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Abstract: Problem statement: The present paper tries to assess groundwat@bdityt for irrigation
purpose in Damghan plain (5400 h&pproach: Twenty four water samples were collected from the
active wells. Parameters such as Electrical Condiyc{EC), pH, Total Dissolved Solids (TDS), were
recorded in the field and major anions and cati@’, Mg?*, K*, Na', CO%", HCCO?, CI, SO4 and
NO*) were analyzed in the laboratory. The data of matsls were imported into the GIS software and
the different water quality maps were produced gigiaint data. Then Suitability index of groundwater
quality determined by overlaying of water qualitaps.Results: Suitability index values revealed that
the ground water in Amin Abad, Abdi, Abd Abad, Nadrad and parts of Shams Abad villages of study
area had “Suitable” quality with the suitabilitydiex range between 75-100 and therefore can befased
irrigation usage. Suitability index of the grounderain Hasnie, Gani Abad and parts of Shams Abad
villages were “Moderate” quality with the rangeweéen 35-70 and Abas Abad, Abir Abad and Shaman
villages had “unsuitable” quality and cannot beduf® irrigation purposes. In respect of all evéihg
criteria, villages of study areas that had “Sugalsind “Moderate” quality could safely be used ltorg-
term irrigation purposeg£onclusion: The present study demonstrated high efficiencyGik® to analyze
complex spatial data and groundwater quality silityab
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Total Dissolved Solids (TDS), groundwater qualigpatial data, irrigation purposes,
Residual Sodium Carbonate (RSC), Soluble SodiumcdPéaige (SSP), Sodium
Adsorption Ratio (SAR)

INTRODUCTION in soil or water reduce water availability to thegmg and
excessive nutrients reduce yield or quality (Tankl a
Demand of groundwater has been increasing daghandel, 2009). Saline conditions restrict theitghbilf
by day for irrigation by bringing more area underplants to take up water and nutrients, regardldss o
cultivation (Hakim et al., 2009). The chemical whether the salinity is caused by irrigation waiesoil
composition of water is an important factor for water which has become saline because of additibns
domestic or irrigation purposes(Ganapathy and Ernessalty water, poor drainage, or a shallow wateretablio
2004) Salinity and Pollution of well water, eitheom  plants respond to salinity in a similar manner; som
point or non-point sources, has become a thingafth  crops can produce acceptable yields at much greater
concern both in urban and rural areas (Ore#iyal., soil salinity than others.
2010). Features that generally need to be consldere Sodic water is water with a high concentration of
evaluation of the suitability of groundwater qualibr  sodium, relative to the concentration of calciund an
irrigation are the EC, SSP, TDS, RSC and SAR. Thenagnesium. Sodic water is not the same as saliter wa
Most important cation and anion in a ground water(Bauder and Brock, 2001). Sodium adsorbs into natio
resources are €a Mg®*, Na', HCO", CI and NO.  exchange sites of the soil, which causes aggregstes
Suitability of irrigation water, with respect toligity, is ~ some soils to break down (disperse), leading ttinrgea
assessed on the basis of the ‘Electrical Condtgtivi of soil pores and a reduction in permeability totewa
(EC) or ‘specific conductance’ of a water samplaltS flow. The tendency for sodium to increase its
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proportion on the cation exchange sites at the rsgpe (HCO*).The pH and electrical conductance were
of other types of cations (primarily calcium and determined electrometrically. Calcium and magnesium
magnesium) is estimated by the Sodium Adsorptionwere determined by complex metric titration, wherea
Ratio (SAR), which is the ratio of sodium concetitra  potassium and sodium were estimated by flame
to the concentration of the square root of the @yer emission spe45ctrophotometer (Esnehilal., 2009).
calcium plus magnesium concentration in eithersy|phate was determined turbid metrically.Bicartiena
irrigation water or the soil solution (Ayers, 1994) was determined by titration method. Chloride was
Normally occurring toxic elements in groundwater gstimated by argent metric titration .Nitrate argon
are B, Ng, Cl and HCJ. Specific elements in water yere determined calorimetrically (Eatehal., 2005).
may be suitable or unsuitable for irrigation. The gqdiym Adsorption Ratio (SAR), Soluble Sodium

information on concentrations of some importantpercentage (SSP) and Residual Sodium Carbonate
chemical constituents of water is necessary tcsagbeir (RSC) were calculated on the basis of some standard

suitability for.|rr|g.a}t|on. The knowledge of irriian equations .These equations are as follows:
water quality is critical to understand what mamaget

changes are necessary for long-term and short-term Na’
L : o SAR= —— 1)
productivity particularly for crops that are seivstto ca Mg
changes in quality (Ramakrishnakttal., 2009). N
. 2
GIS can be a powerful tool for developing
solutions for_ water resources problems for assgssin pg- (Cod + HCO3 ¥ (CH+ MY )
water quality, determining water availability,
preventing flooding, understanding the natural Soluble.N& concentration
environment and managing water resources on a loc = TotaICation.concentration1 3)

or regional scaleThe advent of modern GIS and remote

sensing technologies opened the door to the wide Different water quality maps are produced using
application for land evaluatioghrafet al., 201Q. The  point data like pH, EC, SAR,chlorides, sulphates,
GIS, is potential tool for facilitating the geneécat and ~ nitrates, SSP and TDS by ArcMap Gis software.
use of thematic information, has been applied andnverse Distance Weighted (IDW) approach used én th
analyzed for identification of groundwater quality Present study to supply the locational distributioin
suitable zones for domestic and irrigation purposegroundwater constituents. Then Suitability index of

(Karimipouret al., 2004). groundwater quality determined by overlaying of avat
' quality maps as following formula:
MATERIALSAND METHODS SI=Yji Wji . Xii 4)

The study area is geographically located at batweeWhere:
54° 21" 56.7 'E- 54 27" 24.7 'E and 36¢02" 31.6 - S = Suitability index
36 <08 - 28.3 N, in the Damghan plain, Semnan wi = Weight of criterion i and xi: score of criteri i
province, Iran. The study was conducted during Mar- ,
Dec 2010. The average rainfall was 120 mm/ASSgning weight of factors (W): The purpose of
temperature  15-22°C and the humidity 5505 Weighting is to express the importance or prefezesic
respectively. The investigation included 24 wells€ach relative factor to the other factor effectscoop
consisting of deep, shallow that the wells locagion Yield and growth rate. Expert opinion of crop
recorded through GPS. The water samples wer&Pecialization was very important in this phaselsTh_
collected after 30 min of pumping to avoid stagnant’rocess was done in ArcGIS through the composite
and contaminated water. White plastic containers of Maps of groundwater quality. Table 1 shows weight o
L capacity were rinsed out 3-4 times with samplingduality factors of groundwater.
water. Then the containers were filled up to thienbr
and were immediately sealed to avoid exposurero a

(APHA, AWWA, WPCF, 1998). : I Saaty's underlying scale with values 1-9 by disirss
The containers were labeled for identification and,;ith ocal crop specialist. Classes with higher reso
brought to the laboratory. The groundwater samplegre most suitable or preferred. Scores for the rothe
were analyzed for pH, EC, Total Dissolved SolidScriteria are calculated based on expert and farmer

(TDS), sodium (N§,potassium (K), calcium (C&"),  opinions as well as local.

magnesium (M§), boron (B), nitrate-nitrogen (NO These values are combined with the above overall

N), sulphate (SO#), chloride (Cl) and bicarbonate weight to provide suitability value for each map.
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Calculation of score value for each criterion(X): In
this study, the factor maps were ranked according t
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Suitability levels for each of the factors wereidefl; L' (Table 4). The highest TDS value related to Shaman

these levels were used as a base to constructiteeac  yjjjlage and the lowest value related to Shams Abad
maps (one for each factor). The suitability levele 306 The range of electrical conductivity arfuet

Suitable-S1, Moderately suitable, not suitable. |&&b SAR values in the water samples were 1510-7300

shows Suitability index of groundwater quality.
y g q y uScnt” and 2.69-8.37, respectively, that the highest
RESULTS SAR value related to Abas Abad village and the ktwe

Dominant cations and anions. The concentrations of value related to Nasr Abad village.

Ca++, Mg++ Na+ and K+ in water samples varied intaple 1: Water quality parameters and assignedaeights

the ranges of 2.1-6, 0-2.3, 4.5-16, 0.1-0.34 atddB4  parameter Weightage
meq L, respectively, which were far below the pH 0.08
recommended maximum concentrations. Bicarbonat&C 0.61
concentrations in aII the samples were found in théSP 0.08
range of 4-8.75 meq'L SAS 8'28
Other minor constituents: Table 3 shows that pH (l\:l|03 8'83
value of samples (7.33-8.3) indicated very slightgg, 0.01
alkaline tendency. The upper limit of NON and boron B 0.01

in water were 5, 0.8 mg'L, respectively (Table 3). The
cr content of groundwater samples varied from 4-14.4raple 2: Suitability index of groundwater quality

meq L. The sulphate concentrations were 0-7.6 rfig L 'Water quality index Description

. o . 0-35 Unsuitable
Quality assessment as irrigation water: The 3570 Moderate
estimated amounts of TDS ranged from 966.4-4672 mg0-100 Suitable
Table 3: Statisticl characteristics of alkalinitydachemicals constituents of groundwater at Damghesn
Wells Well No c# Mg* Na' K* Hco3 CI NO3-N S04-S  B(mg/l) PH
Mean 1to 24 4.88 1.129 8.97 0.18 7.0 7.91 66 3. 2.94 0.25 7.86
Max 1to24 6.0 2.30 16.0 0.34 8.75 14.4 5.0 6 7 0.8 8.3
Min 1to24 2.1 0.00 4.50 0.10 4.0 4.0 1.9 0.0 0.0 7.33
SD 1to24 0.82 0.53 3.34 0.06 1.18 3.12 1.01 20 0.26 0.27
Table 4: Quality classification of water based dfedent criteria for irrigation

Well TDS EC(us ci) SAR SSP RSC Salinity, sodium

Wells no value value value value value hazard class
Abdia 1 1177.60 1840.00 5.00 58.50 1.30 C3S1
Shams Abad 2 966.40 1510.00 5.13 56.90 0.60 C3S1
Shams Abad 3 1395.20 2180.00 7.61 68.11 1.45 C3S2
Abir Abad 4 4000.00 6250.00 7.50 66.50 1.00 C4S2
Gani Abad 5 1840.60 2876.00 5.00 58.39 0.70 C4S2
Hasnie 6 1836.80 2870.00 2.97 46.11 0.30 C4S1
Abd Abad 7 1904.00 2975.00 6.00 64.75 2.30 C4S2
Shaman 8 972.80 1520.00 5.43 61.75 1.80 C3S2
Nasr Abad 9 1171.20 1830.00 2.69 43.98 0.40 C3S1
Abd Abad 10 1184.00 1850.00 2.94 43.65 0.00 C3s1
berom 11 2240.00 3500.00 5.37 59.92 1.30 C4S2
Abas Abad 12 2192.00 3425.00 8.37 69.63 0.80 C4S2
Shaman 13 4672.00 7300.00 7.10 65.26 1.30 C4S2
Abas Abad 14 1024.00 1600.00 5.74 50.20 2.40 C3S1
Shaman 15 2816.00 4400.00 5.61 59.28 0.50 C4S2
Shaman 16 4591.36 7174.00 5.78 61.90 2.00 C4S2
Shaman 17 4480.00 7000.00 4.62 56.21 1.90 C4S2
Abas Abad 18 3904.00 6100.00 5.10 60.69 1.00 C4S2
Saeed Abad 19 1152.00 1800.00 3.33 52.10 0.80 C3S1
Abas Abad 20 3968.00 6200.00 6.87 63.90 0.70 C4S2
Shaman 21 1164.80 1820.00 4.81 55.55 0.80 C3S1
Amin Abad 22 1740.80 2720.00 2.92 45.17 0.60 C4S1
Amin Abad 23 2694.40 4210.00 2.87 44.52 0.40 C4S1
Amin Abad 24 1849.60 2890.00 3.90 59.20 0.70 C4S1
Max - 4672.00 7300.00 8.37 69.63 2.40
Min - 966.40 1510.00 2.69 43.65 0.00
Mean - 2289.06 3576.66 5.11 57.17 1.04
SD 1281.00 2002.00 1.63 7.98 0.64

Note: TDS: Total Dlssolved Solids; EC: Electrical Contiuce, SAR: Sodium Adsorption Ratio, SSP: Solubddisn Percentage, RSC:
Residual Sodium Carbonate
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Scale: 1/50000

Saced abad

Amin abmd

Abd abad

Fig. 1. The map of Suitability index of groundwaitedamghan plain

Table 5: Relationship between water quality factors quality is essential for a proper understandingthef
Parameter pH EC TDS SAR  SSP RSC  present environmental problems (Krisheizal., 2001).
Eg P In this study, Suitability index is calculated to
DS 027 098 . determine the suitability of water for irrigationnpose.
SAR 036 035 034 - Suitability index values revealed that the grourater
SsP 031  0.39 036 09

in Amin Abad, Abdi, Abd Abad, Nasr Abad and parts
of Shams Abad villages of study area were “Suitable

quality with the Suitability index range between It
All of the SSP values were found from 43.65 -and therefore can be used for irrigation usage.

69.63, that the highest SSP value related to AllEA  gjitability index of the groundwater on Hasnie, Gan
village and the lowest value related to Nasr Abadapad and parts of Shams Abad Vvillages were
village. Based on RSC criterion all groundwater«\joderate” quality with the range between 35-70 and
samples were 0-2.4 (Table 4).The highest RSC valugpas Abad, Abir Abad and Shaman were “unsuitable”
related to Abas Abad village and the lowest valuequ(,j“ty and cannot be used for irrigation purpodée
related to Abd Abad village. Suitability index map is shown in Fig. 1.

lonic bal - While checking th ¢ f th The results of this study indicates that pararseter
onic balance: lie checking the correctness ot ine ¢ groundwater such as ECw, SARw, chloride ,sodium
chemical analyses of these water samples, th

differences between sum total of cations and aniong1alnly gffect on the groundwater.qugl_lty and crops
were less than 5%. The inter relationships among pI—F’rOWth In the_ st_udy areas. The Suitability map lef t
EC, TDS, SAR, SSP and RSC were determined igroundwater indicates the presence about 36.4%eof t
terms of correlation coefficient (Table 5). It was groundwater lie in “unsuitable”, 38.8% "Moderateica
observed that SSP was strongly correlated with SAR24.8% “Suitable” class for irrigation purpose (FID.
RSC and EC that had the correlation coefficienugal The observed low Suitability Index of the groundsvat

RSC -0.06 0.18 0.15 0.47 0.44 -

of 0.9, 0.44 and 0.39, respectively quality is because of location of near the desadtdue
to lack of deficiency water and rainfall and themilful
DISCUSSION use of water resources, dug of deep and semi-deéip w

is increased. In this study, high pH, possibly tu¢he
An analysis of the nature and rate of land usepresence of considerable amount of sodium, calcium,
change and its associated impact on groundwatenagnesium, bicarbonate ions.
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CONCLUSION Food and Agriculture Organization of the United
Nations Rome, FAO.
It is also helpful for public to understand the www.fao.org/DOCREP/003/T0234E/T0234E00.H
quality of water as well as being a useful toolmany ™

ways in the field of water quality management (YisaBauder, J. W. and T.A. Brock. 2001. Irrigation wate
andJimoh, 2010).The present study demonstrated high quality, soil amendment and crop effects on
efficiency for GIS to analyze complex spatial daia. sodium leaching. Arid Land Res. Manage., 15:101-
different component and data should be incorporated 113
into GIS applications to determine to a groundwater  waterquality. montana.edu/docs/qualityissues/sodiu
suitability (Tjandraet al., 2003). With an adequate m_leaching.shtml
database, Geographic Information Systems (GIS) ca@lesceri, L.S., A.E. Greenberg and R.R. Trusséi§ol
serve as a powerful analytic and decision-makiog ftar Standard Methods for the Examination of Water
agriculture development (Arsalan, 2004). and Waste Water. 17th Edn., American Public
The GIS would help to apply the groundwater Health Association, Washington DC., USA., pp: 1-175
management practices such as; proper groundwater WWW.umass.edu/tei/mwwp/acrobat/sm2510Bcondu
resource management in terms of groundwater qualit% ctivity.PDF _ .
and quantity. In the present study salinity anda@d  Eaton, A.D., L.S. Clesceri, E.W. Rice, A.E. Greempe
HCO®> were the problems on irrigation water in some ~ M.A.H. Franson. 2005. Standard Methods for the

categorized into” C3S1, C3S2, C4S1 and C4S2” class Edition. 21st Edn., American Public Health
indicating high-very high salinity and low-mediuriali Association.  Washington, ~ D.C.,  ISBN:
hazard (Table 1). According to Clescetral. (1989), the 0875530478, pp: 1368.

differences between sum total of cations and aniere ~ ESmail, A.S., S.A. Rahim, W.W.Y. Zuhairi, F. Alstme
less than 5%. The inter relationships among pH, EC, 2and F.A.Nozaily, ~2009. Assessment of
TDS, SAR, SSP and RSC were determined in terms of groundwater and surface water pollution at mitm

, IBB city, Yemen. Am. J. Applied Sci., 6:
correlation coefficient (Table 2). In respect ofl al area ) .
evaluating criteria, villages of study areas thatd h 772-783. DOI: 10.3844/ajassp.2009.772.783

wey " “ " : Ganapathy, C. and A. Ernest, 2004. Water quality
Suitable” and “Moderate” quality could safely bsedl . o
for long-term irrigation purposes. assessement using web based GIS and distributed

database management systems. Environ. Inform.
Arch., 2 938-945.
www.iseis.org/eia/pdfstart.asp?no=04094

Hakim, M.A. A.S. Juraimi, M. Begum, M. Hasanuzzaman
APHA, AWWA, WPCF, 1998. Standard Methods for
the Examination of Water and Wastewater. 20th and M.K. Uddinet al., 2009. Suitability evaluation
Ed., American Public Health Association .Of grqundwater for |rr|gat|on_ drmkl_ng and
Wa’shington DC New York USA ' industrial purposes. Am. J. Environ. Sci., 5: 413-

) ) j _ 419. DOI: 10.3844/ajessp.2009.413.419
www.pdfdme.net/.../apha-standard-methods-water Karimipour, F.. M. Delavar and M. Kianie, 2004. Wat
and-wastewater.php uality management using GIS data minin

Arsalan, M.H., 2004. A GIS appraisal of Heavy metal g y g 9 9

. . . Environ. Inform.  Arch., 2.  946-954.
concentration in Soil. GIS @ Development. www.iseis.org/jei/fulltext.asp?no=200500047
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