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Arsenic pollution of groundwater and water supply by purification of pond water in Bangladesh
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ABSTRACT; Arsenic-contaminated groundwater has been found in 59 districts (as of January 1999) out of a total of 64
districts in Bangladesh where almost all drinking water is supplied from groundwater. The cause of arsenic
contamination of groundwater is not clear yet, and it is estimated that about 40 million people are at risk of arsenic
poisoning accordingly. The arsenic-free water supply system is, therefore, urgently needed in Bangladesh. Since March
1997 we have been investigating the causes of the arsenic contamination in groundwater and developing arsenic-free
water supply systems by using the water in ponds, namely, a Pond Sand Filter system (“PSF” hereafter) in Samta village
of Jessore district,which we have chosen as a model village for our research. Prior to the construction of PSF, arsenic,
though at low levels, was found in the half of the ponds surveyed. PSF was completed at the end of January 1999. This
paper shows the results of our investigations on arsenic pollution of pond water together with that of groundwater and
the quality of the treated water by PSF.

KEYWORDS; Arsenic Contamination of Groundwater, Purification of Water, Water Supply

1. [XC®IZ
R TF 2 TR E AL T KIZHE > TOB8, ZOH R KT 2 64 B 59 RT3 CRER B3
S TRV (1999 45 1 ABIHE) | K9 4000 5 AD A % BPSEEFEFBOMERRICISIITNDY, F7o, M KORRIGSR
OEFERITER . HONICSNTEL T, ERICTERIN TRWEREIKE Rt e 3528 kD b Tna,
Foxid, BT KRB RO RRRH? SR ICERSI TRV AT AOBRRDTHIZ N 75T v a
DV — N e DEF T AL T, 1997 45 3 A bR 4 OFFEFEEZIT-o D, Fox PIRELT
WBIK S AT WD 1L, TodMKE N RR T TR A HT, IERL TEEIKEL THIA 55D ThHh2 (Pond
Sand Filter:PSF LLUEMEFR) , /N7 TT 2o TidedOMITEDFNCE RONT O DT | ZOTE ALK
W IR A, REAIIHMRITBELREN TORNEWDILTEAS, PSF OBERIZIETS, 14 B 7-5HHDK
BRBERAT T2 5, S DORDHEL L O (0.01-0.04mg/L) SRS, FZTH 2 1E, KOG
YD FERFEEITo7=Y, F/. PSF AT LI 1999 4B 1 A OROVITI ¥ LEFTTERRL, 22 2. 3 7 A REHsS
FARQAYN
AEHICE. T RDREETEYEREEL Z DERHIZ W T, T2, 720 MUK OERTE YA R L PSFIZ L DK
DOHWEIZOWTIRANDEDOTHD,

*ETIR R RBREE T2} Civil & Environmental Eng. Miyazaki University, **&= R A2 57—
Materials Research Center,Miyazaki University, ***EIffi7ki&/F) Water supply Bureau, Miyazaki City

—165—



29 LAF O T KR TR
2.1 KO EETEYRE

WD 1997453 H , Fox 13 v 520 (A D 3, 600 A) THUBK DA (282 fH) ORERIEEE A AL,
AL Gutzeit HEBHTIZHE ST 4 — AR -y NI &2 TTo72, Fig ] ITHIER AT v AZR O iz 7y
NIz DO THD, EORER, 95 %DFH P CHEZEEE ) 0.01mg/L (WHO HARTA2) &8z TEY, 0.05mg/L (/>
TTT 2 B HE) R DL DN 90 %L Ebdholz, ZOMIC, BEEBROS AT ORFIINT TR A M A
b, 0.50mg/L LA L0 @R B Y s XRE SR CHARICEIPEIZ AA L QOB IR ENR X DIV,

1

(m)
1500 Ar -
002
@ ' ° éﬁ
1000~ 45 -
. 00669
TS N B Mo
-A'. - H‘g '.. .. %m Co:;:n"r:tion Nu(r,fnbu'
- "IA o.d | (me/t) | well
500 j4a ’FA&A'G)OOS o mE - O mgerogi |10 =
k . ) s 0 0.05~0.09 | 51
i Boring Site W 010~0.29 | 103
0259 s, : 0.30~0.48 il
Rice Fiekd mg [ ol T e
@ "ﬂ & Deep Tubewell for | riga fon
0 % Deep Tubewell for Drinking
T l T T T o
0 500 1000 1500 2000 2500 (m)

Fig.l /S0 TF v a oy AR OM T AKRMEBLSA (199743 B)

2.2 RLSRIBAL LM T KYE)
1998 4E 5 A (#:2) (ZHF (38 ) D AN ZREL , H TR EERE 2 7-(Fig.2), ZiLD, Hi FAKM L
DA REERIZ A, R R TR L, BRI INZTAAT e Z EHHER I, REFRIREE A (Fig.1) & bk

(m)

1500~

1000

500+

0 500 1000 1500 2000 2500 (m

Fig.2 WO TR (1998 45 H)
TR O e B s L T A DS BB EZ—BL THDEN 25, HRRIUIH T KDREAZZE T T

2B, BRI ERE SEIEL QORISR L T CHE TR ORI TS ZEME 260D, ZIUZ 2V Tkl
RHR—V T HREROAT Y T N5l e THIE, R THD,

—166—



23 T SIKOHEER:

1998 = 5 Bz v 2FR O P REBELD(Fig.1 BB TITo7R— UL 7 RBRR/ U 755 a BN OEH PR
BHZBITDT — 2 LD, Yy AR OMEREFE Table 1 1RTI0C, & FEWERE. FRREB. FEwEE,
THIRERE. THWERBICX S TEAIE ol Fio, N — BRI IARBEFEORE R, L EE
WBHITCI 3~10m HESBER TIEEIRAMERDBH DL O, JFER THR -V 7Y A M E O BER
10m (ZEETDEFTDHY, ZAUTKE, B EREG YR (Fig.1 ORI 0.50mg/L LL_EDHiER) L& -

TWAZERE B HEESNT,

Table 1 v AZFOHERER

& ZE m|BE (m) I L 23, B
BIBUHRE| 0~3 | 0~3 |HMAHH ~ @EILL |EKk0EKE
LHEERE | 5~10 | 05~12 |85+ LUk 85k

LR BMAIED ~ MR
LA ERE thif - R ~ ;p*ﬁgg, FE1HKE
98~110] 90~100 | F&f : iRy ~ $ARiR
THRER Bt~ Bany HE KR
135~150] 25~35 {(AiEEE)
BHEAR ~ e
THBRER (48014 £ (=M h T E2HKE
220+ 90+ |L\B)

2.4 RFEH BLVSHRBRIER
R—=Y TR THONI AT VTNV OMBEEH BEBHRABREIT o7, MEOEH BT Fig 3@IR T80,
O3 ERIREREICSHY, ZOWRERBICEAE ST COER M T L T mRES B2 6D,

0 0
. ]
. m -~
. [ S -E Em m
L] ] I-
50 .‘ b 50 o e
. o ] ‘.-
2 "
] %
% e
£ 100 :- 2 100 2 .—4
- < o I*
% 0‘ B k] -
n
;o fr-
150 150
¢ * |
.. ‘ ‘ -
b4 Fx
200 2 200 2
0 5 10 15 20 0 5 10 15 20
HEBFLR (/D)

AXREHR (meg/kg)

Fig.3(a) a7+ 7VOMBOEHFEERE  Figdb) a7 7L OMEBEHE

UL, 2O —7EEET 20me/kg(FBE bm)EZIUTEBVME T, Tz, BBHRBROREE (Fig.3b) TIIEHE
BHDREE TR 8 1 g/l VERBHMSRILL 6 4 gLOMBOEHARD LI, MEICKET RO ol &
MZOWTIIR R, S HBbIREE D DT TP SR RA B OB LR e BT RO R M5 T
—ANZ BN EERUTERL, 1 2i%, HFFOKESTRERPLERAAANIEAL 2 HORIETHY, £72 ORP
(AR TEM) ITRDELRT/2E |, T AIRECIRIBICHY, I5IT1T 2 MR OMBINRE VDT —H
GBITAR) BZHNTVBEVIZETHD, > 1 DIk, Vo P NAOGERSTTORKFEN EeE g it #z e

-
N N

—167—



SUEBIDPHERS NI LVOZETHY, ZIUIRRD R A RE T2 Lk CHREKIED I LIERZ 21T
TAUCE S TR LI LV OB LR DT — 51— EL TV B EE 2 BB,

3tk DR TR FLE
3.1 #KROBESEVE YL K FRA

PSF DHE7=DRUT 0.04mg/L OB IRHELZ725, PSF BEITSETH v AR O 14 HO 70 A TR L
U TKEREZITVN(1998 4 5 H) | ST MORSRIERORNE R~ T2, BEE1To7- 1T E% Figd (PSF
ORGIDMIT PR T, BEEZ S ORI T AN O HIZIZBE TR T 57-0 , TR DIEFD
KELERIE LT, Tz, S DEFIITE KIS AT ARTELEL 2D FHPDS0OHEKIT FIC b 2 S,

(m)
15004

PSF —
1000- &P7 ./

F’14’,¢
ps s ;,QZJP15 32
pig #* B11

*p13

500+
%

pré

ol

T T T
0 500 1000 15’00 2000 25‘00

Figd v bZRNZBITHHENROT-DHOLLE

(m)

Z0 2 REFOICUTREEMTON, HUKOMEREE, EXU=EE (EC) , BH{LIETEN (ORP) , pH., IR/E,
HLK DR E ORERE B4 Table 2 1R T,
Table 2 7= /KEHIERER

Pond As | Water level (m) |Turbidity EC pH | ORP | Temp
(mg/)) | Pond | Well (u S/cm) (mV)| (O

P1 0.02 Turbid 525 8.7 145 35.1
P2 0.00 Turbid 488 9.3 1241 33.3
P3 0.02 -2.68 -4.31|Turbid 545 8.7 165] 339
P4 0.04 -2.95 -4.27{Turbid 711 8.6 146] 33.8
P5 0.00 -2.41 -4.26]| Turbid 523 8.4 166] 357
P6 0.00 -3.29 -4.27{Clean 786 7.7 119] 36.6
P7 0.00 Clean 408 8.8 156] 34.3
P8 0.02 Turbid 555 8.0 165 35.1
P9 0.03 Turbid

P10 0.04 ~3.19 -4.17}Clean 417 9.0 138 36.0
P11 0.03 -3.21 -4.35|Turbid

P12 0.00 -1.54 -4.27|Turbid

P13 0.00 -2.79 -4.14|Clean

P14 0.00 -3.55 -4.21{Clean 359 8.4 140

Table 2 {274 D12, 14 OO T T EOMI LR OB RSN, Fiz, 9 EOHUBHIL TEDKIH
IKEE LI DI FED KN A B LT 2 A, T THIAKD AN D F B ENZED Do Te, ZOZENLHMT KD
HADIRFTILE 2 BN &7,

HENSOHEAKITZOMIZHA TS, P11 KO (As=0.60mg/L) DHEAKIZ, FTHFDOZITOKIZEVICHE
F0 ., FNDSIDOHUTIRI T, FDOKIZED LT OO E T ZNE I 040mg/L, 0.03mg/ L Tholz, F
7= PSF D%f5th P4 Th H FHEAMEE - TRAL TRY, P11 LEHRREREREO LI, £, P12 D1

I BB RSN (As=1.16mg/L) 3%V, ZOHKBBLE 10 FiT7->T P12 ITHAUAA T

—168—



2o LU, EOFH A0 2 FREANCEEISN, BHOTZDIZH U EHF AR UL BIC RO B (CoB*F
DRI, 0.03~0.07mg/L DFEFAH CEL TB) , ZOLHRMEEIB RO L IZE 25T, P12 Dk
MOIIFR RSN o7z, ZAUTEE 2 FERICHBRSHO IR CLE T EAREND,

ZNEDFED S, 7= MOMBZIIIH LD PKROFTANER K THHEEZ HND, Fox 1L 199945 H
(H78) IZ P4 MO FHHEHIZAT O MIEISIROBRELZO BT EITHITETHD,

Fo, MBI o TF s 7 O 6 B TEYN RNz, FAUTERBIMCERL-FikEA, B85
DHDTIH T, BIDHLINRDST-HOET 5 THT=R, 2055 4 O TIIMBE SRS T,
Fio, MBBRINT MO EIZITTHIR RS HEREL TRV, BERIEY02 L TI3E&E B IR AWM o0
oo ZOTEMHHEDOHEMRIBI I FRIE Y CE BB BNE B2 L COBHREMEI S RIBS TV,

4. Pond Sand Filter (PSF)
4.1 PSF DR

PSF 132 DD AT A7 A(Fig.5), 1 -oid AIIH&PH (All Indian Institute Hygiene Public Health)iZ > CEAFEE
7 Horizontal Roughing Filter® (EA#% HRF) T%Y., &% 1 21 Slow Sand Filter (L1#% SSF) T#%, HRF OWifiE
1.0 m(W) X 1.4 m(D) THY, AKO, 3 HEOWEK, BUKOD 5 DOERSIDE/2> TS, JKDOE 1, 52, 3 4l
FZEENRIN 1.0, 2.0, 2.0m T, B 15mm, 10mm, Smm OBFINEEFED LN THD, AKRD Sk OO
I THD 0.8mThD, FIEORREEZIZLED/ NG, PKIL3 DOIEFMEZ A i fiii Cp k-
JEIESI TV, HRF 1 SSF D72 DR BTLERL L TIROAHT B TS,

Wl SSF 219
hand pomp
e

pond
water

180

drain 40

(cm)

Fig.5 PSF (Pond Sand Filter) D&

PSF (3/KLBZS EAS 1000L/Ah LU CERERINTVA, 1 B 3 IRfEloOEHE T, 1 AOEKFKE%. 6L/day, 1 1t 5

ANETHE #9100 HHFIZHGTEDTLERD,
42 HRF DET VB

HRF {ZDOWTF —F R RO, B KT 12 VA RO EEREIT -T2, TOFKITAIAY O NTHIRE
e V=, SRR AR HRF O8RS 2 /K K 5 BRI TtV ok O R OBK O A AV I %
ELTFER. FUKDAAV B35, H, AEREOWThOEE THRE, REILFig6 I8 /10K L,
T BEKTD PSF AIEOMABEE IR 50 B (WA VL DOEE T 50me/L) KikaThHY ., A Smgd Kb
F 50D T, HRF IXSSFORTEEL L TLBFET Db D eV R T,
43 T LFDOHO PSF RERAE R

PSF i, T AZFT 1998 4 10 A5 1999 45 1 H ORICEFR SV, /KIRDT-D#IE P4 THY, HFHH0
HARITZ OB A LR WIITAE ST, PSF OB THD 1999 4E1H HEARABGLED 3 » A1) | P4

—169—



ToOMAKDMHRBEZRIE USSR, RITREEN2 o7z, ZHUIRTROMP12)D IO THEZE T2 oD &
WZIRER U= T & & 2 bz,

D
[==

1600
1400
1200
1000
800
600
400
200

W
(=]

- Coliform bacteria
-O- General bacteria

S
S

30§

[
(=}

—
o
T

Kaolin concentration(mg/1)

Nnumber of bacteria group

(=3

0 1 2 3 4 5 6 7 0 10 20 30 40

Hours Days
Fig.6 HRF (ZIHEEEDFRE (B FER) Fig.7 PSF [ZXOMIEEDIRE (v LF7HT)

ZDt%., 40 HIZ372-> T PSF MUK OKE A RIE LIRS R, RS, RIBERET Fig7 (RT3
WAL, 1999 4 3 A F1D IDABEAKIIEAICESh Q1 D, 1999 £ 3 A 12 HIZ P4 720 Mk OMERBEARIEL
7e&ZA, 0.01mg/L SR IHE AUz, ZAUL PSF RIS LD K EAS A L, SO T2 KORG8 | il
DAAAME T L, RETIREEL COMEBENRBELI-bDLEZ LN, UL, ZOREIRIZ, HRF DUk H
DRGEREMBRRELREL LA, KIFEEIT 4 THY, MBS0 572, Zhud HRF OEFH
72EKBEN TR TOBENR D, 4 A FAIZ P4 72 MK OKEED Im B2 o778 | BKO M IEXh,
4 A —5 BIZTTO P4 HHHIZRE > TODRITHA,

5555

T TT v 2 SEFHIZRIT DU T K T b D b SEIE YRR OFRE I L O D K DI ER R - L ok
¥ (Pond Sand Filter:PSF) DFEERDFERNOIRD LH72 T8N 2 B,

1) #I FA~OMBIATEELL CRITLHLE LD 2 SBEDLIVTNEN, ZOM AR 4515705 —#50

b,

2) T=HMOTERD EERFRITMBE SN HF D OPKDTEA THD,

3) HUEDOHSMARIED 72D HUKDBEFRIFERD 1 DOBERIZ/2 > TOBHMDEH D,

4) HRF (SSF O 7= DRERBHLER 2T D TIFEAD A7 T THRCEEL I BRETED,

5) I LAEFHIERE LT PSF ITFERIZISHEREL UV,
i

ABFUI T FT 2 FORCRFOTVBIR, 7T TV a2 TRREOT 2 u—BERR TP RE 5
AT 77— )VEMEOWH . BLOSCHERFERERFEOMBIObL L TiIThh e, ZTIREL THEERLET,

BEXH

1) Sk.Akhtar Ahmad, et al.,”Health Effects due to Arsenic Toxicity in Bangladesh”,The 3™ Forum on Arsenic
Contaminatiopn of Ground Water in Asia, pp5-6, 1998.11.

DFEHEE, fth, (U7 TT L 2l C BT ARDOERIFERFERSR | B2RREHR TFL VRV 2T A
i T4 pp59-64. AL 9 4 11 A.

3R, i, [ v DRI DT D ORI LA LT DMK DEAEAFIF D728 DK IERE | |
EIE T T H KRBT 4 —T I, pp.73-76. 1998.11.

4) K.J Nath,et al.,”Horizontal Roughing Filter-An Appropriate Pretreatment Method for Upgradation of Traditional Surface
Water Sources”, Bulletin on Ground Water,pp81-86.

—170—



