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ABSTRACT

Periodic assessment of groundwater quality is highly necessary to be used for human consumption. Twenty eight
bore wells samples are collected during January 2014, and selected parameters like pH, Na, K, Ca, Mg, SO, Cl,
NOs, PO, F, Fe, TDS and turbidity were analyzed as per standard procedure. Most of the samples are highly
deviated from their average value. In Satistical technique, strong positive correlation between Na, K, Ca, Mg with
TDS and Turbidity with Fe are an indication of common source. According to water classification, most of the
samples are not suitable for drinking purpose. Thus, making it unfit for drinking purpose and requires proper
treatment like boiling and filtering of water before its consumption.
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INTRODUCTION

Groundwater is the major source of drinking watebdth urban and rural areas [1], it is also usedrfigation and
industrial purposes. Increasing population andrtheeds have lead to the deterioration of surfacksab surface
water [2]. The environmental impact of human atyivin the groundwater is considered as one of thmhazard
in the modern days.

Polluted wastes are affected to all metabolic amgiplogical activities and life processes of agquatganisms and
hence, it is essential to investigate the physhentcal characteristics of water. The chemical matof the

groundwater is influenced by several factors suclcteemical weathering and interaction of the cqurdcks [3].

The importance of the hydro chemical analysis ureethe fact that the chemistry of the ground wa#n directly
be estimated with the water resource, climate aalogy of the area. However with the increase banization,

industrialization, agriculture activity and variobeman activities has increased the pollution ofase water and
groundwater.

EXPERIMENTAL SECTION

STUDY AREA

During early days, Chennai had about 150 smalll@gdvater bodies. Now, due to urbanization the whtalies
have been reduced to 27. The Ambattur Lake is déocat Ambattur municipality of thiruvallur districtamil Nadu.

It is governed by Chennai Metropolitan Developmanthority (CMDA) and covers an area of 40.36 sgq km.
According to 2001 censes, the population is 301,8967976, the lake area was 290 hectare whichreghiced to
120 in 2009 [4]. The Ambattur Lake mainly dependstbe northeast monsoon rainfall. The average ahiid
around 1108 mm in this district. The weather isapént during the period from November to Januahg dnnual
mean minimum and maximum temperature are 24.3°32n89°C respectively [4]. The area around this l&ee
several threats such as dense population, eraatheepatterns, waste disposal, water contaminatiwhlack of
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drinking water, Ayappakkam, which once served asrgrortant water resource for the surrounding arbas now
literally turned into an “open drainage.” “The lalk@s once a main source of drinking water in Cheaqitya It was
also considered an alternative to Puzhal reseridie sewerage from all these houses goes to thepakkam
pumping station. Nearly 14 bore wells supplied tacks liters of water to adjacent area and 50,d0fkople were
benefited daily. The present study focuses on tiadity of ground water surrounding Ambattur lake.

TIRUVALLU
2+l

- S 2
AMBATTUR LAKE

AMIL NADU,
-
L]

Thirumullaivayal N Ambattur
° A °
8
A7 — 0 0.6km
Sathya Nagar P ——

A° A

6 5 4 A>S

A A A

24

A
A 22

TNHB @
ICF Colony

®
14 A 204 B,
A 1 JRE

Figure 1 Study area map

GEOLOGY OF THE AREA

The district is underlain by both porous and fissuformations. The important aquifer systems indistrict are
constituted by unconsolidated & semi-consolidatednfitions and weathered, fissured and fracturedtaliine
rocks. The porous formations in the district indughndstones and clays of Jurassic age (Upper Goadywmarine
sediments of Cretaceous age, Sandstones of Tewdigeyand Recent alluvial formations. As the Gondwan
formations are well-compacted and poorly jointdte thovement of ground water in these formationsdstly
restricted to shallow levels. Ground water occundear phreatic to semi-confined conditions in thierisgranular
pore spaces in sands and sandstones and the bedaig and thin fractures in shales. In the aretenain by
Cretaceous sediments, ground water developmeathsmrpoor due to the rugged nature of the ter@iraternary
formations comprising mainly sands, clays and gsaeee confined to major drainage courses in tretridh.
Ground water generally occurs under phreatic candit in the weathered mantle and under semi-camfine
conditions in the fissured and fractured zoneseaipdr levels. The thickness of weathered zoneeirdistrict is in
the range of 2 to 12 m. The depth of the wells eginigom 8.00 to 15.00 m [5].
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METHODOLOGY
Groundwater samples were collected from 28 reptatiea bore wells (Figure 1) spread over the staicha during
January 2014. The samples were collected in pofigtk bottles. The analysis of major ions suchtsNg, K, Ca,
Mg, SQ, CI, NG;, PQ, F, Fe, TDS and Turbidity were tested in the labmsa Analyses of groundwater samples
were carried out using the standard methods ancamd as suggested by the [6]. The physical andiché
parameters exhibit considerable variations frompanto sample. All the analyses were carried oudr rtbe
temperature of 30°C. Standard solutions and blam@te commonly run to check for possible errordimanalytical
procedures. The statistical analysis was done y3hg§PSS 16.0 and it includes minimum, maximumamand
standard deviation. If the correlation coefficiegtnearer to +1 or —1, it shows the perfect linedationship
between the two variables. This method attempéstablish the relationship between the water quplitameters.
Water Quality Index (WQI) was calculated in thrégges. In stage 1, each of the 13 parameters leasassigned a
weight (wi) according to its relative importance in the ollegaality of water for drinking purposes (Table The
maximum weight of 5 has been assigned to nitrati @sconsidered as an important parameter in mabality
assessment. Magnesium is given the minimum weightwhich indicates that, it may not be deleteridasstage 2,
the relative weight (Wi) is computed from the follmg equation:

W;
W= 1

=y Wi W

Where, Wi is the relative weight, wi is the weigliteach parameter and n is the number of param&aisulated
relative weight (Wi) values of each parameter dse given in Table 1. Stage 3, a quality ratindes¢gi) for each
parameter is assigned by dividing its concentraitiogach groundwater sample by its respective stahdccording
to the guidelines given by WHO and the result miitd by 100:

qi=(Ci/Si) x 100 (2)

Where, qi is the quality rating, Ci is the concatitm of each parameter in each water sample, aigltiie WHO
drinking water standard for each parameter [8].

RESULTSAND DISCUSSION

Groundwater quality variation at sample sites (@ 1.28) for the parameters pH, Na, K, Ca, Mg,;SCl, NG;, PG,
F, Fe, TDS is shown in Figure 1. Turbidity is prasel in Table 2. The Turbidity of groundwater sagspshowed
variations from 0.1 NTU to 13.6 NTU, with an avesagalue of 2.0821 NTU. The minimum value of turbidvas
recorded at the's 14" 20" 239 26" 27" 28"and " station (0.1 NTU), while the maximum (13.6 NTU.)sva
recorded at the IBstation.

Table 1. Relative weight of chemical parameters

Sta”dar‘zvsﬁg'zs()'gga'”e ()| Wweight (wi) | Relative weight (Wi
pH 6.99 6.58.5 2 0.098
Ca 162.893 75 2 0.049
Mg 50.786 50 1 0.024
Na 149.464 200 2 0.049
K 10.179 200 2 0.049
Fe 0.258 1 2 0.098
F 0.43 15 5 0.122
PO, 0.026 10 1 0.024
cl 373.393 250 3 0.073
NO, 14.536 50-70 5 0.122
SO, 50.857 250 4 0.098
TDS | 1420.143 500 2 0.098
Turbidity | 2.082 5 2 0.098
Swi = 41 SWi = 1.000
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Table 2. Summary of Physical and Chemical Parameters

Location | pH Ca Mg Na K Fe F RO| CI NO; SQ, | TURB | TDS
1 6.73| 136 46 321 17| 04p 082 0.03 465 14 161 7.11848
2 727 132 41 107 6 0.3 045 0 210 14 20 4|9 1102
3 6.98| 140 36 128 7 02 016 0.03 350 4 17 2|8 11199
4 7.29| 112 48 161 8 024 036 001 295 15 23 36 921p
5 6.63 82 23 45 6 011 0.6 0.0 118 15 jl[o] 0j1 22
6 7.14 78 25 139 7 018 0.29 0.03 178 K 12 0{2 931
7 7.1 180 48 281 19 01p 08 0.01 500 25 g3 02 61p4
8 6.76 | 360 120 212 177 015 024 0.01 900 a 3 0.4 6672
9 7.12| 620 168 495 399 026 0.2 0.02 1875 D 246 3.66138
10 6.88| 320 82 159 111 0.18 0.62 0.06 570 i 139 0.3170
11 6.97 31 8 52 3 0.1y 0.08 0.08 92 5 4 03 3p7
12 7.12 72 22 52 4 0.14 0.29 0.04 120 22 0{2 982
13 6.68| 132 53 126 8 0.87 036 0.02 300 B 44 78 8612
14 7.1 148 55 71 6 016 039 0.08 210 § 43 0j1 1p97
15 6.59| 144 53 75 5 026 037 001 280 p 38 42  71p7
16 6.52| 152 53 111 6 097 051 001 325 D 44 13.6263 1
17 7.26| 236 62 166 111 042 0.63 0.03 495 11 120 2.71876
18 6.85| 148 55 81 7 0.31 0.46 0 290 § 14 416 1148
19 7.06| 168 43 114 7 017 0.62 0.01 330 11 17 0.2 2811
20 7.03| 156 38 165 8 0.16 043 0.06 280 29 1 0.1 3511
21 7.92 85 23 67 6 018 0.76 0.01 142 b 0[2 q97
22 7.28 83 25 71 7 02 061 0.02 120 2B j![o] 0{2 122
23 711 104 41 239 19 014 047 0.09 305 17 44 0.11380
24 6.52| 144 53 127 11 02 032 0.01 405 38 39 0.3 3161
25 6.84 98 28 139 7 0.1f 033 0.02 170 24 0}2 979
26 7.09| 132 58 161 13 015 0.25 0.02 300 36 [3 0.11421
27 6.92| 144 43 141 111 022 0.34 0.02 345 34 15 0.11258
28 6.95| 224 72 179 9 0.14 051 0.03 485 44 30 0.1 7781
Min 6.52 31 8 45 3 0.11 0.08 0 92 1 6 0.1 337
Max 7.92| 620 168 495 39 097 0B 009 1875 44 246 3.6 1] 5138
Avg 6.99| 1629 50.79 1495 102 0.26 043 0.026 373454 | 50.86] 2.082 142(
Std.Dev| 0.3| 113.8 31.6 95. 701 02 02 340.7 911.55.9 3.2 887.4
Median 7 142 47 133.4 7.9 02 04 0 300 10 30.5 0.31272

Table 3. Water Quality Classification Standard (Reza and Singh (2010)

GWQI STATUS
0-25 | VERY GOOD
26-50 | GOOD
51-75 | POOR
>75 VERY POOR

The Total dissolved solids in the samples showethtians from 337 to 5138 mg/l with an average eabf
1507.97 mg/l. The minimum value was recorded atltffsstation (337 mg/l), while the maximum (5138 mg/Bsv
recorded at the "station. More than 95% of the samples were foumava the desirable limit but within the
maximum permissible limit of 2000 mg/L except f@" 9" and 18 (>2000) station which is indicating high
mineralization in the area. Water containing TDSrenthan 500 mg/L causes gastrointestinal irritaf@n and
laxative effects particularly upon transits [10heTpH of the water is an important indicator in evequality. From
the pH value it is concluded that the samples \a#@line and it is mainly due to bicarbonates.

Magnesium is varied from 8 to 168 mg/l, with anr@age value of 53.266 mg/l. The minimum value of Megum
was recorded at the T ktation (8 mg/l), while the maximum (168 mg/l) wasorded at the"®station. Sodium
variations from 45 to 495 mg/l, with an averageueadf 157.5 mg/l. The minimum value of Sodium wasorded at
the B%tation (45 mg/l), while the maximum was recordetha 9" station. Higher sodium concentration (495 mg/l;
9" station) in the groundwater indicates anthropogémput via landfill leachate is very high. In théxation water
samples were contains high ionisable salts andninesion of domestic sewage probably enhancesstitium
concentration. Sodium is found in association withh concentration of chloride resulting in salniSodium
concentrations are also influenced by the catiamharge mechanism, while the maximum potassium caraten
(39 mg/l) was recorded at th& Station.

The values of potassium exceed permissible limit2fopm in one third of groundwater samples. Theesof

potassium in groundwater samples vary station vwksddspars, micas, clay minerals, etc are resplengil the
availability of potassium in groundwater due to tieeaing [11]. Lower value of potassium in groundevas due to
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greater resistance to its weathering and fixatiothe formation of clay minerals. High concentrataf potassium
in groundwater is due to the presence of silicateenals from igneous and metamorphic rocks

Table4. Computed values of GWQI in the study area

Location | GWQI

1 108.57| VERY POOR
2 70.11 | POOR
3 67.3 POOR
4 72.88 | POOR
5 37.49 | GOOD
6 48.02 | GOOD
7 99.16 | VERY POOR
8 130.55| VERY POOR
9 252.53| VERY POOR

10 110.97] VERY POOR
11 26.09 | GOOD

12 36.76 | GOOD
13 86.75 | VERY POOR
14 58.99 | POOR
15 67.16 | POOR

16 101.4 | VERY POOR
17 104.32| VERY POOHR
18 71.93 | POOR
19 69.48 | POOR
20 71.45 | POOR
21 45.23 | GOOD

22 47.29 | GOOD
23 70.24 | POOR
24 74.61 | POOR

25 51.34 | POOR
26 74.21 | POOR
27 70.44 | POOR
28 95.15 | VERY POOR

Table5. Correlation Coefficient Matrix of Water Quality Parameters

pH TDS Mg Ca Na K S| CI NG; | PO F Fe | TURB
pH 1
TDS -0.05 1
Mg -0.14| 0.94 1
Ca -0.06| 0.97| 0.97 1
Na 0 0.89| 0.72| 0.74 1

K 0.02 | 091]| 0.79 0.8] 0.9% 1
SOy -0.09| 0.88| 0.79] 0.82 0.84 0.§3 j!

Cl -0.07| 099| 094 09q 08 09 034 ]
NO; | -0.11| 0.04| 0.02] -0.02 0.1p 0.14 -0{1 a 1
PO, 0.08 | -0.01] -0.06 -0.02 O.0f 0.7 0.1 -007 0J01 1

F 042 | 0.43] 0.31 04 043 041 043 0.86 0J05 0.1

Fe -0.34| 0.04f 008 0.02 001 -0 oO0.2 0p3 -0.19.2} 0.12 1

TURB | -0.37| 0.12| 0.14] 0.04 0.1 0.1 0.9 o041 -02®.3| 0.1] 0091 1

The Fe concentrations varied from 0.11 to 0.97 ymgth an average value of 0.277 mg/l. The minimeatue of Fe
was recorded at thé"Sstation (0.11 mg/l), while the maximum (0.97 mgifs recorded at the &tation, which
exceeds the permissible limit of 0.3 mg/L as pefidn standards and 0.1 mg/L as per WHO Standariigshé\
ground water samples exhibits high Iron contamamativhich is an indication of the presence of fesrsalts that
precipitate as insoluble ferric hydroxide and settbut as rusty silt. High concentration of irorc@ntributed by
industrial estate located at the sampling siten liman essential element in human nutritiboxic effects have
resulted from the ingestion of large quantitiesrof, but there is no evidence to indicate thatcemtrations of iron
commonly present in food or drinking water conséitany hazard to human health. At concentratiomvel®.3
mg/L, iron can stain laundry and plumbing fixtugesl cause undesirable tastes. Iron may also praimetgrowth
of certain microorganisms, leading to the depositiba slimy coat in piping.

Nitrates concentrations in the ground water samghesved variations from 0 to 1.19 mg/l, with anrage value of
0.175mg/l. The minimum value of nitrates was reedrdt the 4th, 5th, 6th, 10th, 12th, 13th, 14thh186th and
28th station (0 mg/l), while the maximum (1.19 mg/bs recorded at the 19th station. The Nitratecentration is
within the permissible limit of 45 mg/L as per Iadistandards and 50 mg/L. as per WHO Standards.
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Table 6. Water classfication
(source: Sunil Kumar Srivastava and Ramanathan, A.L., 2008)

Good <1.25 100
RSC(Richard 1954) Medium 1.25-2.50
Bad >250
Excellent 0-20
Good 20-40
Na% (Wilcox 1955) Permissible 40-60
Doubtful 60-80
Unsuitable >80
Safe <60
Na% (Eaton 1950) Unsafe >60
< 200
I 200-500
TDS classification (USSL 1954) 500-1,500
1,500-3,000
Extremely fresh <0.14
Very fresh 0.14-0.85
Fresh 0.85-4.23
I dy Fresh brackish 4.23-8.46
Cl classification (Stuyfzand 1989y Brackish 8.46-28.21
Brackish-salt 28.21-282.04
Salt 282.06-564.19
Hyper saline >564.13
Excellent 0-10
. Good 18-Oct
SAR (Richard 1954) Fair 1826
Poor >26

Chloride concentrations for the ground water samgleowed variations from 92 to 1875 mg/l, with aerage
value of 414.06 mg/l. The minimum value of Chloridas recorded at the "Idtation (92mg/l), while the maximum
(1875 mg/l) was recorded at th& Station. The Chloride content in the water samplas low during the rainy
season. According to WHO, maximum permissible lifaitchloride is 500mg/l. An excess of chloridevater is
usually taken as an index of pollution and consideas tracer for groundwater contamination. Higlorade
concentration (1" station; 0.08 mg/l) indicates organic pollutiotudtide concentrations for ground water samples
showed variations from 0.08 to 0.8 mg/l, with aerage value of 0.431mg/l. The minimum value of Rl® was
recorded at the i"station, while the maximum (0.8 mg/l) was recoraethe ¥ station. Fluoride is released in to
the soil and groundwater by the process of weatheof primary rock or leaching of landfill contaraints [12].
When flouride is released into the soil and grouagy the concentration may increase until satumat reached
[13].

Sulphates in most of the samples were found toolesd than highest permissible level of 400mg/l. phate
concentrations for ground water samples showedtians from 6 to 246 mg/l, with an average valu&®B87mg/l.
The minimum value of sulphate was recorded at teahd 2% station (6 mg/l), while the maximum (246 mg/l)
was recorded at thé"Station. High concentration of sulphate is duehi® accumulation of soluble salts in soil,
anthropogenic activity, and addition of excessiuiplsate fertilizer. The present study indicates tihere is no
harmful effect by sulphate.The minimum value petage of Phosphate was recorded at tHeafd 18 station,
while the maximum (0.09 mg/l) was recorded at tB€ &tation.There is no fluctuation of phosphate \sldee to
increased solar radiations that encourages thediaal degradation of organic matter [14].

GROUNDWATER QUALITY INDEX (GWQI)

Based on the standard of classification (Tablet®,groundwater quality index (GWQI) data rangesnfipoor to
very poor except six station are 5, 6, 11, 12&2P™ samples [15]. The high concentration of GWQI ie trells is
mainly due to higher values of TDS, Ca, Cl, Mg, &, NG, F, Fe, SO4, K, Turbidity and BROl'he high values of
this parameter have been influenced by anthropogeetivity such as indiscriminate waste disposakfce and
application of chemical fertilizer. The high contration of fluoride may be due to the watering deaching of
fluoride rich minerals and rocks [16]. Most of thelected sample parameters (EC TDS, Cl. Ca, Na BQ4NO3,
K and turbidity) are highly deviating from theirerage value except pH, Fe, F and;FTable 4)

CORRELATION MATRIX

In order to determine the relationship amongst goghemical parameters of the groundwater sampteselation
coefficients were found and a large number of $icgmt correlations were obtained. The statistaralysis (Table
5) showed that the correlation matrix of the 13 gity-chemical variables. The correlation matrixi¢ates strong
positive correlation between Na, K, Ca, Mg with T28d Turbidity with Fe. These strong positive tielaships are
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an indication of common source. Correlation analysveals similarities or differences in the bebawf pairs of
ions, and does not conveniently identify group$oaos that behave similarly [17]. Most of the sanspdee deviated
from average value except pH, Fe, F, PO4 NO3, Witsbpotassium, but So4, TDS CIl, Na and Ca are lfigh
deviated from their average value (Table 5)

WATER CLASSIFICATION

According to Wilcox [18], water samples can be ded based on the Na %, about 25% of the groundwataples
were doubtful and 75% were unsuitable for drinkiogidition. Richard [19] classified water quality tive basis of
sodium absorption ratio (SAR). According to Richardassification, 100% of the groundwater samplese poor
in condition. Stuyfzand [20] classified water or thasis of Cl- ion concentration into eight dividaas shown in
Table 6. According to Stuyfzand, 39.2% of the giabuater samples were brackish salt, 50% were salhiare and
10.7% were hypersaline. USSL [21] classificatiobased on the concentration of total dissolvedisas shown in
Table 6. According to USSL classification, 71.4% tbe groundwater samples showed total dissolveitissol
concentrations in the range of 500 to 1,500 md/l4% were in the range of 1,500-3,000 mg/ | an@63viEere in
the range of 200 to 500 mg/l. Eaton also classifieter quality on the basis of percentage of Nawater.
According to the Eaton Classification [22], 10.5%tlte groundwater samples were safe, while 89.5% wesafe
for use.

CONCLUSION

Ground water quality index indicate that 78.5%haf sample not suitable for drinking purpose (poovdry poor).
Strong positive correlation between Na, K, Ca, Mthw DS and Turbidity with Fe is reveal indicatiohcommon
source. More than 95% of the samples were foundealite desirable limit but within the maximum pessible
limit. Most of the samples are highly deviated froimeir average value concentration. Thus thesenpeteas are
needed to be lowered down within prescribed liméfore usage for drinking purposes.
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