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TEMPORAL VARIATION OF INORGANIC ARSENIC IN GROUND
WATER OF TWO CONTAMINATED TUBEWELLS.
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ABSTRACT
A srudt on rhe lmpoml lariadon of the inorgsnic .rsenic concenhlions. As( ll l) and As(V). in l$o sleded
lubewelh in Kushtia nunicipalily area $as cari€d our over a period ofon€ year, May. 1999 to April. 2000
(TW-A) in of,e cas€ ard Augus! | 999 to .,ul). 2000 in anolher {TW-B) In this pcriod. the initial total an€nic
concenrmrion was aboul | 85 pgll ir rW-A and that in TW-B r|as | 276 Fel1. Tle mnge of varialibn *as
fmm 920 1o I58l llg/t, ir the Kalisharkarpur TW-B. In the 4^udpara arca- in TW-A. lhis mnge was l5l-
246 Fg/L for the lotol ar$nio concenrrarion- la bo$ rhe cas€s. the ma\imum flucruations $er€ obs€ned duf-
ing Jury-Novemb€r in Counpam and August-DEc.mber in the Kalhhukarpur arca. Cmundrater Seochemu-
lry na]., be mnsidercd responsibl€ lbr thess variations in two lub€welh wale. locar€d ar a disrdce oi aboul
1.5 km apan Fom fte d.prhs ol- ll0-130 feer- In rhis ca!€ study.lh€ rario ofA(lllyAs(V) was found |o vary
hctw.en 50-70'/0 Similar obse aions hale becn reponed for West Bcngal, India

INTRODUCTION

Groundwat€r is lhe main source of drinking
warer for millions of people of Bangladesh,
panicularly in the rural areas. In recent years
aisenic conlaminalion of this vital natural re-
source, exceeding the maximum contamination
level (MCL) of 50 pg/L in the Bengal basin
has been wid€ly reported by difrerenl study
groups'". The contaminated water is widely
hand pumped from a depth of 30-200 feet and
there are about 2.5 million tube wells accord-
ing to WHO estimare", although the unoflicial
estimate is about l0 million. It is estimated that
of the 125 nillion people of Bangladesh, be-
tween 35-77 million are drinking groundwater
containing nore than 50 !g/L MCLr. Ahhough
the cause of this reroned contamination has
nol yet been definitely unfolded. the groundwa-
ter geochemical conditions are considered to
be the factor for the mobilization of the soluble
arsenic species in groundwater.

[4ost ofthe studies so far canied out in Bang-
ladesh io assess the extent of the Drobtem is
concemed l}ilh the measurenent of the tolal
content ofarsenic in water, determined mostly
by field Kits, SDDC spectrophotomerry and
partly by FI-HCAAS methods *irhoutany

repetilive measur€men6 as case studies. The
presenl sludy was undertaken at this back-
ground to have a bener understanding of the
nature of the contamination proplem, Previ-
ously, w€ reponed speciation of arsenic by an
electrochenical lechnique63 and also the
evaluation ofa simDle ars€nic removal method
for groundwater purificalion by the sam€ tech-
niqueT. Because lhe electrochemical lechnique
is extremely seleclive ifl the measurement of
As(lll) which is far more toxic than As(V) and
both ofwhich ar€ the oxidation states of major
arsenic species io groundwater, monitoring of
these toxicanis in groundwater supplies is an
impcii:iit issue relaled lo public heahh hazards
from drinking water. In lhis communication,
w€ repon the resulls of a limited case study on
the tenpoml vadation of As(lll) and As(V) in
two s€lected tubewells in Kushtia. conlami-
nated with arsenic at the level of about 200 and
1200 !s/L of roral anenic. having average pH
6.7 and 6.8 respectively. The study was caried
out for one year during 1999-2000 (May-April
and August-July) for two cases.

i lo \thon cMspo"deh.? should be M.le



STUDY AREAS AND l  NATURE OF
TUBEWELLS

h is known that Kushtia is one ofthe most af-
fected areas of Bangladesh where 30-600/. of
tubewells are contaminated with mor€ rhan rhe
maximum contamination level of total arsc-
nic. r8e In order to understand the lemporal
variation of inorganic arsenic in groundwater.
two arsenic contaminated tubewells were se-
lected al two difrerent geographical locations,
nanely, Courtpara(Tw-A) and Kalishankarpur
(TW-B) in Kushtia municipality. having 159
sq. km. area, with a population of about
1,50,000, and there are about 3200 Tubewells
in the municipality area (Source: Department
of Engineering and Sanitation, Kushtia mu-
nicipality). The depth ofthe Obewells are I l0
and 130 ft. respectively. Both are in regular use
for l0 years and representativ€ ofthousands of
tubewells in this area.

EXPERIMENTAL

ApFratus: A Model HQ-2040C (Advanced
Anal),tics, Virginia, USA) p€rsonal conputer
controlled electrochemical analyzer was used
for the analltical measurements ofarsenic, The
functional details of instruments used in this
study are described els€wherercr: For arsenic
analysis a staircase anodic stripping voltam-
m€try (SASV) was used. Glass electrochem;cal
cells with a Teflon top and Teflon magnetic stir
bar were used throughout the €xperiment. The
Teflon top also has provisions to insen a Tef-
lon purging tube and micropipet tips for stan-
dard additions. A thin gold film coated glassy
carbon (3.0 mm diameter) was used as the
working electrode. The electrode preparation h
discussed later. A platinum wke (53 mm long)
dircctly immened in test solution was used as
the counter electrode. The reference electrode
was a AgAgCl in saturated KCI isolated fiom
the test solution by a porous Vycor junction.
All electrode potentials mentioned here are
referenc€d to this electrode.

Rergents and Chemicals: Primary standards
of A(lll) and As(V) were prepared liom
analaR grade As,Oj and Nar HAsOa. All sam-
ples and rcagents were prepared in distilled
deionized water with trace metal grade HCl.

lnorSanic ABenic in Crolndwal.

Metallic gold foil (purity 99.99%) was used for
the preparaiion of Aur' stock solution. AnalaR
grade NarSO: (BDH), was used as the reduc-
tant for As(V). A 100 ppn (!g/ml) As(lll)
stock solution was prcparcd by dissolving
As:Or in a minimum volumel.0 M NaOH so-
lution and then d;luted wirh I 0 M HCl. Lower
concentralions of standards, 50 ppm and 2j
ppm As(lll). were prepared by sequ€nrialdilu-
tion of the stock stafldard

Methods and Proc€dure: The melhod was
similar to that of United States Environmental
Protection Agency (USEPA) approved method
no 7063, based on anodic stripping voham-
merry (ASV) for arsenic in water wirh im-
provements as follows.sra Aul'solution pre-
pared by dissolving 0.500 g Ar in a minimum
volume of aqua-.egia (2.0 mL nitric acid and
6 0 mL HCI dropwise). The solulion was care-
fully ieated to reduce the volume to a mini-
mum before spattering. Then 5 mL concen-
trated HCI was added and diluted to 100 mL in
a volumetric flask. The solution was purged
with water satumled nitrogen (99.99% pure)
for I0 min to remov€ th€ residual oxidizing
impurities such as Clr and NOr. The final solu-
tion was bright golden yellow in color.

The glassy carbon (CC) electrode was polished
with 0.3 Jl polishing grade alumina on a fine
polishing pad to a mirror finish and rinsed for
removing any adhering alumina panicles- The
gold deposition solution was prepared by add-
ing 300.0 !L of gold srock solution into 12 0
mL. of0.5 M HCI in the electrochemical cell-
The solution was then purged with nitrogen for
l0 minutes and a constant nitrogen flow was
maintained above the solution. The gold film
depositior was carried out at an initial deposi-
tion porential of -150 mV for 100 s wilhout
stining These conditions ensure sleady'state
redu4iicn ofAur- to metallic Au. The electrode
potential was then retumed to 500 mV and held
thers for a minute to ensure complete removal
of tmce metal impurities from the gold film.
The procedure is generally repeated thres times
to obtain a sbiny gold film on the CC elec-
trode. A miror undemeath the cell was used to
observe the bottom of the electrode whhoul
taking the electrode out of the solution. The


