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Abstract : Improper municipal solid waste dumping may lead to serious environmental hazards.
This study was conducted to understand the ground water quality of Kanchipuram municipal
solid waste dump yard surroundings. In this process 15 groundwater samples were collected
close to the dump yard during July 2015. Water quality parameters like pH, Total Dissolved
Solids (TDS), Electrical Conductivity (EC), Total Alkalinity (TA), Total Hardness (TH),
Calcium (Ca), Magnesium (Mg), Iron (Fe), Manganese (Mn), Free Ammonia (NH3), Nitrate
(NOs), Chloride (CI), Fluoride (F), Sulphate (SO4) and Phosphate (PO,) were analysed. The
analysis result was compared with World Health Organization (WHO) and Bureau of Indian
Standard (BIS) potable drinking water standards. Water quality index (WQI) has been
calculated for each sample location by using standard calculation methods. In statistical
method, the correlation coefficient was applied with sample test result. The study concludes
that ground water nearby to the municipal solid waste dump yard in Kanchipuram municipality
gets polluted. So it is necessary to do proper treatment before consuming the ground water.
Keywords : Groundwater, WQI, Correlation, Water quality and Solid waste.

Introduction

Developing countries like India, practicing of improper and unscientific disposal of solid waste in dump
yard is a usual one and this may lead to ground water pollution. Conventional method of landfill is general
practice in India and the groundwater pollution was not identified initially. There is a severe threat to
groundwater pollution in the country, unless a necessary steps and action are taken the water resource may be
getting damaged 2. Ground water is one of the major sources for drinking water in Kanchipuram municipality.
The contamination of ground water nearby to the municipal solid waste dump yard is a common thing. Based
on physicochemical analysis on groundwater nearby in landfills, it has been proved groundwater gets
contaminated due to leachate > * % ?’. Solid waste quantity increased drastically due to increase in population,
standard of life style, urbanization and income, this may require proper scientific method of solid waste disposal
in dump yard. The quality of groundwater nearby to the dump yard may affect drastically due to the percolation
of leachate. In waste management the preliminary step is to understand the waste generation for providing the
facility for collection and disposal %*. The identification of groundwater quality nearby to dump yard is essential
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for proper solid waste management. In this study 15 bore wells are selected in the residential areas nearby to the
Nathampettai dump yard in Kanchipuram municipality. There is a possibility of leachate from landfills may
directly flow with surface drainage into the wells during rainy season *°. Water samples are collected and tested
as per standard procedure. The physical and chemical characteristic of each collected groundwater sample has
been identified. The test results were cross checked with BIS and WHO standards, it shows clearly there is a
contamination and many samples exceed its permissible limit in the study area. The parameter test result above
the WHO desirable level in wells closest to the dump yard is an indication of leachate flow possibility into
groundwater *. Relative weight was determined by using weighted arithmetic index formula. Using sub index
concept water quality index was determined. Based on Water quality of each sample location has been tabulated
as excellent, good water, poor water, very poor water and unfit for use. Assessment of Physico-Chemical
quality of groundwater in rural areas is essential for identifying sutability of human consumption'’. The
correlation coefficient analysis has been calculated in result of tested water samples to understand the relation
between each parameter.

Study Area

The study area is Kanchipuram municipality dump yard surroundings, it lies between 12°46°30’" -
12°52°00°” North Latitude and 79° 39°00°° - 79°46°20°’ East longitude. Kanchipuram is also called as temple
city which is located in Tamil Nadu state of India as shown in Figure 1. As per Census 2011 data population of
Kanchipurm municipality is 164384 with an aerial cover of 36.14 Sq.Km. Kanchipuram population has been
increased drastically in the past few decades due to the development of Special Economic Zone (SEZ) nearby to
Kanchipuram.

P oty KANCHIPURAM MUNICIPALITY
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Figurel. Study Area

The average annual rainfall is 1064 mm and the temperature ranges between 20.5°C to 37.5°C.
Elevation of Kanchipuram is 83.2 m above mean seal level and soil availability is mostly clay, sand and loam
soil. As per the municipality record solid waste collection per day is 110 metric tons. In Kanchipuram
municipality the Nathampettai dump yard has been operating since the year 2005 onwards where the majority
of collecting solid waste is dumped. Human health and ecosystem gets effected due to the accumulation of huge
quantities of solid waste in cities **.
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Materials and Methods
Water sample collection

The groundwater samples were collected from 15 bore wells (BW) in surroundings to the Nathampettai
dump yard to understand the water quality strategy. The groundwater samples were collected by using 2 litre
sterilized plastic container as per standard procedure. During sample collection Global Positioning System
(GPS) device is used to identify the location based on latitude and longitude. Spatial information can be used to
prepare groundwater vulnerability map®. The sample locations with its coordinates are shown in Table 1.

Table.1 Groundwater sample location

SAMPLE S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15

LATITUDE | 1282 |12.82 |12.82 |12.82 |12.82 |12.83 |12.83 |12.83 |1282 |1282 |1282 (1282 |12.82 (1282 (12.82
81 31 36 33 5 38 05 7 57 75 48 84 97 88 14

LONGIT 79.72 (7973 | 79.73 |79.72 |79.72 |79.74 |79.72 |79.72 [79.72 |79.737|79.71 |79.73 |79.73 |79.72 |79.72
UDE 21 13 01 23 19 22 02 37 77 88 34 37 66 84

SOURCE |BW BW BW BW BW BW BW BW BW BW BW BW BW BW BW

Laboratory Analysis

Collected water sample was analysed in a laboratory to identify its various physical and chemical
characters as per standard procedures. In this analysis process 15 water quality parameters are chosen such as
pH, Total Dissolved Solids (TDS), Electrical Conductivity (EC), Total Alkalinity (TA), Total Hardness (TH),
Calcium (Ca), Magnesium (Mg), Iron (Fe), Manganese (Mn), Free Ammonia (NH3), Nitrate (NO3), Chloride
(CD), Fluoride (F), Sulphate (SO,) and Phosphate (PO,). The health of residents may get affected due to
consuming the lower quality of water °. The test result of each sample is compared with of BIS and WHO
standards; it shows the majority of samples exceed the desirable limit as prescribed by the standards. The test
result of physical and chemical characteristics are shown in Table.2

Table.2 Physical and chemical parameters of the water samples (All parameters, units are in mg/L except
EC and pH)

Parameter | TDS EC [pH | TA TH Ca Mg Fe Mn NH; NO; Cl F SO4 PO4

Sample No.
S1 2320 | 3225 | 7.3 820 745 192 95 0.9 0 1.95 35 520 0.45 195 0.7
S2 6230 | 9120 | 7.8 356 1730 364 213 0.65 0 0 51 2115 0.5 795 0.5
S3 2210 | 2950 | 7.3 523 510 74 78 0 0 0 35 510 0.3 205 0
S4 2410 | 3510 | 7.5 695 640 135 79 0 0 0 24 639 0.5 195 0.1
S5 3010 | 4320 | 7.5 720 712 145 93 0.1 0 1.52 42 790 0.5 156 0
S6 2100 | 2950 | 8.5 525 652 145 91 0.2 0 0.2 38 521 0.6 110 0.5
S7 2395 | 3590 | 6.7 825 441 151 65 0.57 0 11 43 572 0.73 465 0.5
S8 2342 | 2366 | 7.1 602 310 86 26 14 0 0.1 38 480 12 278 4.5
S9 2321 | 2921 | 7.2 706 621 48 40 0.6 0 0.56 39 145 12 402 19
S10 1963 | 2541 | 7.2 592 589 129 69 16 0 0.4 43 480 11 156 15
S11 2003 | 1923 | 7.5 521 698 151 81 0.8 0 0.46 33 292 11 139 0.9
S12 812 1225 | 7.8 281 425 59 23 12 0 0.1 20 156 19 132 0.3
S1 1612 | 1345 | 7.1 245 269 71 21 0.56 0.1 0.55 20 151 15 154 1
S14 2011 | 2122 | 74 225 280 72 24 0.82 0 0.4 41 239 11 350 0.9
S15 2123 | 1812 | 7.5 512 625 112 41 0.21 0 0.1 49 312 13 301 0.1

Result and Discussion

The total dissolved solid value ranges from 812 to 6230 Mg/L, the desirable limit of TDS is 500 Mg/L
as per WHO and BIS. TDS value is used to identify the presence of various dissolved solid and minerals in
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groundwater *°. According to this all the samples exceed the desirable limit.The EC range is from 1225 to
9120 micro mho/cm, all the samples exceed the desirable limit of 2000 micro mho/cm as per standards. Due to
leachate into groundwater there is a possibility of high TDS and EC “%**, The pH value of the collected water
sample in the study area is within the desirable limit as prescribed by WHO. In study area the pH value varies
from 6.7 to 8.5. This value is used to know the acidity and alkalinity condition of the sample location. The
attributable of high levels of anions is due to extremely high values of EC *®. From the test result sample S7 has
the minimum value and the S6 has the maximum value. The total alkalinity value is from 225 to 825 mg/L, the
desirable limit is 200 mg/L. The total hardness value is from 269 to 1730 mg/L. Sample locations S13 and S14
are 269 mg/L and 280 mg/L both are in within the desirable limit of 300 mg/L according to the BIS. During
rainy periods the parameter values are higher in level due to the mixing of leachate on groundwater **. Calcium
ranges from 48 to 364 mg/L, desirable limit is 75 mg/L as per WHO and BIS. Sample number S3, S9, S12, S13
and S14 are within the desirable limit of calcium. Magnesium minimum value is 21 and the maximum value is
213 mg/L, the desirable value is 50 mg/L. Magnesium in sample S1, S2, S3, S4, S5, S6, S6, S7, S10 and S11
are above the desirable limit. Iron value ranges from 0.00 to 1.60 mg/L. According to WHO and BIS desirable
limit is 0.3 mg/L, it exceed in 10 samples in the study area. Groundwater samples test results were compared
with WHO standards to identify its quality®. Manganese desirable limit 0.1 mg/L, all the samples is within this
desirable limit. The free ammonia desirable limit is 0.5 mg/L in result five sample location S1, S5,S7, S9 and
S13 exceed this value. The nitrate desirable limit is 50 mg/L, only at sample S2 it exceeds the limit. The
chlorine test result shows except sample number S9, S12, S14 and S13 all the samples are exceeding the
desirable limit of 250 mg/L as prescribed by WHO and BIS. The fluoride desirable limit is 1.5 mg/L as per
WHO, sample number S12 and S13 only exceed this limit. In groundwater fluoride contamination may cause
serious health problem®. Sulphate desirable value is 200 mg/L as per standards, seven sample number S2, S3,
S7, S8, S9, S14 and S15 exceed the desirable level. Phosphate desirable level is 1 mg/L, sample number S8, S9,
S10 and S13 exceed the desirable level in the study area.

Water Quality Index (WQI)

The individual water quality of each collected water sample is identified by using WQI based on
ranking on test parameters. Based on WHO (2004) standards for drinking water WQI is calculated. The weight
(w;) was assigned in the range between 1 to 5 according to the importance in overall quality of water. Unless the
complete picture of MSW problem is available it is not possible to take proper decisions®*®. The relative weight
(W) is calculated based on the weighted arithmetic index method and quality rating scale (Q;) is obtained for
each sample by dividing its respective standard and then multiplied by 100. By using Water Quality Index
(WQI) concept groundwater quality was assessed’. Standards with weights assigned and calculated relative
weight are shown in Table.3.

Table.3 Standard weight (w;) and Calculated relative weight (W)

Parameters Standards Recommended Agency Weight Relative
() Weight (W)

TDS 500 WHO/BIS 5 0.13
EC 1000 BIS 1 0.03
PH 6.5-8.5 WHO/BIS 1 0.03
TA 200 BIS 4 0.10
TH 300 BIS 4 0.10
Ca 75 WHO/BIS 2 0.05
Mg 50 WHO 2 0.05
Fe 0.3 WHO/BIS 5 0.13
Mn 0.1 WHO/BIS 1 0.03
NH3 0.5 BIS 3 0.08
NO3 50 WHO 2 0.05
Cl 250 WHO/BIS 2 0.05
F 1.5 WHO 2 0.05
SO, 200 BIS 3 0.08
PO, 1 WHO/BIS 3 0.08
Total 40 1.00
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Sub index parameter (SI;) is obtained by multiplying the W; and Q;. Finally the overall WQI is obtained
by adding all the sub index values. The average value of WQI is obtained for the study area is 224.18 and it is
shown in Table.4.

Table.4 Water Quality Index (WQI) for the collected samples

SAM TDS EC PH TA TH Ca Mg Fe Mn| NH;| NO; Cl F So4 PO4IWQI
PLE

S1 60.32| 9.68| 258 41.00f 24.83| 12.80 9.50| 39.00f 0.00| 31.20f 3.50( 26.00] 150| 7.80f 5.60[ 275.30

S2| 161.98| 2736 2.75| 17.80| 57.67( 2427 2130 28.17| 0.00( 0.00| 5.10| 10575 1.67| 31.80| 4.00] 489.61

S3| 57.46| 885 258| 26.15( 17.00 4.93 7.80 0.00| 0.00| 0.00f 350( 2550| 1.00| 8.20( 0.00f 162.97

S4| 62.66| 10.53[ 2.65| 34.75[ 21.33 9.00 7.90 0.00| 0.00|] 0.00f 240 3195| 167| 7.80[ 0.80( 193.44

S5 78.26| 12.96| 2.65[ 36.00] 23.73 9.67 9.30 433| 0.00f 2432| 4.20 39.50| 1.67| 6.24 0.00[ 252.83

S6 54.60| 8.85[ 3.00{ 26.25[ 21.73 9.67 9.10 8.67| 0.00] 3.20( 3.80 26.05| 2.00| 4.40( 4.00{ 185.32

S7 62.27| 10.77] 2.36[ 41.25| 14.70| 10.07 6.50| 24.70( 0.00{ 17.60] 4.30 28.60| 2.43| 18.60( 4.00( 248.15

S8 60.89| 7.10) 251 30.10f 10.33 5.73 2.60| 60.67 0.00{ 1.60] 3.80 24.00| 4.00| 11.12f 36.00f 260.45

S9 60.35| 8.76] 254 35.30] 20.70 3.20 4.00| 26.00] 0.00) 8.96[ 3.90 7.25| 4.00| 16.08 15.20( 216.24

S10 51.04] 7.62 254 29.60[ 19.63 8.60 6.90| 69.33] 0.00] 6.40] 4.30 24.00| 3.67| 6.24 12.00( 251.88

S11 52.08 577 2.65| 26.05| 23.27| 10.07 8.10| 34.67 0.00{ 7.36] 3.30 1460 3.67| 556| 7.20] 204.33

S12 21.11| 3.68] 2.75 14.05| 14.17 3.93 2.30] 52.00{ 0.00 1.60( 2.00 7.80| 6.33] 528 240 139.40

S1 4191) 4.04[ 251 1225 8.97 4.73 2.10| 24.27 3.00{ 8.80] 2.00 755| 500| 6.16[ 8.00( 141.28

S14 52.29 6.37 2.61] 11.25 9.33 4.80 2.40| 35.53| 0.00 6.40| 4.10 11.95| 3.67| 14.00 7.20( 171.90

S15 55.20 5.44| 2.65| 25.60| 20.83 7.47 4.10 9.10| 0.00 1.60( 4.90 15.60( 4.33] 12.04] 0.80] 169.65

AVERAGE VALUES OF WQI 224.18

The WQI for the collected water samples are ranging from 139 to 489.61. The graphical representation
of water quality index is shown in Figure 2. Statistical data analysis has been suggested to identify the
groundwater quality parameter correlation®.

WATER QUALITY INDEX

SAMPLE LOCATION

wal
G

ES1 mS2 mS3 wS4 mS5 mS6mS7 mS8 mSO mS10 mS11 mS12 mS1 S14 m S15

Figure 2. Graphical representation of WQI

As per standard method of classification the collected ground water sample is classified from excellent
to unfit for drinking. Nowadays the groundwater quality problem has become severe *°. The number of samples
in each category and water quality percentage of each collected location is shown in Table. 5. By using Water
Quality Index (WQI) concept groundwater quality was assessed"’.

Table.5 Water guality classification based on WQI value

WQI Value Range Water Quality No.of Station (%6)

<50 Excellent NIL NIL

50-100 Good Water NIL NIL
100-200 Poor Water 7 46.666667
200-300 Very Poor Water 7 46.666667
>300 Unfit For Use 1 6.6666667




M.Sureshkumar et al/International Journal of ChemTech Research, 2016,9(9),pp 571-579. 576

Under the excellent and good classification no samples are identified. In poor classification seven
locations are found S3, S4, S6, S12, S13, S14 and S15. In very poor classification seven locations are found
such as S1, S5, S7, S8, S9, S10 and S11. Only one location S2 was identified under unfit for drinking purposes
that WQI value is 489.61 which is highest in the collected samples. The direct use of contaminated groundwater
due to leachate may be a serious threat to human health leachate **.

Correlation coefficient

In this study the correlation coefficient is used to identify the relationship between the chosen
dependent and independent water quality parameter as variable. The low correlation coefficient like zero
indicates no relationship between two variables and high coefficient correlation nearly one means good
relationship between the variables. Table 6. Indicates the correlation coefficient of the water quality parameters
in the study area.

Table.6 correlation coefficient of the water quality parameters in the study area.

Par TDS EC PH TA TH Ca Mg Fe Mn NH; NO3 Cl F Sod PO4
ame
ters
TD 1
S
EC |0970 1
326
PH [0.143 |0.183 1
5622 9915
TA 0.041 [0.120 |0.326 1
7151 [ 3121 4021
TH |0.891 (0.897 |0379 |[0.041 1
663 467 0638 8393
Ca |0.868 |0877 |0.263 |0.104 |0.908 1
71 715 7422 9406 149
Mg | 0879 (0917 |0.353 |0.138 [0942 |0.938 1
897 947 0855 1222 682 573
Fe 10169 [0.191 |0248 ([0.151 |0.144 |[0.05 |0.220 1
3094 | 8661 0637 7914 | 4212 8615 | 2206
Mn [0.185 |0252 [0.221 |0420 |[0.277 |0.206 |0.276 |0.045 1
4223 1171 5494 | 4911 3563 9701 153 0145
NH; | 0042 (0018 |0322 |0557 |(0.047 |0.113 |[0.046 |0.016 | 0.025 1
6964 | 2626 0216 | 0499 | 4918 0323 1195 [ 7533 3798
NO3 (0596 |0527 |0.011 [0236 |0480 |0479 |0452 |(0.017 |0.494 [0.077 1
9161 6311 0897 8442 209 9371 | 216 4904 083 8955
Cl (0955 |0970 (0239 |0017 (0894 |0913 |0923 (0129 (0217 |0.075 |0.496 1
384 559 4894 | 5695 11 849 611 048 5586 | 9521 | 352
F 0.533 [0.602 |0102 |0519 |0452 (0525 |0669 |[0.530 |0.341 (0276 |0.360 |0.551 1

1632 0099 2645 5998 8852 9796 327 4575 3827 9833 9478 2703

So, |0.807 |0.766 (0139 (0056 |0.640 |0609 |0548 |[0.002 |[0176 |0.136 (0598 |0.708 [ 0.200 1
108 153 2089 0258 | 0697 0727 7948 2842 2263 104 7836 0337 0541

PO, | 0066 |0168 |[0.327 |[0066 |0.265 |0.225 |0319 |0632 |[0.025 |0.123 [0.052 |0.154 |[0.313 |0.052 1
7702 0987 5431 5599 6696 0711 8799 6742 9453 067 1065 8882 9891 |5178

Conclusion

The analysis result of fifteen parameters from the collected fifteen samples surroundings to the
Nathampettai dump yard in Kanchipuram municipality only 46.67 % of ground water are under the condition of
poor and very poor for drinking purpose. In many parts of the world landfills and open dumps are the cheapest
and a common municipal solid waste management practice'®. The test results indicate no collected water
samples are under the category of excellent and very good condition for drinking purpose. In that 6.7% of water
under unfit for drinking water condition. The correlation coefficient shows the connection between the tested
parameters. For a healthy life, it is mandatory to drink the groundwater under the prescribed limit of WHO /
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BIS. Toxic solid waste must be treated before disposal this may lead to serious health threat to human beings’.
The study suggested to the Kanchipuram municipality create awareness among the people surround to the
Nathampettai dump yard to consume groundwater after proper treatment to lead healthy lives.
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