune and hemato-lymphopoietic systems. There is a causal association between prolonged exposure to VC and the occurrence of malignancies of the lymphatic and hematopoietic system. Against our findings , the researches obtained by Zhu and his colleagues ( 2005) who found that haemoglobin disorders were significantly higher in exposed subjects compared to non-exposed subjects. 
Regarding the correlation between the liver function tests and duration of exposure, positive correlation was found between liver enzymes (ALT, AST, GGT, ALP) and the duration of exposure but only significant for GGT. This can be explained by the fact that GGT level is strongly associated with periportal fibrosis and the most important liver pathology in vinyl chloride workers is periportal fibrosis. (Maroni et al., 2003). Also Hsiao and his colleagues( 2004) found an increased risk of liver fibrosis in the ultrasonographic investigation of the VC workers with positive association with the VC cumulative dose (ppm x months of employment).
In agreement with our findings Attrachi and his co-workers( 2007) found a statistically significant relation between ALP and GGT increase and duration of exposure to VCM.
Some studies have named GGT as a predictive indicator for liver problems in those exposed to VCM. However due to low specificity, this test does not have the necessary efficacy when applied alone and is mostly efficient when used in combination with other complementary liver investigations (Ho et al. 1991).

Conclusion and recommendations: exposure to vinyl and polyvinyl chloride in the cable industry is associated with a diversity of health hazards with a significant role of immunological disturbance. Pre-employment examinations must be performed to exclude those who are susceptible to respiratory, hepatic, renal and neurological diseases and periodic medical examination for early detection and intervention for the adverse health hazards of exposure particularly liver functions . Abdominal ultrasonography, pulmonary functions and chest x-ray, immunological screening for detection of hyperactivity of the immune system and scleroderma manifestations should be done. Personal protective clothes e.g. gloves and respiratory protective equipment should be used in the work place. Health education for workers about hazards of exposure to harmful agents which includes training programs to raise awareness among workers.  Re- evaluation of the permissible exposure levels for vinyl chloride set by the international organizations is highly recommended, especially as it is considered as a human carcinogen.
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