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ABSTRACT

Arsenic contamination in ground water resource has become a serious worldwide problem. In India there are many
such contamination cases reported in different parts of the country. Assam is one of such states in India which is
under the threat of ground water arsenic contamination and many cases have been reported in its several districts.
On this backdrop, the present study was carried out to assess the scenario of ground water quality of the North
Karimganj Block of Southern Assam by collecting and analyzing 195 ground water samples during April-June,
2014 for As and Fe. The analytical report showed that, Sadarashi GP is the highest arsenic contaminated Gaon
Panchayat compared to other three Gayon Panchayats in North Karimganj block of Karimganj district, Assam. It
has also been noticed that, the Iron concentration in the 32 arsenic contaminated water samples are well above the
permissible limit (0.3mg/l) prescribed by WHO. The results of our study indicated that the average concentration of
arsenic in tube well water in contaminated villages ranged from (10.1 to 93.05) and that of Iron ranges from (2.404
to 45.34). Comparison of collected samples for both arsenic and iron with non-contaminated water shows p-value
(<.01).
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INTRODUCTION

Arsenic contamination in ground water is nowadaysaaldwide problem. Contamination of ground wateathw
arsenic and its impact on human health has beemtegbfrom 23 countries. In Bangladesh [1-7] andsW\Rengal,
[5-11] this problem is severe. From other Asiatoimtries including China, the Lao People’s Demacraepublic,
Cambodia, Myanmar and Pakistan, severe groundwasenic contamination has also been reported f<khe
source of arsenic is the Himalaya Mountain andTitet Plateau, the flood plains of all the riveatt originated
from these sources are expected to be arsenic moaeed [13].From the reports of groundwater arsenic
contamination study in the Ganga plain for the RBiktyears, it was noticed that the overall grourtdwarsenic
concentration increases from the upper plain tontedle and to the lower plain. In January 2004 #nsenic
contamination in the groundwater of the upper Braputra plain in Assam has been detected [14].Schbol
Environmental studies, Jadavpur University, Kolkatelyzed 241 hand pump water samples from Dheamaii
Karimganj districts of Assam and got 42.3% of thenples contained arsenic above 10 pg/l and 19.18¢eab0
pg/l. Ground water arsenic contamination in 2 distmamely Thoubal, and Imphal of Manipur was digté in the
year 2006. It was reported that out of 584 watenmas from Thoubal and Imphal, 41.27% had arsenic
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concentration above 50ug/l and 64.72% samples bauisenic level higher than10 pg/l. In this backdne have
collected 195 ground water samples from North Kgenj Block of Karimganj District, Assam during thnth of
April-June, 2014 and the concentration of Arsenithie collected water samples and the concentrafitnon in the
arsenic contaminated water samples were estimated.

1.2 About Study Site

Karimganj district occupies an area of 1,809 squdoeneters (698 sq milt is bounded on the northeast by Cachar
District, on the east by Hailakandi District, orethouth by Mizoram state, on the southwest by Tagtate, and on
the west and northwest by Bangladesh. Karimganpt@Mocated on the northern fringe of the disteadjoining
Bangladesh, by the river Kushiara. The KushiyaraeRis one of the many rivers in Bangladesh thasses
international boundaries. It is a branch of theaBaRiver, which originates in the state of Maniputndia and runs
along the border of the Indian states of Maniput Blizoram before getting split into Surma and Kasaiprior to
entering Bangladesh. Flanked on two sides by tr@sikushiara and Longai, Karimganj town is locgtest on the
Bangladesh border with the river Kushiara flowing between. We have collected water samples fromthNor
Karimganj Block of Karimganj District in order taceess arsenic concentration in ground water. Ouhef12
G.P.s, we have selected 4 G.P.s namely Sadarashérpur, North Karimganj and Purahuria as our expental
sites because in these four Gaon Panchayats weftawe greater numbers of different kinds of canuatients
compared to the other G.Ps. The officials of Pubkalth engineering department (PHE) of Karimgasjridt
collected only 53 samples from North Karimganj Bd@nd they got 8 Arsenic contaminated samples. rShdand
North Karimganj G.P.s are situated on the bankveir iKushiara shown in Figure 1 and 2 respectively.

EXPERIMENTAL SECTION

2.1 Sample collection and analysis The depth of all hand tube wells were in the rab@@-120ft and water samples
were collected in pre-washed(with 1:1 HY®olyethylene bottles after pumping off at leaSt2D times. After
collection, concentrated HN@1 drop per 10 ml) was added as preservative widter samples were then analyzed
by flow injection hydride generation atomic abs@ptspectrometry (FI-HG-AAS) [15]. A Perkin-Elmerddel
3100 atomic absorption spectrometer equipped witHeavlett-Packard Vectra Computer with GEM software,
Perkin-Elmer EDL system-2, arsenic lamp (lamp aurd€00 mA) and Varian AAS Model Spectra AA-20 with
hollow cathode arsenic lamp (lamp current 10 mAjengsed. The total concentration of Arsenic inwraer (As
(1) +As (V)) was measured after Potassium bron@tiElation. The accuracy of our analytical methathg FI-
HG-AAS was verified by analyzing standard referemagerials Water SRM (quality control sample face metal
analysis) from the US Environmental Protection AgenConcentration of Iron was estimated with thép hef
Shimatzu UV-VIS spectrophotometer at departmemneironmental science Jadavpur University Kolkhtdia.

2.2 Statistical Analysis

For the collected sample statistical analysis saglegression t-test, correlation, ANOVA (analy#fiovariance)
were applied to brief our findings. For the purpo$analysis R.3.2.1 software and MS excel 200&Hzen used.
Linear regression models were used to find whetiherlron content is a cause due to the Arseniclahiéity in
water samples. Linear regression models are bbsicsd to find, how much proportion of the deperidariable
could be explained by independent variable. In shigly if we consider Arsenic samples as independamiable
then from the results of linear regression we mayctude that the Iron content in the sample in died by a
certain percentage due to the presence of Arsenic.

Suppose(Y 4, X,,,) be a data matrix, where the suffix denotes the eizdata set. Then the linear regression
model between Y and X is

Y =a+bX; +¢ (1)
Where, ‘b’ is the regression coefficient and ‘a’tise intercept ané, 's are the error terms follows Gaussian
distribution with zero mean and constant standardadion.
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Figl: Study Area showingin state of Assam and in India

Coefficient of determination or MultipIR2 are used to measure the level of dependency odepe variable (Y)
over independent variable (X)
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Fig 2: Map showing of significant sample points of study

RESULTSAND DISCUSSION

Arsenic contamination in ground waté&rom the present study of North Karimganj BlocKafrimganj district it is
obvious the magnitude of arsenic concentration exeé the limit prescribed by WHO which is (10ughA)l the
four Gaon Panchayats selected for the experimatdly are not equally contaminated. Detail of thalgical
results was shown in the Tablel.Where from Northirkganj G.P a total of 46 samples have been cekkedt is
observed that 3(7%) arsenic contaminated sampéegdhe range of 10-30ug/l and the remaining 834Pwater
samples contain arsenic concentration below 3pgy/lsamples are not contaminated. In Sadarashi8%eFof the
total (73) samples contain arsenic in the rang@d0g/l. 3% and 12% of the total samples contaireAisin the
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range 31-50pg/l and >50ug/l respectively and tlse T2% of the total samples are free of arsenitacoimation.
We have collected 30 water samples from Akbarpwn@anchayat and 46 from Purahuria, Gaon Panchayat.

Table 1- Concentration of Arsenic (ppb) in ground water samples collected from 195 hand pumps of North Karimganj Block of
Karimganj District, Assam

Name of the GP| Name of the Sam| IeConz:;;é;atlon Name of the GP| Name of the Sam IeConE:;;t:;atlon
Akbarpur AP-2 51.24 Sadarashi SD-15 80
Akbarpur AP-12 66 Sadarashi SD-16 42.86
Akbarpur AP-13 20.74 Sadarashi SD-17 25.85
Akbarpur AP-24 12.86 Sadarashi SD-24A 70.29
Akbarpur AP-26 12.22 Sadarashi SD-24B 79.75
North Karimganj NK-14 28.61 Sadarashi SD-27 45.41
North Karimganj NK-15 16.46 Sadarashi SD-28 75.32
North Karimganj NK-46 21.6 Sadarashi SD-30 62.03
Purahuria PH-10 20.76 Sadarashi SD-32 53.14
Purahuria PH-28 10.1 Sadarashi SD-34 66.46
Purahuria PH-33 71.14 Sadarashi SD-41 21.23
Purahuria PH-43 12.46 Sadarashi SD-42 27.69
Sadarashi SD-5 18.4 Sadarashi SD-43 12.18
Sadarashi SD-7 56.25 Sadarashi SD-46 27.5
Sadarashi SD-12 93.05 Sadarashi SD-49 61.85]
Sadarashi SD-13 43.2 Sadarashi SD-72 60.86
Sadarashi SD-14 62.5

In Akbarpur G.P we got 7% of the total water sarmplentains Arsenic above 50ug/l, 10% in the rar@&0dug/l
and the remaining 83% have the arsenic < 3ug/l.dDtite 46 samples collected from Purahuria G.By 2% of
the total samples contain arsenic in the range(®d/l ,7% have arsenic 10-30ug/l and the remaifittg water
samples are free of arsenic contamination i.e.vbe3pg/l. Analytical data reflects that out of theuf Gaon
Panchayats of North Karimganj block, Sadarashi @&.Righly arsenic contaminated and North karimgary. is
least so. From the Tablel it is clear that inva $amples the concentration of arsenic is as hsgB @ 9 times the
limit of (10pg/l). Sadarashi G.P. is situated oe Hank of the river Kushiara and Kushiara origisdrom the hill
of Manipur, a state in the North Eastern regionnafia and this river is flowing in between Karimgdrown and
Bangladesh (Fig.2). It was already reported thratiigd water of Manipur and Bangladesh is severealyeAic
contaminated and this is the main reason of theeficscontamination of ground water in Karimgan;j tbé.
According to the census report 2011, the total fdjmn of sadarashi G.P. is ~ 10,000. The main@®of drinking
water of people of Sadarashi G.P. is hand tube. wéthough after the declaration of Arsenic contaation in
Karimganj District during 2008, the Government ads&m commissioned water supply plant in differelges
including Sadarashi[16], but during our survey waveé collected information from the villagers thae twater
supply plant of The Sadarashi G.P is now totatlgctive due to the lack of proper maintenance. Maaer
samples have been collected from Schools, Mosquéd amples of these four G.P.s. Some of these ssngio
contain very high concentration of arsenic. Usesiwéh water will affect the health of the villagemsainly the

younger generation in long term. But during ourveyrwork no such patient suffering from arsenidakdses have
been found.

3.1 Presence of Iron in ground water Out of 195 hand tube well samples from North Ka@mgBlock of
Karimganj District, 32 samples which contained Aiseabove 10 ppb have been analysed for iron. Guaratéons
of iron estimated in the arsenic contaminated sample presented in the (table 2). The mean coatient was
found to be 14.6 mg/l (range = 2.4-45.3 mg/lyyvieigher than the WHO recommended maximum valu@.8f
mg/l. Statistical parameters were calculated anergin the table 3. This finding is just oppositethe findings
from a study of arsenic in borehole sediments, Wwiidtind a positive correlation [17].

Statistical Analysis

From the collected 195 samples, only those sanyége used in the analysis which is arsenic contatathThe
study is divided in parts, the average Arsenic Bod content in the water samples along with tHeepimeasures
are listed in table.3. Analysis was carried outtf@ whole sample as well as in parts (belongingatch sub parts
considered in study). A scatter plot between Arsanid Iron data of the whole sample is in plot.1.
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Table 2- Concentration of iron (mg/l) in Arsenic contaminated ground water samples collected from North Karimganj Block of
Karimganj district, Assam

Name of the GP| Name of the Samy IeConcentratlon Name of the GP| Name of the samp IeConcentratlon

Of Iron mg/| Of Iron mg/|
North Karimgan;j NK-14 26.27 Sadarashi SD-34 22.09
North Karimganj NK-15 15.58 Sadarashi SD-41 17.83
North Karimganj NK-46 25.48 Sadarashi SD-42 45.34
Sadarashi SD-5 12.86 Sadarashi SD-43 14.04
Sadarashi SD-7 9.12 Sadarashi SD-46 21.17
Sadarashi SD-12 8.56 Sadarashi SD-49 3.68
Sadarashi SD-13 7.91 Sadarashi SD-72 9.06
Sadarashi SD-14 8.10 Akbarpur AP-2 5.98
Sadarashi SD-15 9.10 Akbarpur AP-12 16.69
Sadarashi SD-16 8.72 Akbarpur AP-13 2.40
Sadarashi SD-17 16.44 Akbarpur AP-24 30.79
Sadarashi SD-24A 15.66 Akbarpur AP-26 5.49
Sadarashi SD-24B 15.66 Purahuria PH-10 19.09
Sadarashi SD-27 15.90 Purahuria PH-28 4.17
Sadarashi SD-28 2.85 Purahuria PH-33 15.69
Sadarashi SD-30 23.57 Purahuria PH-43 14.19
Sadarashi SD-32 11.88

Table 3-Descriptive statistics of the areas from which data have been collected. (NK, SD, AP, PH arethe namesin short form of the

places)
Sample namg Contamination Meah Standard Eror  Medi®Skewnesg Rangg  CL(95.0%)
NK Arsenic 22.2233] 3.5212 21.60Q0 0.455[L 12.1500 06.15
N=3 Iron 22.442° 3.439¢ 25.478( -1.697¢ 10.692( 14.798¢
SD Arsenic 51.705° 4.993: 56.250( | -0.145( | 80.870( 10.415¢
N=21 Iron 14.2640 1.9865 12.857p 2.0324 42.4920 4.1438
AP Arsenic 32.6120] 10.9742 20.7400 0.728p 53.7800 63a.4
N=6 Iron 12.271¢ 5.222¢ 5.979( 1.286¢ 28.389( 14.500°
PH Arsenic 28.615( 14.358: 16.610( 1.854( 61.040( 45.693¢
N=4 Iron 13.2838 3.2067 14.9360 -1.3808  14.9230 10.20p1

Plot 1- Scatter plot of Iron and Arsenic for the whole collected sample along with the fitted linear model and R? value

Scatter Plot
50 y =-0.0871x + 18.36
® R2=0.057
40
c 30 L 2
25 > 9 e
0 ® o Lo § ®
0 20 40 60 80 100
Arsenic

Regression analysis for the whole data is in tdblEhe result shows multiple R value .239 thatnisost 24% of the
variability of the dependent variable (Iron) cofizd by the independent variable (Arsenic). A medervalue of
Multiple R is well supported by t-test for regressicoefficient. The pair (t-stat, p-value) = (-1936181) suggests
that the influence is not significant at both 5% &9% level of significance. For further detailgnession analysis
was carried out for each part of study area andi¢tals are in table 5.
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Table 4- Regression output obtained using M S excel 2007 for thewhole data

Regression Statistics
Multiple R 0.239
Standard Erro 24.467
Observations 33
ANOVA
df SS MS F Sgnificance F
Regression 1 1121.37 1121.37 1.87 0.18
Residual 31 18557.11 598.62
Total 32 19678.48
Variable Coefficients | Sandard Error t Stat P-value
Intercep 52.88( 8.17: 6.471 0.00(¢
X Variable ! -0.65¢ 0.47¢ -1.36¢ 0.18]

Table5- Multiple R and Standard error of regression analysis considering each study part at atime

Regression analysis of partial data
Regression Statistics NK| SD AP PH
Multiple R 0.855| 0.373 0.070 0.381
Standard Error 4.47 21.784 28.266 32.812

Plot 2- Showsthe variation of Arsenic and Iron collected from four location of Study area

Multiple regression coefficients computed for thiffedent location of the study area shows thaw&ue for (AP) is
very low. That is the independent variable (argeoantrols only 7% of the variation of tliedependent variable
(Iron). Whereas moderate relation is shown in ca$&D, PH and NK show high association.

CONCLUSION

From the present study on arsenic contaminatiaronnd water of North Karimganj Block of Karimgabistrict,
Assam it has been observed that the Arsenic coratemt in Sadarashi G.P is highest among all thg f8Ps
studied. Other three GPs are also arsenic contéainbut to lesser extent. Thus if safe water isprovided to
these villagers in immediate future they will suffeom Arsenic related diseases. Iron concentratiothe 32
arsenic contaminated water samples is well abowdirtit (0.3mg/l) declared by WHO. The findingstbe present
study have been communicated to the Administragioth requesting to provide safe drinking water \hlagers
as Arsenic is a carcinogen. In our survey we fotlmad majority of the villagers do not know aboug thresence of
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arsenic in ground water and its destructive effechuman health. Elimination of arsenic from drinkiwater could
be achieved by increasing awareness, educatirageil about the issues of arsenic in ground wateire effect of
the use of arsenic contaminated water on healtlilgdao Arsenical Skin lesions, Skin cancer etctSproblem can
be solved when there will be a collaboration betw&evernment, researchers, Technocrats and viager
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