


Original Research Article

Exposure to Chemical Substances as an Independent Cause of Nonalcoholic Fatty Liver Disease in Workers who are in Direct Contact with the Coke Production Process and the Purification of Raw Coke Gas
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ABSTRACT 

	Background: A doubt that occupational medicine specialists face is whether exposure to solvents is an independent risk factor for non-alcoholic fatty liver disease. 
Aim: The present study investigates the connection between the length of work experience (exposure) at workplaces that are exposed to organic volatile substances with eventual changes in the morphological structure of the liver parenchyma or laboratory parameters of liver function, and to investigate whether organic volatile substances, as an independent factor can lead to liver steatosis or changes in laboratory parameters of liver function. 

Methods: A prospective study was conducted from January to April 2023. and included 62 coke industry workers who were divided into two groups of 31 workers each (experimental with workers exposed to organic volatile substances at the workplace and control with workers who were not exposed). Laboratory parameters of liver function were monitored, as well as ultrasound findings of liver parenchyma in coke industry workers undergoing examination. Exclusion criteria were known history of liver disease, blood transfusion, alcohol consumption and diabetes mellitus. 
Results: Changes in laboratory parameters of liver function and ultrasound findings of liver steatosis were found with high statistical significance in the workers of the experimental group, for which no statistically significant association with elevated values of lipid status was found. With diabetes as an exclusion factor and the insignificant prevalence of hypertension in the examined workers, it can be concluded that metabolic syndrome is not related to our results. During the correlation analysis, it can be concluded that organic volatile substances are an independent cause and trigger for fatty infiltration of the liver parenchyma and changes in the laboratory findings of liver function parameters. Conclusions: Exposure to organic volatile substances at the workplace as an independent factor causes liver steatosis with elevated values of laboratory parameters of liver function and it can be said that it is an independent cause of non-alcoholic fatty liver disease. 
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1. INTRODUCTION

Possible toxic damage to the liver due to exposure to organic solvents at the workplace is a question that occupational medicine specialists and experts in the field of occupational safety often encounter and to which it is difficult to give a simple answer [1,19]. In addition to being a diagnostic problem due to numerous environmental factors and lifestyle habits that simultaneously affect liver function, it also has a public health aspect because organic solvents are still one of the most common chemical factors of occupational exposure in the world, including in Bosnia and Herzegovina. Evidence that organic solvents can have hepatotoxic effects under conditions of occupational exposure is based on biochemical, epidemiological and experimental evidence. Most solvents, after entering the body, are subject to intensive metabolism in the liver, where high concentrations of solvents and their metabolites can be observed.  
As a substitute, various aromatic and aliphatic hydrocarbons are in use today, mostly benzene derivatives, usually in a mixture with alcohols, ketones and esters, depending on the purpose of the product, or the required technical characteristics of a particular technological process. In recent times, these solvents are increasingly being replaced by water or hydrophilic compounds, but complete replacement is not always possible due to production requirements.  
Although it is considered that the above indicators are primarily a reflection of recent exposure, according to some scientists, elevated values of liver enzymes may also indicate previous exposure to hepatotoxic substances from the work environment, which has since stopped or greatly decreased [2]. However, the question is whether with long-term exposure to solvents in concentrations that do not significantly exceed the GVI, these tests can detect subtle cholestatic and metabolic changes that may be early signs of toxic liver damage [3].  
As one of the possible early indicators of liver damage, it has been proposed to determine the concentration of bile acids in the serum, which could be particularly significant in detecting people who, for several reasons, are particularly sensitive to the hepatotoxic effect of solvents [4]. For several years, exposure to hepatotoxic substances from the work and living environment has been associated with a newer clinical entity called "non-alcoholic steatohepatitis" (NASH) [5].  
Twelve years ago, more intensive research began on the previously noted similarities of clinical, laboratory and histological features of NASH and liver damage described in workers chronically exposed to organic solvents [6]. Chronic occupational exposure to solvents is very often accompanied by an asymptomatic increase in the activity of liver enzymes and, as in NASH, also with higher values of ALT compared to AST, in contrast to liver damage caused by alcohol consumption [7]. Common histopathological features are macrovesicular fatty changes, hepatocyte degeneration and different levels of inflammatory changes [8,9]. However, it is not known whether, even with exposure to solvents, the changes can progress to fibrosis and cirrhosis of the liver, which is possible in NASH.  
The aim of the work was to investigate whether there is a connection between exposure to organic volatile substances at the workplace with morphological changes in the liver parenchyma and elevated values of liver enzymes and parameters of liver function (steatosis/NAFLD), to investigate the connection between the length of work experience (exposure) at workplaces that are exposed organic volatile substances with eventual changes in the morphological structure of the liver parenchyma or laboratory parameters of liver function, and to investigate whether organic volatile substances as an independent factor can lead to liver steatosis or changes in laboratory parameters of liver function. 


2. material and methods

The research was conducted in the period from January to April 2023 during the periodic examination of workers working in the coke industry. The data used were taken from the worker's medical record. 62 workers were included in the prospective study, divided into two groups, experimental and control.  
The experimental group (31) consisted of workers who were in direct contact with the process of coke production and purification of raw coke gas. These are the jobs of crude benzene distiller, tube furnace and scrubber operator, coke oven door operator, coke ramp operator, coke and coal dumper, maintenance locksmith and gas condensation analyst), and the second control group (31) consisted of workers who during the work process, they had no contact with the production of coke and the purification of raw coke gas.  
The age of the workers in the experimental group ranged from 24 to 59 years. Their mean age was 37 years. In the control group, the age of the workers was between 21 and 60 years, and the average age was 32 years.  
All participants in the experimental group were male, while there were 5 female workers in the control group. The selection of study participants was random and was not conditioned by age, years of service, obesity, or lifestyle. Exclusion criteria were a known history of liver disease, blood transfusion, alcohol consumption, and diabetes mellitus.  
In addition to a complete medical history on occupational diseases and a physical examination, the parameters that were monitored included: ultrasound findings (US) of the parenchyma of the liver, pancreas, gall bladder and bile ducts and laboratory markers of liver function (aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma glutamyl transpeptidase (GGT), total bilirubin, lipid status - cholesterol and triglycerides) in serum.  
Research data were processed using the method of non-parametric statistics. The basic statistical parameters of frequency and percentages were calculated, and the results were presented tabularly and graphically. To verify the research objectives, the chi-square test was applied, as well as the regression analysis of optimal scaling. Fi and Kramer's correlation coefficient were used to verify the association between steatosis and liver lipid status. Research data were processed in the statistical package SPSS 25 for Windows. 

3. results

Table 1 displays the ratio of the control and experimental group participants concerning variables (transaminases, GGT, total bilirubin, lipid status, and liver status). 
 
Table 1. Distribution of respondents in relation to variables. 
	Group 
	Transaminase 
	GGT-a  
	Lipid status 
	Total bilirubin  
	Liver steatosis  
	TOTAL 

	Control
	4 
	5 
	8 
	8 
	11 
	31 

	Experimental
	18 
	9 
	14 
	17 
	24 
	31 



In the control group of 31 participants, four had elevated transaminase values, and five had elevated GGT values. Eight participants had elevated lipid status and total bilirubin values, while 11 participants had ultrasound-confirmed liver steatosis.  
In the experimental group of 31 participants, eighteen had elevated transaminase values, and nine had elevated GGT values. Fourteen participants had elevated lipid status, seventeen had elevated total bilirubin values, and 24 participants had confirmed liver steatosis based on ultrasound findings. In the experimental group of workers, four had hypertension. All four workers with hypertension had positive findings (liver steatosis in four participants, elevated transaminases, lipid status, and bilirubin in three participants, and one of them had positive results for all tested variables and 38 years of work experience).

 Table 2 presents a comparison of total work experience and the requested variables for the experimental and control groups.  

	Total length of service 
	up to 5 years 
	5 to 10 years  
	over 10 years 

	Experimental group 
Control group  
	5 
	16 
	10 

	
	4 
	12 
	15 

	Liver steatosis  
	5 
3 
	13 
4  
	6 
4  

	Lipid status 
	3 
2 
	7 
3 
	6 
4 

	Transaminase 
	0 
	1 
	3 

	GGT 
	1 
	1 
	3 

	Bilirubin 
	0 
	3 
	5 

	Negative finding  
Experimental group 
Control group 
	 
0 
	 
1 
	 
0 

	
	0 
	0 
	0 


 
5 participants had work experience up to 5 years, 16 participants had 5 to 10 years of experience, and 10 participants had over 10 years of experience. All 5 workers with work experience up to 5 years had a positive finding. The majority of participants (5) had liver steatosis, three participants had elevated transaminases and lipid status, two participants had elevated GGT values, while bilirubin was not elevated.  
Among participants with 5 to 10 years of work experience, one participant had a negative finding, while 13 participants had liver steatosis, nine participants had elevated transaminases and bilirubin, seven participants had elevated lipid status, and elevated GGT values were found in three participants. All 10 participants with work experience of over 10 years had a positive finding. Six participants had liver steatosis, 6 participants had elevated transaminase values, 8 participants had elevated bilirubin values, four participants had elevated lipid status, and 5 participants had elevated GGT values.  
Table 3 shows the results of the chi-square test between the experimental and control groups regarding the variables: "Fatty Liver," "Transaminases," "Bilirubin," "GGT," and "Lipid Status." The results indicate that a higher percentage of participants in the experimental group have fatty liver (77.4%), elevated transaminases (58.1%), bilirubin (54.8%), lipid status (45.2%), and GGT (32.3%). The chi-square test results showed that participants in the experimental group had a statistically significantly higher prevalence of fatty liver and elevated transaminases at a significance level of 0.01 compared to the control group. Additionally, participants in the experimental group have statistically significantly higher bilirubin, GGT, and lipid status at a significance level of 0.05 compared to the control group. 

Table 3. Hi-square test results.
	Variables
	Yes
	No
	h2
	p

	Fatty liver

	Experimental

	N
	24
	7
	16,53
	.000

	
	
	%
	77.4%
	22.6%
	
	

	
	Control

	N
	8
	23
	
	

	
	
	%
	25.8%
	74.2%
	
	

	Transaminases

	Experimental

	N
	18
	13
	16,20
	.000

	
	
	%
	58.1%
	41.9%
	
	

	
	Control

	N
	3
	28
	
	

	
	
	%
	9.7%
	90.3%
	
	

	Bilirubin

	Experimental

	N
	17
	14
	5,42
	.020

	
	
	%
	54.8%
	45.2%
	
	

	
	Control

	N
	8
	23
	
	

	
	
	%
	25.8%
	74.2%
	
	

	gGT

	Experimental

	N
	10
	21
	4,75
	.029

	
	
	%
	32.3%
	67.7%
	
	

	
	Control

	N
	3
	28
	
	

	
	
	%
	9.7%
	90.3%
	
	

	Lipid status
	Experimental

	N
	14
	17
	4,72
	.030

	
	
	%
	45.2%
	54.8%
	
	

	
	Control
	N
	6
	25
	
	

	
	
	%
	19.4%
	80.6%
	
	



In order to assess the impact of years of work experience on the variables "Fatty Liver," "Transaminases," "Bilirubin," "GGT," and "Lipid Status," logistic regression analysis was applied, and the results of beta coefficients are presented in Table 4. Beta coefficients in logistic regression indicate the size and direction of the predictor's effect on the outcome variable (in this case, variables related to the liver).

Table 4. Beta coefficient results.
	Variables
	Beta
	SG
	df
	F
	p

	Fatty liver (liver steatosis)
	.32
	.15
	2
	4.68
	.018

	Transaminases
	-.02
	.24
	1
	.01
	.911

	Bilirubin
	-.52
	.11
	2
	22.48
	.000

	GGT
	-.26
	.28
	1
	.82
	.371

	Lipid status
	.13
	.23
	2
	.33
	.718



Based on the beta coefficient results, it can be concluded that at a significance level of 0.05, with an increase in years of work experience in the experimental group of participants, the values of fatty liver increase. Regarding the dependent variable bilirubin, the beta coefficient results are negative. This result can be interpreted as, at a significance level of 0.05, an increase in years of work experience in the experimental group of participants is associated with a decrease in bilirubin values.
Table 5. Correlation analysis.
	Variable
	r
	P

	Fat sly – Lipid status
	Phi
	.02
	.889

	
	Cramer's V
	.02
	.889

	Transaminase - Lipid status
	Phi
	-.08
	.623

	
	Cramer's V
	.08
	.623

	Bilirubin – Lipid status
	Phi
	.24
	.171

	
	Cramer's V
	.24
	.171

	Gamma GT – Lipid status
	Phi
	.06
	.709

	
	Cramer's V
	.06
	.709



Benzene is metabolised in the liver to phenol, which is conjugated with sulfuric and glucuronic acids and excreted in the urine. A smaller part is eliminated unchanged through the lungs. Damage to the liver, kidneys and nervous system is caused by the effect of benzene peroxide, which is created during the metabolism of benzene and which, as a free radical, causes damage to various tissues and organs in the body. During the metabolism of benzene, sulfur is consumed, which is necessary for the synthesis of glutathione. Glutathione is needed for the regeneration of ascorbic acid, so there is a lack of vitamin C. Hypoxia occurs due to the intensive oxidation of benzene and intermediate products, which consume O2 in the blood.
The activation of benzene and its metabolites culminates in the damage of lipids, proteins and carbohydrates by various chemical reactions such as oxidation, nitration and halogenation, which leads to functional changes in various tissues. Inhalation of benzene leads to serious dysfunction of organ systems. Current results show that inhalation of benzene at different concentrations (for 10, 30 and 50 ppm) for 14 days causes a significant increase in lipid peroxidation (LPO) in serum and liver, and this effect increases with increasing benzene concentration. LPO is known to disrupt the integrity of cell membranes, and is associated with the pathogenesis of various liver and kidney damage. Reactive oxygen species (ROS) and LPO are hypothesized to serve as common mediators of apoptosis in response to many toxic substances and pathological conditions.
 
4. DISCUSSION

Exposure to benzene causes a significant increase in nitric oxide (NO) levels in serum and liver. Elevated values of NO can contribute to the development of protein damage, since NO directly reacts with the tyrosyl radical and forms 3-nitro-tyrosine. In addition, in high concentrations, NO together with superoxide anion ( O2•− ) forms peroxynitrite ( ONOO− ), which is the main nitrating agent. In addition to protein nitration, peroxynitrite can also induce protein carbonylation, a common oxidative damage to proteins. Both types of protein damage can lead to changes in protein function and subsequent changes in biological responses [10,11].
Glutathione (GSH) is an important intracellular scavenger of radicals that regulates the redox status of many other cellular substances and plays an important role in detoxification processes, especially those involved in the biotransformation of benzene.
Previous studies have indicated that GSH depletion is one of the important consequences of toxic damage and have established the key role of GSH in tissue protection from the toxic effects of the accumulation of reactive intermediates.
GSH is involved in the biotransformation of benzene in the liver. In the first step, benzene is oxidized to benzene-oxide in a reaction catalyzed by cytochrome P450 2E1; rearrangement generates phenol; the reaction with GSH catalyzed by GST produces less toxic metabolites, such as S-phenylmercapturic acid, which is excreted in the urine.
In our research, out of a total of 31 subjects in the experimental group, only one of them had a negative finding on the examined parameters. The largest number of subjects in the experimental group, 51.6%, had 5 to 10 years of work experience.
One of the first studies of the incidence of NASH in industrial workers was conducted in Brazil, in the highly industrialized northeastern region, during 1994, and included, among other things, the determination of markers of viral hepatitis and levels of liver enzymes and lipids in the serum of 1,500 petrochemical workers. Industries that have been exposed to numerous solvents for 5 years or more, including confirmed hepatotoxic substances such as vinyl chloride and chlorinated hydrocarbons. Of the 112 workers who were found to have elevated AST and/or ALT values, no other etiological causes were found in 32 (alcohol, viral liver disease, diabetes, increased body weight), and after a liver biopsy was performed, a diagnosis of NASH was made in 20 workers. Ten workers with a confirmed diagnosis of NASH were then relocated outside that industrial region and employed in workplaces where they were not exposed to solvents. The aforementioned ten workers had their liver enzymes checked monthly, and the liver biopsy was repeated after 8-14 months. In all ten workers, there was a gradual lowering of aminotransferase and GGT values in the serum and an improvement in the histological findings, primarily the withdrawal of steatosis and the reduction of portal inflammation and fibrosis. The authors concluded that NASH may occur as a consequence of exposure to volatile compounds in the petrochemical industry [12].
Cotrim et al also conducted a comparative study of the clinical and pathological profile of NASH in 84 patients who were diagnosed with NASH, divided into three groups. The first group included 31 patients with more than 5 years of professional exposure to solvents (benzene, xylene, ethylene, dimethylformamide, vinyl chloride, etc.), the second group included 30 patients who were also exposed to solvents in their work history, but also suffered from diabetes, hyperlipidemia and were overweight, while the third group consisted of 23 patients with the same metabolic status as the patients of the second group, but without established professional exposure to solvents. Although it was a relatively small number of subjects, the results indicate that exposure to solvents is an independent risk factor for the development of NASH. In 2005, the same group of authors published a preliminary study of the association between insulin resistance and the occurrence of NAFLD in workers exposed to solvents in the petrochemical industry. Insulin resistance was determined in 40 workers exposed to solvents for 5 or more years who were diagnosed with NAFLD. Of the 22 patients (out of a total of 32 who were examined) who were diagnosed with steatohepatitis with fibrosis by liver biopsy, 17 of them did not have insulin resistance. The results indicate that NAFLD in workers in the petrochemical industry does not have to be based on insulin resistance, which may explain why histological changes in exposed workers resolve after cessation of exposure [13,14].
In our research, the most common positive parameter in the experimental group was fatty liver in 24 or 77.4% of them and transaminases in 18 or 58.1% of them, which is with statistically significant of 0.01 more than in the control group. Also with a statistical significance of 0.05 were elevated values of bilirubin, GGT and lipid status.
Out of a total of 31 respondents, 4 of them had hypertension, diabetes was an exclusion factor, and our results, similarly to the aforementioned studies, indicated that there is no association between elevated values of lipid status and steatosis of the liver, transaminases and other monitored parameters (in the sense of excluding metabolic syndrome as a basis for changes in the structure of the liver parenchyma and changes in laboratory parameters of liver function).
A study conducted in a group of more than 600 workers in the petrochemical industry also linked exposure to solvents (benzene, xylene, ethylene, ethylene oxide, acetonitrile, butadiene, etc., in concentrations up to ten times higher than the then GVI values) for a duration of 10 and several years with an increase in liver transaminases (prevalence 18%), hyperlipidemia (up to 25%) accompanied by an enlarged liver [15]. Therefore, it has been proven that professional exposure to solvents in concentrations that are multiple times the GVI increases the risk of liver damage.
Analyzing the influence of length of service (exposure) on liver steatosis and changes in liver function parameters in our study, we came to the result that the appearance of steatosis in relation to the length of service increases with a statistical significance of 0.05.
A study conducted in an oil refinery with the aim of linking the occurrence of hypertransaminasemia with exposure to aromatic hydrocarbons included 167 industrial employees, 95 with exposure to hydrocarbons. Twenty-seven employees of both groups (29.4%) and 1 from the control group (1.4%) had htamsemia (p = 0.001). The remaining biochemical tests and measured parameters did not show significant differences between the two groups. Of the 27 workers with htamsemia, 14 (51.9%) showed ultrasound images compatible with fatty liver. Ambient levels of BTX during the 9 months of the study remained below the maximum values allowed by law in Argentina (benzene, 1.5 ppm., toluene 10 ppm and xylene 18.5 ppm). Based on the study, it was concluded that occupational exposure to aromatic hydrocarbons can cause liver damage [16].
As previously stated, organic volatile substances, their metabolites and intermediate substances have numerous toxic effects on our body and, among other things, on the liver. Mostly these effects occur when exposed to higher concentrations than those permitted, however, chronic exposure to limit values and poor use of personal protective equipment cannot be excluded as a trigger [17].
In the case of evaluating the cause of liver damage, we are rarely able to decide that it is an occupational liver disease, i.e. that occupational exposure to hepatotoxic substances is the only factor in the development of liver disease. Careful processing should, however, consider whether it is a work-related liver disease, i.e. whether occupational exposure is one of the possible causative factors in the occurrence of this disorder. A key role in this treatment is the clinical-toxicological analysis/assessment of possible health effects of the chemicals in question, which will answer two key questions: are the chemicals in question hepatotoxic and at what level of exposure. Given that the hepatotoxicity of a chemical depends on its structure and especially its metabolism, it is necessary to evaluate each chemical separately [18].
The composition of raw coke gas and its processing is very complex, and in addition to its basic ingredients (ammonia, benzene, sulfur, carbonic water and raw tar), there are also a number of other compounds that represent very dangerous pollutants for all ecosystems, such as hydrogen sulfide, cyanides, triocyanides, hydrogen, but also over 70 other organic compounds in different concentration ranges.
In our study, neither ambient nor biological monitoring was followed. It is true that workers in the coke industry are exposed to numerous organic volatile substances and not only aromatic hydrocarbons. In our study, we did not provide an answer as to whether the results we obtained were a consequence of worker exposure to permitted values of organically volatile substances at the workplace or those values were above the permitted, as well as whether the results we obtained were a consequence of exposure to aromatic hydrocarbons or a consequence of synergistic effects of numerous organic volatile substances to which workers in the coke industry are exposed. Answers to these questions can be obtained with continuous environmental and biological monitoring.
Based on the results we obtained, it can be concluded with great certainty that organic volatile substances are the cause of morphological and functional changes in the liver.

5. Conclusion

Exposure of workers to organic volatile substances in the workplace leads to changes in the morphological structure of the liver parenchyma in terms of fatty infiltration and causes changes in laboratory parameters of liver function (primarily transaminase, total bilirubin and lipid status). The length of service (exposure) at a workplace exposed to organic volatile substances affects the frequency of occurrence of steatotic changes in the liver parenchyma.  
Changes in the structure of the liver parenchyma and elevated values of transaminases do not have a metabolic syndrome in the background (diabetes mellitus was an exclusion factor for participation in the study, the presence of hypertension in the experimental group was not statistically significant, and the research shows that there is no association of lipid status with liver steatosis and elevated transaminase values).  
Exposure to organic volatile substances at the workplace as an independent factor causes liver steatosis with elevated values of laboratory parameters of liver function; that is, it can be said that it is an independent cause of non-alcoholic fatty liver disease (NAFLD).  
[bookmark: _GoBack]It is extremely important to implement occupational safety measures prescribed by the Occupational Safety Act as a measure to prevent health disorders, but also as a significant measure in the diagnosis of occupational and work-related diseases. Regarding occupational safety measures, we highlight the importance of risk assessment, regular periodic measurement of the concentration of pollution in the working environment, regular previous and periodic health examinations of exposed workers, and keeping documentation of the aforementioned measures. Special attention to the need to protect exposed workers with personal protective equipment for the respiratory tract and exposed parts of the skin. 
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