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Serum levels of malondialdehyde, selenium and arsenic 
in people living in Nyaung-Done Township, Ayeyawaddy Division

Chaw Su Hlaing«, Phyu Phyu Khinn, Than Oot, Sanda Kyawl

Abstract

		  Certain regions in the Ayeyawaddy division in Myanmar have been shown to have high 

arsenic content in ground water which is the source of drinking water. The aim of the present study 

was to study the level of serum Malondialdehyde (MDA) and selenium in villagers who might be 

chronically exposed to arsenic in drinking water. Apparently healthy male and female volunteers (n 

= 100, male = 46 and female = 54) aged 20 - 40 years who had been using ground water for more 

than 5 years were recruited. The arsenic content of the drinking water in their wells was found to be 

15 - 120 µg/L. Measurement of serum arsenic and serum selenium were done by atomic absorption 

spectrophotometer. Measurement of blood MDA was done by spectrophotometer. Based on serum 

arsenic levels, the volunteers were divided into high arsenic group (≥ 0.025 µg/ml) and low arsenic 

group (< 0.025 µg/ml) (P < 0.001). The duration of arsenic exposure of the low serum arsenic group 

was significantly shorter than those of the high serum arsenic group (8.00 ± 3.69 years vs. 13.85 

± 4.11 years) (P < 0.001). There was a significant positive correlation between serum arsenic level 

and duration of exposure in the study population (P < 0.001). There was a significant negative cor-

relation between serum MDA and serum selenium level in the study population (P < 0.001). There 

was no significant difference in mean serum MDA level between low and high serum arsenic groups 

(1.01 ± 0.21 µmol/L vs. 1.09 ± 0.21 µmol/L; P > 0.05). There was significant difference in mean 

serum selenium levels between low and high serum arsenic groups (43.79 ± 24.44 µg/L vs. 33.66 

± 20.29 µg/L) (P < 0.05). The present findings suggest that blood arsenic concentration reflects the 

duration of exposure to arsenic contaminated water and that the concentration of serum arsenic 

levels observed in the villagers might be sufficient to induce changes in the plasma levels of sele-

nium, an antioxidant marker, but not in the plasma levels of MDA, an oxidative stress marker.

Introduction

		  Arsenic is naturally found in surface and groundwater, but its concentration (levels) in the 

water differ widely depending largely on the underlying geology. Different forms of arsenic exist 

with varying toxicity to human. The inorganic forms of arsenic, which are the dominant forms in 
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surface and groundwater, are the most toxic forms, while the organic forms, common in fish prod-

ucts, are much less toxic1. Acute high-dose exposure to arsenic can cause severe systemic toxicity 

and death. Chronic exposure to lower doses of arsenic can result in subacute toxicity such as skin 

changes, peripheral sensory and motor neuropathy, diabetes mellitus, peripheral vascular disease, 

and hepatotoxicity. Long-term effects of arsenic exposure include an increased risk of cancers, 

even after exposure has ceased2.

		  According to data of occupational health in Myanmar, arsenic content of ground water is 

high in Tha-boung, Kyon-pyaw, Zalun, Hintha-da, Ingapu, Lay-myat-na, Waw, Kyauk-taga, Deik-oo, 

Kyauk-se, Sit-tway, Kyaungkone and Mazali Township. Since ground water is the primary source 

of drinking water in this area, many people are chronically exposed to arsenic in drinking water. 

Although the amounts of arsenic in ground water are too small to cause an immediate health threat, 

it may cause adverse health effects over a long period of exposure3.

		  Oxidative stress is an imbalance between free radical generation and the antioxidant de-

fense system. Wu, Chiou, Wang et al (2001) reported that the arsenic concentration in whole blood 

of individuals is positively associated with the level of reactive oxidants and negatively associated 

with the antioxidant capacity level in plasma4. Selenium is an antioxidant, as a component of the 

glutathione peroxidase family of enzymes, which protects intracellular structures against oxidative 

damage5. Dietary selenium comes from nuts, cereals, meat, mushrooms, fish, and eggs. Schrauzer 

(1992) and Anderson and Nielsen (1994) stated that the human body’s content of selenium is in the 

range of 13 - 20 mg and it is known to protect against arsenic toxicity6,7.

		  Malondialdehyde (MDA) is a stable product of lipid peroxidation8. Lipid peroxidation, the 

oxidative catabolism of polyunsaturated fatty acid, is widely accepted as a general mechanism for 

cellular injury and death9. Experimental studies have shown that exposure to arsenic results in lipid 

peroxidation. Arsenic mediated generation of reactive oxygen species involves generation of super-

oxide (O2-), singlet oxygen (1O2), the peroxyl radical (ROO.), nitric oxide (NO), hydrogen peroxide 

(H2O2), dimethylarsenic peroxyl radicals and also the dimethylarsenic radical. 

		  There may be association between blood arsenic level and the level of MDA (biomarker for 

lipid peroxidation) and selenium level in people who used arsenic contaminated ground water for 

drinking and cooking purposes. Therefore, the present study was aimed to study the level of se-

rum MDA and selenium in chronic arsenic exposed subjects living in Mazali village, Nyaung-done 

Township.

Materials and Methods

		  Apparently healthy male and female volunteers (n = 100, males = 46 in number and females 

= 54 in number) aged between 20 - 40 years who were using ground water for more than 5 years 

(the inclusion criteria) were recruited from Mazali village, Nyaung-done township, Ayeyawaddy divi-

sion, Myanmar. This research was done in 2012. 
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Procedure

		  On the first visit, the volunteers who met the inclusion criteria were chosen by history tak-

ing and clinical examination. The subjects were instructed not to eat seafood for 3 days before col-

lection of samples to avoid overestimation of organic arsenic because some fish varieties contain 

arsenics as arsenobenzene that is non-toxic and mainly excreted in urine.

		  On the second visit, about 10 ml of venous blood was taken from each subject. Blood sam-

ples were collected in metal free test tube and serum was obtained after centrifugation at 1500 rpm 

for 10 minutes. The samples were analyzed on the day of collection for measurement of MDA level. 

The serum samples for arsenic and selenium measurements were stored at - 20°C at the Common 

Research Laboratory of University of Medicine 2, Yangon before being analyzed by atomic absorp-

tion spectrophotometer (A.A.S).

Methods

•	 Measurement of blood arsenic and selenium levels were done by the methods of Pegon (1985)10 

and Oster, and Prellwitz (1982)11 respectively using the atomic absorption spectrophotometer.

•	 Measurement of blood MDA level was done spectrophotometrically according to the method of 

Esterbauer and Cheeseman (1990)12.

Statistical analysis

		  Data was analyzed by using the statistical package for Social Sciences (SPSS) software 

version 13. The values are expressed as mean + SD. Student’s “t” test (unpaired) was used to cal-

culate the significance of difference between the means of each parameter (plasma MDA, selenium 

and arsenic). Pearson’s correlation coefficient was calculated to assess the relationship between 

the continuous variables. Statistical significance level was set at “P” equal to or less than 0.05.

Results

Characteristics of study population

		  The demographic characteristics of study population were shown in table 1. Based on 

serum arsenic levels, the volunteers were divided into high arsenic group (≥ 0.025 µg/ml) and low 

arsenic group (< 0.025 µg/ml) (P < 0.001). Reference value: 0.001 - 0.025 µg/ml13. In the low serum 

arsenic group, 48 % (n = 22) were male subjects and 52 % (n = 24) were female subjects. In the 

high serum arsenic group, 44 % (n = 24) were male subjects and 56 % (n = 30) were female sub-

jects (table 2).

Comparison of means of duration of arsenic exposure between low and high serum arsenic 

group

		  The mean duration of arsenic exposure in low serum arsenic group was 8.00 ± 3.69 years 
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and that of high serum arsenic groups was 13.85 ± 4.11 years. The duration of arsenic exposure 

of the low serum arsenic group (n = 46) was significantly lower than that of the high serum arsenic 

group (n = 54) (P < 0.001) (Figure 1).

Correlation between serum arsenic level and related parameters in the study population

		  There was a significant positive correlation between serum arsenic level and duration of 

exposure (P < 0.001) (Figure 2). There were no significant correlations between (1) serum arsenic 

level and serum MDA level (Figure 3); and (2) between serum arsenic level and serum selenium 

levels (Figure 4).

Correlation between serum MDA and serum selenium level 

		  There was significant negative correlation between serum MDA and serum selenium levels 

in the study population (P < 0.001) (Figure 5).

Comparison of means of serum MDA and selenium levels between low and high serum 

arsenic groups

		  The mean serum MDA level of low serum arsenic group was 1.01 ± 0.21 µmol/L and that of 

high serum arsenic group was 1.09 ± 0.21 µmol/L. There difference was not significant (Figure 6). 

The mean serum selenium level of low serum arsenic group was 43.79 ± 24.44 µg/L and that of 

high serum arsenic group was 33.66 ± 20.29 µg/L. There was significant difference in mean serum 

selenium levels between low and high serum arsenic groups (Figure 7).

Table 1. Demographic characteristic of study population

Parameters Mean ± SD (n = 100)

Age (years) 28.71 ± 7.08

Sex
Male
Female

Number %

46
54

46 %
54 %

Education

Primary
Middle School
High School
Graduate 

50
36
10
4

50 %
36 %
10 %
4 %

Occupation

Casual Workers
Vendors
House-wives
Farmers
Others

26
23
23
18
10

26 %
23 %
23 %
18 %
10 %
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Table 2. Blood arsenic level in study population

Study Population 
(n)

Low Blood Arsenic Group 
≤ 0.025

High Blood Arsenic Group 
≥ 0.025

Male 22 (48%) 24 (44%)

Female 24 (52%) 30 (56%)

Total 46 (100%) 54 (100%)

Reference value: 0.001 - 0.025 µg/ml13

Figure 1. Comparison of means of duration of arsenic exposure 

between low (n = 46) and high (n = 54) serum arsenic group

** indicates significant difference (P < 0.001) 

Figure 2. Correlation between duration of exposure to arsenic 

in drinking water (year) and serum arsenic level
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Figure 3. Correlation between serum arsenic level and serum MDA level

Figure 4. Correlation between serum arsenic level and serum selenium level

Figure 5. Correlation between serum MDA and serum selenium level
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Figure 6. Comparison of mean of serum MDA level (means ± SD) 
in low (n = 46) and high (n = 54) serum arsenic group

	 NS - indicates not significant

Figure 7. Comparison of mean of serum selenium level (mean ± SD) 
in low (n = 46) and high (n = 54) serum arsenic groups

* - indicates P < 0.05 
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Discussion

		  In the present study, the Mazali village, Nyaung-done township, Ayeyawaddy Division was 

selected for study because most residents have been exposed to a wide range of arsenic levels in 

water from the artesian well for more than five years. According to the data of occupational health, 

the arsenic content of water in that village was more than the maximum permissible limit of arsenic 

in drinking water recommended by World Health Organization which is 0.01 mg/L (10 µg/L)14. The 

present study found that the arsenic content of the drinking water in their wells ranged from 15-120 

µg/L. 

Serum arsenic level of the study population

		  Yeoman (1986) reported that the arsenic level in blood in general population was from 

0.001 to 0.025 µg/ml. In the present study, the serum arsenic level of 54 % (n = 54) subjects were 

more than or equal to 0.025 µg/ml and they were regarded as high blood arsenic group; and that 

of the remaining 46% (n = 46) were less than 0.025 µg/ml and they were regarded as low blood 

arsenic group.
 

		  In 2004, Mandal et al reported that the arsenic in drinking water was related to arsenic in 

the blood. They selected 41 subjects in West Bengal, India and found that the blood arsenic con-

centration of case subjects (n = 25) who were drinking Arsenic containing water was 0.03 ± 13.8 

µg/ml, and that of control subjects (n = 16) was 0.002 ± 6.68 µg/ml. They showed that the serum 

arsenic level was relatively lower in the control subjects than that of the case subjects (P < 0.05)15.

		  In 2010, Xue et al made a study on all adult residents aged between 18 and 70 years who 

had been drinking arsenic contaminated water for at least 12 months in Shaunglong Township in 

China. They found that the serum concentration of arsenic in exposed group group (0.26 ± 0.12 µg/

ml) was significantly higher than that in the control group (0.006 ± 0.004 µg/ml) (P < 0.01)16.

		  In Myanmar, Moe-Moe-Khine (2005) reported that the blood arsenic concentration in case 

subjects (n = 35) in Zalon Township in Ayeyawaddy Division was significantly higher than that of the 

control subjects (n = 35) (0.08 ± 0.06 µg/ml vs 0.02 ± 0.02 µg/ml, P < 0.001)17. The well water arse-

nic concentration was about 100 - 120 ug/L. May-Su-Nwe and Win-Nwe-Nwe-Thu in 2008 reported 

similar findings in Kyaungone Township, Ayeyawaddy Division where blood arsenic level of the case 

group (0.09 ± 0.06 µg/ml) was significantly higher (P < 0.001) than that of the control group (0.01 ± 

0.001 µg/ml)18,19.

		  In the present study, there was a significant positive correlation between serum arsenic 

level and duration of exposure to arsenic contaminated water (r = 0.575, P < 0.001). In 2008, May- 

Su-Nwe also found that there was a significant positive correlation between blood arsenic level 

and duration of exposure in the study population (r = 0.575, P < 0.001)18. Other studies described 

that the variations of blood arsenic levels may depend on the duration of exposure to arsenic 
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contaminated drinking water, the amount of water consumed during the exposed years, the level of 

nutritional status, socioeconomic status, state of health and their life styles20.

Serum arsenic and serum MDA level

		  In the study of Xue et al in 2010 in China, the serum MDA level was two times higher in the 

high arsenic group (24.48 ± 11.47 nmol/ml) than that in the control group (11.01 ± 4.82 nmol/ml), 

which was statistically significant (P < 0.001)16.
		

		  In 2008, Wang et al in China made a study in the residents of Xing Reng village. They found 

that the urinary MDA concentration of the villagers from the arsenicosis endemic area was signifi-

cantly higher compared to those of the control area. The urinary arsenic concentration in exposed 

subjects was 192.2 ± 22 µg/ml and that of the control was 63.6 ± 5.9 µg/ml and plasma MDA level in 

exposed group (n = 113) was 2.5 ± 0.2 µmol/L and that of the control (n = 30) was 1.8 ± 0.3 µmol/L. 

They reported that there was a strong correlation between urinary arsenic and MDA concentration 

in this area. Urinary MDA concentration was significantly higher in people with arsenicosis symp-

toms in endemic areas21.

		  In 2006, Liao et al stated MDA as an index of lipid peroxidation which can be induced by 

gallium and arsenic exposure. In their study, the mean urinary arsenic level in exposed group (n = 

103) was 32.36 ± 26.87 µg/L and that of the control group (n = 67) was 24.18 ± 22.50 µg/L. The 

plasma MDA level of exposed group was 0.96 ± 0.46 µmol/L and that of control group was 0.65 ± 

0.34 µmol/L (P < 0.05). They also found that there was positive correlation of urinary arsenic level 

and plasma MDA level (r = 0.265, P < 0 .05)22.

		  In the present study, there was no significant correlation between serum arsenic level and 

serum MDA level in the study population. The mean serum MDA level of high serum arsenic group 

was 1.09 ± 0.2 µmol/L and that of low serum arsenic group was 1.01 ± 0.21 µmol/L. The serum 

MDA level of the high serum arsenic group was not significantly higher than that of the low serum 

arsenic group (P > 0.05).

		  One reason for this could be relatively low serum arsenic levels found in the present study 

compared to other studies. Nutritional factors (not assessed in the present study) could also play a 

role as arsenic toxicity can be modified by nutritional status. Diet rich in methyl donar groups (i.e, 

choline or methionine), selenium and other antioxidants such as vitamin C, and vitamin E could 

modify arsenic toxicity20.

Serum arsenic and selenium level

		  Pilsner et al (2010), reported that plasma selenium concentration was inversely associated 

with total arsenic concentration in blood and urine among 287 adults in Bengladesh. They made a 

cross-sectional study on adults 18 - 65 years of age who were drinking arsenic contaminated water 
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with arsenic concentration between 0.1 - 860 µg/L for at least five years. In their study, the mean 

plasma selenium level was 87.6 ± 1.8 µg/L and that of arsenic concentration in blood was 9.9 ± 6.3 

µg/L. They reported that there was a significant negative association with plasma selenium level 

and blood arsenic level (β = - 0.04; 95% CI, - 0.08 to - 0.01)23.

		  In 2007, Chen et al evaluated the association between arsenic-related premalignant skin 

lesions and prediagnostic blood selenium levels in 303 newly diagnosed patients. They reported 

that the risk of premalignant skin lesions was greater in those with low blood selenium level com-

pared to those with the average level. The findings supported the hypothesis that dietary selenium 

intake may reduce the incidence of arsenic related premalignant skin lesions among populations 

exposed to arsenic from drinking water24.

		  According to Flora et al (1999), the blood arsenic level of the rats treated with gallium arse-

nide and selenium was significantly lower than that of the groups treated only with gallium arsenide. 

They concluded that the concurrent selenium treatment may have some preventive value against 

gallium arsenide at least in reducing the accumulation of arsenic and gallium in major target tis-

sues25.

		  In the present study, the serum selenium level of low serum arsenic group was 43.79 ± 

24.44 µg/L and that of high serum arsenic group was 33.66 ± 20.29 µg/L. There was a significant 

difference of mean serum selenium level between low and high serum arsenic group (P < 0.05). The 

present finding was consistent with above findings. Therefore, it might be suggested that dietary 

selenium intake could influence arsenic toxicity. 

		  However, there was no significant correlation between serum arsenic level and serum se-

lenium level in both low and high serum arsenic groups. It might depend on serum arsenic level, 

because serum arsenic levels of other studies were markedly higher than the present study. It can 

be assumed that if the serum arsenic level were as high as in other studies, the correlation between 

serum arsenic and selenium might be seen.

Arsenic and oxidative stress

		  Chronic exposure to arsenic from drinking and cooking water in humans results in induc-

tion of oxidative stress. Arsenic, mainly arsenite, is a pro-oxidant and reacts with thiols to induce 

oxidative stress, producing free radical reactions and subsequently apoptosis of cells26. Wu et al in 

2001 found an association of blood arsenic levels with increased reactive oxidants and decreased 

antioxidants capacity in the residents of Taiwan. They showed that arsenic concentration in whole 

blood of exposed individuals (9.6 ± 9.9 µg/L) was positively associated with the concentration of 

reactive oxidants, and negatively associated with the antioxidant capacity of plasma27.

		  Xue et al (2010) found that there was a significant increase in plasma MDA level in high 

arsenic group compared with the control group (P < 0.01). They also reported a significant negative 
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correlation between blood arsenic level and the blood selenium level (r = - 0.555, P < 0.001), and a 

correlation between high selenium status and  elevated activities of serum superoxide dismutase, 

glutathione peroxidase, catalase and reduced levels of MDA and increased RNA and protein ex-

pression of heme oxygenase-1 in peripheral blood mononuclear cells. They suggested that inor-

ganic arsenic exposure is associated with oxidative stress which may be prevented by high sele-

nium status via its antioxidative activity and detoxification effect16.

		  In the present study, there was a significant negative correlation between serum MDA 

and serum selenium levels in the arsenic exposed study population. Oxidative stress results when 

oxygen free radicals exceed the body’s antioxidant defense mechanism. The present study showed 

that there was an increasing oxidant level and a decreasing antioxidant level to a certain extent.

Conclusion

		  The present findings show that blood arsenic concentration reflects the duration of expo-

sure to arsenic contaminated water. The concentration of serum arsenic levels observed in the 

villagers might be sufficient to induce changes in the plasma levels of selenium, an antioxidant 

marker, but not in the plasma levels of MDA, an oxidative stress marker.

References

1. 	 Ahmed MF (2003). “Arsenic”. Chem Eng News, 8:92.

2.	 World Health Organization (1981). Environmental Health Criteria Series, Vol.18.

3.	 Than-Htut (2005). Testing of arsenic in drinking water sources. Myanmar Health Research 

Congress, Department of Medical Research (Lower Myanmar).

4.	 Wu MM, Chiou HY, Wang TW, Hsueh YM, Wang IH, Chen CJ, Lee TC. Association of blood 

arsenic levels with increased reactive oxidants and decreased antioxidant capacity in a hu-

man population of northeastern Taiwan. Environ Health Perspect (2001).109, 1011-1017.

5.	 Ryan-Harshman Mand Aldoori W. The relevance of selenium to immunity, cancer and infec-

tious / inflammatory diseases. Can J Diet Pract Res. (2005) 66 (2): 98-102. 

6.	 Schrauze GN. Selenium: Mechanistic aspects of anticarcinogenic action. Biol Tracen Elem 

Res; (1992) 33: 51-62.

7.	 Anderson O and Nielsen JB. Effects of simultaneous low level dietary supplementation with 

inorganic and organic selenium on whole body, blood and organ levels of toxic metals in 

mice. Environ Health Perspect; (1994) 102: 3214.

8.	 Santos MT. Determination of plasma malondialdehyde like material and its clinical applica-

tion in stroke patients. Clin Pathol 1980: 33: 973-976.



Page (38)                    		  Vol: 57, No.4     		  Myanmar Medical Journal, December 2015    

9.	 Gutteridge JM. Lipid peroxidation and antioxidants as biomarkers of tissue damage. Clin 

Chem. 1995; 41: 1819-1828.

10.	 Pegon Y. Direct determination of arsenic in blood serum by electro thermal atomic absorp-

tion spectrometry. Analytica Chimica Acta. (1985) 172; 147-156.

11.	 Oster O and Prellwitz W. A methodological comparison of hydride and carbon furnace 

atomic absorption spectroscopy for the determination of selenium in serum. Clin Chem 

Acta. (1982) 124; 277-290.

12.	 Esterbauer and Chessman. Determination of aldehydic lipid peroxidation products: malo-

ndialdehyde and 4 hydroxynonenal method. Enzymol (1990) 186; 408-421.

13.	 Yeoman WB (1986). Metals and anions, isolation and identification of drugs. 2nd ed, London, 

57-58.

14.	 World Health Organization (1996) Guidelines for drinking water quality. Vol. 2, Health crite-

ria and other supporting information (ISBN 92 4 154480 5).

15.	 Mandal BK, Ogra Y, Anzai K and Suzuki KT. Speciation of arsenic in biological samples. 

Toxicol Appl Pharmacol (2004) 198, 307-318.

16.	 Xue W, Wang Z, Chen Q, Chen J, Yang H, Xue S. High selenium status in individuals 

exposed to arsenic through coal-burning in Shaanxi (PR of China) modulates antioxidant 

enzymes, heme oxygenase - 1 and DNA damage. Clin Chim Acta (2010) 411 (17-18): 

1312-1318

17.	 Moe-Moe-khine (2005). The relationship between the blood arsenic level and the biochemi-

cal profile of liver in Zalun Township in Ayeyawady division. M.Med.Sc Thesis. University of 

Medicine 2, Yangon.

18.	 May-Su-Nwe (2008). The relation between blood arsenic level, blood pressure and renal 

function in Kyaungone Township in Ayeyarwady division, M.Med.Sc Thesis. University of 

Medicine 2, Yangon.

19.	 Win-Nwe-Nwe-Thu (2008). The relationship between blood arsenic level and changes in 

haematological parameters in people living in Kyaungkone township.

20.	 Banerjee P, Bhatfacharyya SS, Blaattacherjee N, Pathak S, Boujedaini N, Belon P, 

Khuda-Bukhsh AR. Ascorbic acid combact arsenic induced oxidative stress in mice liver.

Ecotonicology and Environmental Safety (2009) 72, 639-649.

21.	 Wang CT. Arsenicosis status and urinary malondialdehyde (MDA) in people exposed to 

arsenic contaminated-coal in China. Environment International (2008) 353; 502-506.



Myanmar Medical Journal, December 2015 	            		  Vol: 57, No.4	     Page (39)

22.	 Liao YH, Hwang LC, Kao JS, Yin SJ, Lin SF, Lin CH, Lin YC and Aw TC. Lipid Peroxidation 

in Workers Exposed to Aluminium, Gallium, Indium, Arsenic, and Antimony in the Opto-

electronic Industry. JOEM (2006) Volume 48, Number 8.

23.	 Pilsner R, Hall MN, Liu X, Ahsan H, Ilievski V, Slavkovich V, Levy D, Litvak PF, Graziano JH 

and Gamble MV. Association of plasma selenium and arsenic and genomic methylation of 

leukocyte DNA in Bangladesh, Environ Health Perpect (2010) 119: 113-118. 

24.	 Chen Y, Hall M, Graziano JH, Slavkovich V, Van Green A and Parvez F. A prospective study 

of blood selenium levels and the risk of arsenic related premalignant skin lesions. Cancer 

Epidemiol Biomarkers Prev (2007) 16 (2): 207-213.

25.	 Flora SJS. Selenium effects on gallium arsenide induced biochemical and immunotoxico-

logical changes in rats. Chem Biol Interact; (1999) 122: 1-13.

26.	 Pi J, Yamauchi H, Kumagai Y, Sun G, Yoshida T, Aikawa H, Hopenhayn-Rich C and Shimojo 

N. Evidence for induction of oxidative stresscaused by chronic exposure of Chinese resi-

dents to arsenic contained in drinking water. Environ Healt Perspect JT - Environmental 

health perspectives (2002) 110, 331-336.

27.	 Wu MM, Chiou HY, Wang TW, Hsueh YM, Wang IH, Chen CJ, Lee TC. Association of blood 

arsenic levels with increased reactive oxidants and decreased antioxidant capacity in a hu-

man population of northeastern Taiwan. Environ Health Perspect (2001) 109, 1011-1017.


