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Abstract.  A petrochemical complex located in central Taiwan is a major emission source of air pollutants 
locally. Among these air pollutants, it is concern that the health effects of exposure to heavy metal because of 
its toxicity and persistency. Therefore, we conducted a biological monitoring study to investigate the effect of 
heavy metal pollutants on inhabitants around this petrochemical complex. According to the distance and the 
wind direction from the petrochemical complex, the study area was divided into high exposure (HE) and low 
exposure (LE) areas, and a total of 673 study subjects who aged above 35 years old living in HE and LE areas 
were recruited to be collected urine sample and personal information by health screen and questionnaire 
administration. The concentrations of ten kinds of urinary heavy metals were analyzed by inductively coupled 
plasma mass spectrometry. After adjusting for age, gender, socioeconomic status, smoking, dietary habits and 
other potential confounders, the multiple linear regression models showed that the urinary levels of vanadium, 
manganese, arsenic and strontium of inhabitants in HE area were significantly higher than those of inhabitants 
in LE area. This study indicated the potential effects of emitted metal pollutants from a petrochemical 
complex on the residents nearby. 
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Introduction 
 
Because of the application of a large number of 
chemicals and the complex manufacturing process, the 
impact of petrochemical industry on environmental 
pollution and related health effects was concerned. 
Previous studies showed that the correlations between 
petrochemical pollution exposure and increased asthma 
and respiratory symptoms in children and the mortalities 
of some cancers (Wichmann et al., 2009; Yang et al., 
1997; Yang et al., 1998; Yang et al., 2000). Among these 
petrochemical-related air pollutants, the emissive heavy 
metal was one kind of important chemicals because of its 
toxicity in humans and persistency in environment.  

Moreover, environmental monitoring found that 
chromium or vanadium level in air, soil or vegetable in 
petrochemical industrial area were higher than those in 
other areas (Lopez et al., 2005; Nadal et al., 2004). In 
addition, some metal levels in air and soil in the vicinity 
of coal-fired power plants were higher than those in 

reference areas (Agrawal et al., 2010; Jayasekher, 2009). 
In central Taiwan, a petrochemical complex that includes 
oil refineries, naphtha cracking and coal-fired power 
plants was considered as a locally major emission source 
of metal pollutants. However, few studies investigated 
the effects of heavy metal pollutions on the inhabitants 
living in the vicinity of this kind of industrial area. 
Therefore, this study conducted a biological monitoring 
study to investigate the effect of heavy metal pollutants 
on inhabitants around this petrochemical complex. 

 
Materials and Methods 
 
According to the distance and the wind direction from 
the petrochemical complex located in Yunlin County in 
Taiwan, the study area was divided into high exposure 
area (HE) (Mailiao, the location of this petrochemical 
complex, and Taisi, the downwind township of this 
petrochemical complex) and low exposure area (LE) 
(Huwei, the similar distributions of age and gender to HE 
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areas), as shown in Figure 1. Then, all study subjects 
were asked to participate in health examination, 
questionnaire survey, and urine sample collection to be 
recruited in this study. After excluding the subjects who 
aged below 35 years old and did not live in these areas 
more than five years, this study totally recruited 673 
study subjects, including 473 from HE and 200 from LE.  
    For all study subjects, 15-ml urine samples were 
collected into BD Vacutainer® tubes, and then stored at 
-80°C in a refrigerator for further analysis. Based on the 
possible emission heavy metals from this petrochemical 
complex and the toxcities and importances of these heavy 
metals, ten metals, including vanadium (V), chromium 
(Cr), manganese (Mn), nickel (Ni), copper (Cu), arsenic 
(As), strontium (Sr), cadmium (Cd), thallium (Tl), and 
lead (Pb), were detected in these urine samples. To 
analyze these ten metals, 1.0 mL urine samples were first 
diluted by 2.0 mL 2% nitric acid and filtered with a 
0.45-µm filter and then analyzed by inductively coupled 
plasma mass spectrometry (ICP-MS) with an Agilent 
7500c system (Agilent, Santa Clara, United States). To 
ensure the precision of the analysis, spikes were 
examined to make sure the measurement stability. And, 
Standard reference materials (SRM) for urinary metals 
were analyzed to assess accuracy. If the metal levels in 
certain urine samples were below the method detection 
limit (MDL), half of the MDL for the specific metal was 
allocated to these samples. In addition, all urine samples 
were conducted the creatinine analysis. 
 

 
 
Figure 1. The location of the study petrochemical 
complex and the study areas in Yunlin County in 
Taiwan. 
 
Results and Discussion 
 
Table 1 showed the demographic information on study 
subjects in HE and LE areas. There was no difference on 
gender and age distributions between the study subjects 
in two areas, but the study subjects in LE with 
significantly lower educational level. For personal 
behavior, the frequency of betel quid chewing was 
significantly higher in study subjects in HE. For dietary, 
there was no difference on the fish consumption for last 
three days before conducting health examination between 
the study subjects in two areas, but the source of drinking 

water were significantly difference between study 
subjects in two areas. As to environmental exposure, the 
frequency of burning incense at home for study subjects 
in HE was significantly higher than those in LE, but the 
percentage of study subjects living close to main road 
was no significant difference between HE and LE. 
 
Table 1. Characteristics of the study population in HE 
and LE areas (N=673). 
 
                          Area
Variables

HE
(N=473)

LE
(N=200) p -value

Male 171 (36.15) _75 (37.50) 0.807
Female 302 (63.85) 125 (62.50)

Years	  *,	  Mean ± SD 58.20 ± 13.00 59.16 ± 12.82 0.3778

≦ 65years old	  ¥ 305 (64.48) 127 (63.50) 0.8769
＞ 65years old 168 (35.52) _73 (36.50)

	  	  	  	  Below elementary school 300 (63.42) _76 (38.00) <.0001
Above junior high school 158 (33.40) _87 (43.50)
Above university _15 (3.17)a _37 (18.50)

	  	  	  No 414 (87.53) 182 (91.00) 0.2455
	  	  	  Yes _59 (12.47) 18 (9.00)

	  	  	  No 412 (87.10) 180 (90.00) 0.3546
	  	  	  Yes _61 (12.90)  20 (10.00)

	  	  	  No 436 (92.18) 196 (98.00) 0.0067
	  	  	  Yes 37 (7.82) _4 (2.00)

   No 373 (78.86) 157 (78.50) 0.9994
   Yes 100 (21.14) _43 (21.50)

   Tap water 424 (89.64) 158 (79.00) 0.0004
   other  49 (10.36) _42 (21.00)

   No 30 (6.34) _37 (18.50) 0.0011
   Seldom 255 (53.91) _94 (47.00)
   Every day 188 (39.75) _69 (34.50)

   No 187 (39.53) _83 (41.50) 0.6971
   Yes 286 (60.47) 117 (58.50)

Betel quid chewing, N(%) ¥

Ate fish within 3 days, N(%) ¥

Type of drinking water, N(%) ¥

Burning incense, N(%) ¥

House near the road, N(%) ¥

Gender, N(%) ¥

Age, N(%)

Educational level, N(%) ¥

Smoking, N(%) ¥

*p-value for comparing means by Student’s t-test
¥p-value for comparing means by Chi-square test

Alcohol drinking, N(%) ¥

 
 
After adjusting potential confounders, some 

significant correlations between urinary metal levels and 
influential factors were observed, as shown in Table 2. 
For study areas, the urinary levels of V, Mn, As and Sr of 
inhabitants in HE were significantly higher than those in 
LE, but the reverse outcomes were shown in the urinary 
levels of Cu and Cd. As to demographic variables, all 
urinary metal levels, except for As, were higher in female 
when compared to male, and urinary levels of Cr, Mn, Ni, 
Cu, As, Cd and Pb were positively correlated with age. 
For personal behavior, smokers were with significantly 
higher urinary levels of Ni and Cd, and alcohol drinkers 
were with significantly higher urinary levels of V, As, Cd 
and Pb. In addition, the urinary Mn and Sr levels were 
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negatively correlated with recent fish consumption. 

Previous studies indicated that the main source of 
environmental V was from the burning of residual oil and 
coal and V was a good tracer for petrochemical industry 
(Hope, 1997), but few studies conducted biological 
monitoring on V exposure. The mainly metabolic 
pathway of V exposure is by urine excretion (ATSDR, 
2011), and the present study found the higher V level in 
urine of residents in the vicinity of a petrochemical 
complex after adjusting potential confounders. Therefore, 
the urinary V level is regarded as an appropriate 
biomarker for petrochemical pollution exposure. 

Strontium is one kind of air pollutants from 
Coal-fired power plants and human might be exposure to 
Sr through dietary or drinking water (ATSDR, 2011; 

Ondov et al., 1989). In the present study, the 
petrochemical complex installed three units of coal-fired 
power plants, and the urinary level of Sr was higher in 
the residents in HE when compared to those in LE after 
controlling the source of drinking water. For that reason, 
the urinary level of Sr might be a good indicator for the 
pollution of coal-fired power plants. 

The effects of petrochemical complex on the urinary 
levels of Mn and As of residents nearby in this study 
were consistent with the results from Spain and Taiwan 
(Aguilera et al., 2008; Lin, 2009). After considering the 
effects of traffic, seafood consumption and source of 
drinking water, the findings of the present study provided 
further evidence to reveal the Mn and As pollution on the 
vicinities of this petrochemical complex. 

 
 

Table 2.  Multiple regression models of urinary metals of study subjects. (N=673) 
 

Metal a

β p Β p β p β p β p
Intercept -2.24- <.0001 -1.26- <.0001 4.75 <.0001 3.23 <.0001 -1.65- <.0001

Area (ref: LE) 0.64 <.0001 0.34 <.0001 0.15 0.0116 0.22 0.0032 0.02 0.7806

Gender  (ref: male) 0.31 0.0072 0.31 <.0001 0.18 0.0019 0.19 0.1010 0.38 <.0001

Age (year) 0.00 0.8720 0.01 <.0001 -0.01- 0.0418 0.01 0.0291 0.01 0.0001

Smoking (ref: no) -0.40- 0.0210 0.00 0.9636 0.04 0.6642 0.13 0.2572 0.23 0.0753

Alcohol intake (ref: no) 0.33 0.0448 0.04 0.6598 0.09 0.2761 0.30 0.0065 0.40 0.0013

Fish (ref: no) -0.03- 0.7754 -0.16- 0.0196 -0.12- 0.0496 0.05 0.5338 0.04 0.6125

Drinking water  (ref: tap water) -0.03- 0.8423 -0.06- 0.4728 -0.15- 0.0376 0.02 0.8007 -0.15- 0.1592
a Urinary metal levels were Log-transformed; Unit: µg/g-creatinine,
† Model adjusted by education levels, nut intake and living close to the road.

V Mn Sr As Pb

Adj-R2 Adj-R2 Adj-R2 Adj-R2 Adj-R2

0.07 0.10 0.06 0.04 0.04
Model †

 
 

 
Table 2.  (continued). 

 
Metal a

β p Β p β p β p β p
Intercept 1.77 <.0001 -1.75- <.0001 -0.68- 0.0175 -0.94- 0.0108 -1.32- <.0001

Area (ref: LE) -0.17- 0.0001 -0.15- 0.0095 0.06 0.4190 -0.11- 0.2390 0.08 0.1633

Gender  (ref: male) 0.12 0.0066 0.66 <.0001 0.45 <.0001 0.21 0.0272 0.29 <.0001

Age (year) 0.01 <.0001 0.01 0.0028 0.02 <.0001 0.02 <.0001 -0.01- <.0001

Smoking (ref: no) 0.10 0.1451 0.37 <.0001 0.25 0.0237 -0.15- 0.2998 -0.09- 0.3098

Alcohol intake (ref: no) -0.08- 0.2259 0.18 0.0390 0.00 0.9884 0.10 0.4597 -0.03- 0.7070

Fish (ref: no) 0.00 0.9653 0.03 0.6565 0.01 0.8898 0.19 0.0523 -0.04- 0.5443

Drinking water  (ref: tap water) 0.06 0.2689 0.01 0.8709 0.04 0.6364 -0.06- 0.6059 0.04 0.5390
a Urinary metal levels were Log-transformed; Unit: µg/g-creatinine,
† Model adjusted by education levels, nut intake and living close to the road.

Cu Cd Ni Cr Tl

Adj-R2 Adj-R2 Adj-R2 Adj-R2 Adj-R2

0.13 0.17 0.10 0.06 0.13
Model †

 
 
 
 
Conclusion 

 
This biological monitoring study showed the potential 
effects of emitted metal pollutants from a petrochemical 
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complex, including V, Mn, As, and Sr, on the residents 
nearby. Furthermore, this study suggested the urinary 
levels of V and Sr were alternatively appropriate 
biomarkers for the exposure assessment on this kind of 
petrochemical complex. 
 
Acknowledgements 
 
The authors thank the financial supports providing from 
Environmental Protection Bureau, Yunlin County, 
Taiwan (Project: YLEPB-98-016 & YLEPB-99-022). 
 
References 
 
Agrawal P, Mittal A, Prakash R, Kumar M, Singh TB, 

Tripathi SK. Assessment of contamination of soil 
due to heavy metals around coal fired thermal 
power plants at Singrauli region of India. Bull 
Environ Contam Toxicol 2010:85;219-23. 

Aguilera I, Daponte A, Gil F, Hernandez AF, Godoy P, 
Pla A, et al. Biomonitoring of urinary metals in a 
population living in the vicinity of industrial 
sources: a comparison with the general population 
of Andalusia, Spain. Sci Total Environ 
2008:407;669-78. 

ATSDR, Agency for Toxic Substances and Disease 
Registry. Available from: http://www.atsdr.cdc.gov/ 
[accessed 11 April 2012]. 

Hope BK. An assessment of the global impact of 
anthropogenic vanadium. Biogeochemistry 
1997:37;1-13. 

Jayasekher T. Aerosols near by a coal fired thermal 
power plant: chemical composition and toxic 

evaluation. Chemosphere 2009:75;1525-30. 
Lin YL. Levels of heavy metals in particulate matters and 

in urine of children in the vicinity of a coal-fired 
power plant. Master Thesis, National Taiwan 
University; 2010. 

Lopez JM, Callen MS, Murillo R, Garcia T, Navarro MV, 
de la Cruz MT, et al. Levels of selected metals in 
ambient air PM10 in an urban site of Zaragoza 
(Spain). Environ Res 2005:99;58-67. 

Nadal M, Schuhmacher M, Domingo JL. Metal pollution 
of soils and vegetation in an area with 
petrochemical industry. Sci Total Environ 
2004:321;59-69. 

Ondov JM, Choquette CE, Zoller WH, Gordon GE, 
Biermann AH, Heft RE. Atmospheric behavior of 
trace-elements on particles emitted from a coal-fired 
power-plant. Atmospheric Environment 
1989:23;2193-204. 

Wichmann FA, Muller A, Busi LE, Cianni N, Massolo L, 
Schlink U, et al. Increased asthma and respiratory 
symptoms in children exposed to petrochemical 
pollution. J Allergy Clin Immuno 2009:123;632-8. 

Yang CY, Chiu HF, Chiu JF, Kao WY, Tsai SS, Lan SJ. 
Cancer mortality and residence near petrochemical 
industries in Taiwan. J Toxicol Environ Health 
1997:50;265-73. 

Yang CY, Wang JD, Chan CC, Hwang JS, Chen PC. 
Respiratory symptoms of primary school children 
living in a petrochemical polluted area in Taiwan. 
Pediatr Pulmonol 1998:25;299-303. 

Yang CY, Cheng MF, Chiu JF, Tsai SS. Female lung 
cancer and petrochemical air pollution in Taiwan. 
Arch Environ Health 1999:54;180-5.

 

21001-p.4




