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Exposure to Multiple Heavy Metals and Health Hazards in Shipbuilding Workers
Chih-Hong Pan!? Ching-Huang La?Wen-Yi Lin®, Chiung-Yu Peng*

Ynstitute of Labor, Occupational Safety and Health, Ministry of Labor, Taipei, Taiwan
2School of Public Health, National Defense Medical Center, Taipei, Taiwan
3Center of Environmental and Occupational Medicine, Kaohsiung Municipal Hsiaokang Hospital, Kaohsiung, Taiwan

4 Department of Public Health, Kaohsiung Medical University, Kaohsiung, Taiwan

ABSTRACT
Introduction: Heavy metals are extensively adopted in shipbuilding industry. Welders are high risk
group for heavy metal exposure. Heavy metals can cause a variety of adverse health effects, such as
occupational asthma, bronchitis, pneumoconiosis, and lung cancer. Heavy metals in the workplace
may result in the generation of highly reactive oxygen species, and the consequent oxidative stress
promotes the development of cancer.
Methods: A cross-sectional study for shipbuilding workers was conducted in a shipbuilding company.
Originally, 300 shipbuilding Workers who had been employed for at least one year were recruited to
respond to a questionnaire survey and to undergo a health check. Based on job titles obtained from
responses to the questionnaire survey, the 300 shipbuilding workers were classified into 200 welders
and 100 administrative staff . Workplace air monitoring and biological monitoring for Cr, Ni, Mn, Cd,
Cu, Zn, Pb, Co, Sr, and Be were conducted for welders and administrative staff. Urinary Cr, Ni, Mn,
Cd, Cu, Zn, Pb, Co, Sr, and Be were used as internal dose of exposure to heavy metals. Urinary
8-hydroxy-2’-deoxyguanosine (8-OHdG) was used as oxidative stress markers. All data from 300
shipbuilding workers were then included in linear mixed-effects models to identify significant
predictors of workers’ urinary 8-OHdG and heavy metal levels.
Results: A significant reduction was found for the spirometry parameters in welders, as compared to
the administrative staff. The abnormality rate of chest X-ray inspection in welders were significantly

higher than that in administrative staff. Mean urinary levels of 8-OHdG and heavy metals in welders
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consistently exceeded those in administrative staff. Urinary Cr, Ni, Zn, and Sr were significantly
correlated with urinary 8-OHdG following adjustments for covariates .

Conclusions: Exposure to heavy metals leads to an increased risk of oxidative DNA injury among
shipbuilding workers. These results suggest the need to develop immediately preventive measures,
including the use of hand gloves and respirators to protect the health of shipbuilding workers.

Keywords: heavy metals, shipbuilding workers, spirometry parameters, chest X-ray, oxidative stress
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Table 1. Descriptive statistics for 300 workers by job title in a shipbuilding
company

Variable Administrative Welders P
staff (n=100) (n=200)
Age (years) 49.5+6.8 49.9+59 0.433
Height (cm) 168.6 £ 6.3 168.1 £5.5 0.247
Weight (kg) 67.7+8.1 68.1+ 8.9 0.151
Body mass index (kg/m?) 23.8+35 241436 0.124
Working years 30.3+9.8 31.2+8.9 0.433
Cigarette smoking, n(%) 22 (22.0%) 64 (32.0%) <0.001
Alcohol consumption, n(%) 9 (9%) 74 (37.0%) <0.001
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Table 2. Comparison by job title and smoking status of urinary 8-OHdG

levels (ug/g creatinine) in 300 workers in a shipbuilding company

Marker Smoking status Administrative staff Welders P
(n=100) (n=200)

8-OHdG, Smokers 1.1+0.6 (n=18) 3.7+2.0 (n=47) <0.001

mean + (n=65)

SD (n)

Nonsmokers 1.0£0.7 (n=82) 3.4+1.7(n=153) <0.001
(n=235)

All (n=300)  1.0+0.6 (n=100) 3.5+1.9(n=200) <0.001
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Table 3. Linear mixed-effects regaression analysis: predictors of urinary

8-OHdG in 300 workers in a shipbuilding company

Predictors 8-OHdG (ug/g creatinine) P
Regression coefficient
Zn 0.603 0.014
Mn 0.083 0.417
Al -0.174 0.375
Cu -0.108 0.299
Pb 0.018 0.321
Cr 1.994 <0.001
Ni 0.743 0.002
As 0.013 0.654
Sr 0.513 0.003
Cd 0.228 0.303
Be 0.009 0.679
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