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ABSTRACT

As (Arsenic) is one of the lethal element present at the various locations of the world, putting human

beings in danger by polluting the water. Arsenic Kit and atomic absorption spectrometer were used to

determine As in ground water of Sindh province, Pakistan. Twenty-Four (24) districts both on the left and

right bank of RI (River Indus) were analyzed. It was observed from the results that highest As concentration

200 ppb (parts per billion) i.e. above the WHO (World Health Organization) limit (10 ppb) was observed

in Sakrand, district Shaheed Benazirabad followed by Hala, Matairi, TMK (Tando Mohammad Khan)

and Nasarpur regions. It was further found that ground water of regions on the left bank of RIwas more

contaminated than the right bank. Contour map was created using OriginPro and coordinate systems to

highlight the elevated arsenic in the studied area. HRA (Health Risk Assessment) of these areas was

carried out to calculate EDI (Estimated Daily Intake), TQH (Target Hazard Quotient) and CR (Cancer

Risk). 45% of the total ground water samples analyzed were above the permissible limit for As in water

and mostly these are located on the left bank of RI.

The local wells in Sindh have never been tested for metal concentration former to use. These results

provide baselines for researchers, NGO’s (Non-Governmental Organizations) and government to apply

arsenic treatment technologies in those areas.

Key Words: Arsenic, Groundwater, River Indus, Sindh, Atomic Absorption Spectrometer, Health Risk

Assessment.
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1. INTRODUCTION

As is a hazardous element which is present in

ground water in the form of As(III) and As(V).

Its presence in the earth’s crust is 0.00021%.

Illness characteristic of long-term arsenic exposure comes

in the form of skin cancer, bladder cancer, inactivation of

an enzyme system in the body, black foot disease, and

obesity [1-3]. As contact can also cause other health

consequences such as gastrointestinal irritation, diabetes,

less number of white and red blood cells, hypertension,

blood vessels rupture and abnormal heart beats [4].  Baig
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et. al. [3] performed a study of Gambat town, Sindh and

found people suffering from chest infections, pain in the

whole body, cramps in legs due to As contamination in

water.

Naturally occurring arsenic is known to trickle from

contaminated soils. Thus, contact of the general

population with arsenic is mainly through the ingestion

of groundwater, which comes across As-bearing soils and

minerals. Pakistan is suffering from the toxic effects of

arsenic as other countries such as Bangladesh, India,

Thailand, Taiwan, China, Japan, USA, Canada, Hungary

and Ghana [5].

The high level of As species in ground water is due to the

dissolution of As compounds coming from the Himalayas

through RI and settled down throughout the years and

then introduced into ground water by geothermal,

hydrological and biochemical factors [6]. In Pakistan, a

number of people consume ground water for their drinking,

domestic purposes as clean river water is not accessible

to them. As toxicity is mostly found in ground water and

transported to human beings by ingestion, vegetables,

crops, fruits and fishes. The authors in a research showed

that the Mancharlake near town Sehwan, Sindh was

contaminated with arsenic and the daily intake of As by

people is 241-390 µg As/4L [5].

The present study was designed to investigate As in

drinking water of Sindh province on both left and right

banks of RI.

2. MATERIALS AND METHOD

2.1 Materials

Ground water samples were collected from various areas

of Sindh Province, Pakistan and analyzed in a water quality

laboratory, Department of Chemical Engineering, Mehran

University of Engineering & Technology, Jamshoro,

Pakistan. All sample bottles (well-stoppered polyethylene

plastic) were rinsed with clean water, then filled completely

with sample water and tagged properly with a location.

Analysis of water samples was performed by using the

Arsenic test Kit (Merck, Germany) and AAS (Atomic

Absorption Spectrometer). The arsenic kit is a mobile

analytical tool that is used in the field to check the arsenic

in water. AAS was used to analyze 106 ground water

samples, whereas kit method was applied to test 214

ground water samples.

Analytical grade chemicals were used throughout the

research work. Distilled water was used during the

experiments to prepare all the solutions. Distilled water

was prepared in a water quality laboratory by Distilled

water machine (Model No. BMS-4CE, Spain). All the glass

wares were kept overnight in 5M HNO
3 
and then rinsed

with deionized water before use. Stock solutions of

concentration 1000 ppb As(III) were prepared by mixing

arsenic standard solution of 100 mg/L As(III) (Inorganic

Venture Company, USA) with distilled water. The stock

solutions were used to prepare fresh experimental

solutions as per need in clean plastic bottles and were

kept away from light to avoid any change in chemical

properties [7-9]. For the confirmation of reproducibility,

the tests were replicated and the mean values were taken.

2.2 Methods

2.2.1 Arsenic Kit method

Water samples were analyzed by Arsenic kit (Merck,

Germany) by using a calorimetric method with test strips.

The arsenic kit reaction bottle was filled to the mark with

60 ml sample water and the analysis was carried out as

recommended by the kit manufacturer.

2.2.2 Atomic Absorption Spectrometer

Arsenic was analyzed in water samples by AAS (A

Analyst 700, Perkin Elmer, USA), at a wavelength of
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193.7 nm, by the MHS-15 (Mercury Hydride System)

technique. The energy source was the single-element

hollow cathode lamp of arsenic working at 7.5 mA. The

AAS was attached to a computer and WinLab32

software used to receive and process analytical data.

The solution of 1% potassium hydroxide (KOH) was

prepared. Then 3% sodium borohydride (NaBH
4
) was

prepared in 1% KOH solution on Stirrer (Wisd, MSH-20,

Korea). The chemicals were weighed using weighing

balance (Adventurer, AR 3130, OHAUS, USA). 1.5%  HCl

(Hydrochloric Acid) was prepared by appropriate

dilution of HCl (37%). The arsenic standards were

prepared to calibrate the AAS. Then the ASS was used

to analyze water samples and the results were obtained

by Winlab 32.

2.2.3 Technique to Assess Human Health
Risk

The HRA of the left bank of RI areas is studied by

calculating EDI, THQ and CR. EDI is calculated by using

the following equation;

Bw

Dw
CmEDI ×= (1)

Where Cm  denotes metal concentration  (μg/L) in water,

Dw is the daily average intake of water  (Lit/day, taken as

2 Lit/day), and Bw is the body average weight (kg, taken

as 72 kg) [10].

The THQ was obtained by applying the following

relationship;

RfD

EDI
THQ = (2)

Where the oral toxicity reference doseRfD (μg/kg-day)

value for arsenic is (3.00E-01) [11].

Following relationship was used to calculate CR;

CR = EDI x CSF (3)

In Equation (3) CSF (μg/kg-day) is Cancer Slope Factor

and its value for As is 1.5E+03 (μg/kg-day) [12-13].

3. RESULTS AND DISCUSSION

3.1 Arsenic kit Method

The As kit is a portable and easy tool method used to

analyze As of 24 districts of Sindh Province. Out of 214

ground water samples, 182 were from localities on the

left bank and 32 samples from the right bank of RI. All

the sample areas were assigned codes as shown in

Table 1.

The results of localities on the left bank are reported in

Table 1. About 40% of the samples were exceeding the

WHO safe limit for As in water, i.e. 10 ppb. The higher

As levels were observed in ground water samples of

Hala i.e. 10-180 ppb. The other areas with higher As

concentrations were Sakrand, Matairi, Nasarpur, Pano

Aqil and TMK.

The reasons for higher concentrations in the left bank

of RI are the geological presence due to the  deposition

over the years from the Himalayas, thick population,

intense farming,  and the areas from where RI passed

during the Holocene period such as Tando Allahyar

and TMK from where the As ranges from 10-500

ppb [6].

Fig. 1 demonstrates the sample from the right bank of

RI. The Dadu district samples showed higher As levels

ranging between 0-60 ppb which is inconsistent with

the earlier report of As in scalp and hair of children of

Dadu district [14]. Apart from the natural deposition of

arsenic in ground water other factors for As pollution

are coal burning at brick industries, power plants in

Jamshoro district [15]. Samples of Jamshoro and

Kashmore ranged within permissible limit of 10 ppb.
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edoC noitacoL )bpp(sA edoC noitacoL
)bpp(sA

1DB nidaB,irgruhBxuBibaN,pmuPdnaH 0 3TS tahkeS,egalliVisabbA 04

2DB nidaB,iltaM,nahlaMimaziNdammahuM 0 1MT KMT,miraKhahSirluB,ruPdeeaSegalliV 3

3DB nidaB,irgruhBxuBibaN 0 2MT KMT,daoRlawajaS,dnoPretaW 0

4DB nidaB,iltaM,qatOinamaziN 0 1AT rayhallAodnaT,ruplaTegalliV,euqsoM 52

4DB nidaB,iltaM,nahlaMegalliV 0 2AT rayhallAodnaT,ruplaTegalliV 0

1KD ikrahD,ynoloChahSbaluhG 0 1RS rukkuSdlO 0

2KD ikrahD,hagraBmamI 5 01MT KMT,afihSaneefaS 03

1PD olpiD,retaWlleWirubaD 0 11MT KMT,ruplaTbiqaS 5

2PD olpiD,emoHiqaSpeeliD 0 21MT KMT,)ytiC(retaWlleWebuT 05

3PD olpiD,ohgnaLqifaR 0 31MT KMT,iroMajaGegalliV 0

4PD olpiD,oraPiqaS 0 41MT KMT,ruplaTniassuHmaluhGegalliV 05

2KG iktohG,olehtaMrupriM,dnuLoraY,pmuPdnaH 5 3MT KMT,letoHaiboyAraeNpotSsuB 06

3KG iktohG,olehtaMrupriM,dnuLoraY,retaWrotoM 0 4MT KMT,daoRlawajaS,iroMajaG 0

1DH dabaredyH,dabafitaL,731.oNesuoH 0 5MT KMT,loohcShgiHslriG:tvoG 04

2DH dabaredyH,dabafitaL,79.oNesuoH 0 6MT KMT,loohcSslriG:tvoG 5

3DH dabaredyH,ynoloCeciloP,dabaniassuH 0 7MT KMT,hanidamtaimaJhasradaM 02

6DH dabaredyH,dabafitaL 0 8MT KMT,allahoMriM,ilAdijaM 6

7DH dabaredyH,daoRinayiM 0 9MT KMT,miraKhahSirluBakulaT,ruPdeeaS 001

8DH dabaredyH,ynoloCs’nezitiC,nomeMnishoM 5 1BT ogaBodnaT,kwohCinuGmorfMK41 01

9DH dabaredyH,ynoloCtadhaWweN 01 2JT maJodnaT,deeaSazaR 51

1KI toKmalsI,tnalPOR:tvoG 0 2TT attahT,krihJ,osohKnahKlairaW 0

2KI toKmalsI,tnalPORetavirP 0 3KU tokremU,orohtiPirkA 01

3KI rahT,hohBlanoSCU,llehBonibahBegalliV 0 1LH alaH,allahoMhdaK,zizAludbA 03

4KI rahT,toKmalsI,etiSnoitacifisaGlaoC 0 01LH alaH,2pmuP,retaWenilaS,hoNmodhkaMhagraD 04

1DK oraidnaK,niDdammahoM 0 11LH alaH,1pmuP,retaWteewS,hoNmodhkaMhagraD 06

7DJ odduhJ,2-draW,tauqaiL 0 21LH alaH,allahoMranaK,emoHnomeMdoowaD 05

01PK s’riMrupriahK,odawokraT,ilAbiaN 0 31LH alaH,emoHnomeMRA.rD 53

31PK s’riMrupiahK,odaWokraT 0 41LH alaH,allahoMhdaK,loohcScilbuPslriGsuoivnE 05

41PK rupriahK,oraNakulaT,lleWebuT 0 51LH weNalaH,dammahoMziaF 54

61PK rupriahK,tabmaG,orhuhKoniDhallAegalliV 54 61LH alaH,ynoloClazaFriP,emoHdemhAdeeraF 081

81PK s’riMrupriahK,hdnaW 01 71LH weNalaH,lazaF 7

1MGK dammahoMmaluhGtoK,dabasemaJ 0 81LH alaH,allahoMhdaK,loohcShgiHslriG:tvoG 5

3PK rupriahK,hawriMirahT,irahgeLxuBidaH 5 91LH alaH,allahoMakaK,rawnAijaH 04

4PK rupriahK,oraNakulaT,pmupdnaH 5 2LH alaH,irasnAbatfA 52

6PK rupriahK,tabmaG,nahawodaJ 52 02LH alaH,allahoMiariS,emoHdammahoMziaFijaH 05

8PK s’riMrupriaK,ynolocfitaL 5 12LH alaH,llahoMranaK,emoHniduramaQijaH 55

61TM iriataM,potSrebyhK,pohSxuBroozaH 03 22LH alaH,hagraBmamI 04

1HM ihtiM 0 32LH alaH,kwohCrijahoM,tupjaRdadmI 52

2HM ihtiM,retaWOR 0 42LH alaH,allahoMbabrA,emoHbabrAlaeJ 07

01TM iriataM,yhsaW-nocaM 0 52LH alaH,ynoloCohdaliniP,dammahoMriahK 03

11TM ytiCiriataM 08 62LH alaH,allahoMihorB,pohSegdirFrahkohK 01

21TM riPihedraPhagraD,ytiCiriataM 001 72LH alaH,ynoloCohdaLiniP,emoHnamsUdammahuM 05

31TM iriataM,sseMsreciffOslliMraguSiriataM 011 82LH alaH,ynoloClazaFriP,emoHnamsUdammahuM 001

41TM iriataM,tnalPORslliMraguSiriataM 021 92LH alaH,daoRaloMbilaT,fusuoYdammahuM 04

51TM iriataM,ssemrosivrepuSslliMraguSiriataM 52 3LH alaH,allahoMakaK,emoHinaklahKdemhA 05

61TM iriataM,allahoMatopnaiM 0 03LH alaH,allahoMakaK,niassuHdammahoM 52

71TM iriataM,allahoMnassaHriM 5 13LH alaH,kwohCrijahoM,namsUdammahoM 02

81TM iriataM,tahkeS 05 23LH weNalaH,dammahoM 52

91TM iriataM,iraWiJreemahS 0 33LH weNalaH,euqsoM 05

2TM iriataM,daoRyawhgiH,riPsabA 0 43LH alaH,allahoMakaK,reesaN 03

02TM slliMraguSiriataMraeN,ohteDlahcaBegalliV 001 53LH alaH,egelloCslriGraeN 52

12TM iriataM,arbmahBegalliV 0 63LH alaH,hagraBmamIraeN 04

22TM iriataM,isaWhahSmalAhahSegalliV 04 73LH alaHdlO 01

32TM iriataM,oihgiVegalliV 0 83LH alaH,allahoMragihsaK,demhAseefaN.forP 04

TABLE 1. GROUND WATER SAMPLE CODES ASSIGNED TO LOCATIONS OF SINDH, PAKISTAN AND ARSENIC
KIT RESULTS
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edoC noitacoL )bpp(sA edoC noitacoL )bpp(sA

3TM iriataM,atoPtakruB 0 93LH alaH,emoHdahaFajaR 09

4TM slliMraguSiriataM,neetnaC 0 4LH alaH,allahoMhdaK,retneclacideMafihSlA 05

5TM iriataM,drayevarG 03 04LH alaH,mraFlarutlucirgAihseruQdahaFajaR 09

9TM iriataM,rebyhK 0 14LH alaH,allahoMragihsaK,emohnaheR 07

3FN zoreForehsuaN,hahsurahT,apraD 0 24LH weNalaH,nomeMdeeaS 05

4FN zoreForehsuaN,orohlaKxuBaduhK 01 34LH alaH,ynolocrawajuM,ihseruQzarafraS 01

6FN zoreForehsuaN,hahsurahT 0 44LH alaH,ranaK,erotSkooBnidusmahS 01

7FN zoreForehsuaN,oyahcaBhallAegalliV 3 54LH alaH,hahSramooS 09

9KU tokremU,retaWpmuP 5 64LH alaH,pohSteewS 31

1KN tokuaN 0 74LH alaH,daoRaloMbilaT,emoHrisaYrihaT 051

01PN ruprasaN,6-draW 51 84LH alaH,ynoloCaloMbilaT 001

2PN ruprasaN,hallahoMniarA 31 94LH alaH,daoRqiraT 04

3PN ruprasaN,potSsuB 08 5LH alaH,allahoMakaK,rigmalA 05

7PN ruprasaN,emoHinamlArednakiS 04 05LH alaH,qiraT 02

9PN ruprasaN,4-draW 53 15LH weNalaH,qiraT 05

1FN zoreForehsuaN,inalaHemoHdadmI 06 25LH alaH,allahoMranaK,reemaZ 54

2FN zoreForehsuaN,inalaHemoHdajaS 52 6LH alaH,ygolohtaPzeefaH-lA 04

3SN dabarizaneBdeehahS,malsA 0 7LH alaH,allahoMzawanhahS,xuBhallA 01

4SN dabarizaneBdeehahS,egelloCbibaH 05 8LH alaH,teertSinabrA 05

1SN dabarizaneBdeehahSslliMraguSbibaH 0 9LH alaH,ynoloCohdaliniP,yrotcaFhtolC 04

01AP liqAonaP,ralehBegalliV 53 1DD udaD,ihoJ,ilamaJBA 0

2SN dabarizaneBdeehahSnoitatsyawliaR 0 4DD udaD,2pmuP,ytiCihoJ 0

5AP liqAonaP,dabareehsaB 09 11DD udaD,ytiCihoJ,lleWretaW 0

6AP liqAonaP,idnahD 0 8DD udaD,ihoJ,daDhallAegalliV 5

8AP liqAonaP,ilaGrednaM 01 2DD udaD,1pmuPytiCihoJ 01

9AP liqAonaP,razaBihahS 2 7DD udaD,ytiCihoJ,3pmuPelpmaS 01

1AP liqAonaP,ihgnaSegalliV 5 3DD udaD,ytiCihoJ 06

2AP liqAonaP,ruPnatluSegalliV 03 1CJ dababocaJynoloCKA 0

2HR irhoR,ollebAegalliV 0 2CJ dababocaJ,egalliVahohciaP 0

1TS tahkeS,isabbAegalliV 08 3CJ dababocaJ,ihdnaPegalliV 0

1KS dnarkaS,oireeKdeejaM,tnalPdeeS 53 2SJ orohsmaJ,katahP,isabbAdajaS 0

2KS dnarkaS,oireeKdeejaM,potSlamosaW 0 3SJ orohsmaJ,yteicoSHCEUS,emoHneesaYdeyS 0

2TS tahkeS,isabbAegalliV 05 4SJ orohsmaJ,osohKnahKbawaNegalliV 0

1PS rupdadhahS,yteicoS 4 6SJ orohsmaJ,SHCEUS,emoHittahBAZ 0

01KS dnarkaS,,esuoHdammahoMnaJ 0 1SJ orohsmaJ,katahP,ittahBsiawO 01

11KS dnarkaS,oireeKdeejaM,ohkaLniassuHmidahK 5 1HK ihcaraK,notfilC,irziGreppU,siraH 0

21KS dnarkaS,oireeKdeejaM,euqsoM 0 1MK eromhsaK,ynoloCudniH 0

31KS dnarkaS,oireeKdeejaM,esuoHilamaJrawanuM 01 3MK eromhsaK,nwoT 0

41KS dnarkaS,1mraFlarutlucirgAazatruM 5 4MK eromhsaK,mihsaHdhoMegalliV 0

51KS dnarkaS,2mraFlarutlucirgAazatruM 5 2MK eromhsaK,udduG 01

61KS dnarkaS,oireeKdeejaM,esuoHirasnAmisaQ 0 1TK irtoKtekraM 0

71KS dnarkaS,oireeKdeejaM,rahkohKqazzaR 8 2TK irtoK,ynoloCnahtaP 0

81KS dnarkaS,oireeKdeejaM,daoRloohcS 0 4RL anakraL,pmuPdnaH 0

1LS lawajaS,emoHobehTxuBloosaR 0 9RL anakraL,oredotaR 2

3KS dnarkaS,oireeKdeejaM,latipsoHlaminA 5 1RL anakraL,rahkohKrehSilA 5

4KS dnarkaS,rawnA 0 3RL anakraL,harmahD 5

5KS dnarkaS,oireeKdeejaM,emohirehguMsiawA 52 3HS tokdadhahS,ihorBrabkA 0

6KS dnarkaS,oireKdeejaM,retaWhagraD 01 4HS tokdadhahS,allahoMnasaM 0

7KS dnarkaS,oireKdeejaM,retaW1.oNpirD 3 5HS tokdadhahS,ynoloChallufiaS 0

8KS dnarkaS,oireeKdeejaM,nwodoG 05 1HS tokdadhahS 0

9KS dnarkaS,oireeKdeejaM,dadmI-e-nahsluG 0 2HS tokdadhahS,hcnarByrawnaT 0

3RS rukkuS,daoRrednaB,euqsoMaimaJ 08 2RS ruprakihS,neesaYihraG,ittahBnidmaziN 5

2GS rahgnaS,irahraS,pmupdnaHcilbuP 0
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3.2 Atomic Absorption Spectrometry

AAS was used to analyze the samples from the left bank

of RI and the results are shown in Fig. 2. The Fig. 2 is

showing minimum and maximum As concentrations of

the studied areas. Eighty-three (83) ground water samples

were obtained from various locations of left bank RI. The

highest As concentration observed was 204 ppb at

Godown, Majeed Keerio in Sakrand, district Shaheed

Benazirabad. It was observed that 85% of the studied

areas had arsenic above WHO limit, i.e. 10 ppb, whereas,

43% of the analyzed areas reported the level of arsenic

above the Pakistan-EPA standard i.e. 50 ppb.

3.3 Comparison of As Kit and AAS

The As kit and AAS results are quite similar as shown by

percent standard deviation (% SD (±)) in Table 2. The As

kit and AAS (% SD) results are comparable with a research

work conducted on As detection of ground water at district

Rahim Yar Khan, Punjab, Pakistan in which (4-25 % SD)

was observed between kit and AAS results [16].

3.4 Contour Mapping

In Fig. 3 Contour plot of As concentration (ppb) in

ground water is shown by the map of Sindh province,

FIG. 1. SAMPLES ANALYZED FROM THE AREAS OF THE RIGHT BANK OF RIVER INDUS THROUGH ARSENIC KIT METHOD

FIG. 2. ARSENIC IN SINDH SHOWING MINIMUM AND MAXIMUM CONCENTRATIONS WITH (WHO) AND (PAKISTAN- EPA LIMITS)
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Pakistan. The contour map was made by using sample

locations (coordinates) on google maps and OriginPro 9

software. The black dots are showing the sampling

locations at various regions of Sindh province. The

cross-sectional lines show the non-sampling areas in

the map. The As concentration is presented in the map

by various colors according to the As ranges shown

along with the contour map. It is evident from the Fig. 3

that As was found in higher concentrations on the left

edoCelpmaS dohteMtiK)bpp(sA SAAhtiw)bpp(sA )±(noitaiveDdradnatS%

4LH 05 73 291.9

01LH 04 32 020.21

11LH 06 93 948.41

21LH 05 43 313.11

41LH 05 83 584.8

02LH 05 07 241.41

12LH 55 04 606.01

22LH 04 04 0

42LH 07 34 190.91

72LH 05 63 998.9

82LH 001 69 828.2

14LH 07 15 534.31

6PK 52 52 0

61PK 64 54 707.0

11TM 03 61 998.9

21TM 08 35 190.91

41TM 011 89 584.8

71TM 5 3 414.1

2PN 04 44 828.2

3PN 53 53 0

7PN 06 75 121.2

01PN 08 57 535.3

9FN 51 81 121.2

01FN 31 02 949.4

5AP 03 02 170.7

21AP 09 37 020.21

5KS 53 24 949.4

3RS 52 02 535.3

6MT 5 9 828.2

7MT 001 79 121.2

9MT 51 2 291.9

01MT 05 07 241.41

1RL 5 1 828.2

TABLE 2. COMPARISON OF ARSENIC CONCENTRATION  ANALYZED WITH KIT METHOD AND ATOMIC
ABSORPTION SPECTROMETER

bank of RI. The red color highlights the highest As levels

at the location MajeedKeerio, SakrandTaluka, district

Shaheed Benazirabad. The other higher As

contaminations are displayed by orange, yellow, green

and cyan colors at Hala, Matairi, TMK and Nasarpur.

The authors discussed the ground water samples As

(ppb) in district Rahim Yar Khan, Punjab, Pakistan with

the help of contour diagrams. They found As levels

from 8-118 ppb in ground water of district Rahim Yar
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Khan, which is located on the left bank of  RI [16].

Another study conducted in the Shorabhaji region,

northwest of Iran shows the arsenic contents of 1000

ppb. The authors used geochemical contour mapping

to determine As and other elements and found As in

both metallic and non-metallic forms [17].

3.5 Contamination Index (C
d
)

It is a method to evaluate and anticipate the regions

characterized by irregular or toxic contents of elements.

This shows the extent of contamination by taking into

consideration the number of parameters crossing the upper

allowable levels of hazardous elements and

concentrations above these levels. The equation of

calculating C
d
 is as follows [18]:

=
=

n

1i
fid CC (4)

Where,

1C
CC

Ni

Ai
fi −=

C
fi
 is the contamination factor for ith component, C

Ai
 is the

analytical value of ith component, and C
Ni

 is the upper

allowable concentration of ith component.

In this study, C
d  

is studied for As. Contamination index

for ground water was in the range between 0-19. 61.5% of

the samples were below the permissible limit of WHO

guidelines. The ground water on the basis of C
d 
 values

may be arranged into four categories; 8.94% of ground

water contained C
d 
< 1 showed low contamination, 12.85%

were in the range 1< C
d
<3 expressing intermediate

contamination, 13.97% were within 3< C
d
<10 and 2.79%

samples resulted in C
d 
>10 demonstrating the very high

contamination. The ground water samples on the left bank

FIG. 3. CONTOUR PLOT OF ARSENIC CONCENTRATION (PPB) FROM GROUND WATER IN SINDH PROVINCE, PAKISTAN AT
SELECTED SAMPLING LOCATIONS (BLACK DOTS SHOW SAMPLING LOCATIONS, CROSS- SECTIONAL LINES SHOW THE

REGIONS FROM WHERE SAMPLES WERE NOT COLLECTED)
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.oN edoCnoitacoL noitacoL )L/g?(noitanimatnoCsA )yad-gk/g?(IDE QHT RC

.1 3LH

alaH

12 385.0 00+E49.1 20+E57.8

.2 01LH 32 836.0 00+E31.2 20+E85.9

.3 21LH 43 449.0 00+E51.3 30+E24.1

.4 72LH 63 1 00+E33.3 30+E05.1

.5 04LH 63 1 00+E33.3 30+E05.1

.6 4LH 73 720.1 00+E34.3 30+E45.1

.7 41LH 83 550.1 00+E25.3 30+E85.1

.8 11LH 93 380.1 00+E16.3 30+E36.1

.9 12LH 04 111.1 00+E07.3 30+E76.1

.01 22LH 04 111.1 00+E07.3 30+E76.1

.11 42LH 34 491.1 00+E89.3 30+E97.1

.21 14LH 15 614.1 00+E27.4 30+E31.2

.31 02LH 07 449.1 00+E84.6 30+E29.2

.41 82LH 69 666.2 00+E98.8 30+E00.4

.51 74LH 101 508.2 00+E53.9 30+E12.4

.61 61LH 941 831.4 10+E83.1 30+E12.6

.71 6PK
rupriahK

52 496.0 00+E13.2 30+E40.1

.81 61PK 64 772.1 00+E62.4 30+E29.1

.91 8TM

iraitaM

11 503.0 00+E20.1 20+E85.4

.02 11TM 61 444.0 00+E84.1 20+E76.6

.12 21TM 35 274.1 00+E19.4 30+E12.2

.22 31TM 76 168.1 00+E02.6 30+E97.2

.32 51TM 57 380.2 00+E49.6 30+E31.3

.42 41TM 89 227.2 00+E70.9 30+E80.4

.52 3PN

ruprasaN

53 279.0 00+E42.3 30+E64.1

.62 2PN 44 222.1 00+E70.4 30+E38.1

.72 9PN 65 555.1 00+E91.5 30+E33.2

.82 7PN 75 385.1 00+E82.5 30+E83.2

.92 6PN 66 338.1 00+E11.6 30+E57.2

.03 01PN 57 380.2 00+E49.6 30+E31.3

.13 4FN
zoreForhahsuaN

81 5.0 00+E76.1 20+E05.7

.23 3FN 02 555.0 00+E58.1 20+E33.8

.33 7AP

liqAonaP

11 503.0 00+E20.1 20+E85.4

.43 5AP 02 555.0 00+E58.1 20+E33.8

.53 3AP 72 57.0 00+E05.2 30+E31.1

.63 4AP 73 720.1 00+E34.3 30+E45.1

.73 1AP 37 720.2 00+E67.6 30+E40.3

.83 5KS

dnarkaS

24 661.1 00+E98.3 30+E57.1

.93 2KS 591 614.5 10+E18.1 30+E31.8

.04 8KS 402 666.5 10+E98.1 30+E05.8

.14 1TS

tahkeS

81 5.0 00+E76.1 20+E05.7

.24 1TS 94 163.1 00+E45.4 30+E40.2

.34 3KS 02 555.0 00+E58.1 20+E33.8

.44 41MT

nahKdammahuModnaT

72 57.0 00+E05.2 30+E31.1

.54 01MT 07 449.1 00+E84.6 30+E29.2

.64 7MT 79 496.2 00+E89.8 30+E40.4

.74 3PT rakraprahT 81 5.0 00+E76.1 20+E05.7

egarevA 207.35 294.1 279.4 985.7322

muminiM 11 503.0 810.1 333.854

mumixaM 402 766.5 988.81 0058

seulaVefaS (01 μ )enilediuGOHW()L/g - 1 01ni1 6-

TABLE 3.  HEALTH RISK ASSESSMENT THROUGH GROUND WATER CONSUMPTION OF REGIONS LOCATED ON LEFT
BANK OF  RIVER INDUS IN SINDH PROVINCE
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of RI have elevated C
d 

values because of the higher

contents of As in ground water. Mahar et. al. [16] also

reported that riverine areas of district Rahim Yar Khan,

which is located on the border of Sindh and Punjab

provinces, Pakistan were contaminated with As and other

impurities.

3.6 Health Risk Assessment

The HRA of the left bank RI was performed because it

was found more contaminated than the right bank in this

study. The people of the studied area consume ground

water for their drinking, household and farming purposes.

The residents of these areas cannot afford mineral water,

therefore, they utilize ground water for their daily use.

The estimated daily intake EDI (μg/kg-day) for As is given

in Table 3.

EDI values ranged from 0.305-5.667 (μg/kg-day) for As.

The highest EDI value of 5.66 (μg/kg-day) was

observed in the sample of Sakrand district showing

the elevated threat level of As contamination to the

local people. The higher EDI values of As can be

because of municipal waste, leaching of waste materials

in the groundwater, use of excess fertilizers and

pesticides by farmers.

The THQ indices were calculated to get a health risk

assessment. THQ index for As in potable water was in

the range from 1.018-18.889. The results show that the

THQ is crossing the safe limits, i.e. (THQ should be less

than 1) posing a high health risk to the inhabitants of

examined areas. Around, 90% population of the left bank

RI is utilizing ground water for their domestic and

drinking purposes, hence at high health risk because of

As contamination which is “carcinogenic to human

beings”.

As is the single available element in the periodic table for

which there is a cancer slope factor.CR  was calculated in

the ground water as shown in Table 3. The CR values

ranged from 458.333-8500 with an average value of

2237.589 in the ground water of examined region exhibiting

elevated risk. It is reported that CR value 1 in 106 is

significantly considered [12,19]. The results of this study

show that the ground water exhibits high risk in the

studied areas of Sindh province  when compared to

USEPA (2010) guidelines. The cancer risk assessment

results of this work show the elevated health risk in the

observed areas of Sindh.

4. CONCLUSION

The kit method was used to analyze the 214 ground water

samples from the both sides of RI. Then AAS technique

was applied to analyze 83 samples from the left bank of

RI. The high THQ and CR values for As indicated, that

higher intake of As in ground water may pose chronic

toxicity and carcinogenic risk to the local inhabitants.

Our results suggest that the ground water from the left

bank of RI areas i.e. Sakrand, Hala, Matiari, TMK, Nasarpur

and Sukkur is not safe for drinking without proper

treatment.

Hence drinking water quality and continuous assessment

should be conducted at regular intervals to check the

quality of drinking water.

As kit and atomic absorption spectrometer results are

quite similar with 0.707-19 % SD. The contour plot of As

concentration (ppb) in ground water is shown by the

map of Sindh and it is observed that the higher levels of

arsenic are present on the left bank of RI. Contamination

index was calculated for ground water of Sindh and found

in the range between 0-19.
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