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ABSTRACT

Two predominant species of arsenic compounds, Bsg(hid As(V), are found in soils and natural watad
they have been classified as carcinogens. The fottle present study was to examine the speciation
Arsenic (As) across the water-sediment interfaci@tconfluence of drainage for Gaya city and taky
River. Gas Chromatography (GC) coupled to Indutfiv@oupled Plasma Mass Spectrometry (ICP-MS)
was used to analyze the organic arsenic specids thiei inorganic arsenic species, As(lll) and As(v@re
analyzed by Anion Exchange Chromatography (AEC)ptedi with Inductively Coupled Plasma Mass
Spectrometry (ICP-MS). The determination of totedemic load was carried out by colorimetric method
using silver diethyldithiocarbamate and was meabkatés35 nm. Results revealed that the waters rmuta
Monomethylarsine (MMA), Dimethylarsine (DMA), Trirtieylarsine (TMA), As(lll) as Arsenite (Asg)
and As(V) as Arsenate (AsC). However, the methylated species were found inctminigher
concentrations in pore water from the sedimentomspared to in the free water. The high levels eéaic
compounds found at the drainage sites pose a ttudatman health and as such should be monitordd an
remediated promptly by the local and state govenime
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1. INTRODUCTION the individual has been exposed to or has ingestec
result, both the European Union and World Health
Arsenic is a metalloid, which exists broadly in two Organization (Sayato, 1989) allow a maximum arsenic
different forms and they are found in many différen concentration of 1Qug L™ in water. However, many
environments such as soil, fresh water, seawaterdeveloping countries are struggling to establish a
estuaries and sewage (Thayer, 2002; Detpa., 2004; standard of even 5Qg L™ and as such, it is of dire
Craig, 2003). Since arsenic occurs naturally irksoand importance that the level and underlying mechanisms
also produced by industrial mining and agricultural arsenic pollution be understood.
practices, it can leak out and pollute bodies ofewa Although concentrations of pollutants are important
including lakes and rivers (Melamed, 2005). The two in many cases these are not sufficient, as manhef
main forms of arsenic present in the environmert ar substances generally exist in more than one fors.. A
As(lll) and As(V), both of which are carcinogens such, a description of the species distribution doch
causing skin, kidney, bladder and lung cancer.substances becomes an important aspect to deskebe
Furthermore, both of these compounds are toxiheg t level of contamination. During some biological
can modify proteins and inhibit enzymes involving processes, arsenate (ASD is reduced to the lower
oxidative phosphorylation and energy transfer (hryl  valence state As(lll) and then methylated
1996). The extent of arsenic poisoning within an microbiologically into monomethyl arsine, dimethyl
individual is strongly correlated to the amountao$enic  arsine and trimethyl arsine, all of which can them

Corresponding Author: Madhusudan Choudharipepartment of Biological Sciences, Sam Houston Statwersity, Huntsville,
Texas 77341, USA Tel: (936) 294-4850 Fax: (938)-3940

///// Science Publications 615 AJES



Rajeeva Ranjan et al. / American Journal of EnviramaleScience 8 (6) (2012) 615-621

oxidized by air to form the less toxic dimethyl emi five sampling sites are shown kig. 1. Within Fig. 1,
acid ((CH),HAsO,) (Melamed, 2005; Mandal and site 1, also known as Ghughari Tand, is the firatrdige
Suzuki, 2002; Bellucket al., 2003). As(lll) species, of the city that meets the river, site 2 lies némhnupad
however, are much more toxic than As(V), as temple, site 3 lies near the Pita Maheshwar ai&a4s
methylation of As(lll) increases its volatility and lies near the Gaya-Manpur Bridge and site 5 istiata
therefore the mobility of methylated arsenic insesm  on the Gaya side of the railway that crosses tlugeér It
within the biogeochemical cycle (Cummingsal., 1999; is important to note that these sites were all tiatan
Zobristet al., 2000; Yamamurat al., 2007; Duesteet the same side of the river.

al., 2008). However, to date, the methylation of aise .

has not been given sufficient importance with rdgar ~ 2-2- Sample Collection

its widespread impact upon the environment. A bette  From each of the five sites the surface water was
knowledge O.f the bl_o_geoche_mmal cyc[es of arsemian taken in one-liter, polythene bottles. These samplere
anthropogenic-modified-environment is crucial tmiti then immediately acidified by 2N HCI, filtered thugh

its adverse effects on both the environment anglpeo '
Gaya is a religious landmark in India that attracts Whatman filter paper grade 42 and subsequenthegtor

people from all over the world who come to obsehee Isnerﬂﬁagrr%c:?kt}zneolbgmzjsmﬁ %Libe Sbaam%z;f;ﬁzg;;ze d
ritual of the departed soul of their ancestorgdrnticular P POy P g

: : . the sampling of the sediments. One sample was taken
the Falgu River, which passes through Gaya, isbed
to be sacred to many people, who bathe in the ver from a depth of 0-5 cm and another from a depti-d2

drink its water. As such this study aims to conttéto cm. Insgﬂe tlhe _sar‘rsﬁler the stedlminthiimplgm was
this knowledge by revealing the speciation of aisen st?ueeze L Te ea5|glg € ?ore wa ervt\)/ Ic g‘ Osi
across a specific example, in this case the water{N® Semi-permeable, polymer membrane. Since the

sediment interface in the drainage sites between th Membrane was even impermeable to bacteria, the pore
Falgu River and Gaya city. water was thus sterilized and then acidified priypand

stored in clean polythene bottles.
2. MATERIALSAND METHODS 2.3. Sediment Analysis

2.1. SiteInformation The arsenic speciation analysis of the surface rwate

Water and sediment samples were collected beforeand pore water was carried out by Gas Chromatograph

the monsoon in 2008 from five sites at which the (GC) coupled to Inductive Coupled Plasma Mass
drainage of the city Gaya met the Falgu River. €hes SPectrometry (ICP-MS).

N el — s

Fig. 1. Map of sampling sites
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The nonvolatile, methyl arsenic species were vodati 3. RESULTS

and then cryotrapped in a glass tube. The sepasadind

quantifications  of the various species such as31 Arsenic Speciesin Free Water

Monomethyl Arsine, (MMAS) Dimethyl Arsine (DMAS)

and Trimethyl Arsine (TMAs) were carried out by The study reports the arsenic contamination in free

heating the trap and gas chromatography columnledup Water as shown iMable 1. It revealed that at all five

to an ICP-MS as previously detailed by Feldmann sites the concentration of As(V) was significarttigher

(1997). The quantification of the organo-arseniecigs, ~ than that of As(lll) (paired t-test, p value = 08)1

however, was done by measuring a multiorgano-azseni As(lll) comprised only 39-47% of total arsenic, ¥ehi

standard containing (G As (ONa), (CHs),AsO (OH) As(V) was found to comprise 52-61% of total arsenic

and (CH)sAs. Furthermore, negligible amounts of organo-arsenoid
To estimate As(lll) and As(V), they were separated species were found, indicative of very minimal rolwal

by Anion Exchange Chromatography (AEC) on a activity, however this issue was not fully investigd.

Dionex Model DX-300 with column Dionex lon Pac . . .
AS11. The inorganic arsenic species As(lll) and 3-2-Arsenic Speciesin PoreWater from Sediment

As(V), however, occur as neutral or negatively  The results that have been givenTiable 2 reveal
charged depending on the pH. For the retention ofthat across all five sites the pore water from edit 0-5
arsenite (pK = 9.2) on anion exchangers it is c¢m contains ~6ug L™ of As(lll) and ~0.4pg L™ of
absolutely necessary to work in a basic environment As(V). As such, the concentration of As(lll) is
else As(lll) will elute within the void volume as significantly more (56-68% of total arsenic) thas(¥)
previously described by Zbindeet al. (2000) and (only 3-5% of total arsenic) (paired t-test, p \els
Chandrasekararet al. (2002). Hence for isocratic 4.06E-6).

elution, the optimized concentration of NaOH was  Moreover, the pore water contained all three
used as the mobile phase to get a good baselingnethylated forms of arsenic with the greatest
separation of the two species As(Ill) and As(V)rFo concentration being DMAs followed in concentratioy
the quantization of the two species, the anion MMAs anql then TMAsz whlc_h were found in the least
exchange chromatography (AEC) was coupled with concentration  at all five sites. Also at site 5 the
Inductively Coupled Plasma Mass Spectrometry (ICP-concentration of As(lll) and DMAs were found to be
MS). The total arsenic determination was carriet ou @enormally high.

by ;Ilver diethyl dithiocarbamate Table 1. Concentration inpg/L of the different species of
arsenic in free water
| Site No.  As(lll) As (V) MMAs DMAS TMAS ASow
Ag=S=C=N=(GH) At first the sample was treated 1 0890 132 010 - - 2.280
with a 50% KMnO4 solution to destroy the organic 2 0720 092 010 - - 1.780
(methyl) binding arsenic portion in MMAs, DMAs 3 0780 098 020 - 1.720
. 4 0.750 0.91 0.10 - - 1.600
and TMAs. Note that some As(lll) may convert into ¢ 0920 142 - ) ) 2300
As(V) from this process. Since As(lll) is more Average 0812 111 010 - ) 1.940
efficient and nearly converted into AsH3, all the 4 gp 10088 924 ©07 - . 9.329

arsenic was first converted into As(lll) in a pre- —ngsignificant amount detected

reduction step using Kl + Ascorbic acid. This A#ll

was _then r(_aduced |r}to AsH3 _by NaBH4 in an ac'.d Table 2. Concentration inpg/L of the different species of
solution which was in a hydride generator (Gutzeit arsenic in pore water from sediment 0-5 cm deep

generation) anq it was led into_ascrubber coM@ini  Site No. As () As(V) MMAs DMAs TMAs Asom
glass wool impregnated with a lead acetate 542 0430 082 2790 0230 8.800

((CH3;COO),PD) solution. From here it was placed into 5 561 0450 091 2.880 0200 8260
an absorber tube containing Silver 3 5.53 0410 078 2.830 0.200 9.810
Diethyldithiocarbamate (SDDC) solution in pyridine. 4 5.55 0430 0.89 2870 0.280 10.310
As combined with SDDC salt it formed the soluble 5 8.34 0.400 0.95 4460 0.300 14.500
red complex, i.e., As [(8s),N.CS]; which was  Average 6.09 0.424 0.87 3.166 0.242 10.336
measured at 535 nm against a reagent blank. +SD #.25 #0013 H.07 #40.720 H.046 2.460
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Table3. Concentration inug/L of the different species of
arsenic in pore water from sediment 7-12 cm deep

Site No. As(lll) As(V) MMAs DMAs TMAs Ayl
1 5.93 0.12 1.890 5.320 0.290 13.580
2 5.64 0.10 1.810 5.420 0.340 13.410
3 572 0.12 1.920 5.380 0.310 13.450
4 5.78 0.11 1.890 5.430 0.330 13.590
5 6.63 0.10 1.980 6.490 0.310 15.690
Average 5.94 0.11 1.898 5.608 0.316 13.944
+SD +0.40 40.01 +40.060 9©.490 6©.020 9©.970
4‘: 1 ovmMAs mDMAs OTMAS
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Fig. 2. Distribution of the MMAs, DMAs and TMA in
pore water from sediment 0-5 cm deep

Table 3 displays the results of the analysis of pore
water from sediment 7-12 cm deep. The data revhats
the concentration of As(V), as in terms of totadeanic,
further decreases from 3-5%, 0-5 cm depth, to 0.88%
7-12 cm deep. Though the concentratipg/l) of As(lll)
increases in respect to total arsenic, it decrefasas 56-
68%, 0-5 cm deep, to 42-44% 7-12 cm deep.

The concentration of MMAs increased at this depth
while the concentration of DMAs was found to be the
greatest with an average value 5.608 L™ The
concentration of TMAs also increased but this insee
was very minor. The value of total arsenic concaiun
showed a significant increase.

3.3. Digtribution of Ag(lI1), As(V), Methylated
Formsof Arsenic and Total As

The distribution of the MMAs, DMAs and TMAs
are shown inFig. 2 and 3. The comparison of the
concentrations of methylated arsenic in the poréewa
from sediment 0-5 cm deepi). 2) to sediment 7-12 cm
deep Fig. 3) clearly reveal that the methylation of
arsenic increases with increasing depth of sedimmeall
five sampling sites (paired t-test, p value 3%E-
(MMASs), p value = 0.00013 (DMAs) and p value
0.00535 (TMAS).
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Fig. 3. Distribution of the MMAs, DMAs and TMA in pore
water from sediment 7-12 cm deep
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Fig. 4.Relative concentrations of As(lll), As(V) and total
arsenic in pore water from sediment 0-5 cm deep
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Fig. 5. Relative concentrations of As(lll), As(V) and total
arsenic in pore water from sediment 7-12 cm deep

The relative concentrations of As(lll), As(V) and
total arsenic in sediment 0-5 cm deep and sedifdra
cm deep have been shown Big. 4 and 5, respectively.
Comparison between the information garnered at both
depths shows that the concentration of As(lll)
dominates over As(V) as the depth incesas
Moreover, the concentration of As(V) decreases with
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increasing depth of sediment and at 7-12 cm deepsampling sites. This clearly indicates that mettigta

becomes negligible (0.10:01).

4. DISCUSSION
4.1. Ag(l11) and As(V) in Free and Pore Water

The results from free water showed that As(V) was
found in greater concentration as compared to Bs(ll
This finding proposes that it may be due to theobier
condition, prevailing within free water, that thes(¥)

significantly influences both the translocationaséenic

in sediment and the transformation of arsenic Dit®As

as it is much faster than that of MMAs and TMAs.
Furthermore, some microbes metabolize arsenic via

methylation, demethylation, oxidation and reduction

reactions to generate energy for their survival and

biofilm production. Methylation reactions convers®)

or As(lll) into compounds such as MMA(V), MMA(III),

DMA(V), (DMA(II) and trimethylarsine oxide as we#s

species are more stable than the As(lll) speciesseveral volatile arsines, including monomethylasin

However, this higher concentration of As(V) mayodie
explained by an inefficient transformation of As(Y
As(IIl) due to a stronger binding of As(V) by midral
mat or other constituents present in the wategracept
paralleled by similar literature (Filell®t al., 2002;
2007). Furthermore, the organo-arsenoid was foarzet

dimethylarsine and trimethylarsine. Although mafiyhe
enzymes involved for such transformation remain
unknown, a methyl transferase, ArsM, discovereanfro
Rhodobacter sphaeroides confers resistance to arsenic and
can generate trimethylarsine (Moore and Kaplan21.99

close to absent from the free water indicating very 43 Depth Dependence of As(I1l), As(V) and

minimal to no significant microbial activity undé¢he
aerobic condition.

In contrast, the pore water from sediment bothddrb
deep and 7-12 cm deep, contained significantly tgrea
concentrations of As(lll) as compared to As(V),
indicating that as soon as anaerobic conditionsnbieg
develop, arsenite (As®) is found in greater
concentrations than arsenate.
microbial species involving arsenic metabolism emea
such transformation processes (As(V) into As(la)d
support microbial driven biogeochemical cycle
(Chandrasekararet al., 2002). The cycle represents
oxidation-reduction reactions involving As(V) and
As(lll) as well as methylated and thioarsenicals.
Furthermore, As(V) reduction can occur in conjunati
with sulfide oxidation and As(lll) oxidation withitnate
reduction and therefore can be carried out in aimer
environments. Moreover, the pore water containdd al
three methylated forms of arsenic making it cldaat t
microbial activities start within the sediment unde
anaerobic conditions. Also at site 5 the concentrabf
As(lll) and DMAs have been found to be abnormaltyhh
which may be attributed to the greater microbiaivies
occurring in the sediment at this site.

The concentration of all three methylated forms
increased significantly, as much as two-fold attaiar
sites, within the pore water 7-12 cm deep onceragai
indicative of the greater microbial activities ggion
under the more anaerobic conditions.

4.2. Depth Dependence of M ethylation of Arsenic

The results revealed that the methylation of arseni
increases with increasing depth of sediment affivadi

% Science Publications 619

Total As

As(Ill) siginificantly dominates over As(V) as the
depth increases which may be attributed to incnegsi
microbial activities that cause greater reductibAs(V)
into As(l1).

Furthermore, at 7-12 cm deep As(V) can be seen in

It is implicated thatnegligible amounts which is probably a result oé th

greater adsorption of As(V) to Fe(lll) and Al(ligxide
and hydroxide respectively which may have not pdsse
into pore water due to their being insoluble. Thiso
confirms the earlier reported result of As(lll) bgimuch
less adsorptive on Fe(lll) and Al(lll) oxides, hgdides
and more mobile than As(V) (Smitket al., 1998;
Bhumbla and Keefer, 1994).

4.4. Biological Interplay of Arsenic

Several microorganisms have been studied for the
bioremediation of heavy metals and metalloids dma t
mechanisms are well understood. It is thought As4Y/)
reduction can be carried out in two distinct masn@ne
mechanism involves dissimilatory reduction of aegen
and was discovered isulfurospirillum arsenophilum
(Stolzet al., 2006). It has also been identified in several
Crenarchaeota and several other species of bacteria
which As(V) serves as a terminal electron acceptor
(Stolz et al., 2006). These organisms are resourceful as
they can use both organic and inorganic electrarodo
as well as other electron acceptors. Another meshan
of As(V) reduction involves ArsC and resistance gn
A diverse group of species belonging to Archaea,
Eubacteria, yeasts and protists have been found to
possess resistance genes located on plasmids and/or
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chromosomes (Silver and Phung, 2005). Althoughether authorities take it seriously to treat the drainpgaperly
are different mechanisms by which such resistaetoeg  before it passes on into the river. The extentreémic
operate, it has been found thanColi, Saphylococcus poisoning within an individual is strongly correddt to
and yeast possess three components to their complethe amount of arsenic the individual in questios haen
reduction system-though to have evolved in theseexposed to or has ingested. Therefore, any actikent
organisms via convergent evolution (Silver and Rfjun to solve the rising problem of arsenic contamimnatio
2005). These three components include: The arsenatéhe Falgu River should be done promptly and effittie
reductase ArsC, related to tyrosine phosphate-as to reduce the impact of the adverse health teffec
phosphatases; ArsB, the arsenite-specific efflumpu  arsenic imposes.

and a source of reducing equivalents, thioredoxin o

glutaredoxin (Kaur and Rosen, 1992; Steilal., 2006). 6. ACKNOWLEDGMENT
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