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HISTORY OF U.S. STANDARDS FOR ARSENIC IN DRINKING WATER
USPHS sets an interim drmknng water standard of 50 ugAsf’llter (50)
b et 10 ug A liter 2 the goal ( }
EPA aclc:-pts the interim standard of 50 1g As/liter set by the USPHS in 1942 (50}
Congreas directs EPA to revise the standard by 1989 (2)
EPA estimates that the mgestmn of 50 ug Asfllter results in a skin cancer risk -:rf 1 in 400 (5?}
Internal cancer risk estimated to be 1.3 per 100 pers-::ms at 50 ug As/liter ( ?6}
World Health Drgamzatmn recommends lowenng arsenic in drmkmg water to 10 ugAsfllter( 52)
Cmngress dlrects the EPA to pmpose anew drmkmg water standard I::y January ZDDD (2)
NRC eshmates cancer mcrrtallty risks to be about 1 in 100 at 50 ug Aaf’llter {28)
EPA pmpases a standard of 5 ug As/liter and requests comment on 3 10 and 20 ug Aar’llter (2}
Uanuary) Clinton EPA lowers the standard to 10 Hg. Asfhter (2}
(Mar-::h) L delays lowermg o (2)
{September) New NRC report concludes that EPA underestimated cancer nsks ( }
(C)ctcrber) EPA announces it will adopt the standard Df 10 ugﬂlter (2)
(February) The effective date for new standard of 10 ug Asx’l |ter {2)

Comphance date for the new arsenic standard (2]




CARCINOGENS IN DRINKING WATER

Chemical MCL (53) Cancerrisk at %
(ug/liter)  MCL per 100,000 3%

Arsenic 1300 (76)
1650* (4)

Benzene 0.2-0.8 (54]
BEHE[a]pyrene T (54)
Carbon tetrachlonde e (54)
Chlordane : ! (54}
. 2 DlChlGI‘Dethane S (54)
DG (54)
D|{2 Eth}’lhEK}'l}Phthalate S (54)
Ethylene dlbr0m|de 12 5 {54}
HEPtachlor . ( )
54)
54)

)

)

Hepta chlor EPDKIdE
Hexachlorobenzene

Polychlormated blphenyls (PCBs}

P
54

Toxaphene

2(5

(
Pentachlorophenol (54

(

Vln_'-;l Cthndez

*Extrapolated upward from results given for 20 pg/liter
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0.01mg/l LAF
RiEshzwot
0.01mg/l AT
0.05mg/l LAF
0.01 mg/! LAF
0.0005 mg/! LAF
BREHENZWI &
BHEShZWLI L
0.02mg/l LLF
0.002 mg/! LA'F
0.004 mg/I LL'F
0.02mg/l LI'F
0.04mg/l LAI'F

1 mg/l LIF
0.006 mg/l LIF
0.03mg/l LAF
0.01mg/l LLF
0.002mg/l LI'F
0.006 mg/! LLF
0.003mg/! LI'F
0.02mg/l LI'F
0.01 mg/! AT
0.01mg/!{ AT




Scheme 1. Putative Pathway for
Biotransformation of Inorganic Arsenic in Vivo
Forming Both Dimethylarsinous Acid (DMA™) and
Monomethylarsonous Acid (MMAI!)2

OH OH SAM SAHC OH

Y S P — ey e

| arsenate MMA !N MHAM ’
OH methyltransferase OF
GSH| MMAY

GSH DMAY
reductase reductase {-7}

GSH arsenate SAM SAHC OH
reductase OH

HO—As"— OH 0 As"'— CH,

|
@ arsenite CH;— As'"— CH,
ethyltransferase GP DMAM
4 SAM, S-adenosylmethionine; GSH, glutathione; SAHC, 5-
adenosylhomocysteine; DMAY, dimethylarsinic acid; MMAVY, mono-

methylarsonic acid.

Ciferne. Res. Toxiood 2001, 04, 371-378

Identification of Dimethylarsinous and
Monomethylarsonous Acids in Human Urine of the
Arsenic-Affected Areas in West Bengal, India

Badal Kumar Mandal, Yasumitsu Ogra, and Kazuo T, Susuki®
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prevalence

faR 2 RICERICEITHEE

(n= 106 couples; age>15 Aage<10)

\WEES Females

2= 13.28; p<0.01 2=2.36; p>0.1

100% (x p ) (x p>0.1)
B INo Case
50% |
se
0%
Low Middle High Low Middle High
(33-603) (614-934) (952-1,763) (16-703) (733-1,075) (1,406-2,746)

UAs level (ug/g creatinine) in tertiles
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Males ~ Females

Peason correlation coefficients:
Peason correlation coefficients: (M+D)/T: 0.64 (p<0.001)
(M+D)/I: -0.32 (p<0.1) D/M: 022 (N.S)

D/M: -0.41 (p<0.05) i
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Ratio (con.) of arsenic species
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(BEDORESDreview Steinmaus, 2005)
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Shafik learns chemistry
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A Arsenic B Solid phase Arsenic C Sulfur D Ammonium & Calcium E DIC, DOC & CH,
B Dissolved (1M) (nmol/g dry wt.) (OsSulfate (uM) » NH4+ (UM x 10) HAs (uM) ® DIC (mM)
0 2 4 6 8 0 20 40 60 1 10 100 0 12 3 45 6 7 4567 8 9 10 11
Sglr;:;ce G - T—e14 —u—] . T & t T T 1 1T T 1 I 1 1T T 1 1 1
—e—i i__t Oe
& e
20 AVS Oe
O e Methane
B A O ee&D \i
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© m} @
= > 1 A o - -
3 Dissolved As A
60 A e O [ Jm|
g A A
A
S : o e
Depth 80 | A
I A
(m) ry
id phase A
100l Solld]lp ase As | i o I i |
\ " o .
ey = e A DOC DIC
120 = A
——t oA
(As Extraction Targets O ‘D
140| (] Weakly adsorbed /
L] Strongly adsorbed Total solid phase S
B r [C] Carbonates, AVS, - - =
160l e amorphous oxides
e [ Crystalline Fe oxides, L
T | amorphous As O ' A o o
1 ! ! ! S?ulfldes p_ N I | I ! 1 PR S S S
0 25 50 75 100 Ml Silicates, As;04 0.1 1 10 0 1 2 0.2 0.6 1.0 1.4
¢ Solid (nmol/g dry wt.) Crystalline Sulfides | 0 Total Solid Sulfur (umol/g) A Calcium (mM)
pyrite : : ; O DOC (mM)
N _/ A Acid Volatile Sulfide

& Methane (mM)
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why arsenic ?

As .... derived from the soil (natural
origin), leached into groundwater

Driving force ?

reducing condition;

N\

may be related with \
pumping out of the

/
ground-water by \\ /
irrigation tubewells /
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ek ERMEBERRIARE n-530

30
! r=-0.29, p < 0.001
~ |
£, BMI=18.5
277
N &
e | —
E : r =-0.30, p < 0.001
10
| 2.1 pg/kg /day Males
' »” PTDI (FAO/WHO, 1989) Females
0

0 40 60 80 100
As dose (ug/kg body weight/day)

-

PTDI = Provisional tolerable daily intake



Effects of arsenic intake level and nutritional status on the prevalence of

arsenicosis _
. Arsenic exposure level a (ma/kgBW/day)

. Nutritional lower middle  higher  Overall
. Status (0.3-21.6) (21.7-36.4)(36.4-92.9)
« Males
« total 2/70 ¢ 22182 33/96 571248
« normal 2/51 0/47 12/40 23/138
e underweight 0/19 13/35 21/56 34/110
— prevalence ratio 0.00 1.94 1.25 1.85
. (0.00 - 4.92)(1.03 - 3.32) (0.77 - 1.91)(1.29 - 2.59)
 Females
« total 5/110 8/97 13/84 26/291
« normal 4/65 2/43 2/21 8/129
e underweight 1/45 6/54 11/63 18/162
» prevalence ratio 0.36 2.39 1.83 1.79
. (0.01 - 2.01) (0.88 - 5.20) (0.92 - 3.28)(1.06 - 2.83)
« Both sexes
« total 7/180 30/179  46/180  83/539
« Normal 6/116 11/90 14/61 31/267
« underweight 1/64 19/89 32/119  52/272
« prevalence ratio 0.30 1.75 1.17 1.65
. (0.01-1.68)(1.05-2.73) (0.80 - 1.65)(1.23 - 2.16)

HEBBELANSRLLS, PETVZEADIESH
EEERRIRES B,



AséSe: B =
B2 ER M
* FfE As+SeEREESE<EBEH OF|EZEH(C 30~)

% Keyon et al. (1997) SeRZBIEIYIARA — Asit&¥(E

tﬁ‘é%?&& )DHFMAEE BT #H XLUECLS.

J4—ILE(ER)

% Wang (1996) Yang et al. (2002) &i&

RSe BHMRPESBREKEBSE

% Wuyi et al. (2001) REVIILASERX
RISERBESE 1004
Se-enriched®B £ (100 1 gSe/day)+3JE;FEE/K x 144 A
= AsBHE(?)BERFFLZE)DRE> ESei 55

% Verret et al. (2005) /\>45'S553 a1 EEHRK

RIEIERBEE 1244

Se-met(200u g/H) x 648 (and/or EA=2E)

=> &Fﬁ%x:ﬂiﬂﬁziﬁﬁnébwu_h\ B ETLEMT-.
(BT V1IN - G 3K 0D 2 b 2 8 B




Male Female

r o : A SV
100 - & & 100
[s)
Ao“ " A
& O X
8a Sh A ©
A AA ‘Ri A
y—s ©a oA A
5 10 4 A&A A H 0 10 |
o 0 o
A
r=—10.16, p<0.05 A r=—0.29, p<0.01
10 100 1000 10 100 1000
UAs [ug/g Cre] UAs [ug/g Cre]

FRAPERETIE, L EHEREIRBEOEELIEEADH - /-
(Miyazaki et al., 2004).

fit&ZE\EEDvariation = HitZF&EHEtDvariation
= L oHtlicEZE (= | #HighSe?=>1 EBILAMA?)
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40
Urinary Se, ng/L

Fig. 1. Scatter plot of urinary As and urinary Se concentration.




Table 6

Multivariate analysis of inorganic arsenic, MMA, DMA percent, total inorganic arsenic metabolites in urine, and overall inorganic and organic arsenic in urine among
healthy residents of the Lanyang Basin, Taiwan

Variable

Group

Inorganic arsenic percent

MMA percent (p*)

DMA percent (p%)

Total As; (f%)

Overall As; . , (B

(B*) (SE) (SE) (SE) (SE) (SE)
Arsenic concentration of well  65.23-122.58 vs. —0.30 (1.76) 2.20 (1.87) —2.08 (2.70) 63.45 (19.82)* 68.99 (39.36)**
water (pg/l) <65.22
>12258 vs. < 5.04 (1.73)* —0.32 (1.84) —4.59 (2.66)** 63.93 (19.52)* 93.94 (38.68)***
65.22
Trend test (P-va- 0.002 0.60 0.12 0.0002 0.02
lue)
a-Tocopherol (pg/dl) 580.2-860.2 vs. —2.86 (1.57)** —0.98 (1.68) 4.15 (2.42)** 61.44 (17.76)* 63.83 (35.22)*%*
< 580.2
>8602vs. < 1.49 (1.79) 1.68 (1.91) —2.85 (2.50) 68.13 (20.18)* 71.87 (40.06)**
580.2
Trend test (P-va- 0.12 0.68 0.26 0.006 0.08
|ng\
Urinary selenium (pg/l) 53-252vs. < —2.70 (1.53)** —2.16 (1.63) 4.60 (2.35)%* 35.15 (17.26)%** 40.43 (34.25)
15:2
>252vs. €152 —4.49 (1.58)* —2.49 (1.69) 6.79 (2.42)* 40.80 (17.86)*** 137.50 (35.31)*
Trend test (P-va- 0.01 0.14 0.01 0.04 0.0002

lue)

Alcohol consumption

Yes vs. no 3.92 (2.09)**

3.08 (2.23)

—T7.50 (3.22)%**

1.68 (23.61)

—30.39 (46.86)

Total As;=As’ " +As’ " +MMA +DMA; inorganic arsenic percent = ((As’ " +As’ " )/total As;) x 100; MMA percent = (MMA/total As;) x 100; DMA percent =
(DMA/total As;) x 100; overall As; . , = overall inorganic and organic arsenic in urine.

* Each model was adjusted for age, gender, and cigarette smoking.

* P <0.01,

% 5 D




SEICHITHREL DD

As Se
ng/mL ng/mL
ng/mgCre  ng/megCre
INTS5T 281% 23
a (24-2017) (4-71)
=97} 97 22
F1) 56 28

(12-207)  (6-68)
* LD ELDLLE DT =8, HirFIHELTRT

NTSTUADRBEER, thD2ELYIEEMIZHL.



0-As/+Se
B+As/+Se
B -As/-Se

m+As/-Se

-

liver brain  placenta fetliver fet brain

As x Se As As As

As x Se

Mivazaki et al. (2005)



0 -As/+Se
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B -As/-Se

m +As/-Se
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fet brain 2
As As x Se

I 1n fetal bramn (right; “fet brain2”) i Se-deficient or Se-adequate

e the legend for Fig. 2 for further explanation.
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Flooded ricefield Serpur Vander, August 1999
Almost the same area shown in the previous picture
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Groundwater Arsenic Concentrations Versus Depth
(from British Geolagic Survey Regional/Special Surveys)

Al Data Old Meghna Flood Plains North Hills and
(chandina deposits) Piedmont Plains

OPEDEINENINEDENEDNENS 60 10 OIS OV (60 ¢ ¢ (e

Arsenic Concentrations In(ppb)
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BHROMROHEE Yuds (2003)
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—E%2® village DBEEIICIHU =XHE

- Goal : Y LIRS ICRELIKDOHEIGIE Z HEIR

- HAR : BRABETERALBICHK. 1A

- FER : HA, pond-sand-filter ; ®RHRP

- BELHFEE20Y% — RELHFFEROIME

 Demand-drivenTIlk#: <, supply-driven (speedE4$])

« WR=FF (nottttH) , >50tHE % hH/N—F BMH

- JA b ERITE. EEHISEIRIIEE. EOSH
o BXRFHERT : DPHE, Union Parishad (#h75L~NJI)

— FREAYYSR (40-80% )
~ REAMR (<40% : 2E )



Y& : ISV ISF aBiFOpolicy (2004)

Ben village DRBEICI U ZEXER
- RBMR GERHAR >80%)

- B : SEUMN

« FFE% : demand-driven. Sustainability&costicBd 3
BHREERICIRHEZROLHROEFTREICSH.

- BiFIRE : AA M EEFROEHRIRRICHKH U TEAE.
BEEISEE . £FHa18,

- BHFHREE - Biafkd (Union Parishad)

« FFER : B - sustainabilityd d» 335K D A
s N7 cLBRKEEZEST.
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