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ches, DMA and MMA were not detected in these samples
(Vela and Heitkemper, 2004). The daily dietary intake of
arsenic in water and food composites from using the high,
moderate and mild arsenic-contaminated waters are shown
in supplementary Tables 3-1, 3-2 and 3-3, respectively. The
mean daily dietary intake of arsenic concentrations in high
arsenic-affected families are higher than those from the
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Fig. 1. Relationship between As concentration in human hair and in
tubewell waters. The arsenic concentration in hair from the average of
members drinking same tubewell water in arsenic-affected families in
Jalangi and Domkal block.
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Fig. 2. Relationship between As concentration in human urine and in
tubewell waters. The arsenic concentration in urine from the average of
members drinking same tubewell water in arsenic-affected families in
Jalangi and Domkal block.

moderate or mild arsenic-affected families. Regression
analyses have been carried out between the arsenic concen-
trations in either hair or urine and the daily dietary intake
of arsenic. The linear regressions showed arsenic concen-
trations in hair vs daily dietary intake (+*=0.452,
p <0.001) (Fig. 3) was higher than in urine and daily
dietary intake (#2=0.134, p <0.001) (Fig. 4). Parametric
presentation of daily dietary intakes of arsenic from the
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Fig. 3. Relationship between As concentration in human hair and total
intake of As from waters and food composites per day. Human hair data
and total As intake of from waters and food composites showed the
arsenic concentration in hair and consumption of total As from each
member of families in Jalangi and Domkal block.
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Fig. 4. Relationship between As concentration in urine and total intake of
As from waters and food composites per day. Human urine data and total
As intake of from waters and food composites showed the arsenic
concentration in urine and consumption of total As from each members of
family in Jalangi and Domkal block.
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Table 4

Parametric presentation of daily dietary intakes arsenic from waters, foods and total per day obtained from arsenic-affected families in Jalangi and

Domkal block

n Mean £+ SD Median Range
Intake of As from drinking water per day (ug)
Mild arsenic-affected families 28 8.31 £6.78 5.40 1.28-29.2
Moderate arsenic-affected families 78 60.8 & 35.4"" 48.0 32.0-192
High arsenic-affected families 4] 330 & 156+ ### 290 145-680
n Mean & SD Median Range
Intake of As from foods per day (pg)
Mild arsenic-affected families 28 129 + 141 53.3 31.9-276
Moderate arsenic-affected families 78 168 £+ 119 140 45.3-558
High arsenic-affected families 41 206 + 152° 157 62.6-482
n Mean + SD
Ratio of total arsenic from drinking water per day (%)
Mild arsenic-affected families 28 6.07 1 4.95
Moderate arsenic-affected families 78 267+ 15.5™"
High arsenic-affected families 4] 58.1 £ 27,5+
n Mean 4+ SD Median Range
Total intake of As per day(ug)
Mild arsenic-affected families 28 137 £ 112 96.2 37.1-393
Moderate arsenic-affected families 78 228 + 118 220 77.1-654
High arsenic-affected families 41 568 + 237 HHH 503 228-1098

Significantly different from mild arsenic-affected families, ***P < 0.001.

Significantly different from moderate arsenic-affected families, #HEP <0.001.

water and food composites from the mild, moderate and
high arsenic-affected families were shown in Table 4. The
mean daily dietary intake of arsenic from vegetables and
cereals from mild, moderate, and high arsenic-affected fam-
ilies were 129, 168 and 206 g, respectively. The mean daily
dietary intake of arsenic from drinking water from mild,
moderate, and high arsenic-affected families were 8.31,
60.8 and 330 g, respectively. The total mean daily dietary
intakes of arsenic from moderate and high arsenic-affected
families were significantly higher than that from mild
arsenic-affected families. On comparing the daily dietary
intake of arsenic from our study results with that of Can-
ada, USA and UK, the total mean daily dietary intake
from moderate (228 pg) and high arsenic-affected families
(568 pg) were much higher than those in Canada (Dabeka
et al., 1993; 48.5 pug), United States (Gartrell et al., 1985;
62 pg) and United Kingdom (FACC, 1984; 89 pg) and
the total mean daily dietary intake of arsenic from mild
arsenic-affected families (137 pg) was slightly higher than
those values in Canada, United States and United
Kingdom.

The drinking water contributed 6.07%, 26.7% and 58.1%
of total arsenic from mild, moderate and high arsenic-
affected families (Table 4). The result suggested that the
arsenic-contaminated water from high arsenic-affected
families should be the main source for intake of arsenic.
On contrary, the contribution of arsenic-contaminated
food composites from mild and moderate arsenic-affected
families might be the main source for intake of arsenic.
Rice was the main contributor of arsenic compared to

other food composites in the arsenic-affected areas (Andrew
and Rahman, 2003; Roychowdhury et al., 2003). These
results suggested that the total intake of arsemic should
increase the arsenic concentration in hair and urine. The
Food and Agriculture Organization/World Health Organi-
zation (FAO/WHO, 1989) provisional tolerable weekly
intake (PTWI) values of arsenic in our study were 3.32,
5.75 and 12.9 ng/kg body weight/day from mild, moderate
and high arsenic-affected families, respectively (considering
the average weights for adult males, adult females and
children, approximately 10 years of age in our survey were
60, 45 and 25 kg, respectively). The PTWI values from
moderate and high arsenic-affected families were much
higher than the recommended PTWI value of arsenic
(FAO/WHO, 1989; 2.1 pg/kg body weight/day).

Acknowledgments

We would like to express our sincere gratitude to School
of Environmental Studies, Jadavpur University, India for
their help and cooperation during sample collection. We
further acknowledge the help of Ministry of Environment,
Japan for financial support of Global Environment
Research Fund.

Appendix A. Supplementary data
Supplementary data associated with this article can be

found, in the online version, at doi:10.1016/j.fct.2005.
08.018.

- 104 -



T. Uchino et al. | Food and Chemical Toxicology 44 (2006) 455-461 461

References

Andrew, A.M., Rahman, M., 2003. Arsenic contamination of Bangladesh
paddy field soils: implications for rice contribution to arsenic
consumption. Environmental Science and Technology 37,
229-234.

Armnold, H.L., Odam, R.B., James, W.D., 1990. Disease of the Skin:
Clinical Dermatology. W.B. Saunders, Philadelphia.

Chakraborti, D., Basu, G.K., Biswas, B.K., Chowdhury, U.K.,, Rharman,
M.M., Paul, K., Roychowdhury, T., Canada, C.R., Lodh, D., Ray,
S.L., 2001. Characterization of arsenic-bearing sediments in the
Gangetic delta of West Bengal, India. In: Chappell, W.R., Abernathy,
C.0., Calderon, R.A. (Eds.), Arsenic Exposure and Health Effects I'V.
Elsevier Science, Oxford, UK, pp. 27-52.

Chakraborti, D., Rharman, M.M., Paul, K., Chowdhury, U.K., Sengupta,
M.K., Lodh, D., Chanda, C.R, Saha, K.C., Mukherjee, S.C., 2002.
Arsenic calamity in the Indian subcontient. What lessons have been
learned? Talanta 58, 3-22.

Chatterjee, A., Das, D., Mandal, B.K.., Roychowdhury, T., Samanta, G.,
Chakraborti, D., 1995. Arsenic in groundwater in six districts of West
Bengal, India: the biggest arsenic calamity in the world. Part I. Arsenic
species in drinking water and urine of the affected people. Analyst 120,
643-650.

Chowdhury, U.K., Biswas, B.K., Roychowdhury, T., Samanta, G.,
Mandal, B.K., Basu, G.K., Chanda, C.R., Lodh, D., Saha, K.C,,
Mukherjee, S.K., Roy, S., Quamruzzaman, Q., Chakraborti, D., 2000.
Ground water arsenic-contamination in Bangladesh and West
Bengal, India. Environmental Health and Perspectives 108,
393-397.

Chowdhury, U.K., Rahman, M.M., Mandal, B.K., Paul, K., Lodh, D.,
Biswas, B.K., Basu, G.K., Chanda, C.R., Saha, K.C., Mukherjee,
S.K., Roy, S., Das, R., Kaies, 1., Barua, A.K., Palit, S.K., Quamruzz-
aman, Q., Chakraborti, D., 2001. Groundwater arsenic contamination
and human suffering in West Bengal, India and Bangladesh. Environ-
mental Sciences 8, 393-415.

Dabeka, R.W., Mckenzie, A.D., Lacroix, G.M.A., Cleroux, C., Bowe, S.,
Graham, R.A., Conacher, H.B.S., 1993. Survey of arsenic in total diet
food composites and estimation of the dietary intake of arsenic by
Canadian adults and children. Journal of AOAC International 76, 14~
25.

D’Amato, M., Forte, G., Caroli, S., 2004. Identification and quantification
of major species of arsenic in rice. Journal of AOAC International 87,
238-243.

Das, D., Chatterjee, A., Samanta, G., Mandal, B.K., Roychowdhury, T,
Chowdhury, P.P., Chanda, C., Basu, G., Lodh, D., Nandi, S.,
Chakraborti, T., Mandal, S., Bhattacharya, S.M., Chakraborti, D.,
1994. Arsenic contamination in groundwater in six districts of West
Bengal, India: the biggest arsenic calamity in the world. Analyst 119,
168N-170N.

Farmer, J.G., Johnson, L.R., 1990. Assessment of occupational exposure
to inorganic arsenic based on urinary concentrations and speciation of
arsenic. British Journal Industrial Medicine 47, 342-348.

Food Additives and Contaminants Committee, 1984. Ministry of
agriculture, fisheries and foods. FAC/REP/39. Her Majesty’s Station-
ary Office, London.

Gartrell, M.J., Craum, J.C., Podrebarac, D.S., Gunderson, E.L., 1985.
Pesticides selected elements and other chemicals in adult total diet
samples, October 1978-September 1979. Journal of Association of
Analytical Chemistry 68, 862-875.

Joint FAO/WHO Expert Committee on Food Additives: Evaluation of
Certain Food Additives and Contaminants, 1989. 33rd Report, Tech.
Rep. Ser. 776. World Health Organization, Geneva.

Mandal, B.K., Roychowdhury, T., Samanta, G., Basu, G.K., Chowdhury,
P.P., Chanda, C.R., Lodh, D., Karan, N.K., Dhar, R.K., Tamili,
D.K., Das, D., Saha, K.C., Chakraborti, D., 1996. Arsenic in
groundwater in seven districts of West Bengal, India—the biggest
arsenic calamity in the world. Current Science 70, 976-986.

Mandal, B.K., Roychowdhury, T., Samanta, G., Mukherjee, D.P,,
Chandra, C.R., Saha, K.C., Chakraborti, D., 1998. Impact of safe
water for drinking and cooking on five arsenic-affected families for 2
years in West Bengal, India. The Science of the Total Environment
218, 185-201.

Mandal, K.M., Ogra, Y., Suzuki, K.T., 2001. Identification of dimethy-
larsinous and monomethylarsonous acid in human urine of the
arsenic-affected areas in West Bengal, India. Chemical Research in
Toxicology 14, 371-378.

Roychowdhury, T., Basu, G.K., Mandal, B.K., Biswas, B.K., Samanta,
G., Chowdhury, UK., Chanda, C.R., Lodh, D., Roy, S.L., Saha,
K.C., Roy, S., Kabir, S., Quamruzzaman, Q., Chakraborti, D., 1999.
Arsenic poisoning in the Ganges delta. Nature 401, 545-546.

Roychowdhury, T., Tokunaga, H., Ando, M., 2003. Survey of arsenic and
other heavy metals in food composites and drinking water and
estimation of dietary intake by the villagers from an arsenic-affected
area of West Bengal, India. The Science of The Total Environment
308, 15-35.

Tokunaga, H., Roychowdhury, T., Chandraskaran, N., Uchino, T., Ando,
M., 2002. Urinary arsenic species in arsenic-affected area of West
Bengal, India. Applied and Organometallic Chemistry 16, 406-414.

Tokunaga, H., Roychowdhury, T., Uchino, T., Ando, M., 2003. Urinary
arsenic species in arsenic-affected area of West Bengal, India (part IT).
Journal of Health Science 49, 464-474.

Tokunaga, H., Roychowdhury, T., Uchino, T., Ando, M., 2005. Urinary
arsenic species in arsenic-affected area of West Bengal, India (part III).
Applied and Organometallic Chemistry 19, 246-253.

Vela, N.P., Heitkemper, D.T., 2004. Total arsenic determination and
speciation in infant food products by ion chromatography-inductively
coupled plasma-mass spectrometry. Journal of AOCAC International
87, 244-252.

- 105 ~



B TEMRBR S - 5415 - 2004 (Environmcmail Engincering Research. Vol. 41, 2004)

(63) U TTT 2T HDHTK e RIREE LAMDEIE - 1 A FRRE L DBSE
Relation between arsenic and other metals and ions in groundwater in Bangladesh

OX® #—". &Il 9., & &7 &% . B FE
Koichi OHNO’, Akihiko FURUKAWA", Kenji HAYASHI', Tasuku KAMEI, Yasumoto MAGARA®

ABSTRACT; The periodic survey of shallow tubewells had been conducted in Nawabganj municipality, Bangladesh.
During the survey, water samples had been collected 6 times and the concentrations of arsenic and other substances
including metals and ions were analysed. As a result of the survey, not only arsenic but also iron, manganese and uranjum
concentrations in groundwater exceeded WHO's Drinking-Water Quality Guideline Value. As for seasonal variation,
concentrations of arsenic and iron seemed to be higher in the rainy season, but it was not cbvious. In terms of the
correlation between arsenic and other substances, manganese (= 0.37), molybdenum (0.33) and sulfate ion (-0.33)
correlated with arsenic. When the cases with arsenic above 1mg/L. were removed, iron (positively) and chloride ion
(negatively) correlaied with arsenic in addition to the 3 substances mentioned above. Finally, it is suggested that there
should be two patterns of arsenic elution into groundwater. One is the elution under reducing condition and it is mainly
seen in the lower arsenic range below 0.2mg/L. Correlation between arsenic and iron can be seen in this case. The other is
the arsenic elution without the presence of iron, and it is mainly seen in higher arsenic range, especially above 1.0mg/L.
KEYWORDS; Arsenic, Iron, Sulfate ion, Correlation, Groundwater Contamination, Tubewell, Bangladesh

1. ZLHIC
R TGFya b v RERV TN B &te i - PRATFNZ ST BT KD & 5[5, BEHR
FEOBELEED TV D, HITFKD b BELREIR T HNAHOFIZBY YT 1980 £E8PEN HAIH T
D3, ERSEEOFEIC X ARBRNRFENED DD X D IZRolDiX 1997 FEEMLTHB Y, BHET
i3, EESHEE D DHUR L~V NGO ITE 5 ¥ THZ < DS b RERBBILOT-DICEEIZT> TV 5,

N T 5F L 208 5 e RIFRRROFEIZ OV THES BEINTEY, ZNLHIMERORERE
KT 350 9, HEPOL REFEIZET S H0 9, $HTAOKEICET S0 ¥ BLUBRHIC
BT b RRIEE - BRCET5 0 10 RSB THI LB TES, ZOPT, MTKONKE
ICEET ABEDL IV T 57 a0 TP L RBEIZOWTERE RT3 b00REL. &
EHIEK O € SBREIZOVWTHEAICE o bo® 130R, o, HTAKREDZ XL RHEVITLRL
HFTHEENSENE SO TOBEIIR L TOHTORTEBY . ThLHLSOWE. FIRERESER
R DRREIIAR,

F I CAETI, AT BT CTNOAPERSRE LTCLRE - & -REBFEER - 4
At PILBT 3KEFREZITV. B L &HIWIITOMOHE & OEERIZ W TR L,

" AREERFAFE L ERRIZER BTRE LN
(Dept. of Urban and Environ. Eng,, Graduate School of Eng,, Hokkaido University)
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2. A&
2. 1 HEEE

HWTFASEEIZFT I TV (Nawabganj municipality) ORI TITo7, 7B L LTIX Rajshahi
Division. Zila Nawabganj, Upazila Nawabganj RDF U 7 H > i T D, Zila Nawabganj i35 77 V2
OWEEHY . A ¥ FEDOEBERWVIHMIE LTS, 2001 FOEEFE 'V ICX B, N I/537 Va2l
DA 1 {52300 5. Zila Nawabganj DA DI 142 EATFHFI T A PHOARITR IS TATHS,
FOTHCHIINAV T 5TV 2P CHHTARE RFEROVEVHEEOV L OTHY ., ThETIATDh
TE7=FETH Imgl U EDOEBREDO L BAMTAPLRIBI TS 7,

2RI IR LTz 10 HUSOBHTT (shallow tubewell) 120V T, 2000 4511 A, 2001 4F 3, 6, 8 A, 2002
££3, 4 AOE 6 EfTofc, i, 10 HUSLBUHNT, EEBRIBARVEEZ LN TV AEHROEHFRUH
FOREHFHT (dug well), & BITIXF U T H Y DiiPiZ s Mahananda JIOKERZE b BFEANTIT > 7
72, HEOEZIZHONWTHERE~OBE & U R CHIIA LGB T, 15& A L5 30m LTOBRFF TH
ofz. INBEHFOZIINEHTARLEEZLNDE, HUSIZ S35 T o TV VRV V2 ORI IR
THD,

&0 ELREERTO BHPICOVWTIE, BHoRes LAk L., TiNPLBOSHE,D 1 5 BT 8E
Uiz, BEHIOHT/KE FERRREMBT-DIC, FHIRKIZBWTIIR S ZTOHRO b FERRREZRE
TBLORHAFPLRE L. ZTOR. BLERSEUESHEFAZHKAL TSN 5 pXEEnHETEL L
hotz,

2. 2 BEOEMBIURARAE

1) Stk
BT HHPAKIL, ReRRCEBHIERY T, 3 MeRRERY 7N, A4 ERAY 7
O 3FEEHT, BEERY=FLUER GAFVED) IR UL, BHEHLOEKFIR, BNICR
2 TWBAREIET Bz, LIESL OfkE < L TbEKkE Tk, 3 Mt REEROY v
It ROMBSREL LRV HIZ, fidEe LT pH 25 1 BATICR 2 X OB CREER (BE&ER




. FOGSEER) REGEME . A AV BEROREHZOWTHL, BBRIZT 045um AV T LU T 4 vE

— (Advantec &) ZHWABZEIT-7, £BHEAOREHIAEZTT I ANTBRERE 1% (vv) #mL, —ik

PLEBEB LT, TR_RTCOBBHIBRFNC TREL. R BELHEEITo

(2) PiEEE

« —fKEEH : pH. 7}@5 (Temp.). BEESR (DO). BREEE (EO

+ ©3FE (As): BrRLEHLFE ()

- SBE:TAI=UA AD wrHY M) K Fe). =7 M), § (Cu). FERY (Zn), B (Se).
rah (C). EVTFY Mo), I RITA (CH, TYFEY (8b) & @b). V7 )
A A B A A (C), B Ay Br). ERERHREERA A (NO, +NOs7), FiA 4

¥ (SO47)
(3) i
—KEERIL, KEF=vh— GRBRYE %1 KEFzvh—IzkBREEE
B0 % AV CES CllE LI G2 1), ZDIE, FIEER ms | AR

KEPBDIT>TEIZ X 5 pH *° DO OE{L,

& BITAIRR BC OZfLRBH<Tetd, FAknb pH D21 | 45 A
BRI EIE 21T 075 KR D21 | P—3IRF—&
SRBEEFEREESI X vggﬁﬁgg BAFERR([DO) OM-12 Eﬁiﬁﬁ»m:gm
(ICP/MS, Agilent B HP4500) %AW CHIEZ ,
ok, WATIIA A s ae 57 RO | B | RS
— (DIONEX ®!DX120, /05 A : Ion Pac ASI2A) ICCRIEEIToTz, 3 MiDIEE L S|z OVWTiL, pH
TR LR — ICP I MR R T i KSR R A —ICPMS TR B FAWCRIE 24T o 72 1 212 3),
7233 2002 4F 4 ATAEICRV T, TOC & (BEEWERT TOC-5000A) %V TOC BE, B/ A7~
NS5 74 ERHIT A IonPacCS3) ZAWT E=0 A4y (NHY) BEOBELITo-,

3. 8
3. 1 FEHFOKEIZDT

2002 4E 4 AFREOEREE2, 31077, 2LV, £HPAKE S pH OEIL 7.1~75 LHENBEHET LV
H Y HETH o7, DO DIEIXNo3 D 58mg/L ZERE. 1.7~27mg/L LEWMETH -, Ibiz, EEOWE
TT V=T REMCHEIFPRENZ LR ENPD, WL LItHITROZIEETREBTHS = L BMEE
Ehie, £l HTKRPOT7 =T REAESRETKICHESTEVVERZRLTNAZ &0, JBEL
T TAIHEE D BV NI LRED NBNRIBREZIT OS5 B bhb,

# 3 BEOREERE R U, EEBERX 0014~2.63mg/l. L2 C WHO SEKET A FFA
VIE BT, HA RS54 E) Thd 00imgl ZBE Tz, ¥z, No2,3, 10 LSto 7 BSoHFIciu
TR F5 3 2 BRNOKEEEE 0.05mg/L HERLTVWS, No2, 3,10 DHFMBoMR e LT
RBENEVERE LT, YTV PHEBETNS Mahanenda JINTHEBFESEY V2, HITAINII
KOEBEZITTHNBZ e BEL BB, FEMIZ Mahananda )11 FIREEIX0.013mg/L (2002423 B) Th
DIV, LOLRAE, BHAJIORRESA AV BEN 13mg/l. < F-RE 0.028mgl. (Wb 2003 4E 8
R) 72Xl LR SHUROBMTANET —F LITHEPR2ZERDBONTEY, I bOHT/RAFIIK
DEFELZZIT TV LIEFEVEINEYY, TOMIZEX bNAEHE L LTI FNSGRWZ Sizk v, i
BEEN - PR ASTEA» BOABRTEROEEZITIZWZ L, BRI ODOHFEIOL
RO FBRENMENZE, REBHD, R2ITBITBT L EoTRELHES A BENSHERTR L.
No2,3 DHFIIAEE. No.10 OHFREEFOERBRKE VDT RVNIEE XL BNS,
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=2 20024E4FEEHEE

WellNo. | Temp. pH. DO EC or Br nojw0, NH, S0, E260 TOC
°c mg/t._mS/ecm mg/L  mg/lL mg-N/L me-N/L mg/l /em  me/L
1 266 1.24 202 0.68 57 nd 0.27 0.62 0.7 0.012 094
2 271 7.23 1.66 1.03 81.3 nd 0.19 0.19 349 0.005 0.69
3 215 7.50 5.76 0.84 329 nd 0.16 0.18 19.5 0.008 098
4 270 714 210 080 112 nd nd 18 04 0024 106
1 2714 7.10 2.70 0.73 47 nd 017 0.65 10 0.008 068
[ 21.1 7.33 1.99 0.88 286 0.08 0.17 19 06 0.039 1.81
7 269 737 188 076 91 nd 035 11 08 0028 140
8 274 723 210 093 139 nd 017 16 08 0027 1.40
9 210 7.14 1.92 0.92 236 02 0.19 109 06 0.201 7.1
10 212 714 213 075 32 nd 029 074 07 0014 066
nd: not detected
£3 2002F4AREER(EREAE) _ _
Well No. As Al Mn Fe Ni Cu Zn Se Mo ‘Cd Sb Pb [¥]
pe/l  pe/l. pe/t me/l pe/l pe/l pe/t pe/t pe/t we/l pe/b we/l pe/l
] 238 nd 160 2686 0.39 053 200 0.69 1.9 nd nd nd nd
2 142 nd 950 086 0.59 14 42 0.71 1.4 nd nd 0.36 39
3 149 nd 840 0.61 0.38 0.87 17 042 14 nd nd nd 1.2
4 512 nd 1400 6.74 0.39 0.12 1.8 0.44 3.2 nd nd nd nd
5 80.3 130 930 8.41 0.86 0.72 8.3 043 15 nd 044 0.25 nd
6 2630 nd 1170 112 0.46 1.7 0.27 0.38 36 nd nd nd 0.21
7 522 nd 740 0.32 048 0.23 90 0.45 12 nd nd nd 0.35
8 416 nd 1260 1.80 0.43 0.08 14 043 50 nd nd nd 0.23
2 449 nd 580 11.2 1.0 1.7 52 0.39 1.9 nd nd 0.28 nd
10 24.3 nd 860 1.34 0.61 0.95 49 0.42 18 nd nd nd 0.50
500 2000 .
WHO GV™™ 10 (200)  (100)  (0.3) 20 (1000) (3000) 10 70 3 5 10 2

= BEICEIT SR KB H PS4 (Cuideline Value) . BREST . BHNOEIRXRIE KON EECETSIHE,
BUSOREL., EENIC 2 LOBITRLE,

= BHXE14). 15)&Y

nd: not detected

REAFEICIV T, SHIK CHERI L BB RSN TVS LEX DN AHPIC W TTRER{To Tk
B, ZOREBBHT LTI TH L PHLhoERe2RELTHDHOTIRY, Tk, Z<0FRShE
HFKEA LWL S ICIBEShTRBY . U I57 v 2 KEEEEZ B DBREOH AP END
LISV EHESN TS, LALRED, No. 5 OHFERICIIEESHY . SkREAOKE LTI O
FABEENDBERH Tz, £z, No. 8 DHFAKSERCFOERICKASN T, ER~NDM 2 ZY
2—DFEE. ZOFFORBIZIZ e BASINTORWE EBMRTEE N HFRR2NE DI & Tholz, T
DX 5 RMEKICIIREE E2 BVVEER L RREEED 19 2 P2 R0 LD FREMNRENEL NS,

EELVIDE BRI W TIL FROELEINO A FIA VEB LR>THBEE < T 5 10 RET
DHFTHA F5A U (T 03mg/, 0.1mg/l) BTV, < H AN TIL 9 HIRIZIBWT

SRS T DA RS54 E 05mg/l HBBLTEY, SAIEBL G RICMA T H U mEos
BHMETHD, BOIWED S LU ZLSNITA K4 AEL D BIEVETCH -7z, 7 2hiX, 200244
B OFECIISREERE. FRLEIAToREICBVY T, 5K 0.005mg/l. 2 HA K74 48 (0.05mg/L)
D0 RBECHolx,

T CBIL T, No2 DFHFIZHVT 0.0039mg/L. & HA KT A AED 0.002mg/L ZHBAL TV, £
7., [ CFAERNC 4 LR OBEIER OKERE HITo78, ZThbDHF DO T 7 LV BERZTNTH 0.0016,
0.0057. 0.011, 0014mg/L & 3 HUEMLDHA FIA L E2BX B30T VR En, BE, BHFROLRE
PN —o & LTEHFOFEAZIED T, L9 BWHTRERE LB R oA 2 g H 5
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B, SRIHRBGFP OKECRT BRI TP 5 & TH D,

3. 2 HBTAKEOBZES

2001 4£3 A 27~29 B 3 AEEEE L T 10 MUSOBHF OKERELTo 7. TORE. L RREIIZL
AEBLIR LIS, TEHENE LT0~15% CEYA4T%) L/hEhol, itk ~ o 2atihnt
BOBREBIVEC oW THREETh o7, DLELY, FARBRE CREHFOKEEIZLA LR

BRIV EAERENT,

3. 3 HTAKEOBRNBEL
t BREORRE LT ER2ITRT, 9
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Arsenic contamination of groundwater in Nawabganj,
Bangladesh, focusing on the relationship with other
metals and ions

K. Ohno, &, Furukawa, K. Hayashi, 7. Kamei and Y. Magara

Department of Urban and Environmental Engineering, Hokkaido University, N13, W8, Kita-ku, Sapporo, 060-
8628, Japan

Abstract Serious arsenic contamination of groundwater in Bangladesh has been frequently reported and is
of great concern. In this research, repeated water sampling from the same 10 tubewells in Nawabganj
municipality, Bangladesh, was conducted and analysed, focusing on the seasonal variation of water quality
and the relationship among arsenic and other metals and ions. For the seasonal variation of water quality,
arsenic and iron concentrations were higher in the rainy season in general although the tendency was not
consistent and it depended on the tubewell and the time. Correlation between arsenic and iron could not be
observed in this study (r = — 0.01) when using all cases. This was because no correlation was observed in
the higher arsenic concentration range. Arsenic removal by co-precipitation with coexisting iron is known as
one of the locally applicable techniques in Bangladesh, but the result from this study suggests that some
additional treatments such as the extra injection of iron should be performed in some cases, especially
where the arsenic concentration is high. The correlation between arsenic and other substances was also
analysed. As a result, manganese {r = 0.37), molybdenum (r = 0.33) and sulfate ion (r = —0.33) significantly
correlated with arsenic (p < 0.05). The negative correlation between arsenic and sulfate jon implies the
dissolution of arsenic into groundwater under reductive conditions although there are some exceptional
cases.

Keywords Arsenic; Bangladesh; groundwater contamination; iron; manganese; sulfate

introduction

In 1970s, infectious disease was widespread and the mortality rate of infants and children
was very high in Bangladesh because pathogenic microbes contaminated surface water,
which had been drunk directly by the people. To overcome this problem, millions of shal-
low tubewells have been installed. As a consequence, the mortality rate of infants and
children has greatly decreased in the past 30 years (Curry er al., 2000). But since the late
1980s, it has been known that shallow tubewell water is contaminated by naturally orig-
inating arsenic in many paits of Bangladesh and West Bengal of India (Chakraborty and
Saha, 1987). Nowadays, arsenic contamination in Bangladesh is said to be the severest in
the world and patients with skin disease caused by arsenic have been reportted (Karim,
2000). It has been estimated that, for instance, about 35 million people in Bangladesh are
affected by arsenic contamination (Ahmed et al., 1997).

Although serious arsenic contamination of groundwater in Bangladesh has been
frequently reported, there are not many articles that refer to the relationship between
arsenic and other substances and the seasonal variation of groundwater quality. In this
paper, a series of tubewell surveys was conducted in Nawabganj municipality, Bangla-
desh, focusing on the seasonal variation of groundwater quality because Bangladesh has
distinguishable two seasons: rainy and dry. Furthermore, concentrations of other metals
and ions were determined and compared with that of arsenic to explore the mechanism of
arsenic contamination in groundwater in Nawabganj district.
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Materials and methods

Sample collection

Tubewell water sample collection had been done eight times from November 2000 to
August 2003, in the central part of Nawabganj municipality (latitude 24° 34-37' N,
longitude 88° 14-17" E) in Nawabganj District, which is located on the west end of Ban-
gladesh. Tubewell water sampling locations are shown in Figure 1. The population in
Nawabganj municipality is about 150,000 (Bangladesh Bureau of Statistics, 2001) and
there is only a little farmland near the sampling points. Water samples were collected
from the same 10 shallow tubewells to investigate the seasonal fluctuation of atsenic and
other metals. These 10 tubewells were selected from the different sub-divisions of the
municipality by the consultation: with local engineers. In the consultation, the engineers
were asked to select the tubewells that were representative of the arsenic contamination
situation in each sub-division, but it was not considered whether people drank the tube-
well water or not. Therefore, the result does not directly indicate the intake rate by the
local people although some of the arsenic contaminated tubewell water was drunk.

Apart from the repeated water collection of 10 tubewells, other tubewells, dug wells
and river waters were collected sporadically. Results of analyses of the tubewell water
were included in the data set for the statistical analyses for comparison, but those of the
dug wells and river waters were not included because the water quality is thought to be
totally different from tubewell water.

Every water sample was divided in three portions, for the analysis of metals (including
total arsenic (total-As)), of trivalent arsenic (As (III)) and of ions. The portion of the
analysis for metals had its pH adjusted to below 1 by addition of nitric acid (analytical
grade free from heavy metals, Wako Pure Chemical Industries, Ltd., Osaka, Japan) to
prevent adsorption to the bottle, and the portion of As (IIT) was also done by sulfuric acid
(analytical reagent grade free from arsenic, Wako, Osaka, Japan) to prevent oxidation of
trivalent arsenic to pentavalent acsenic (As (V)). The portion for ions was filtered using a
0.45 wm pore size membrane filter (DISMIC-25AS-045AN, Advantec, Tokyo, Japan) to
remove suspended matter, All sampling bottles were carried in dark containers and stored
in cool conditions until analysed.

Anatytical methods

Water temperature, pH, Dissolved Oxygen (DO) and Electric Conductivity (EC)
were measured on site using potable analysers (D-21/0M-12/ES-12, Horiba, Japan). Con-
centrations of dissolved organic carbon (DOC) were determined by a TOC analyser
(TOC-5000A, Shimadzu, Japan). UV absorbance at 260 nm (E260) was measured by
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Figure 1 Water sampling locations
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a spectrophotometer (DR-4000, HACH, USA). Concentrations of metals (As, Al, Mn, Fe,
Ni, Cu, Zn, Se, Cr, Mo, Cd, Sb, Pb and U) were determined by ICP/MS (HP-4500, Agi-
lent, USA). Concentrations of As (II) were determined by Hydride Generation-ICP/AES
(HVG-1 and ICPS-7500, Shimadzu, Japan). Concentrations of anions (C1~, Br™, NO7,
NO3 and SO37) and cation (NHJ) were determined by Ion Chromatography (DX-120,
Dionex, USA) using the columns ‘Ton Pac AS12A’ (Dionex, USA) for anions and “lon
Pac CS3” (Dionex, USA) for cation.

Results and discussion

Concentrationss of arsenlc and other substances

The results of water quality analysis of the 10 tubewells are summarized in Table 1. Geo-
metric mean concentration of arsenic was 0.15 mg/L, ranging from 0.014 to 2.63 mg/L, as
of the samples collected in April 2002. Arsenic concentration of all 10 tubewells
exceeded the WHO Guideline for Drinking Water Quality (GDWQ) value, which is
0.01 mg/L, and seven tubewells exceeded the Bangladeshi domestic water quality stan-
dard (0.05 mg/L). Although these waters were collected from rather arsenic contaminated
tubewells as mentioned above, this result may indicate that arsenic contamination is very
severe in the central Nawabganj municipality. In Figure 1, waters from sampling points
#2, #3 and #10 which are near the river contain less arsemic in terms of geographic
aspect. River water may infiltrate into groundwater nearby. Comparing arsenic concen-
trations with that of nitrite and nitrate ions, of ammonium ion and of sulfate ion implies
that arsenic dissolution to groundwater mainly occurred under reductive conditions.

Apart from arsenic, concentrations of iron and manganese were above the WHO
GDWQ values, which are 0.3 and 0.1 mg/L respectively, although they are not the
health-based guideline values. In one tubewell and some dug wells which were collected
sporadically, uranium over the WHO GDWQ value (2 pg/L, provisional) was detected.
The concentrations of other measured hazardous metals in groundwater were all below
WHO GDWQ values. River water did not contain any hazardous metals that exceeded
WHO GDWQ values.

Seasonal variation

Time course change in concentrations of arsenic and iron is shown in Figure 2. Both con-
centrations were higher in the rainy season than in the dry season in 2001. But in 2003,
seasonal changes did not have a clear effect. Other work (Tanabe et al., 2001) has sup-
ported the increase in arsenic concentration in the rainy season. On the other hand, results
by Tareq et al. (2003) did not show the clear difference in arsenic concentration by

Table 1 Resuits of tubewell water quality analysis collected in April 2002

No. _As TYemp. pH DO EC E260 Doc Al Mn Fe U  NO; +NO3 NHI S0}

pg/h °C mg/L. mS/em 1/ecm mg/l mg/l mg/h mg/l pg/l. Mg-N/L mg-NL mg/l
1 94 266 7.2 20 0.7 0012 08 nd 0.2 2.7 nd 0.3 08 07
2 14 271 7.2 1.7 1.0 0.005 0.7 nd 1.0 08 39 0.2 0.2 349
3 15 275 75 58 08 0008 1.0 nd 0.6 06 1.2 0.2 0.2 195
4 510 270 7.1 2.1 08 0024 1.1 nd 1.4 6.7 nd Nd 18 04
5 80 271 7.1 27 0.7 0008 07 013 09 84 nd 0.2 0.7 1.0
6 2630 271 73 20 09 0038 18 nd 1.2 1.1 0.2 0.2 19 086
7 520 269 74 1.9 08 0028 14 nd 0.7 03 04 0.4 1.1 0.8
8 4200 271 7.2 2.1 0.9 0.027 14 nd 1.3 1.8 0.2 0.2 16 08
9 450 270 71 1.9 09 0201 71 nd 06 112 nd 0.2 109 06
10 24 272 71 241 0.7 0.014 07 nd 0.9 13 05 0.3 0.7 07

Nd: not detected
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Figure 2 Time course change in concentrations of arsenic (left) and iron {right). (Darkened part indicates
the rainy season)

season. In Figure 2, seasonal variations in arsenic and iron concentrations were not con-
sistent, One plausible explanation for this inconsistency is the differences among the
properties of the tubewells such as surrounding soil condition including adsorbed arsenic
and iron concentrations and groundwater level; it should be further investigated.

Despite this inconsistency, some trends can be seen from Figure 2. One is that the
larger increase in arsenic and iron concentrations in the rainy season can be observed in
the tubewell waters that contain higher arsenic and iron in the dry season. Another is that
the tubewells that show the bigger difference in arsenic concentration between seasons
are different from the tubewells with big differences in iron concentration. These trends
imply that arsenic and iron concentrations become unstable in the rainy season and that
the dissolution of arsenic and iron into groundwater does not always coincide.

Ratlo of As (Ilf) to total-As

Figure 3 shows the relationship between (As (II1)/ total-As) and total-As. The ratio of As
(IIT) increases with increase of total-As concentration. It is possible that As (III) was
oxidized to As (V), especially in the lower range in arsenic concentration, during the
water sampling owing to the aeration in pumping tubewells. Therefore, the real ratio of
As (1) should be higher than that shown in Figure 3. These results also suggest that
arsenic dissolution occurs mainly under reductive condition.
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Relationship between arsenic and other substanices

Coexistence of arsenic and iron in groundwater. The relationship between arsenic and
iron concentrations is shown in Figure 4. Relatively good correlation was observed by
Nickson et al. (2000) and Berg et al. (2001). But in this study, no correlation can be
observed when considering all the data. This is mainly because of the cases with high
arsenic but low iron concentrations (cases inside the ellipse ‘B’ in Figure 4). The reason
why these cases appear will be discussed later. Good correlation can be observed if the
data only inside the ellipse ‘A’ in Figure 4 are used.

In Bangladesh, arsenic removal in groundwater by co-precipitation with coexisting
iron is known as one of the effective techniques. There are various types of arsenic
removal setups using this technique and they are equipped in a house and installed as a
* community-based arsenic removal plant. Simazaki er al. (2001) investigated the setups
and found that some of them did not work properly; that is, arsenic removal was poor.
One explanation for this poor performance is that the iron/arsenic (Fe/As) ratio is lower
than required. Meng et al. (2001) suggested that Fe/As ratio should be greater than 40 to
obtain 85% of arsenic removal in the case of typical groundwater in Bangladesh, which
contains 1.9 mg-P/L of phosphate and 18 mg-Si/L of silicate. As seen in Figure 4, about
half of the cases do not satisfy this requirement, although concentrations of phosphate
and silicate, which interfere the arsenic removal (Meng et al., 2001), were not measured
in this study. The addition of iron, or a kind of coagulant, should be performed when Fe/
As ratio is not enough in raw water.

Correlation between arsenic and other substances. Correlation matrix was calculated in
order to search the relationship between arsenic and other substances in addition to iromn.
Table 2 summarizes the results. As mentioned above, a significant correlation is not seen
between arsenic and iron (r = —0.01). Substances that show a significant correlation
(p < 0.05) with arsenic are manganese (r = 0.37), molybdenum (r = 0.33) and sulfate ion
(r = —0.33). To visualize the relationship among arsenic, sulfate ion, iron and
manganese, the matrix of scatter plots was drawn as seen in Figure 5. Here, molybdenum
was excluded because of its very low concentrations (0.0034 mg/L on average) although
it shows good correlation with arsenic.

As discussed above and shown in Figure 4, there are cases with high arsenic and low
iron concentration. Looking into the upper right block in Figure 5, which shows the
relationship between arsenic and manganese, manganese concentration is relatively high
in these cases. Good correlation between arsenic and manganese in addition to arsenic
and jron was observed in fine particle part of sediment core samples by Anawar et al.

Fe/As =40

Fe (mg/L)

0.0 1.0 2.0 3.0 4.0
As (mg/L)

Figure 4 Iron versus arsenic (solid line does not represent regression line but “Fe/AS = 407)
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Table 2 Correlation matrix

) AS Zn Mn Fe At Ni Cu Se Mo o 80 EC
58 48 58 58 28 41 46 44 44 59 48 59

As 1

Zn -0.26 1

Mn 037 -040 1

Fe -0.01  -0.18 0.18 1

Al -0.14  -0.12 0.03 0.09 1

Ni -0.04 032 -002 015 -037 1

Cu 0.00 022 -0.09 0.23 -0.31 0.84 1

Se 006 016 -003 -003 -060 051 032 1

Mo 033 -0.14 013 -026 -015 -010 -0.18 -00t 1

cr -0.14 020 019 -004 -017 015 030 036 -026 1

S02” -033 0.1 002 -037 -007 009 024 031 -028 084 1

EC 005 022 -011t 010 -013 016 005 032 -008 033 008 1

Number p < 0.01
Number p < 0.05

(2003). Accordingly, it is possible that arsenic is eluted into groundwater with manganese
when iron is scarce in geological layers. :

Turning to the relationship between sulfate ion and other substances, which can be
seen in the third column in Figure 5, sulfate ion is clearly in inverse proportion to arsenic.
This tendency also supports the notion that arsenic contamination in groundwater mainly
occurs under reductive conditions. There are some exceptional cases where high arsenic
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Figure 5 Scatterplot matrix (unit: mg/L)
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{0.5mg/L) and sulfate ion (10mg/L) concentrations are observed (Anawar et al., 2003)
although there is not a clear exception in this study. One plausible explanation for these
exceptions is the existence of an arsenic-rich geological layer very near the strainers of a
tubewell, and arsenic contamination could occur even under oxidative conditions in such
cases.

For the relationship between sulfate ion and manganese, high manganese concen-
tration can be observed regardless of sulfate ion concentrations. Furthermore, no corre-
lation between them (r = 0.02) is observed (Table 2). This makes the relationship among
arsenic, iron, manganese and sulfate ion more complicated and should be further
investigated.

Conclusion

As the results of repeated sampling and analyses of the same 10 tubewells, the following
are obtained. Firstly, not only concentration of arsenic but also of iron and manganese
exceeded WHO Guideline value of Drinking Water. Secondly, arsenic and iron concen-
trations were, in general, higher in the rainy season although the tendency was not
consistent and it depended on the tubewell and the year. Thirdly, no correlation could be
observed between arsenic and iron when considering all data. This was because no
correlation was observed in the higher arsenic concentration range. Arsenic removal by
co-precipitation with coexisting iron is known to be one of the locally applicable tech-
niques in Bangladesh, but this result suggests that some additional treatments should be
performed in some cases. Fourthly, manganese and sulfate ion correlated with arsenic
and these two substances in addition to iron seem to be the key substances to reveal the
mechanism of arsenic contamination in groundwater. Lastly, according to the results and
statistical analyses, it may be reasonable to conclude that arsenic contamination in
groundwater mainly occur under reductive conditions in Nawabganj municipality
although there are some exceptional cases.
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