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SUMMARY
Objective: Our study aimed to evaluate the extent of polycyclic aromatic hydrocarbon (PAH) exposure in coke oven workers from Eastern 

Slovakia by cytogenetic analysis of human peripheral lymphocytes.   
Methods: A total of 81 peripheral blood samples were collected from PAH-exposed workers (mean age 45.84 ± 9.73 years) and 30 samples 

constituted the control group (41.93 ± 15.39 years). The samples were processed using routine cytological analysis. Conventional cytogenetic 
analysis of human peripheral lymphocytes has been used to evaluate the effects of PAHs. 

Results: Comparison of the aberrant cells in the total exposed with the controls showed a significant difference (p < 0.05). A high level of 
significance (p < 0.001) was observed when comparing the gaps between the exposed group and the control group. There was a significant dif-
ference (p < 0.01) in aberrant cells and chromatid breaks (p < 0.05) in the GR1 working subgroup compared with the control group. The results of 
the correlation analysis did not show a significant relationship between the length of occupational exposure and the frequency of aberrant cells 
(r = 0.071, p = 0.529). Similarly, no association was observed between smoking among coke plant workers and the frequency of aberrant cells 
(r = 0.117, p = 0.538).

Conclusion: Cytogenetic analysis showed an increased frequency of chromosomal aberrations in coke oven workers in Eastern Slovakia.
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INTRODUCTION

Industrial coking plants are a major source of emissions. They 
produce complex mixtures of pollutants with genotoxic, carcino-
genic, and teratogenic effects, such as polycyclic aromatic hydro-
carbons (PAHs) and nitrogen polycyclic aromatic hydrocarbons 
(nitroPAHs), which are significant environmental contaminants 
(1, 2). PAHs are classified as semi-volatile compounds that are 
released as gases or particles depending on ambient conditions (3).

Several studies have reported the negative and carcinogenic 
effects of PAHs. An increased skin risk has been observed with 
skin contact. Inhaled PAH particles can cause respiratory compli-
cations and increase the risk of lung cancer. Coke plant workers 
have also been reported to have a significantly higher risk of 
kidney and prostate cancers (4, 5).

Elevated PAH metabolite levels in the body are also associated 
with an increased risk of diabetes. A study by Yang et al. (6) showed 
that elevated urinary 4-hydroxyphenanthrene (4-OHPh) levels were 
significantly associated with a higher risk of diabetes in coke oven 
workers. This correlation was more significant in those who were 
overweight smokers. Alterations in humoral responses and levels 
of some antibodies have also been noted in this profession (7).

Higher levels of oxidative stress and tumor markers have been 
reported in occupationally PAH-exposed populations (8). An 
increased risk of stomach or gastrointestinal cancer has also been 
reported in the general population in association with smoked or 
grilled foods, such as fish and meat products, that become con-
taminated with PAHs during preparation (4, 5, 9). In addition, 
Al-Nasir et al. (10) suggested that the consumption of vegetables 
grown in areas where the soil is contaminated with PAHs may 
pose a potentially higher risk of cancer and affect human health. In 
addition to a direct mutagenic effect, reduced efficiency of DNA 
repair mechanisms has been reported in individuals exposed to 
PAHs, and the magnitude of this negative effect may be influenced 
by genetic polymorphism (11). 

Cytogenetic analyses have become the gold standard in epide-
miological studies for determining exposure to carcinogenic or 
mutagenic substances in the work environment. Chromosomal 
aberrations are one of the most important biomarkers for monitor-
ing initiation of exposure and the development of carcinogenicity 
(12, 13). An increased incidence of chromosomal aberrations in 
peripheral blood lymphocytes is associated with an increased can-
cer risk. Chromosomal aberrations constitute a relevant and detect-
able marker of carcinogenesis and may predict the risk of cancer 
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initiation in healthy individuals (14). Owing to the increased risk 
of carcinogenicity (15), coke oven plants have been an area of 
interest for biological monitoring using cytogenetic methods for 
more than three decades (16, 17). Our study reports the results of 
cytogenetic analysis of human peripheral lymphocytes in a group 
of coke oven workers from Eastern Slovakia. 

MATERIALS AND METHODS

Subjects and Sampling
An anamnestic questionnaire was administered to each proband 

before the study to determine lifestyle, dietary habits, smoking, 
and medical history to distinguish between the personal and inves-
tigational risk of mutagenicity. Individuals who had an infectious 
disease, received a vaccination, or had X-rays within 3 months 
before blood sample collection were excluded from the cohort 
due to contraindications.  

The study of the effect of the presence of a chemical carcinogen 
on genetic material involved 81 coke plant workers. The exposed 
group consisted of four work groups divided according to their 
job descriptions. Group GR1 consisted of coke plant workers 
who processed of coke by-products in the plant. Group GR2 
comprised workers who provided maintenance coke oven batter-
ies. Workgroups GR3 and GR4 ensured the on-site production of 
coke. The control group consisted of 30 workers who worked in 
workplaces that were free of chemical carcinogens.

Cytogenetic Method
The 4.5 ml venous blood sample was obtained with previously 

heparinised syringes. Twenty-four hours after sample collection, 
culture was started in 20 ml culture tubes, with 0.6 ml of blood 
cultured in 5.83 ml of RPMI 1640 culture medium (PAN-Biotech) 
containing L-glutamine, NaHCO3 supplemented with 1.39 ml 
foetal bovine serum and 0.28 ml phytohaemagglutinin (PAN-
Biotech) at 37 °C. Samples were incubated for 72 h with 0.8 ml 

of colchicine (PAN-Biotech) added to the samples 2 h before 
harvest (18, 19).

Lymphocytes were collected by centrifugation and resuspended 
in a pre-warmed hypotonic solution (0.075M KCL) for 25 min, 
followed by a fixative solution consisting of methanol and acetic 
acid in a 3:1 ratio.

Finally, the samples were centrifuged, and the supernatant was 
aspirated to a residual pellet volume of approximately 0.6 ml. The 
sediment of the samples was mixed using an automated pipette and 
was dropped onto slides, which were then air-dried. The samples 
were stained after 24 h with 5% Giemsa-Romanowski solution.

The conventional method of cytogenetic analysis of human 
peripheral lymphocytes (CALPL) was used for objectification and 
biological monitoring of the effects of the chemicals. In the group 
assay, 100 mitoses were microscopically examined in each subject 
to determine the mean value of the percentage of chromosomal 
aberrations (% AB.B.). Four categories of chromosome aberra-
tions were analyzed: chromatid, isochromatic breaks, chromatid 
and isochromatid exchanges. Chromatid and isochromatid gaps 
were not evaluated as aberrations but were included in the statisti-
cal evaluation of the groups as a separate category (19).

Statistical Analysis
The results are expressed as the mean ± standard deviation. 

One-factor ANOVA and unpaired t-test were used to compare the 
values of the exposed and control groups, and p < 0.05 was consid-
ered significant. Results are presented as 95% confidence intervals 
(CIs). Relative risk (RR) was estimated according to CA, together 
with 95% confidence intervals. Pearson’s correlation analysis was 
used to determine the degree of association between the selected 
parameters, where p < 0.05 was considered statistically significant.

RESULTS

Table 1 describes the study groups, age of the respondents, 
duration of occupational exposure, and the number of cells 

Subjects n Age
Mean (SD)

Length of exposure 
(years)

Mean (SD)

Length of smoking 
(years)

Mean (SD)

Number of analysed 
cells

Exposed group
Total 81 45.84 (9.73) 20.42 (11.18) 8,100
GR1 20 47.95 (10.11) 21.25 (12.92) 2,000
GR2 20 46.80 (9.74) 23.05 (12.03) 2,000
GR3 21 44.52 (9.61) 19.52 (8.89) 2,100
GR4 20 44.15 (9.69) 17.90 (10.76) 2,000
Smokers 30 44.53 (10.12) 17.8 (9.88) 3,000
Nonsmokers 51 46.61 (9.51) 5,100

Control group
Total 30 41.93 (15.39) 0.00 3,000
Smokers 3 39.00 (23.07) 11.00 (8.54) 300
Nonsmokers 27 42.26 (14.91) 2,700

Table 1. General characteristics of study groups



S97

analysed. The exposed and control groups were divided into two 
subgroups according to their relationship with smoking. A total 
of 11,100 metaphase cells were analysed. 

Table 3 shows the average frequencies of the observed chro-
mosomal aberrations in the different groups. The most frequent 
type of aberrations observed in the work-exposed group (total) 
was chromatid breaks (mean 0.89), whereas chromatid exchanges 
were the least represented (mean 0.01). The distribution of 
chromosome breaks in the exposed subgroups was as follows: 
in the GR1 subgroup, chromatid breaks were the most frequent 
aberrations (mean 1.50), and chromatid exchanges were the least 
frequent aberrations (mean 0.05). In subgroup GR2, isochroma-
tid breaks were the most frequent (mean 0.70), and chromatid, 
isochromatid exchanges were not recorded in this subgroup. In 
the exposed GR3 and GR4 subgroups, chromatid breaks were 
the most frequent (mean 0.90 and 1.00), whereas chromatid and 
isochromatid exchanges were not observed in either group. In the 
group of exposed nonsmokers, chromatid breaks were predomi-
nant (mean 0.83), and chromatid exchanges were not observed. 
In the group of exposed nonsmokers, chromatid breaks were the 
most frequent (mean 0.92), whereas chromatid exchanges (mean 
0.02) and isochromatid exchanges (mean 0.02) were the least 
frequent. Chromatid breaks (mean 0.50) were the most frequent 
aberrations in the control group; chromatid exchanges were not 
observed in the control group. In smokers in the control group, 
chromatid breaks were the most frequent aberrations (mean 0.67), 
as well as in the non-smoker (mean 0.48); no chromatid exchanges 
were observed in either group.

There was a significant difference (p < 0.05; RR: 1.17; 95% CI: 
0.88–1.54) between the aberrant cells in the total exposed group 
and the control group (Table 2). When comparing the different 
types of breaks in the total exposed with the control, there were 
no significant differences (p > 0.05), but the difference in chro-
matid breaks was slightly above significance (p = 0.057). A high 
level of significance (p < 0.001) was observed when comparing 
the gaps between the exposed and control groups. There was a 
significant difference (p < 0.01; RR: 1.35; 95% CI: 1.01–1.81) 

in the aberrant cells and chromatid gaps between the GR1 work 
group and the control group (p < 0.05). No statistically significant 
differences were observed when comparing other types of aber-
rations.  There was also a higher incidence of gaps (p < 0.001) in 
the GR1 exposed group compared than in the control group. In the 
other working subgroups (GR2 to GR4), there was no significant 
difference in the observed chromosomal aberrations compared 
to the control group. However, a significantly higher frequency 
of gaps (p < 0.001) was observed in the exposed GR2 and GR4 
subgroups than that in the control group (Table 4). A moderate 
level of significance (p < 0.01) was observed when comparing 
the gap frequencies in the exposed GR3 subgroup with those in 
the control group. Comparisons between smokers and nonsmok-
ers in the exposed group showed no significant differences (p > 
0.05) between the studied categories. In addition, there was no 
significant difference (p > 0.05) in the control group when the 
smoking relation was monitored.

Pearson’s correlation analysis showed no significant associa-
tion (r = 0.117, p = 0.538) between smoking duration in the exposed 
group and the mean aberrant cells. There was no significant as-
sociation (r = 0.071, p = 0.529) when the relationship between the 
length of exposure (years worked) and frequency of aberrant cells 
was assessed using Pearson’s correlation analysis.

DISCUSSION

The frequency of aberrant cells in the study group of exposed 
workers (mean 1.40 ± 1.03) was higher (p < 0.05) than that in the 
control group (mean 0.90 ± 0.76). Significant differences (p < 0.01) 
in the number of aberrant cells between the work establishments 
and the control group were observed in the GR1 group. In this 
working group, chromatid breaks had the highest mean values 
(mean 1.50 ± 1.05). There were no significant differences in other 
categories of chromosomal aberrations between the exposed and 
the control groups. However, higher frequencies of gaps were 
noted in all working groups compared to the control group. The 

Subjects AB.C. (%) 
Mean (SD) 95% CI p-value RR (95% CI)

Exposed group
Total 1.40 (1.03) 0.09–0.90 < 0.05 1.17 (0.88–1.54)

GR1 1.65 (1.09) 0.23–1.27 < 0.01 1.35 (1.01–1.81)
GR2 1.25 (0.85) −0.11–0.81 0.135 1.20 (0.86–1.68)
GR3 1.33 (1.06) −0.08–0.95 0.956 1.07 (0.74–1.55)
GR4 1.35 (1.14) −0.09–0.99 0.094 1.05 (0.72–1.54)
Smokers 1.27 (0.94) −0.68–0.27 0.342 0.91 (0.71–1.18)
Nonsmokers 1.47 (1.08) N/A N/A N/A

Control group
Total 0.90 (0.76) N/A N/A N/A
Smokers 1.00 (1.00) −0.85–1.07 0.815 N/A
Nonsmokers 0.89 (0.75) N/A N/A N/A

SD – standard deviation; RR – risk ratio; CI – confidence interval; N/A – not assessed. The exposed group (total) has been compared to the control group (total). The 
exposed subgroups (GR1, GR2, GR3, GR4) have been compared to the control group (total). Smokers have been compared to nonsmokers within the group. Numbers 
in bold indicate statistically significant values. 

Table 2. Frequency of aberrant cells
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Subjects Gaps
Mean (SD) 95% CI p-value

Exposed group
Total 0.75 (0.81) 0.39–0.99 < 0.001
GR1 0.95 (0.89) 0.54–1.23 < 0.001
GR2 0.70 (0.66) 0.37–0.90 < 0.001
GR3 0.57 (0.75) 0.21–0.80 < 0.001
GR4 0.80 (0.95) 0.37–1.10 < 0.001
Smokers 0.87 (0.86) −0.19–0.55 0.339
Nonsmokers 0.69 (0.79) N/A N/A

Control group
Total 0.07 (0.25) N/A N/A
Smokers 0.00 (0.00) −0.39–0.25 0.640
Nonsmokers 0.07 (0.27) N/A N/A

Table 4. Frequency of gaps in exposed and control groups

Gaps – chromatid gaps; SD – standard deviation; CI – confidence interval; N/A – 
not assessed. The exposed group (total) has been compared to the control group 
(total). The exposed subgroups (GR1, GR2, GR3, GR4) have been compared to 
the control group (total). Smokers have been compared to nonsmokers within the 
group. Numbers in bold indicate statistically significant values.

results of cytogenetic analysis of human peripheral lymphocytes 
indicate occupational exposure to PAHs in coke plant workers.

Several studies using cytogenetic methods have shown an 
increased frequency of aberrant cells in PAH-exposed groups 
(16, 20). Kalina et al. (1) evaluated peripheral lymphocytes from 
64 coke plant workers in their biological monitoring study. Their 
results showed a significantly higher (p < 0.05) frequency of aber-
rant cells and breaks in the exposed group (2.30% AB.C.) com-
pared to the control group (1.09% AB.C.). Chromatid breaks were 
the most common type of chromosomal aberrations reported in 
their study. A similar study by Ada et al. (21) aimed to determine 
cytogenetic damage in peripheral blood lymphocytes in Turkish 
coke oven workers and showed that the overall frequencies of 
aberrant cells without gaps were significantly higher (p < 0.001) 
in coke oven workers than in the control group. Chromosomal 
aberrations mainly consisted of breaks and chromatid gaps. The 
frequency of aberrant cells was also significantly higher in coke 
oven workers aged less than 40 years old (p < 0.05) and in those 
aged 41 years or older (p < 0.01) than in the control subgroups. 
Similarly, the number of aberrant cells along with gaps was 
significantly higher (p < 0.001) in the exposed group than in the 
control group. When comparing a subgroup of coke workers 
who smoked with smokers from the control group, they found 
a significant difference (p < 0.001) in the frequency of aberrant 
cells. In our study, it was not possible to statistically evaluate the 
results comparing smokers from the exposed and control groups, 
as there was a low representation of smokers in the control group 
(n = 3). Vimercati et al. (22), in their environmental monitoring of 
PAH exposure in coke oven workers, did not find a significantly 
higher frequency (p > 0.05) of aberrant cells in the exposed group 
compared to the control group. However, their study noted dif-
ferences in the other biomarkers monitored. The exposed group 
had a higher frequency (p < 0.05) of sister chromatid exchanges 
than the unexposed group. P32 post-labelling analysis revealed 
significantly higher (p < 0.01) levels of PAH-DNA adducts in the 
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exposed group compared to the control group. The average level 
of the metabolic biomarker 1-hydroxypyrene was significantly 
higher (p < 0.001) in the urine of the exposed group than that of 
workers not working in the coke oven.

The results of our correlation analysis did not show a signifi-
cant relationship between the length of occupational exposure 
and frequency of aberrant cells (r = 0.071, p = 0.529). Similarly, 
no association was observed between smoking among coke plant 
workers and the frequency of aberrant cells (r = 0.117, p = 0.538). 
Published results by Reuterwall et al. (23) linked the length of 
employment with a higher frequency of micronuclei. The mean 
age of the exposed group did not prove to be associated with the 
cytogenetic parameter of interest in their regression model (the 
association was just above significance, p = 0.06). Age, smoking, 
snuff use, and length of exposure accounted for 25% of the total 
variability in the number of sister chromatid exchanges. In the 
subgroup of smokers studied, the number of cigarettes smoked 
per day did not affect the mean frequency of sister chromatid 
exchanges. Similar to our results, Siwinska et al. (24) did not 
observe a correlation between the length of occupational exposure 
and chromosomal aberrations, nor did they observe a correlation 
for other cytogenetic markers. Motykiewicz et al. (20) reported 
a lower sensitivity of chromosome aberration analysis compared 
with sister chromatid exchange analysis. This fact could explain 
the divergence of our findings when compared with some studies 
(23, 25, 26). Several published studies (27, 28) using cytogenetic 
monitoring have demonstrated a consistent relationship between 
smoking and the level of DNA damage. Nevertheless, there 
are available publications (1, 29, 30) that have not observed a 
negative effect of smoking, suggesting that further research is 
required in this area.

CONCLUSION

We have observed differences in the average percentage of 
aberrant cells between the exposed groups and the control group. 
Significant differences were noted in the gaps category, which 
were more frequently noted in all exposed groups. The Pearsonʼs 
correlation analysis did not show a significant relationship be-
tween the selected variables.

Our results indicate an increased risk of mutagenicity in the 
work environment of coke oven workers exposed to PAHs. This 
risk is highly associated with an increased frequency of cancer. 
This fact reflects the importance of prevention and the use of 
cytogenetic methods to objectify and monitor the risk of muta-
genicity and carcinogenicity in the fields of preventive medicine 
and hygienic-epidemiological approaches to public health. 

Acknowledgements
This work was supported by KEGA project No. 002PU-4/2021 and VEGA 
project No. 1/0069/22.

Conflicts of Interest
None declared

REFERENCES

1.	 Kalina I, Brezáni P, Gajdošová D, Binková B, Salagovic J, Habalová 
V, et al. Cytogenetic monitoring in coke oven workers. Mutat Res. 
1998;417(1):9-17.

2.	 Dobiáš L, Kůsová J, Gajdoš O, Vidová P, Havránková J, Fried M, et al. 
Bioassay-directed chemical analysis and detection of mutagenicity in 
ambient air of the coke oven. Mutat Res. 1999;44(2):285-93.

3.	 Fan Z, Lin L. Exposure science: contaminant mixtures. In: Nriagu JO. 
Encyclopedia of environmental health. Burlington: Elsevier Science; 
2011. p. 805-815. 

4.	 Redmond CK, Mazumdar S. Design, Analysis and interpretation of long-
term mortality studies of coke oven workers. Int Stat Rev. 1993;61(2):207-
21.

5.	 Ravanbakhsh M, Yousefi H, Lak E, Ansari MJ, Suksatan W, Qasim QA, 
et al. Effect of Polycyclic Aromatic Hydrocarbons (PAHs) on respiratory 
diseases and the risk factors related to cancer. Polycycl Aromat Compd. 
2023;43(9):8371-87.

6.	 Yang L, Yan K, Zeng D, Lai X, Chen X, Fang Q, et al. Association of 
polycyclic aromatic hydrocarbons metabolites and risk of diabetes in 
coke oven workers. Environ Pollut. 2017;223:305-10.

7.	 Wu MT, Pan CH, Wu TN, Huang YL, Chen CY, Huang LH, et al. Immu-
nological findings in a group of coke-oven workers exposed to polycyclic 
aromatic hydrocarbons. J Occup Environ Med. 2003;45(10):1034-9.

8.	 Adly HM, Saleh SA. The association of increased oxidative stress 
and tumor biomarkers related to polyaromatic hydrocarbons exposure 
for different occupational workers in Makkah, Saudi Arabia. Cureus. 
2022;14(12):e32981. doi: 10.7759/cureus.32981.

9.	 Verma PK, Dinesh S, Satish R, Rastogi N, Kumari KM, Lakhani A. 
Atmospheric chemistry and cancer risk assessment of Polycyclic Aro-
matic Hydrocarbons (PAHs) and Nitro-PAHs over a semi-arid site in the 
Indo-Gangetic plain. J Environ Manag. 2022;317:115456. doi: 10.1016/j.
jenvman.2022.115456.

10.	 Al-Nasir F, Hijazin TJ, Al-Alawi MM, Jiries A, Al-Madanat OY, Mayyas 
A, et al. Accumulation, source identification, and cancer risk assessment 
of Polycyclic Aromatic Hydrocarbons (PAHs) in different Jordanian 
vegetables. Toxics. 2022;10(11)643-62. 

11.	 Cebulska-Wasilewska A, Binkova B, Sram RJ, Kalina I, Popov T, Farmer 
PB. Repair competence assay in studies of the influence of environmental 
exposure to c-PAHs on individual susceptibility to induction of DNA 
damage. Mutat Res. 2007;620(1-2):155-64. 

12.	 Ngelangel CA, Villanueva-Timbol K, Fuerte FG, Tiangco BJ, Susano BT, 
Enriquez MLD. Chromosomal aberrations among Filipino health work-
ers at the chemotherapy oncology wards/clinics of a tertiary government 
hospital. Acta Med Philipp. 2014;48(4):11-6.

13.	 Sram RJ, Rössner P, Beskid O, Bavorova H, Ocadlikova D, Solansky I, 
et al. Chromosomal aberration frequencies determined by conventional 
methods: parallel increases over time in the region of a petrochemi-
cal industry and throughout the Czech Republic. Chem Biol Interact. 
2007;166(1-3):239-44.

14.	 Boffetta P, Van Der Hel O, Norppa H, Fabionova E, Fucic A, Gundy S, 
et al. Chromosomal aberrations and cancer risk: results of a cohort study 
from Central Europe. Am J Epidemiol. 2006;165(1):36-43.

15.	 Popp W, Vahrenholz C, Schell C, Kraus R, Bülow J, Müller G, et al. 
Risk estimation in coke-oven workers by determining some biomarkers 
of carcinogen exposure. Exp Toxicol Pathol. 1995;47(6):440-2.

16.	 Bender MA, Leonard RC, White O, Constantino JP, Redmond CK. 
Chromosomal aberrations and sister-chromatid exchanges in lymphocytes 
from coke oven workers. Mutat Res. 1988;206(1):11-6. 

17.	 Santos-Mello R, Silva JC, Nunes MH, Braga MA. Cytogenetics 
study on coke oven workers with abnormal blood counts. Mutat Res. 
1992;280(4):261-9. 

18.	 Lawce HJ, Brown MG. Peripheral blood cytogenic methods. In: Arsham 
MS, Barch MJ, Lawce HJ, editors. The AGT Cytogenetics Laboratory 
Manual. Hoboken: John Wiley & Sons; 2017. p. 87-117.

19.	 Očadlíková D, Bavorová H, Šmíd J. [Cytogenetic analysis of peripheral 
lymphocytes. Update of the current standard methodology]. AHEM. 
2007;(1):1-30. Czech.

20.	 Motykiewicz G, Michalska J, Pendzich J, Perera FP, Chora̧źy M. A 
cytogenetic study of men environmentally and occupationally exposed 
to airborne pollutants. Mutat Res. 1992;280(4):253-9. 

21.	 Ada AO, Demiroglu C, Yilmazer M, Suzen HS, Demirbag AE, Efe S, 
et al. Cytogenetic damage in Turkish coke oven workers exposed to 
polycyclic aromatic hydrocarbons: association with CYP1A1, CYP1B1, 



S100

EPHX1, GSTM1, GSTT1, and GSTP1 gene polymorphisms. Arch Ind 
Hyg Toxicol. 2013;64(3):359-69. 

22.	 Vimercati L, Bisceglia L, Cavone D, Caputi A, De Maria L, Delfino 
MC, et al. Environmental monitoring of PAHs exposure, biomarkers 
and vital status in coke oven workers. Int J Environ Res Public Health. 
2020;17(7):2199. doi: 10.3390/ijerph17072199.

23.	 Reuterwall C, Aringer L, Elinder CG, Rannug A, Levin JO, Juringe L, 
et al. Assessment of genotoxic exposure in Swedish coke-oven work by 
different methods of biological monitoring. Scand J Work Environ Health. 
1991;17(2):123-32. 

24.	 Siwinska E, Mielzynska D, Kapka L. Association between urinary 1-hy-
droxypyrene and genotoxic effects in coke oven workers. Occup Environ 
Med. 2004;61(3):e10. doi: 10.1136/oem.2002.006643.

25.	 Buchet JP, Ferreira M, Burrion JB, Leroy T, Kirsch-Volders M, Van 
Hummelen P, et al. Tumor markers in serum, polyamines and modified 
nucleosides in urine, and cytogenetic aberrations in lymphocytes of 
workers exposed to polycyclic aromatic hydrocarbons. Am J Ind Med. 
1995;27(4):523-43. 

26.	 Miner JK, Rom WN, Livingston GK, Lyon JL. Lymphocyte Sister 
Chromatid Exchange (SCE) frequencies in coke oven workers. J Occup 
Environ Med. 1983;25(1):30-3. 

27.	 Mielżyńska D, Braszczyńska Z, Siwińska E, Smolik E, Bubak A, Sokal 
JA. Exposure of coke-oven workers to polycyclic aromatic hydrocar-
bons based on biological monitoring results. Am Ind Hyg Assoc J. 
2011;58(9):661-6. 

28.	 Van Delft JH, Steenwinkel MS, Van Asten JG, De Vogel N, Bruijntjes-
Rozier TC, Schouten T, et al. Biological monitoring the exposure to 
polycyclic aromatic hydrocarbons of coke oven workers in relation to 
smoking and genetic polymorphisms for GSTM1 and GSTT1. Ann Occup 
Hyg. 2001;45(5):395-408. 

29.	 Van Hummelen P, Gennart JP, Buchet JP, Lauwerys R, Kirsch-Volders 
M. Biological markers in PAH exposed workers and controls. Mutat Res. 
1993;300(3-4):231-9. 

30.	 Marczynski B, Rihs HP, Rossbach B, Hölzer J, Angerer J, Scherenberg 
M, et al. Analysis of 8-oxo-7,8-dihydro-2′-deoxyguanosine and DNA 
strand breaks in white blood cells of occupationally exposed workers: 
comparison with ambient monitoring, urinary metabolites and enzyme 
polymorphisms. Carcinogenesis. 2002;23(2):273-81.

Received April 15, 2023
Accepted in revised form December 1, 2023


