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ABSTRACT

This paper focuses on comparison of three spatigrpolation methods in terms of their accuracythe
assessment of groundwater quality for Peenya Indugtrea of Bangalore City. Groundwater samplegeneollected
from thirty wells in the Peenya Industrial Area idigr pre-monsoon and post-monsoon season in the 3@a0.
Physico-chemical analysis and water quality indiessimated for all 30 samples, both for the presoon and
post-monsoon season was carried out. ArcGIS wad tasproduce the spatially distributed Water Qualitdex (WQI)
values by using three methods namely Inverse Dist&vieighting (IDW), KRIGING and SPLINE. A statisticassessment
of the resultant continuous surfaces indicates thate is substantial difference in the estimatafygjity of the three
interpolation methods. IDW method performed bettmmpared to other method. Hence it was concludatttie IDW

method may be preferred in developing the WQI thermaaps, with areas similar to Peenya Industriaha

KEYWORDS: Arcgis, Groundwater Quality, Water Quality Index Q&, Inverse Distance Weighting (IDW),
KRIGING And SPLINE

I.INTRODUCTION

Interpolation predicts values for cells in a rastem a limited number of sample data points. it t& used to
predict elevation, rainfall, chemical concentratipnoise levels, and so on for any geographic imcat(Legendre et.al
1998),. In the absence of criteria for selectirg lbletter among the available techniques, comparatialysis is required.
This paper compares three spatial interpolatiohrtiegies ‘Inverse Distance Weighting (IDW), KRIGINgBd SPLINE’
with the goal of determining which method creates best representation of reality for calculatedeV®uality Index
(WQI). The benefits and limitations of these comiyarsed interpolation methods (Burrough, 1998)ase discussed.

Interpolation is a method or mathematical functtbat estimates the values at locations where ncsuned
values are available. Spatial interpolation assuthas the attribute data are continuous over spabés allows the
estimation of the attribute at any location withitre data boundary. Another assumption is the atgilbs spatially
dependent, indicating that the closer values tage#ine more likely to be similar than the valuedhier apart. These
assumptions allow for the spatial interpolation moels to be formulated. The goal of spatial intemfioh is to create a
surface that is intended to best represent empirgality thus the method selected must be asse&sedccuracy
(Anderson et.al 2001).
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The IDW (Inverse Distance Weighted) tool uses aheiof interpolation that estimates cell valuesalsgraging
the values of sample data points in the neighbattadeach processing cell. The closer a point ihéocenter of the cell

being estimated, the more influence, or weightagéeé calculation process.

Kriging is an advanced geostatistical proceduré geaerates an estimated surface from a scatteteaf points
with z-values. More so than other interpolation moefs, a thorough investigation of the spatial béraef the
phenomenon represented by the z-values should ibe lkefore selecting the best estimation methodyéorerating the

output surface.

The Spline tool uses an interpolation method tstitrates values using a mathematical function tiatmizes
overall surface curvature, resulting in a smootlfame that passes exactly through the input poifte Spline with
Barriers tool uses a method similar to the techmigsed in the Spline tool, with the major differeroeing that this tool

honors discontinuities encoded in both the inputibes and the input point data.

Many researchers have used GIS techniques to @n#hgz groundwater potential zone using differefteca
(Conforti, Aucelli, Robustelli, & Scarciglia, 2011drainage pattern (Shankar & Mohan, 2005), linegrlondal, Pandey
and Garg, 2008), (Dunhill, 2012), and soil (Giorda® Liersch, 2012) etc. Several researches haven loleme on
comparing different interpolation methods in a egriof situations using GIS in particular areas d&€hChou, Yang,
Chung, & Wu, 2009; Chiang et al., 2010; leschedite®, & Ayup-Zouain, 2008) such as groundwatertdegroundwater
contamination, groundwater quality etc. Geostasstirovides a set of statistical tools for analgzipatial variability and
spatial interpolation. These techniques generateonly prediction surfaces but also error or uraety surface. Many
geostatistical interpolation methods have been lyidsed in the past decades such as Kriging Splmes IDW for
interpolation of yields or contaminants in grountleva(Kumar, 2007). An attempt has been made tockelebetter
interpolation method from different interpolatiorethods namely Inverse Distance Weighting (IDW) &3 and Kriging,

and it is also used to assess the Water Qualigxiod the study area.

Water Quality Index is one of the easy ways to camigate information on the quality of water to #igzens
and policy makers. Thus, it has become an impon@nameter for the assessment and management aidyvater.
A Water Quality Index (WQI) may be defined as an@treflecting the composite influence of a numbkewater quality
parameters on the overall quality of water. Themudijective of WQI is to express complex water gyalata in simple

manner that is understandable and usable by tH&pub
Study Area

Bangalore city is located between latitud€4B2N to 1311'N and longitude 7°24’E to 7P48’E, covering over
an area of approximately 725 sg-km. The Peenyasindliarea of Bangalore city was considered fer study, Peenya
Industrial area covers in the part of the Surveyndia Topo sheet No. 57 H/9. It comprises of 1f5kms, lies in the
Northern part of Bangalore City and houses mora @00 industries dominated by chemical, leathbarmaceutical,
plating, polymer and allied industries. This indistarea was established in late 1970s. Locatiothe study area is as

shown in Figure 1.
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Figure 1: Location Map of the Study Area

The mean annual rainfall of Bangalore City is 858u®. Most of it is received during the southwestsumon

between June and September and during northwestaonrperiod. September is the wettest and Janhargriest month

of the year. Ambient air temperature generallyesmfietween 14°C and 34°C. The lowest temperat@erecorded was
7.8°C and the highest 38.9°C. April is the hottasinth of the year while December to January markscoldest period.

The lowest relative humidity of 30% is noticed dgrithe month of March and the highest between dunokOctober,
reaching up to 85%.

MATERIALS AND METHODS

The groundwater samples from thirty different lémas were collected during pre-monsoon and postsmom
seasons in the year 2010 and analyzed for phys$ieotical parameters as per standard methods forieaxtom of water
and wastewater (APHA, 2002). pH and Electrical Ganidity were determined at the time of sample exibn. The
results obtained were assessed in accordance imidienh Standard Drinking Water Specification 1S @051991 of
Bureau of Indian Standards 2003. Water Quality xnaeas calculated by selecting fifteen drinking watgiality

parameters. The geographic coordinates were taketifferent locations using GPS and were impoitgd GIS software
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as a point layer. Each sample point was assignedcue code and stored in the attribute table. Bat&VQIl was linked

to the sampling locations using the geodatabasaicrefunction of ArcGIS 10.1 software. The geobate was used to
generate the spatial distribution maps of WQI beéhdifferent methods viz. IDW, KRIGING and SPLINEhe collected

data were analyzed using geographical informatigstesns, with the objective of using interpolaticectiniques to

estimate the spatial distribution of Water Qualitgex (WQI).

Assessment MethodsDifferent measures of fit may be used to deterntiosv well an interpolated map
represents the observed data. With most methodss soeasure may be constructed of the closenes$® dfterpolated
valuesE(x, y) to the value£i observed at control sites. In this work, the meagolute error "MAE", the mean squared
error "MSE" and the Euclidean distanc®”, between a set of control points (on which measemts of WQI were done)
were calculated and the interpolated results. Ak tsampling locations are considered as controhtpoand 10
interpolation points have been established withluffier of 200m for all 30 control points (Figurg Zhe WQI values
have been extracted from the raster surface tantbepolated points established. The equations uselde calculations

were:

M AE 1§n:[E'( -

A . o) = BBL| e o e =
?'Zi:l T, Y

" 1 >

MSE = —=> (E(z.y) — E:)? - oo -+ =
Te
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D= > (B 0) — B2 wcunven

i=—1

Figure 2: Establishment of Interpolated Points aromd Sampling Locations
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RESULTS AND DISCUSSIONS

The interpolation process was carried out usingVJIBPLINES and KRIGING method. The results of each
interpolation process were represented over thiysitea as shown in Figure 3. Also the computatioextent of spatial
distribution of different categories of Water Qtyalindex (WQI) was derived from the resultent map$DW, KRIGING

and SPLINE interpolation methods and the sameds/shin Table 1.

The Water Quality Indices for all the 30 samplirtgtisns were calculated using the groundwater tjudhta as
per the standard procedure. It was observed tmatverall quality of the groundwater of the aress weflected with the
values of WQI ranged between 12.23 and 394. N&&rl§6 of the samples exceeded the value of WQI th@0upper limit
of WQI for drinking water.

Table 1: Results of the Computation of Area in to Bferent Categories on the Basis of Water
Quality Index by Interpolation Methods

Spatial Distribution of Different Wqi Categories in Sq-Km
Interpolation 0-25 76-100 Ve >100 Unfit For
Mepthods e e e Poor i Drinking
Prm | Pom | Prm | Pom | Prm | Pom | Prm Pom Prm Pom
IDW 0.06| 0.04| 099 062 34 252 36b 2.76 4.04 16.2
KRINGING 0.07| 0.001] 0.9 0.89 295 177 351 251 724 6.98
SPLINE 3.2 299| 148 13y 1585 131 132 1.18 4.60 5.30

PrM: Pre-Monsoon, PoM: Post--Monsoon

The high value of WQI may be attributed due to kighoncentrations of iron, nitrate, total dissohsdids,
hardness and fluorides beyond desirable limithégroundwater samples. During post monsoon segsoundwater of
about 6.21 Sq Km area was unfit for drinking. Timalgsis reveals that the groundwater of the Peémyastrial area
needs some treatment before using it for domesgtidiGations and it also necessitates for protecfiom the risk of
further contamination. By using GIS software thentiatic maps have been generated based on thesrelstdined for the
entire study area separately for pre monsoon astlpponsoon seasons, thus making GIS as a decigppod system.
The spatial distribution of WQI is depicted in thigure 2.

The measures of fit carried out, yielded the ressliown in Table 2. It shows that within the intdgtion
methods used, the IDW method is the one that Istshated the measurement results of the Water Qualilex(WQI).
The relationship between the interpolated valuesb tase observed data was also evaluated usinghtbgpolated raster
surface created by ARCGIS as shown in Figure 3.cimeparison of cross-validation plots provided lmge interpolation
methods is shown in Figure 4. It shows that witimiterpolation methods used, the IDW is one that lestimated the

measurements results of the Water Quality Index.
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Figure 3: Spatial Distribution of Water Quality Ind ex

Table 2: Results of the Measures of Fit Applied tthe Interpolation Methods

1 5186 | 3471.19| 186.31  59.00 410614  202.64 23 1&0;1.1 103.49
2 5065 | 265940 16308  48.98 269370 16402 47 7%331'6 181.71
] 44754
3 40.14 | 225378 15013 4100 288412 16983  5440° 21155
4 1050 | 146.94| 5625  15.42] 35032 2345 24186 808.230.93
5 237 1231 | 11.09] 8.1l 8360 2891 663 78000 ®@8D
6 1250 | 195.60| 4423 1170 16804 4090  6.72  72.1326.86
7 18.96 | 48839| 69.88 2012 58038  76.18 36.5&625'3 128.27
8 1222 | 26154| 5114  21.76] 80708 8983 2381 827.79098
9 2000 | 522.83| 7231 2539 90833 9531 23[9 @25590.86
10 2506 | 913.93| 9560 2714 146395 12009 28 6%320'2 117.49
11 1443 | 28435| 5332 1777 58760  76.66  20l42 3866. 81.63
12 1218 | 19549 4421 1101 20300 4506  16/71 1839, 62.38
13 1634 | 34828| 50.02  16.08  37.70  60.97  10/05 3765, 40.42
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14 1570 | 35630 50.69 2719 85348 9238  24[23 2951 92.26
15 2.89 1401 | 1184 684 5021 2433 1110 184.722.984
16 547 5150 | 2269  8.49| 13056 3618 443  36/93 .2219
17 3128 | 1001.16| 100.06  26.02  1094.69 10453 68.1%9;6'8 244.48
53931
18 1872 | 467.81| 6840 2618 91921 9588  6382°, 232.23
82843
19 5722 | 4721.06 217.28 7930 728135 26084  7956°0 287.83
20 1452 | 288.97| 5376 1738 36358 6020 11195 3835, 4831
21 3957 | 2016.21] 14100 3621 149648 12233  226835.60 | 9141
22 234 721 8.49 6.84 6674 2583 1115 17741 1242,
23 4.29 4262 | 2064  9.48| 14892 3850 1680 372.8B1.06
24 1254 | 20526| 4531  13.26] 20037 4476 867  130.036.06
25 1.55 4.66 6.83 3.67 18.47] 1359  12.86 266,71 6451
26 1053 | 14753| 38.41 1310 24802 4980  1lls7 8228, 4731
27 1719 | 40524 63.668 2038 49294 7021  10/99 5226, 72.56
28 1.68 4.62 6.79 3.41 2677 16.3¢ 707 8308 28B4
29 5.47 3868 | 1967  10.13| 11610 3400 18024  406.553.76
30 550 4656 | 2158  7.93| 10716 3278 495  40/80 .20
Mean | 17.82 | 719.11| 6545  21.31| 96137  77.56 24.0113?)7'6 89.23
Data Sets for the Season: Post- Monsoon
Observe Measures of Fit
d IDW KRINGING SPLINE
Samplin
g MAE | MSE D MAE MSE D MAE | MSE D
Location
1313.2
1 5508 | 301662 5005 23518 5532360 74380  259b°F 114.60
2 5589 | 4073.98 20184 188.05 3538750 59487  5216'03%| 20282
N £344.7
3 4567 | 201161 17063 80.88  6637.87 25764 5951 g 231.19
4 1336 | 23330| 7026  32.34] 116060 14650 2536 .7870 30.25
5 2.36 8.82 939 | 2148| 56556 7520 694 6991 464
6 1203 | 18965| 4355  890| 12430 3526 1252 232.818.25
7 2103 | 598.13| 77.34 5041 268844 16396  54/08° 7| 23813
8 958 | 182.36| 4270 56.48| 321361 17927 27 5&027'3 101.85
J2405
9 2353 | 73037| 8546  97.96 9607.02 30995  20]28° 111.38
10 2930 | 1152.80| 107.3]  95.99 927113  304.49 27.8]7322'2 116.29
11 1774 | 418.93| 6473 9708 964030 31049 19|42 3.182] 78.94
12 8.04 8540 | 2022  24.90]  639.4L 7995 1601  364.3%50.36
13 1699 | 37492| 6123  55.28] 300122 17582  OM5 4p4b 38.13
14 1710 | 421.91| 64.99 111.63 1253929 35411 26.350;)7'3 100.86
15 1.42 4.30 656| 27.94| 93579 9674 1616 39455 2.816
16 575 6299 | 2510  14.54]  236.18 4850 850  115.9%4.05
17 2208 | 728.98| 8538 5939 354020 18815 73 32929'3 262.86
6337.9
18 1016 | 491.21| 7009 5235 275261 16501  69[18% 251.75
19 6048 | 5280.74] 22980 238.67 56988/15 754190 789.59605.1| 309.92
www.iaset.us edit@iaset.us
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| 5
20 16.52 377.29 61.42 52.30 2851.84 168.87 1528 4.986| 60.41
21 41.91 2273.28) 150.7y 114.67 13241{80 363/89 621.7/84.48 88.57
22 3.95 20.67 14.38 7.32 102.68 32.04 13.p04  245.4319.54
23 6.60 100.41 31.69 7.13 76.06 27.58 19.53 50%.431.09
24 11.26 166.72 40.83 42.64 1849.87 136.01 11{13 9.799] 44.70
25 1.14 3.12 5.58 14.07 269.54 51.92 11.86 243.07 9.304
26 13.17 232.96 48.27) 28.54 835.36 91.40 16/32 3806. 63.74
27 22.26 678.49 82.37 112.0§ 12573|72  354.p9 23.8B53.57 86.81
28 1.12 2.75 5.24 4.85 37.63 19.4( 9.62 142,30  237.
29 7.31 69.40 26.34 30.42 1227.36 110.79 21)68 540y. 77.94
30 8.02 93.74 30.62 38.43 1490.34 122.08 3.37 28.5516.90
Mean 19.03 862.86 66.74 66.76 8296.64 215.47 27/09704.9 102.25
Pre-Monsoon Post-Monsoon
MAE of Interpolation methods MAE of Interpolation methods
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Figure 4: Comparison of Interpolation Methods for Water Quality Index

The error distribution in the calculation of the &feerror of Water Quality Index using the spatikipolation
methods IDW, KRIGING and SPLINES. The measuredeffit carried out, yielded the results shown igufe 5 & 6. It

shows that within the interpolation methods uskd,|IDW method is the one that best estimated thesorement results
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of the Water Quality Index.

Comparision of Mean errors- Pre- monsoon
1500 -
1000 - —e— DW
—=— KRINGING
500 ~ —— SPLINE
0
MAE MSE D
—e— DW 17.82 719.11 65.456
—&— KRINGING 21.31 961.37 77.56
—— SPLINE 24.01 1327.65 89.23

Figure 5: Comparison of Mean Errors- Pre-Monsoon

Comparision of Mean errors- Post- monsoon
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Figure 6: Comparison of Mean Errors- Post-Monsoon
CONCLUSIONS

This study has shown that IDW interpolation metforthost likely to produce the best estimation ebatinuous
surface of the average Water Quality Index (WQbHeTDW method exactness was superior to the onersiy the
SPLINES and KRIGING techniques.

The analysis of groundwater samples from the Pebrdisstrial Area has shown that almost, 35% ofshmples
are unfit for drinking purpose. The analyzed dd&ady indicates that the groundwater is gettinguted at an alarming
rate due to rapid industrialization. From the pec$ive of improving the quality of groundwater hetarea and protecting
the people from the troubles of groundwater contaidn, and it is absolutely essential to initiateasures to check the
pollution of industrial effluents through strictfercement of legislation for industries, settingeffluent treatment plants.
Replacing of the damaged pipelines and lining efesedrains is necessary to prevent the leakagewége in pipes and
seepage through unlined channels and to prevemhitting of sewage with groundwater. Water treatnfanility shall be

established in order to provide potable water éorésidents of the area.
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