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TEMPORAL VARIATION OF INORGANIC ARSENIC IN GROUND
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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.
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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
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electrode was washed with 1.0 M HCI and
storcd hanging in an elnpty cell The deposition
solulion was stored foi future reuse. The gold
electrode can be used for as many as 20 meas-
urements before lhe respons€ starts to diminish.
Between analysis, lhe electrode was rinsed
wilh a blank 6.0 M HCI solution lo minimize

The Sroundwater samples fiom tubewells werc
collecled in 250 mL high-density polyethylene
bonl€s (treated ov€mighr wirh distilled deion,
ized water wilh HCI) coolaining 1.0 mL 32V.
HCI wirhout a headspace. The tubewell was
pressed for l0 minut€s before lh€ sample was
collecled. The sample collection and prcserva-
tion procedure is very eflective in retaining $e
As(lll) and As(V) stable for monlhs. Samptes
wer€ collected and anallzed on the same day
betwe€n l0 a.m. to I p.m. Th€ measurement of
total inorganic As was done by reducing As(V)
to AsolD by NarSOr. For each 5.0 ml. of 9.0
M HCl, 0.20 g ofNarsoi was used. The solu-
tion was heated near boiling with occasional
stining unil all excess SO, fuines cleared The
accuracy of chernical reduction of As(V) 10
As(lll) was found to be 5-20olo at l0 ppb level-
Blank €xperiment showed no detectable arsenic
added in the reducrion process.

Electrochemicsl Measur€ment Condiaions :
For analysis,.5.0 mL oftubewell water sam-
ple was mixed wilh 5.0 mL of 9.0 M HCI in
the electrochemical cell and the solution was
purged with nitrogen (99 99olo fiom Bangla-
desh Oxygen Lld.) for I0 minutes ro remov€
dissolved oxygen from the solution. The nitro-
g€n purge tube is placed near the top ofcell
and any bubbl€s adhering ro lhe el€ctrodes are
tapped ofT. In the anodic strippiflg vokamm€try
(ASV), the following values for the experimen-
tal pammeters are used; initial potential -t50
mV. final potential 500 mV, step porenlial 5
mV, scan rate 50 mv/s, initial delay I20s, quiet
lime delay 30s. The deposited arsenic is
stripped off the elecrrode by a linear potenlial
ramp ftom -150 to 500 mV in the same solu-
tion while the oxidation currenl is recorded as a
function of potenrial. The r€suhing staircase
anodic stripping voltammogmm (SASV) was
usad to measure the concentation of arsenic.

The method ofslandard addition was employed
to €liminate matrix effect ofsolution. The elec-
trochenical melhod can be used to measure
As(lll) in p.€sence of As(V) at all concenrra-
tions. The analytical perfonnance of the
method can b€ summarized as follows: preci-
sion l-10% relarive nandard dev'arion (rsd) of
three replicate nrns, accuftrcy l0olo rsd (maxi-
mum) for l0 ppb at 95% confidenc€ l€vel for
120 s deposition time, dilution and aliquol ad-
ditio,, crrors lopld nax, and sample cafiy over
04 ppb nax. The anal'tical qualiiy control of
lhe melhod is mainhined rhrough quality con.
trol chan of analysis with the same method
over a period. apart fiom independenl method
approach of anal,lical validation. Fig ! (a, b)
lhows a typical stripping voltammograms and
a slandard additions plot. Th€ sample was fiom

RESULTS AND DISCUSSION

The tempoml variation in arsenic contamina-
tion levels are reported in Table I and 2 for
two locations in fie Kushlia municipality area
The tubewells are located, ar a distance of 1.5
km from each o$er and both ofthem are about
I0 years old.

Table- l: Analltical data fo. A6enic contaminalion
level of TW-A (srudy pe.iod: May 1999 10 April
2000)

ln TW-B locality of Kalishankarpur, ther€ are
clinically ident;fied arsenicosis patients and lhe
use of the rubewell is discontinued. TW-A in
Courtpam is located al the roadside is in r€gu-
l use. Although both tubewells have water
with 5 ' 300 times the MCL, no case of arsen-

As( l l l )

Ma! :1999 7a r07 tE5
Jun: | 999 95 I  l 5 2 t 0
Jrilr 1999 l 0 l t04 205

E3 93 t76
S e o : 1 9 9 9 65 86 l 5 l
Ocr 1999 l  t 0 I  t 4 224
Nov:  1999 98 l t 4 2t2
Dec: 1999 E9 t2 l 2 t 0
lari 2000 92 98 190
Feb: 2000 l | 4 t2 l 235
Mar: 2000 96 99 195
ADr: 2000 I  t 6 I l 0 246



l6

ical kemlosis patient has been found in the lo-
cality of TW-A (Counpara).

Table.2:Analltical datafor Arsenic conramin ion
lev€l ofTW-B (stud] pcriod: Augusll999
roJuly,2000).

lnorSanic Arsenic in Crcundwarcr

As(lll)- As(total) data could be used to charac-
leriz€ the geochemical condition ofthe aquifers
is funher explored in Figures 2 and 3.

Figure 2 shows that the tubewells are chamc-
lerized by two clusters of data with signifi-
cantly disparate As(lll) even when they are
measured at differcnt nonths ofthe year. This
is particularly true for TW-A. TW-A shows
50% of the total arsenic in the fonn ofAs(lll)
and TW-B has less than 50% of lhe same with
less pronounced clustering. This is possibly an
indication of two different processes ofamenic
mobilizalion in groundwater. This is turther
explored in Figure 4 by the tempoml variation
plot of the |a.io As(lllyAs(roral). The rario
indicates fraction of the toral arsenic in the
form of mofe toxic As(lll). Here the months
are counted incrementally starting iiom June
99. It clearly shows the oscillatory nature ofthe
fluctuation of As(lllyA(V) with a cycle time
of4-5 months for TW-A with a constant aver-
age and a nearly constant amplitude.

A less regular oscillation is apparent for Tw-B
with the highest percent of As(lll) concentra-
tion in January 2000. In comparison to TW-4,
because Tw-B is not in regular use, the
As(lllyAs(total) data may be influenced by
usage history. Further studics are needed to

Tables I and 2 also show that lhe fluctuations
on the total concenimdon of arsenic were
maximum in TW- A during July - October and
in TW-B duringOctober- January. The ratio of
As0ll) to As(V) in both the tubewells varied
between 50 and 70%. S;milar results are also
reported for the case of West Bengal, India.rs

The presence of high proponions of As(lll) in
lhese groundwater is indicative of a reductive
environment in the aquifer'" Whether the

E(nv) w Ag/AqCl
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Fig 1: Pld showing (a) typicEl linear scan anodic ahpping vonammograms ol As (lll) on a thin gold ih
coabd glassy ca6on eleckod€ and (b) a 3r.nded additlon plot ior As(lll) quanlilation (sample was
ftom TW-A coll€ct€d on Aodl2000)
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As{l lD A{Total)

Aus: 1999 670 606 216
SeD: | 999 190 693 081
OcL 1999 108 942 250
Nov: 1999 4 n |  170 5 8 1
Dec : 1999 l t 2 60E 920
Jan : 2000 l t 8 9 1 6 2l.l
Fcb: 2000 1 8 l J6
Mar:2000 426 '724 50
ADr.2000 4 t 8 E0l 27
May:2000 485 661 46
Jun: 2000 4 t 3 526 939
Jul  i 2000 449 644 1293
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Fig 2 Speciaiion and abundance ofAs(lll) as a iunc-
tion orAs(roral) fordara in Table 1 and 2

seasonal watet table depth. the water level ol
lhe nearby Ghorai river (branch ofthe Canges)
and rhe fluctuation of iron reducing bacre-
ria.'&rt In particular, the presence ofunusually
high l iact ion of Asr l l l r  and high soluble i ron
Fe(ll)7 in such sampl€s could be indicative of
lhe role of iron reducing bacreria in Ihe reduc-
tion of ar\enate ro arsenrte Thh process ma)
enhance rhe mobilization of arsenire in rhe
ground\^ater because arsenile is less snongb
bound to soil min€rak such as hydrous fenic
oxideslT ,The present study also demonstrates
the ut;lity of modem electrochemical technique
in Lhe ,rudy of ar.enic measuremenr and speci
al ion rn a decenrnl ized $a) which is nor por-
sible by other mo,e erpensi\e rechnique5 su.h
as FI-HGAAS,Fumace AAS and ICP-AES
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