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is particularly challenging in v
tlhel:gmajor source of d%inging%s‘aiilra?esh since tubewell water extracted from shallow aquifers is
OF most of its population. The rural water supply is almost

| entirely based on groundwater suppj |
| also heavily dependent on ground?vit)érthrough ot pump el e e e

Awareness about the pr 5
e s fixet ek presence of arsenic in groundwater has been growing since late 1993 when

arsenic was etected in the district of Chapai N ' ' i 1 distri

¢ India. Since then high apai Nawabganj bordering the West-Bengal district
0 ; d- He rcll igher levels of arsenic (exceeding the WHO standard of 0.01 mg/L and
Hianga ZS ST Of 0.05 mg/L) have been detected in many regions of the country. Affected
areas an estimates of atjfgcted.population are being updated, as more data are becoming
available. Out'of 6. fidn'nmstratlve districts of Bangladesh, arsenic contamination has so far
begn reported in 6] districts and an estimated 20 million people are at risk of arsenic toxicity.
Thl.S has lqwered e population coverage by safe water supply to an estimated 80 percent from
an impressive fighre of nearly 98 percent. The southern and northeastern districts are the worst
affected by arsenic pollution. Figure 1 shows a distribution of arsenic concentration in

groundwater of Bangladesh.

n groundwater is of geologic origin and is probably only apparent
now because it is only the last 20-30 years that groundwater has been extensively used for
drinking in rural areas. Weathering of arsenic-rich base metal sulfides in the upstream of the
Ganges basin appears to be a major source of arsenic-rich iron oxyhydroxides in the sediments
of Bangladesh. Arsenic-rich iron oxyhyd'roxide.s appear to be t.he major source of arsenic, from
which arsenic is released as 2 result of dissolution and desorption. Reducing environment in the
alluvial aquifer, primarily due to t!qe presence of organic r.n.atter, promote§ dissolution of iron
oxyhydroxides and release of arsenic. Use of .phosphate femh.zer can potentially t':nhar}ce rele.ase
of arsenic as @ result of replacement of arsenic by phosphate ions on the adsorption sites of iron
Natural and anthropogenic processes that may lead to release/ mobilization of

roxides. . .
Zfs):gg in the subsurface are being investigated.

In Bangladesh, the arsenic i
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Figure 1. Distribution of Arsenic in Grou

]
| |
i
(]
i

,' ; According to ECR 1997, drinking water standard for arsenic in Bangladesh is 50 pg/L (or 0.05
' mg/L). The WHO guideline value for arsenic in drinking water is 10 pg/L and the USEPA is

i also planning to revise its standard from 50 pg/L to 10 pg/L.

ARSENIC CHEMISTRY

Arsenic occurs in water in several different forms, depending upon the pH and the redox
d and species are shown in Table 1. In

p;)tent(;al, Es. Some of the most important compounc ¢ > .
groundwater, arsenic primarily exists as inorganic arsenic. Inorganic trivalent arsenic, [As(lIT))
or arsenite is the dominant form in reducing environment; while inorganic pentavalent arsenic

2




or arsenate 1s the dominant form in
WV ont where the conditions are

oxidizing or

X ael"ObiC .

I ol ; : Mostly reduci " €nvironm
I As shown In Table 1, in the PH range of nf:g, a Significan ent. In

e 1t Arsenic compounds and species 5
[

. : nd the; ;
importance in water Cir CNVironmental and toxicological

//Con‘ pounds

. “Mvironmental —
Significance/ Dominant S
“yrsine As’ T\R“\"e};’,‘@n
""i;'m('”’ Arsenic As —1nor Importance Most toxic As species |
‘\’%ﬁalent Arsenic As(llT) MMCG. Least toxic As species |
" Anaerobic 10 times more toxic than J
i Arsenite, Inorganic H3As0, SH=0%9 As (V)
1 HZASO3. _
| 2 pH =10-12
‘ HAsO
1 3 pH=13
‘ 250y | pH=14
Mexhylated fis (1) Minor Importance Less toxic than Inorganic
‘f Organo-As(111) RetHil
Pentavalent arsenic As(V) Aerobic 10 times less toxic than 4\
P , As(I1)
Arsenate, Inorganic H3AsO, pH = 0-2
H2A504., pH =3.6
HAsO,* pH = 7-11
AsO> pH=12-14 '
Methylated As (V) Minor Importance \ Less than Inorganic As(V) J
Oragano-As(V) |

. i STt S o B

HEALTH EFFECTS OF ARSENIC

i inki i i d water, a great variety of specific as well as non-
lation drinking arsenic contaminated \ L ‘
Isgeaci[;'?f lslymptoms may be observed. Table 2 lists some of the effects of arsenic reported to be
due to exposure through drinking water.

by the National Institute of Preventive and Social Medicine (NIPSOM), arsenic
In a stuc.ly 4 enicosis) have been identified in 37 districts (Ahmad et al., 1998). A total of
related diseass (a'rjentiﬁed in 162 villages in the 37 districts, mostly in the rural areas. Three
6000 cases were ‘ tions of chronic arsenicosis were observed in the study (Ahmad et al., 1998),
stages of manifesta atients were found in the first and second stages. The most common
but most of the e‘:nelarlOSiS» keratosis, hyperkeratosis and depigmentation. Cancers were found
> we:; actinic keratosis and Bowen’s diseases were observed among 3.1% of the
amongl0_'23°<<>rr§;2)rt ant to note that the study found that the cases at initial and second stages of
cases. It 15

el ;mprovement when patients stopped taking arsenic contaminated water and
toxicity Shotake of protein rich food, vitamin A, E and C.

presentatiorl

increased 1M




e 2 Toxicological effects due tq
fab water (WHO, 1996; Khan
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\NALYTICAL METHODS FOR MEASURING ARSENIC

¢

Ana]yncal methods for measuring arsenic may be categorized as follow
s:

(1) Inductively coupled plasma (1CP) method
) Srzijpblte fumacg atomic absorption spectrophotometry
(3) Hydride generation atomic absorption spectrophotometry

4) Hydri-dc generati.on-scraper-spectrophotometry (SDDC method)
(5) Hydride generation-scraper-indicator paper-field kit

' The first three methods involve high-cost equipment and provide more accuracy and lower

detection limit (in the range of 1 pg/L). The la
The principle employed in these two methods is

HC1/KV SnCl
As(llT) / As (V) "™
-—_

As (111) Zn

st two methods are relatively low cost methods.
explained Fig. 2.

AsH; (Arsenic Hydride Gas)
l

/——————H
Pass through the solvent (.8
SDDC) to produce a (red)

Measure intensity of color in 2

Determin€ AS concen})ratlonrated
from «gtandard curve gene

i s
with water having known A

s .

Figure %: Pri

e
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Pass through a paper soaked in an
absorber (e.g., Mercuric bromide) to
produce a (reddish) color

l

Estimate As concentration comparing
with color produced by known
standards (color chart)

%

nciple of arsenic determination following hydride generation



(loﬂ i
# L, 2H =Zn® 4 2H bt
A c/Bromide - copO
(\'?0 N S romide = Coloreq Complex ((12))
> (3)
i DETERMINATION
SED
GENERATION-SCRAPER-SP
e GEN - ECTROPHOTOME
S:DR“’E GENERATION-SCRAPER-INDICATOR PAPEN;I}E;::‘:;;(I;’S
of Sample:  Arsenic i
f Ic 1S often present in very small concentration in water.

; arﬂfian
::refbre" water .samples are often pre-concentrated in ord .
»xg n a given volunje. Pre-concentration is usuall rder t(i) aoidifyi i 200300
;}jrsaﬁ1P‘e and then reducing the volume to about 35 m| i1)1/ a?:aeteryb:tcl:dlfymg S
ccaution Arsenic ls'often found in groundwater with high concentration of i Fe). Aft
raction; Iron present in groundwater in ferrous (Fe?*) form is converted toof it &3 ?’Z f m
contact with at_mOSphenc oxygen and forms ferric hydroxide Fe(OH) (s?rch(s eAzse(::Q
v As(V), is strongly adsorbed onto these ferric hydroxide flocs. Tﬁerefore c;a.re shoula
le taking water sample from a bottle in which red colored ferric hydro;dde flocs are

3eci3”
idify the bottle first (thus dissolving the ferric hydroxide flocs) and then take

. aken Whi
chle. It is better to ac
er sample for pre-concentration.

) ARSENIC DETERMINATION: HYDRIDE GENERATION-SCRAPER-SPECTROPHOTOMETRY:

SILVER DIETHYLDTHIOCARBAMATE (SDDC) METHOD
referred to a “Silver

the laboratory is commonly

- method followed in
od" (Standard Method, 307B, 1985). Minimum detectable quantity
(i) conversion (reduction) of

Ihyldithiocarbamate Meth
This method essentially involves:
he form of arsenic hydride

As for this method is 1 pg.
. arsenic in water into As(lID), (i) generation of arsine gas in t
h a solution of silver diethyl - dithiocarbamate (SDDC)

sHs), (iii) passing of arsine gas throug
(iv) measurement of absorbance of the colored

1 producing a red-colored complex; et _
in a spectrophotometer at 535 nm wavelength; (V) determination of arsenic
Absorbance) developed with

nplex
1centration from a standard curve (As concentration Versus
ywn concentration of arsenic following the same procedure.

| “AGENTS , ot

' Hydrochloric acid, (2) Po’tassmllT\llI lOdlll('ie solution,

¥ ' lution, (4) Metallic zIn®, .
'Stannous chloride SO 1on, e solution in pyridine.

' Silver diethyl-dithiocar

| PPARATUS d
) Assembly for spDDC metho
) Spectrophotometer |

S e e
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4ke about 35 ml s

ample ip

a cleg
| concentrated hyc
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qNOUS chloride (SnC) b,

A

2) solutj 1 h2m) Potassium jo;

“ate [ASID]. _ Hhon. Wait 15 Minutes for ll":(“(\)l(
soak glass wool in lead acetate (pppc
ordet tO ch'mmalc Mterference from \‘n(ll
al sitver dlcthyl—d\tl\mc:\rbnl\\:\tc re; \

, Add 3 g metallic zine (Zn) in (e generag b
mmediately. Make certain that Lor

all connectj
. o ctions
, ‘\\ ™ Y )
y Allow 30 m_mulL for complete generation of arsine (ac i
sencrator slightly to ensure that all arsine § “ (according to ec
< > ) ) o S IS SA5C 3
for measurement of absorbance. aed.1
, casure absorbance of the solyti
5) Measure Solution at 535 run in i
\ o the reference. a spectrophotometer, using reagent blank
) p,-q.vm'«:ilm\rz) ((’)f Sm"i\w‘d. Curve: Treat portions of standard solution containing 0. 1.0, 2.0
5.0, and 100 g As m the same manner described above. Plot absorbance versus
concentration of As in the standard and develop a stand
7y Concentration of Arsenic:
\

ard curve.
ng As/L = (ng As from standard curve)

Phide pag by :

. r. This is i
i \hsmhmg N S 1s done in
agent in the

and connect scrubb
er-absorb 3S
are fitted tightly. o amembly

equations 1, 2). Warm the
our solution from absorber in tubes

*1000 / (volume of sample)

(b) ARSENIC DETERMINATION USING HYDRIDE GENERATION SCRAPER-INDICATOR
P4PER METHOD: MODIFIED MERCURIC BROMIDE STAIN METHOD (JALIL, 1998)

A simple and reasonably accurate method for arsenic measurement has been developed in the

Environmental Engineering Laboratory, Department of Civil Engineering. BUET (Jalil. 1998).
The measurement using the "BUET Arsenic Kit" follows the principle of Mercuric Bromid'e
Stain Method. It involves: (i) reduction of As(V) in water to As(Ill); (ii) genera.tion of arsenic
hydride (AsHs); (iii) passing arsine gas through a filter paper soaked in mercuric bromide and

producing a yellowish color on the paper, and (iv) determination of arsenic concentration by
comparing the produced color with a standard colored chart.

REAGENTS

(1) Hydrochloric acid; (2) Potassium lodide solution;
(3) Stannous chloride solution; (4) Zinc ;?owder .
(5) Filter paper soaked in mercuric bromide solution

APPARATUS N
Assembly for “BUET Arsenic Kit”

PROCEDURE

(1) Take 50-ml water sample in the clean arsine generator bottle. Add 5 ml HCI, 1 ml Kl and 0.2

ml SnC1, solution. After each addition, shake the generator for mixing the contents. Wait 15
minutes for reduction of As(V) to As(11l).

(2) Takea mercuric bromide soaked filter paper and air-dry it.
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he dried paper ip its Proper
0 powder zinc into the
\d - rubber-cork assemb]y

v 30 minutes for complete reaction
§HIO he filter paper out from the rubber. o

pOSitiOn in t
e
8enerator apq g Fubber-cork assembly,

T\mediately close the generator bottle tightly

ke lor of the fj] tk assempyy

1 are the €O € Tilter pape, , '
m;r;?ed by treating 5, 10, 20, 39 5p0 anclith7()a Mandard “color chart”. The color chart is
cp¢ s
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.hﬁf’L a

HE/L standard arsenic solutions in the same
Y the sample does not match any color in the
Mated by interpolation between colors in the

e described above, If the col(,)

X I'Produceg
rsenic concentration of the ¢ b

ample is egf;

JGNMENT QUESTIONS

qn which chemical form arsenic ig like]

i determination of arsenic (follOWing the methods described here), why the water samples
sre acidified and often pre-concentrated b

What is the basic difference between the two arsenic determination methods - SDDC method
and Mercuric Bromide Stain method, described aboye?
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