
 
 
Relationship of urinary arsenic metabolites to intake

estimates in residents of the Red River Delta, Vietnam
 

Agusa T., Kunito T., Minh T.B., Kim Trang P.T., Iwata H., Viet P.H.,
Tanabe S. 

Center for Marine Environmental Studies (CMES), Ehime University, Bunkyo-cho 2-5, Matsuyama, 790-
8577, Japan; Department of Legal Medicine, Shimane University Faculty of Medicine, Enya 89-1, Izumo,
693-8501, Japan; Department of Environmental Sciences, Faculty of Science, Shinshu University, 3-1-1
Asahi, Matsumoto, 390-8621, Japan; Department of Biology and Chemistry (BCH), City University of
Hong Kong, 83 Tat Chee Avenue, Kowloon Tong, Hong Kong, Hong Kong; Center for Environmental

Technology and Sustainable Development (CETASD), Hanoi National University, 334 Nguyen Trai Street,
Thanh Xuan, Hanoi, Viet Nam 

 
Abstract: This study investigated the status of arsenic (As) exposure from groundwater and rice, and its
methylation capacity in residents from the Red River Delta, Vietnam. Arsenic levels in groundwater ranged
from Author Keywords: Arsenic; Groundwater; Human urine; Methylation capacity; Red River Delta; Rice;
Vietnam 
Index Keywords: Arsenic levels; Concentration ratios; Dimethylarsinic acids; Drinking waters; Human
urine; Human urines; Monomethylarsonic acids; Potential healths; Red River Delta; Red river deltas; Rice;
Vietnam; Alkylation; Body fluids; Grain (agricultural product); Groundwater; Health risks; Hydrogeology;
Metabolites; Methylation; Potable water; Risk perception; Rivers; Underground reservoirs; Arsenic; arsenic;
ground water; arsenic; child health; drinking water; Food and Agricultural Organization; food consumption;
groundwater pollution; health risk; metabolite; methylation; pollution exposure; public health; rice; urine;
World Health Organization; adolescent; adult; article; controlled study; dietary intake; exposure; female;
health hazard; human; male; metabolite; methylation; rice; risk assessment; river ecosystem; Viet Nam;
water sampling; Adolescent; Adult; Age Factors; Arsenic; Diet; Environmental Monitoring; Female; Food
Contamination; Humans; Male; Methylation; Oryza sativa; Risk Assessment; Rivers; Sex Factors; Vietnam;
Water Pollutants, Chemical; Water Supply; Young Adult; Asia; Eurasia; Red River Delta; Southeast Asia;
Viet Nam 
 
Year: 2009 
Source title: Environmental Pollution 
Volume: 157 
Issue: 2 
Page : 396-403 
Cited by: 12 
Link: Scorpus Link 
Chemicals/CAS: arsenic, 7440-38-2; Arsenic, 7440-38-2; Water Pollutants, Chemical 
Correspondence Address: Tanabe, S.; Center for Marine Environmental Studies (CMES), Ehime University,
Bunkyo-cho 2-5, Matsuyama, 790-8577, Japan; email: shinsuke@agr.ehime-u.ac.jp 

http://www.scopus.com/inward/record.url?eid=2-s2.0-57049146793&partnerID=40&md5=000ad0d9ba8a98cafed623c8de33c75e


1.

2.

3.

4.

5.

6.

7.

1.

2.

3.

4.

5.

6.

7.

ISSN: 2697491 
CODEN: ENPOE 
DOI: 10.1016/j.envpol.2008.09.043 
PubMed ID: 19004533 
Language of Original Document: English 
Abbreviated Source Title: Environmental Pollution 
Document Type: Article 
Source: Scopus 
Authors with affiliations: 

Agusa, T., Center for Marine Environmental Studies (CMES), Ehime University, Bunkyo-cho 2-5, Matsuyama, 790-8577,

Japan, Department of Legal Medicine, Shimane University Faculty of Medicine, Enya 89-1, Izumo, 693-8501, Japan 

Kunito, T., Department of Environmental Sciences, Faculty of Science, Shinshu University, 3-1-1 Asahi, Matsumoto, 390-

8621, Japan 

Minh, T.B., Center for Marine Environmental Studies (CMES), Ehime University, Bunkyo-cho 2-5, Matsuyama, 790-8577,

Japan, Department of Biology and Chemistry (BCH), City University of Hong Kong, 83 Tat Chee Avenue, Kowloon Tong,

Hong Kong, Hong Kong 

Kim Trang, P.T., Center for Environmental Technology and Sustainable Development (CETASD), Hanoi National University,

334 Nguyen Trai Street, Thanh Xuan, Hanoi, Viet Nam 

Iwata, H., Center for Marine Environmental Studies (CMES), Ehime University, Bunkyo-cho 2-5, Matsuyama, 790-8577,

Japan 

Viet, P.H., Center for Environmental Technology and Sustainable Development (CETASD), Hanoi National University, 334

Nguyen Trai Street, Thanh Xuan, Hanoi, Viet Nam 

Tanabe, S., Center for Marine Environmental Studies (CMES), Ehime University, Bunkyo-cho 2-5, Matsuyama, 790-8577,

Japan 

References: 
Abedin, M.J., Cotter-Howells, J., Meharg, A.A., Arsenic uptake and accumulation in rice (Oryza sativa L.) irrigated with

contaminated water (2002) Plant and Soil, 240, pp. 311-319 

Abernathy, C.O., Liu, Y.-P., Longfellow, D., Aposhian, H.V., Beck, B., Fowler, B., Goyer, R., Waalkes, M., Arsenic: health

effects, mechanisms of actions, and research issues (1999) Environmental Health Perspectives, 107, pp. 593-597 

Agusa, T., Kunito, T., Fujihara, J., Kubota, R., Minh, T.B., Trang, P.T.K., Subramanian, A., Tanabe, S., Contamination by

trace elements in groundwater of Vietnam (2004) Biomedical Research on Trace Elements, 15, pp. 339-341 

Agusa, T., Inoue, S., Kunito, T., Kubota, R., Minh, T.B., Trang, P.T.K., Subramanian, A., Tanabe, S., Widely-distributed

arsenic pollution in groundwater in the Red River Delta, Vietnam (2005) Biomedical Research on Trace Elements, 16, pp.

296-298 

Agusa, T., Kunito, T., Fujihara, J., Kubota, R., Minh, T.B., Trang, P.T.K., Iwata, H., Tanabe, S., Contamination by arsenic

and other trace elements in tube-well water and its risk assessment to humans in Hanoi, Vietnam (2006) Environmental

Pollution, 139, pp. 95-106 

Agusa, T., Kubota, R., Kunito, T., Minh, T.B., Trang, P.T.K., Chamnan, C., Iwata, H., Tanabe, S., Arsenic pollution in

groundwater of Vietnam and Cambodia: a review (2007) Biomedical Research on Trace Elements, 18, pp. 35-47 

Agusa, T., Fujihara, J., Takeshita, H., Iwata, H., Minh, T.B., Trang, P.T.K., Viet, P.H., Tanabe, S., Relationship between

genetic polymorphism of arsenic (+3?oxidation state) methyltransferase (AS3MT) and profiles of urinary arsenic compounds



8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

in Vietnamese (2008) Biomedical Research on Trace Elements, 19 

Ahsan, H., Chen, Y., Wang, Q., Slavkovich, V., Graziano, J.H., Santella, R.M., DNA repair gene XPD and susceptibility to

arsenic-induced hyperkeratosis (2003) Toxicology Letters, 143, pp. 123-131 

Applebaum, K.M., Karagas, M.R., Hunter, D.J., Catalano, P.J., Byler, S.H., Morris, S., Nelson, H.H., Polymorphisms in

nucleotide excision repair genes, arsenic exposure, and non-melanoma skin cancer in New Hampshire (2007) Environmental

Health Perspectives, 115, pp. 1231-1236 

Berg, M., Tran, H.C., Nguyen, T.C., Pham, H.V., Schertenleib, R., Giger, W., Arsenic contamination of groundwater and

drinking water in Vietnam: a human health threat (2001) Environmental Science and Technology, 35, pp. 2621-2626 

Chowdhury, U.K., Rahman, M.M., Sengupta, M.K., Lodh, D., Chanda, C.R., Roy, S., Quamruzzaman, Q., Chakraborti, D.,

Pattern of excretion of arsenic compounds [arsenite, arsenate, MMA(V), DMA(V)] in urine of children compared to adults

from an arsenic exposed area in Bangladesh (2003) Journal of Environmental Science and Health, Part A, 38, pp. 87-113 

Chung, J.S., Kalman, D.A., Moore, L.E., Kosnett, M.J., Arroyo, A.P., Beeris, M., Guha Mazumder, D.N., Smith, A.H.,

Family correlations of arsenic methylation patterns in children and parents exposed to high concentrations of arsenic in

drinking water (2002) Environmental Health Perspectives, 110, pp. 729-733 

Das, D., Chatterjee, A., Mandal, B.K., Samanta, G., Chakraborti, D., Chanda, B., Arsenic in ground water in six districts of

West Bengal, India: the biggest arsenic calamity in the world. Part 2: arsenic concentration in drinking water, hair, nails,

urine, skin-scale and liver tissue (biopsy) of the affected people (1995) The Analyst, 120, pp. 917-924 

Das, H.K., Mitra, A.K., Sengupta, P.K., Hossain, A., Islam, F., Rabbani, G.H., Arsenic concentrations in rice, vegetables, and

fish in Bangladesh: a preliminary study (2004) Environment International, 30, pp. 383-387 

Del Razo, L.M., Garcia-Vargas, G.G., Vargas, H., Albores, A., Gonsebatt,  M.E., Montero, R., Ostrosky-Wegman, P.,

Cebrian, M.E., Altered profile of urinary arsenic metabolites in adults with chronic arsenicism: a pilot study (1997) Archives

of Toxicology, 71, pp. 211-217 

Del Razo, L.M., Garcia-Vargas, G.G., Garcia-Salcedo, J., Sanmiguel, M.F., Rivera, M., Hernandez, M.C., Cebrian, M.E.,

Arsenic levels in cooked food and assessment of adult dietary intake of arsenic in the region Lagunera, Mexico (2002) Food

and Chemical Toxicology, 40, pp. 1423-1431 

Diaz, O.P., Leyton, I., Munoz, O., Nunez, N., Devesa, V., Suner, M.A., Velez, D., Montoro, R., Contribution of water, bread,

and vegetables (raw and cooked) to dietary intake of inorganic arsenic in a rural village of Northern Chile (2004) Journal of

Agricultural and Food Chemistry, 52, pp. 1773-1779 

FAO, (2005) Food Security Statistics, , http://www.fao.org/faostat/foodsecurity/index_en.htm 

Goering, P.L., Aposhian, H.V., Mass, M.J., Cebrian, M., Beck, B.D., Waalkes, M.P., The enigma of arsenic carcinogenesis:

role of metabolism (1999) Toxicological Sciences, 49, pp. 5-14 

Harvey, C.F., Swartz, C.H., Badruzzaman, A.B.M., Keon-Blute, N., Yu, W., Ali, M.A., Jay, J., Ahmed, M.F., Arsenic

mobility and groundwater extraction in Bangladesh (2002) Science, 298, pp. 1602-1606 

Heikens, A.,  (2006) Arsenic Contamination of Irrigation Water,  Soil and Crops in Bangladesh: Risk Implications for

Sustainable Agriculture and Food Safety in Asia, , Food and Agricultural Organization of the United Nations, Regional

Office for Asia and the Pacific 

Hernandez, A., Xamena, N., Surralles, J., Sekaran, C., Tokunaga, H., Quinteros, D., Creus, A., Marcos, R., Role of the

Met(287)Thr polymorphism in the AS3MT gene on the metabolic arsenic profile (2008) Mutation Research - Fundamental

and Molecular Mechanisms of Mutagenesis, 637, pp. 80-92 

Hopenhayn-Rich, C., Biggs, M.L., Kalman, D.A., Moore, L.E., Smith, A.H., Arsenic methylation patterns before and after

changing from high to lower concentrations of arsenic in drinking water (1996) Environmental Health Perspectives, 104, pp.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

1200-1207 

Iwata, H., Kim, E.-Y., Yamauchi, M., Inoue, S., Agusa, T., Tanabe, S., Chemical contamination in aquatic ecosystems (2007)

Yakugaku Zasshi, 127, pp. 417-428. , (in Japanese) 

Kubota, R., Kunito, T., Agusa, T., Fujihara, J., Monirith, I., Iwata, H., Subramanian, A., Tanabe, S., Urinary 8-hydroxy-2?-

deoxyguanosine in inhabitants chronically exposed to arsenic in groundwater in Cambodia (2006) Journal of Environmental

Monitoring, 8, pp. 293-299 

Lin, S., Shi, Q., Nix, F.B., Styblo, M., Beck, M.A., Herbin-Davis, K.M., Hall, L.L., Thomas, D.J., A novel S-adenosyl-l-

methionine:arsenic(III) methyltransferase from rat liver cytosol (2002) Journal of Biological Chemistry, 277, pp. 10795-

10803 

Lindberg, A.-L., Kumar, R., Goessler, W., Thirumaran, R., Gurzau, E., Koppova, K., Rudnai, P., Vahter, M., Metabolism of

low-dose  inorganic  arsenic  in  a  central  European  population:  influence  of  sex  and  genetic  polymorphisms  (2007)

Environmental  Health  Perspectives,  115,  pp.  1081-1086  

Mandal, B.K., Ogra, Y., Suzuki, K.T., Identification of dimethylarsinous and monomethylarsonous acids in human urine of

the arsenic-affected areas in West Bengal, India (2001) Chemical Research in Toxicology, 14, pp. 371-378 

Marnell, L.L., Garcia-Vargas, G.G., Chowdhury, U.K., Zakharyan, R.A., Walsh, B., Avram, M.D., Kopplin, M.J., Aposhian,

H.V., Polymorphisms in the human monomethylarsonic acid (MMA V) reductase/hGSTO1 gene and changes in urinary

arsenic profiles (2003) Chemical Research in Toxicology, 16, pp. 1507-1513 

Meharg, A.A., Rahman, M.M., Arsenic contamination of Bangladesh paddy field soils: implications for rice contribution to

arsenic consumption (2003) Environmental Science and Technology, 37, pp. 229-234 

Meharg, A.A., Lombi, E., Williams, P.N., Scheckel, K.G., Feldmann, J., Raab, A., Zhu, Y., Islam, R., Speciation and

localization of arsenic in white and brown rice grains (2008) Environmental Science and Technology, 42, pp. 1051-1057 

Meza, M.M., Yu, L., Rodriguez, Y.Y., Guild, M., Thompson, D., Gandolfi, A.J., Klimecki, W.T., Developmentally restricted

genetic  determinants  of  human  arsenic  metabolism:  association  between  urinary  methylated  arsenic  and  CYT19

polymorphisms  in  children  (2005)  Environmental  Health  Perspectives,  113,  pp.  775-781  

Minh, T.B., Iwata, H., Agusa, T., Minh, N.H., Inoue, S., Kubota, R., Tu, N.P.C., Kajiwara, N., Kunisue, T., Subramanian, A.,

Viet, P.H., Tuyen, B.C., Chamnan, C., Tana, T.S., Tanabe, S., 2005. Contamination by arsenic and persistent organic

pollutants in Mekong River: geographical distribution, patterns of accumulation and implications for environmental quality

and human health. In: Proceedings of International Symposium on the Development of Water Resource Management System

in Mekong Watershed, pp. 15-23Mitra, S.R., Guha Mazumder, D.N., Basu, A., Block, G., Haque, R., Samanta, S., Ghosh, N.,

Smith, A.H., Nutritional factors and susceptibility to arsenic-caused skin lesions in West Bengal, India (2004) Environmental

Health Perspectives, 112, pp. 1104-1109 

Nga, T.T.V., Inoue, M., Khatiwada, N.R., Takizawa, S., Heavy metal tracers for the analysis of groundwater contamination:

case study in Hanoi City, Vietnam (2003) Water Science and Technology: Water Supply, 3, pp. 343-350 

Nordstrom, D.K., Worldwide occurrences of arsenic in ground water (2002) Science, 296, pp. 2143-2145 

Phuong, T.D., Chuong, P.V., Khiem, D.T., Kokot, S., Elemental content of Vietnamese rice. Part 1: sampling, analysis and

comparison with previous studies (1999) The Analyst, 124, pp. 553-560 

Pizarro, I., Gomez, M., Camara, C., Palacios, M.A., Arsenic speciation in environmental and biological samples: extraction

and stability studies (2003) Analytica Chimica Acta, 495, pp. 85-98 

Polya, D.A., Gault, A.G., Diebe, N., Feldman, P., Rosenboom, J.W., Gilligan, E., Fredericks, D., Cooke, D.A., Arsenic

hazard in shallow Cambodian groundwaters (2005) Mineralogical Magazine, 69, pp. 807-823 

Roychowdhury, T., Tokunaga, H., Ando, M., Survey of arsenic and other heavy metals in food composites and drinking



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

water and estimation of dietary intake by the villagers from an arsenic-affected area of West Bengal, India (2003) Science of

the Total Environment, 308, pp. 15-35 

Schl??wicke Engstr??m, K., Broberg, K., Concha, G., Nermell, B., Warholm, M., Vahter, M., Genetic polymorphisms

influencing arsenic metabolism: evidence from Argentina (2007) Environmental Health Perspectives, 115, pp. 599-605 

Schmuck,  E.M.,  Board,  P.G.,  Whitbread,  A.K.,  Tetlow,  N.,  Cavanaugh,  J.A.,  Blackburn,  A.C.,  Masoumi,  A.,

Characterization of the monomethylarsonate reductase and dehydroascorbate reductase activities of Omega class glutathione

transferase variants: implications for arsenic metabolism and the age-at-onset of Alzheimer's and Parkinson's diseases (2005)

Pharmacogenetics and Genomics, 15, pp. 493-501 

Schoof, R.A., Yost, L.J., Eickhoff, J., Crecelius, E.A., Cragin, D.W., Meacher, D.M., Menzel, D.B., A market basket survey

of inorganic arsenic in food (1999) Food and Chemical Toxicology, 37, pp. 839-846 

Shinkai, Y., Duong, V.T., Sumi, D., Canh, D., Kumagai, Y., Arsenic and other metal contamination of groundwater in the

Mekong River Delta, Vietnam (2007) Journal of Health Science, 53, pp. 344-346 

Smedley, P.L., Kinniburgh, D.G., A review of the source, behaviour and distribution of arsenic in natural waters (2002)

Applied Geochemistry, 17, pp. 517-568 

Tanabe, S., Environmental Specimen Bank in Ehime University (es-BANK), Japan for global monitoring (2006) Journal of

Environmental Monitoring, 8, pp. 782-790 

Tanaka-Kagawa, T., Jinno, H., Hasegawa, T., Makino, Y., Seko, Y., Hanioka, N., Ando, M., Functional characterization of

two  variant  human  GSTO  1-1s  (Ala140Asp  and  Thr217Asn)  (2003)  Biochemical  and  Biophysical  Research

Communications,  301,  pp.  516-520  

Thirumaran, R.K.,  Bermejo, J.L.,  Rudnai,  P.,  Gurzau, E.,  Koppova, K.,  Goessler,  W., Vahter,  M.,  Kumar, R.,  Single

nucleotide polymorphisms in DNA repair genes and basal cell carcinoma of skin (2006) Carcinogenesis, 27, pp. 1676-1681 

Tondel, M., Rahman, M., Magnuson, A., Chowdhury, I.A., Faruquee, M.H., Ahmad, S.A., The relationship of arsenic levels

in drinking water and the prevalence rate of skin lesions in Bangladesh (1999) Environmental Health Perspectives, 107, pp.

727-729 

Trang, P.T.K., Berg, M., Viet, P.H., Mui, N.V., van der Meer, J.R., Bacterial bioassay for rapid and accurate analysis of

arsenic in highly variable groundwater samples (2005) Environmental Science and Technology, 39, pp. 7625-7630 

Tsunetoshi, Y., Epidemiological study of arsenic exposure with special reference to the health effect of environmental

pollution (2000) Biomedical Research on Trace Elements, 11, pp. 54-63 

Vahter, M., Mechanisms of arsenic biotransformation (2002) Toxicology, 181-182, pp. 211-217 

Watanabe, C., Kawata, A., Sudo, N., Sekiyama, M., Inaoka, T., Bae, M., Ohtsuka, R., Water intake in an Asian population

living in arsenic-contaminated area (2004) Toxicology and Applied Pharmacology, 198, pp. 272-282 

WHO, Evaluation of Certain Food Additives and Contaminants (1989) Technical Report Series 776, , 33rd Report of the

Joint FAO/WHO Expert Committee on Food Additives, World Health Organization, Geneva 

WHO, (2004) Guidelines for Drinking Water Quality. third ed., , World Health Organization, Geneva, Switzerland 

Williams, P.N., Price, A.H., Raab, A., Hossain, S.A., Feldmann, J., Meharg, A.A., Variation in arsenic speciation and

concentration in paddy rice related to dietary exposure (2005) Environmental Science and Technology, 39, pp. 5531-5540 

Wood, T.C., Salavagionne, O.E., Mukherjee, B., Wang, L., Klumpp, A.F., Thomae, B.A., Eckloff, B.W., Weinshilboum,

R.M., Human arsenic methyltransferase (AS3MT) pharmacogenetics: gene resequencing and functional genomics studies

(2006) Journal of Biological Chemistry, 281, pp. 7364-7373 

Wu, M.M., Kuo, T.L., Hwang, Y.H., Chen, C.J., Dose-response relation between arsenic concentration in well water and

mortality from cancers and vascular diseases (1989) American Journal of Epidemiology, 130, pp. 1123-1132 



58.

59.

Zakharyan, R.A., Sampayo-Reyes, A., Healy, S.M., Tsaprailis, G., Board, P.G., Liebler, D.C., Aposhian, H.V., Human

monomethylarsonic acid (MMA(V)) reductase is a member of the glutathione-S-transferase superfamily (2001) Chemical

Research in Toxicology, 14, pp. 1051-1057 

Zhu,  Y.G.,  Williams,  P.N.,  Meharg,  A.A.,  Exposure  to  inorganic  arsenic  from  rice:  a  global  health  issue?  (2008)

Environmental  Pollution,  154,  pp.  169-171  


