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1. [FL®HIC

T2 T HEFER S RS EICK T 2REMBEICRVMHATE 2, T ¥TI2BWNTiE, FEIC
BUFAeHE- 7y FEPEMEC—EAL EY Bangladesh < India (235 1F % b 375 Ye[#E < 3000 5 A 29,
T - HE T VT REEIZE T D small-scale mining (FEMIASL L) OKERETHEE T AD NN
EEXZHFTVWHESbhTEY “Y 2oMich # A1k 2HEMESCKEICE T 2R LRZR L O, &
SREPEE T OREMENZHE L TWD, 2O I AN EOBE CIIH R R ROREMELE 5 2. F~
X FRINL INOOMEL FEEE LI ORISR M LT,

I ORI Y -o Tk, BT ERERREICLDBIROE LWVERENSSLEL 25, SRR
HK72 EDKRRIGY:, BAEMSRER EORMIGY, RKUZIERER EORGDGY, LEOGYL KR
BAKROHROEIREE & 6T, EEONEKEFRLOEELRRARTHY . £OLDITITHEROEKNGE
BN EERERE RS, Baid, EREEFNENOREICR L, BE, JR, VA, KR ENEND
RSN DR OGHIZ L DBBEFMZIT-> CTE /e, FTH, IOBENTLHEREZ ELI KBTS LS
D BEREHZ DWW TIX, 97TI2 20000 i < OFREL D537 E24T > T\ %, FFIZ Bangladesh (23517 5 & 5
RABEICRE L CIE. Pabuna #i5 OFER SIS 72 2000 248 2 5 BERE O S ATTh, (EROE
EZHeRBPEOVIENBELZ 10 ppm THOVEFHARAADOZNOKI 0 HETHDHZ &, S OITKERE -
keratosis (fA{b4E) 72 EEERIER A B9 25 HEEET DKW Se IRENMRVWEHA 23 H 0 | Se A& b HFEIE
FIED—H & 725 TWD AREMEN H 5 72 & BUREWVERRZ GO TS 29,

FE#H O 9 B N (Shafiqul Islam, Sera) 1% 2009 4 10 A |2 Bangladesh T4 fix & & 1594234 72 Comilla
52 REHRI E AEDT-DIZFiNTe, TORICHRTE LI LR, 2L OHE T, 2-3 FRilcH
T OGN TR FRGFEL T, HREINZHFIZ200m BEORIICHELINL TR, &Vl
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BIZIZ e BOGNRNGFET D, —HH7=72H 712 800m EBEOEMICHE LN TRBYER 7V —ThHd I &
DHERINTND, BERRIHFFOFETIEHFICBNTIE, 20 2-3 ERERIIZOKOAREZ/HEE L
THHLTWS, LM LEADBEMTRZLDIE, it 6 %259 % < OERIZ keratosis X°
leucomelanosis (2§ D& A R) 72 E e FHE/SEAOIERSHET CTWDHHELE 7=, ZO3R» 5
WEIND Z E1T, BB ORI MO OBBENMEE L TWDH Z L Ths, Lial, milicixiEish
THKEEMRAKIER LT 22 bH 0, BESERITIBENIEN > TN DH, FRIZEERKOHGIC
LB RBIEMOIHY, £7-2% BrOM GEFILBEE. KB, FEOHEIK, IBKESLZ EORFHIZH O DL,
RN ITRERKICHEHA SN D) OFEGRICE 2 RBHAEOBEYR EN, KNBREOER L > T D
EMTHEEND,

Z @ Bangladesh TOFAMIEIL, ok 21 4 E R A0 E R B 2R 20 [ RIABEEREE U X 7 F4l
720 OFEFHRENTIE O EZFEMIIISE ) (FRRER  RIFRFEERER - PARBER) o—RE L TiTbh,
EHIIOHEF L LTESIML TV D, AT EICEBEZRBOSIRERNS, PERIEORIERED Y 27
S 2 AT O T2 O OREHRITEOMSL Z B E L TR Y . BEREBIONER & EROEERE N LT —
B e, EFHHENPRE L EEREE DA BN U TGRS - MR vEys 89 ) NEmEMEo &
MEHRNTAIRE R T — 2 2 52 2 2 &b YED HTIZIE NMCC @ PIXE BHWHHRTWS, 4 EO
B FHA CHIRO TREN R TH D Z EMTIEWA LR, TOWE 72 DKREROIEET — 2 D
BAENARENTHL Z Enbhrole, HRIZASEIOFMATG TBO U X7 5l OMEMZGRHEL .
ZDYR L 72 B KRBT D YA 21T > TUW =723, Comilla #E7E T, FoBkAK « K - ok - )11k -
Rt 72 E LT OWRAKRB OFR I A RIHL T OO I W TIT 272, RRRICEBWTZE OOk RO
Mo EE1T I,

L7 Ui a R & B I 2 1 13E LoRBERE L2580 H Y | 2HOEERE %2 B ARIC
ERZ LIIRNEETH D, TOD, SENTHMO KR TV TR TR @ S AR IEZRE L. T Ok
DHERH TOIT -T2, TRICHBESELZ =4 v b e LN L TiE, M EoRIBEIZRA L,

2. EBRAXE
2.1 AHERRUVEMICE T SRR

K EEHE . Banglish Village (Uttor Jhalam Union, Laksham Upazilla) (38} 5 B11-1~11, B12-1~6 (=%t ,
Sharifpur Village (Sharifpur Union, Monohordi Upazilla) (IF] B12-7~12-13) & T® Fotepur village (Kandirper
Union, Lanksham Upazilla) ([f] B13-1~9) @ Comilla #15® 3 S OAHZ F 72230 174172, Comilla #5713,
1 #5 Dhaka 7> 5 120 km & £ HICHEN 7285072 d 0 H KO & 5 Y’ Bangladesh O 553 F£ 7 0.05
ppm Z 2 HHFOHEHERHKbEL, KL EZ O FERFERENRBEL WL TH D, BIShi
KRB, KT BRABTHLHR, 2D L 5REHIBEREINTND Z ENLFINOGHER I N TR,
BTEIIRIBESCRRICOAFEH SN T VWD, KD 8HEHIZ PR eR T Y —L STV EHHICERH
NTODLBN MERSNDERDPERFZ L T 5L PR I TR bDbEER TV D,

—Ji. ZOHFITIIEEHECEMET 0L BN EE L, BEEREKE LOIEAS TN D
DO, BERAKSLEEOHEIKE L TUIEDLNTE Y, (GRS TV L5 A BB 22 L EgE O —K &
o TNDHZENTRIND, FIZT7 T2 EDRKARLZ EHOEHITIL T, FROFEED—
Lo TWVWD, ZDRD NG OEEMOIGRRIEHEET 226, BBOY X7 FMO7ZDITIEA
B THD, ZOHBTHOKHABDEFET ST,

BEMKE LTI, HOKEHLIZ 10 REFORI A TOiL 7z, RIE 7 Bangladesh Tik, FHilZIZIE
HEEALRICHER RAEZ B T & . KB OB b2, HAKDTE YT RIED D15 YT ERE T 2 72975 Gkl
DI IIARER TH L0 KRB EERE L TEDLDITWSZD 1)K 26 OHICEHEENL TS,
SHITKREREEDEOBRFBREZFHNDL BT, aa YRy bEREhT,

IS OKREHIER DG 2 O /1D & plastic tube (248 cc T >E B S v, AREHFARIIE R AT v
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DFREE THEMEREIEIZEL SV T T L7z, EREHERE (1000 ppm In £RHEIR) | /3w & o J % i > 72 target
holder, XU\~ A 7 a Xy k « F v FITEEH L7223, vortex mixer 12 2W\W2d, ~==2T7 M2k b
B—kntrboni-, KRBEOI B 1lee N Fa2—7 1285, 10 ub @ In EHEH 2Nz 10 ppm & L. F
TIEDZ LI LD ¥ R 6N, KA 20 b OFREIR ANy U B RICH TS, HRTH E
THEINTZ, ZOMSHEFEEDO G ML, HOENPUHWIZERD FETHRE INLTWD,

2.2 KEBIZKT HHZ AR EDHEL

Fig.1 {2, NMCC DO/KEKF D EHE 9 JuHRIREL, fx OFRGIEICK L TRT, ROUA R
WLiE T OFRE TR SN R R A2 R T 2SI YE A N 2 7270k & vortex mixer & VT 30 B
B—b T2 HETHDH, ZOMORERITVTIE vortex mixer & V1 3°, manual shaking 12 X W {77z
KIS T 2, 2O BHEWIUMA (H#) (X, +12 shaking 217 >72H O, wkD =/ (Fk#HR) 1% 30
FORI72 1) shaking #1T->7= 6D, MOFERE (B Wb i b AR ; 20 []721F shaking %
iTo72b® (10 L) IZZ2NEFRMYET 5,

INLORENGHETH L, Ti, V. Mn ZBR<FAEDOTROMBEN R B L, HHREETIZE
WEOWSHERENELNTWD Z NS0 5, ERROTHEICK L TIE, E— 273 8/hS < HEEEIC
O EBREEORZIINPATOXIKML TS DL Ebils, L LEERKIZ T, 20 [0 shaking
TIEHRRELSENAREL, 308 (BLZ60[E) o shaking 237@ 4 Td 5 & W L. FEBIC Bangladesh
T2 OFEICESETRBBM T,

Tap Water
100

—=— \ortex

—a— Adequate manual Shake
10 —— 30sec Shake —
—o— 20times Shake-1
—x— 20times Shake-2
\\ —e— 20times Shake-3

—a— 20times Shake-4
—o— 20times Shake-5

0.1
\ 3
0.01
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Concentration in pprr

0.001

—

0.0001

K Ca Ti \Y Mn Fe Cu Zn Sr
Elements

Fig. 1. Results of analyses of nine principal elements in a tap water. Closed red squares with a red line indicate the results
for usual preparation method using vortex mixer for 30 seconds. Closed blue squares with a blue line indicate the
results for manual shake, where shaking was performed adequately. Closed green triangles with a green line
correspond to manual shake where shaking was carried out for 30 seconds. Other results correspond to the simplest

preparation where manual shaking was performed only for 20 times (less than ten seconds).

2.3 E—LRUBIESH

B SUERT/ N 7o br K05 EHENZ29MeV O FE—AE, 77774 FRla) 2 —
2L 6mme ICEESNABZBNT D, BEBEL 0 REAELE XL, 2H50 Si (L) BmHESFICEYFE
REICHIE S LD, 1AIE500 um <A 7 —WRINAKRE & IS, K-Ka LEDOTZ R LF—0 X %l
ET 5, b9 1 BIIRINEEZHANWT 77774 MMl A =22 L0 HEEPFALINL, Nanb KFE
TOBTELZHETS O, 2o I THRHEBRBHE S AT L] ICE0VELNE oD AT hLL, R
Wi7 2 75 A SAPIX 12 L 0 fifght S oy 1012,
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3. HERLEM
Fig2 12, E RICL2HEOHENRAHTH Y . BUEITAEN TW WK 5 3B 31 St D ik

RETT, b‘ﬁ“ﬂ%t??/&%inﬂ 1.04 ppm & | Bangladesh (23517 2 8EHK D BREZ I AE . 0.05 ppm %j(
EL EESTWD Z ENR gD, TRHDOHF TR - EfR EICOBMERINTWD 0, #ERMIC
Fymgy (MewIKR, BEMAKDHY) OFIA LR | MR RRE O — Ié:ii@ﬁ?“(b\‘é%)@

LHERI S LD, Contaminated Wells

1000

[\ o B1l-1
100 ——B11-2
X —+B12-1
~+-B13-1

10

0.1

Concentration in ppm

0.01

0.001

Co Cu
Elements

Fig. 2. Elemental concentration of 31 elements in contaminated well waters, which have been confirmed to be highly
contaminated with arsenic and are not drunk at present.

IR DI L T2 o 72 20 6 O H K ORI Z R T 5 72 B ARDHCEK B 524 1 (As<0.01ppm) %

723K 3 EB T BB L L7 b O Fig3 IR SN TW5D, ZORMN G, Bangladesh M54
ARHFIZIX, As 2z Na, Mg, Al, CI, K, Mn, Br, Rb, Mo % @n%@&ﬁ@ﬁﬁ BN ERbND,
_@5#Fiu%\ﬁﬂm&bfﬁw%hf%k%mf&ékw\:ﬂ%@i%ﬁ&&@mmmﬁﬁf
AR BIC R E S BEBLZ EX b0 L TRIND,

1000.000

—-@—Japanese well-1 —&-Japanese well-2
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Fig. 3. Comparisons of elemental concentration in contaminated well waters and Japanese well waters which satisfy the
Japanese environmental standard for drinking water.
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fe< Fig.4 1T, BUEE CTHRENKT TWD 8 HFDOH KT LHRRELZRT, ZibDH>H BlL-3,
B11-9 . B13-2 @ 3 iBHIH - ICIEE N HIMONTZ e E TV —L SNHIFFDOHAKTHY . EBEOHEIE
fF % BT 0.003 ppm F2E & Bangladesh OB ER 52 564 0.05 ppm,  H A O BRHEELYE 0.01 ppm % >
TRHLMEZLTEY, “ETHHZENHRTE, Lo 5 HFFOHKITeFICHRLTEY,
WLt Bangladesh OFCEKERBEILHE 0.05 ppm 2 K& < BRIV 0.1 ppm L EDO L ONEETH - 72,
INnH0bE0—20F., (AHETITIWERN) BTLWEERFFOHTHAIFAIZEBELNTEBY, 20k
N —EBIE HmREL LH T OfEtE:  OMFERS~DOEFANRIE SN TR WERbB oo 72, ik
DIHF DYV AT Gl & EFECATV, EFRBZNEZBRT 52 & LMEMROTZOIZII AR TH D &

bbb, Drinking Well Waters
1000

—+-B11-3
——B11-9
—-B12-9 [
——B12-10
—-B12-13 |
——B13-2
——B13-6
—-B13-7

Concentration in ppm

Cl Ca \% Mn Co Cu Ga As Br Sr
Elements

Fig. 4. Elemental concentration in well waters which have been drunk by the people.

TITHETREZ L, BELHEHCHVW LR TS B-11-3 BB Ta 2A@EEE (0.26 ppm) TEHEN TV
HZEThHD, TaLak & Hic LB lines & BIFEICEINI S 4, Ta DFIEIXRESRE ThH H, NMCC TIXBE E T
1000 OEFEIAK < F)IAK « B EOKFEEIIHT B3 TN =2, Ta BRHE SN Z8IEHD TTH -7,
Fig.3 L[AAED BAD KL OHEAK 5 IR ENTWD N NTIEHE Y F oK E REEREB TH D Z
ERPOND,

Fig.6 (21X, HOKPHEMMAKE G EERK 10 REOSHRERERT, b LI D OEERKNG
FLTWIIE, YROBRLE L TEEMLIERT L RD, TNOHLORREEZRD L, ERIFIFHBED
Ao B SR EEIT 0.05 ppm Th o7z, AEHRIFOFH N TENFTER TRETH Y . HOKHH
JIAKLFEZICHR SN TWD I Ex2E 2L L, RMIICBIT 2 e BREIIEDITHEBR L ~LIZH D &HET
END, 2095 28BS 0.0 ppm L ED, F L TDZ < O 5 0.001 ppm LA ED B 3235 H
SNTWVD,

NG OFRERPRFET X Z L1, B11-10 (AR 2D TREM Rt R BES M2 L TnH Z L
Thd, MIZRBNDEDIZ, Cl, K, Br, Rb ORENHD TR <. 1T Cl, K, Rb DO It D70k}
XV IMUESESEHL TS, ZHTHOKTHIN—RALTHO L ICb R A, £H0F 2RI
U KFREHRIURFICIIKEZ Y BREIELZRGT 2P ChoTo, RSV emBETHL Z &
Mo, MTIEHARSHTH S Z LR T 7=, Bangladesh TlE, Z DX 5 ICREFFRGIEZ AT 9 72D D H N

191



NMCC 3 [ FHAF ST AR R SC££ 16 (2009)

ZLFET D, ZTOHDIFEVICIE, 2 KOFOARPIREZHOKIZET I IICEZTWD, EHENE
Wrihinsd e, EFROF2NVKICEY aaF Y 2o CTRHEZRE > T< iz, £ EEHEE CTDHK
EORBBEBEN TN D T 2 a Y RO bITo e, ZOFER % B11-10 OHOK & iz L
Fig.7 127, ZORER, KOBENPRZFOEFEELLE L) ICRHFICKM I, S 55 FI1FEEDORMENT
PNTWDZ ERNgmoiz, Lt 4 tRITFELE TIE L, 0 B11-10 O KRBT e FE HFA
ER . ENEXBLUEFTRICL e BIIRHE SN o2, BRENTEKTEE LIEBAD REFIC
VA E T DN R SN D fERRYEIZAR ® TV, Bangladesh TIZEE D ENICETE LD EED RN H Y |
EE%E%% %%%ﬁbfwé;%%®JX7ﬁﬁ%KﬂkT%é EMLZORRNLIRBIND,
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Fig. 5. Comparisons of elemental concentration in Bangladeshi drinking well waters and Japanese well waters.
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Fig. 6. Elemental concentration in 10 farm waters.
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B TOWRBENFERNC TR TE R o272, MOEELCEE DR 21T 9 28 51
F2E4, BRIt ORRE 2O OB TOI T, BREUX 2009 410 H 11~13 A TH Y . NEDOK TH
BTRIZIN S OMOKITHRKBICHRSNTWDE, INHLOFEFEEZEZETH &, mHICRESRE KL
R BRI A T T2 B A L, EFREE IS FICHRENTWDZ ENnTFHIEN D, Fig8 O
Bb, eRITALEORE N OB S, K& 0.03ppm TH D Z ENgnoT-, ZTHHDMOKIE
FEOMEIKE L TR TREY, AL OBRICLEREEEX D ERTFRENS, LLE
SITER R DITMKARL T EDOFETEICIESfEbNTWAHZ LT, ZALITBHMBOFEROBAFEO R LE
RIBEYEIRSTVD, EMREROLMDL Z R TR S, BHEAEO U A7 §Hli2 5281297 5 L ERN

i RE R, AR,
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Fig. 7 Relationship of elemental composition between the fruit and the water.

Pond Waters
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Fig. 8. Elemental concentration in pond waters.
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FREAKERBIO S HTRE RN D | BB OFIE L 22 0 JRIK & b 72 5 KB O b FHY 0 FERE A2 72
ST, ZHHLORERNG, BIEMSORERE, REREORO Y A7 MO LEENE LS I 5,
e DRESHDY X7 FMIEZIT 729 2T, EROBEBERELZZBE LRIBREREZ M - EHT 520
AEHTHY, HxORFHDOY R 7 B ERICHAMSELZEBHEZR R T I EbMLETHD, TOIL
IZED, BB EREICE LATHND T H2 B2 0EREREFETELILOEMFEINS,

BEEENMEE R, BRI EEE B (7 U7 AETHEGYRMIBRICB T 280U 27 5 & 5
K5 PIXE 73 #1218 D BHFE | DM %2 2 TH T 5, 2L Bangladesh (2317 5D U A 7 3l & & 2,
ER~OLZEEHOEFRETHNE L, BEMT~OFETHEDOI AL Z F/NRICH 2 5 72 OHF5E
FIEE LT, TAEZTMMICRT 2 KA PIXE IZB T D ERSHEDORI] 2E7T—~ELTWNb, TOD
X TR 5 B BONEITYEE CTH 5 2010 I Bk S /-, £ 7-. Bangladesh (28Tl
EENMETLETH Y BAEFITEEYD & AENATLTH D DI L, small-scale-mining 72> 5 it i3 5 7k
SR b BT L AR IEN LML L, Bangladesh &134< &b #2125 25 (Bl kT
FhEFECMER I /\) Mongolia IZBIT2FENESL, AFEOEME LTS, BEC 1 FED
Mongolia (23517 2 BB ORI & oATIE5E T L, BIfE (2011 42 1 A) #HIC A - 7= Bangladesh (23517
LB O RMAIERES Shafiqul RZEIC X VATV, S BM IS TWD, 5% b NMCC @ PIXE DR
EEMNL, TVTICBTAERKEFEOTZDIC (ZA0REM T2 FEE LT NHERI LTV FTfF
Th b,
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Investigative studies on water contamination in Bangladesh

— Primary treatment of water samples at the sampling site —
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Abstract

Arsenic concentration in 13 well waters, 9 pond waters, 10 agricultural waters and a coconut juice
taken in Comilla district, Bangladesh, where the problem of arsenic pollution is the most severe, was
investigated. High-level arsenic is detected even in the well water which has been kept drinking by the
people. Relatively high arsenic concentration was detected for some pond and farm waters even though
the sampling was performed just after the rainy season and the waters were expected to be highly diluted.
Clear relationship was observed in elemental compositions between the pond water and the coconut
juice collected at the edge of the water. These results are expected to become the basic information for
evaluating the risk of individual food such as cultured fishes, shrimps and farm products, and for
controlling total intakes of arsenic. In order to solve the problem of transportation of water samples
internationally, a simple method of target preparation performed at the sampling cite was established
and its validity was confirmed. All targets were prepared at the sampling cites in this study on the basis
of this method.

Keywords : PIXE, Arsenic, Poisoning, Contamination, Well water, Pond water, Bangladesh, Keratosis,
Leucomelanosis
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