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ABSTRACT

Background: Groundwater contamination is a serious problem now a day. Groundwater is contaminated due to
human and industrial activities. The most neglected cause of water pollution is uncontrolled dumping of
Municipal Solid Waste. Leachate from the waste disposal sites is the major groundwater contaminant. The use
of contaminated water results in a negative impact on human health. Thus the analysis of the water quality is
very important to preserve and perfect the natural ecosystem.This review paper includes the analysis of
groundwater for various physico-chemical parameters Viz. pH, Total dissolved solids, electrical conductivity,
total alkalinity, total hardness, calcium and heavy metals like iron, chromium, zinc, manganese, nickel. The
obtained results are compared with the permissible limits of WHO. The study of physicochemical parameters of
groundwater sample suggests that the evaluation of water quality parameters as well as water quality
management practices should be carried out periodically to protect the water resources.

Methodology: Systematic searches were done on various scientific databases. And the collected data was
analysed carefully.

Conclusion: It was concluded that water was contaminated at most of the sites. The values of EC,TDS and
Total Hardness at 38% sites were exceeding the permissible limits as prescribed by WHO. Magnesium, Sodium
and Fluoride at 12.6% sites and pH, Potassium, BOD and COD at only 1.5% sites were higher than the
permissible limits. Total Alkalinity, Calcium, Chloride, Sulphate, Fluoride and Nitrate at
15.8%,25.3%,26.9%,9.5%,19% sites respectively were not under the permissible limits as prescribed by WHO.
However, the values of Ammonia, Phosphate and BOD at 100% sites were under the permissible limits of
WHO. The -concentrations of Iron,Zinc,Copper,Manganese,Lead,Cadmium,Chromium And Nickel at
28.5%,3.1%,7.9%,11.1%,4.7%,7.9%,12.6% and 1.5% sites respectively,were not under the permissible limits of
WHO. The values of arsenic at all the sites were under the permissible limits of WHO.

KEYWORDS: Groundwater, Sanitary landfill, Open Dumping, Physicochemical parameter, Heavy metals.

I. INTRODUCTION

Water is the most important in shaping the land and regulating the climate. It is one of the most
important compounds that profoundly influence life.Groundwater is used for domestic and industrial water
supply and also for irrigation purposes in all over the world (Dohareet al.,2014). The quality of groundwater is
of paramount importance. In recent years, the risk of groundwater pollution has become one of the most
important environmental concerns. The improper Municipal solid waste (MSW) management is the major factor
for deteriorating groundwater quality around landfill sites (Deswal and Laura., 2014; Saini et al.,2018; Deswal
and Laura., 2018). In most of the developing countries, MSW is being dumped on land without adopting any
acceptable sanitary landfilling practices such as engineered liners, leachate interception and collection system
etc. without such, leachate that seeps from a landfill usually percolates through the soil and reaches the
groundwater (Mor et al., 2006; Deswal and Laura, 2018).This leads to groundwater contamination almost
immediately. The leachate generated in such a way has a high concentration of toxic substances and pathogenic
microorganisms. The concentration of these elements and compounds in leachate and the groundwater
surrounding microorganisms the composition of wastes dumped (Alker et al., 1995; Deswal et al., 2014). The
impact of landfill leachate on surface and groundwater has given rise to a number of studies in recent years and
gained major importance due to the drastic increase in population. By studying different literature papers major
parameters that are used to determine the groundwater quality includes electrical conductivity, pH, total
dissolved solids (TDS), dissolved oxygen (DO), alkalinity, hardness, chloride, Sulphate (SO,%), Nitrate (NO3),
fluoride (F’), and Phosphate (PO,*). They were proved to be tracers of groundwater contamination.
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Table no 1:List of various physicochemical parameters and their impact

Physicochemical Impact References
parameter
TDS Kidney and heart diseases,Laxative | Sasikaranet al., (2012); WHO
effects, Constipation, gastrointestinal | (1997)
irritation
Total hardness Unpleasant taste, heart disease, | Vincent (2016)
kidney stone formation
Total alkalinity Unpleasant taste Moret al., (2006)
Nitrate Blue baby syndrome Chavanet al., (2013)
Sulphate Imparts Bitter or medicinal taste to | Bertram et al., (1996);Hauser et
water, catharsis,dehydration and | al.,(2001)
gastrointestinal irritation
Fluoride Dental and skeletal fluorosis,teeth | Malviyaet al.,(2017)
mottling
Chloride High blood pressure(hypertension), | McCarthy et al., (2004); Ramesh
the risk for stroke, osteoporosis, | etal., (2012)
renal stones and asthma
Sodium Heart failure McCarthy et al., (2004)
Table no 2:List of various Heavy metals and their impact
Heavy metal Impact References
Iron Cellular damage, mutation and malignant | Grazulevicieneet al., (2009)
transformations
Zinc Vomiting, dehydration, drowsiness Prasad et al.,(1976); Athar et
al.,(1995)
Manganese Parkinson’s disease Ghosh et al.,(2020)
Cadmium Nausea, Vomiting, Itai-Itai disease, | Laloret al.,(2008);Duruibeet
Abdominal cramps, Muscular weakness al.,(2007)
Nickel Asthma, Heart disorder, Cancer, skin allergies | Prazaket al.,(2003)
Lead Fatigue, Anaemia, High B.P, Gastro-intestinal | Odum(2000)
problems, Joint pain
Copper Wilsons disease,Liver and kidney damage Athar et al., (1995)
Arsenic Black foot disease Ghosh et al.,(2020)

1. METHODOLOGY
This study was performed to know the scenario of important water contaminants presence in
groundwater of India. The data was downloaded from Google Scholar, ResearchGate, Springer, Elsevier,
Semantic Scholar, Scopus etc. and analyse thoroughly to present uranium occurrence in groundwater of Haryana
systematically. More than eighty articles including reports and reviews were reviewed to do this work and data
was tabulated.

I11. RESULT AND DISCUSSION

Table 3 shows the various physicochemical parameters of groundwater around waste disposal sites in
India.Out of the 40 sites studied in India, only 8 were sanitary landfill and the remaining were open dumps. The
results were compared with the permissible limits of WHO and the values exceeding the permissible limits of
WHO were highlighted. The pH values,Potassium,Phosphate,DO and COD values at all the sites were found to
be under the permissible limit. It was found that Sulphate and Fluoride values at 15% sites were exceeding the
permissible limits as prescribed by WHO. Total Alkalinity, Total hardness,TDS, EC and sodium at
25%,52.5%,50%,42.5%,20% sites respectively were not under the permissible limits as prescribed by WHO.The
concentration of Magnesium and nitrate at 17.7% and Sulphate and Fluoride at 15% siteswere higher than the
prescribed limit.At seven sites more than five physicochemical parameters were found to be higher than the
permissible limit of WHO. It indicates that water at these sites was highly contaminated. These sites were
Jaipur, Kanchipuram, Hyderabad, Trichy, and Pirana.

Table 4 Shows the Heavy metals in groundwater around waste disposal sites in India. The heavy metal
test was not performed for groundwater samples at 17 sites. Test for more than 3 heavy metals was performed at
ten sites. The concentration of manganese,cadmium and chromium at 17.3% sites were exceeding the WHO
standards.At 8.6% sites,the values of zinc and lead were higher. The concentration of iron, copper and nickel at
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43.4%,13.04% and 4.3% sites respectively exceeds the permissible limits of WHO.At Satna (Bihar) Heavy
metal test for five heavy metals was performed but the results for all the heavy metal was not detectable. Heavy
metal contamination was highest in groundwater samples of Dhapa and Hyderabad. It means the water at both
these sites is highly polluted and not fit for drinking purpose. From the various studies, it can be seen that most
of the researchers performed the heavy metal test for Iron. At 11 sites the values of Iron were exceeding the
permissible limits of WHO. At Trichy (Tamilnadu) Sanitary landfill is used for the disposal of waste. The values
of chromium were above the permissible limits of WHO. It shows the poor management of the Sanitary landfill
sites.

Thus it can be concluded that the groundwater is being polluted. At many sites, the water was so badly
impaired that it cannot be used for household purposes. Groundwater was highly contaminated at Hyderabad
(Telangana) where values of six physicochemical and five heavy metals were higher than the permissible limits
of WHO.

More contamination in groundwater is found to be near open dumps. However, groundwater around
sanitary landfill sites was also contaminated. The reason might be poor management of the sanitary landfill. The
papers reviewed shows groundwater contamination due to open dumping and sanitary landfill sites. It was
observed that groundwater contamination was higher around the open dumping sites & less near sanitary landfill
sites. Another thing observed was that the contamination decreases with an increase in depth and distance from
the waste management sites. Research studies included the analysis of the physicochemical parameters as well
as the heavy metals.

Literature Review
The following tables explain different studies made to determine the physicochemical properties of groundwater
around different landfill sites.

Table no 3: Physicochemical parameters of groundwater around sanitary landfill sites in India

Location H |EC TDE | TH TA Ca M Na K Cl 307 | F WOy~ | PO~ (DO | BOD | COD | NH, | Dumpsite | Authors
ope

Tnit piiom | mgl | mgl [mgl [mgl |mel [megl |mel |mel |mel |mel |[mel |mel |mel|{mgl |mel |mel
Trichy 6.6- | 986 | 635 | 346 |- 100- | 96- 112- | C-42(114 | 740 [01- |- - - - - - Semitary | Senthamizhselvang
{Tamilnaiu) 8.1 | 2980 | 1913.6| 2140 844 |38 |60 M7 0.23 lamdfill | 4l (2018)
Mladurai - - TER- | 300~ [ 272 | - - - - - - 13- | L1- 015 |- - - - Opan Bl et ol (201%)
(Tamilnadu) 3115 | 1680 | 424 18 | 178 | 14 dumping
Guntur - |0 |- | - 1411 | - - - - - - 0.03-| - - 02 |- - - Opan Clhilulumier
(Andhrs Pradash) 78 |05 427 0.15 0.5 dumping | al. 2019
Hanuru T |01 |16 | T | 122k | - - - - 168 | - 0.0l - - 0l- ] - 1619 - Opan Chandra &
(Andhrs pradesh) T8 |03 M1 874 0.15 0.8 Dumping | al. (2018
TDubazza TI | L | 330 | 11> | 215 | 35 | 1542 | 1248 | _ 1535 | #4806 | 222 | _ | N | Op= Al e al, (2018)
(Uttar pradash) 76 | 735 624 | 317 |32 1.1 Dumping
Pirma T3 |- 820- | 250 |- 120- | 14 | _ _ 15| 6 - o | _ _ _ _ _ Samitary | Chopdastal, (2018)
((Gujrt) .8 1350.6 | 810 90 |3 760 | 3741 17 Lamidfill
Faipur 53 | B | W0 | I0- | 34 | _ N B N W | N N N | W |_ | Opm Shama o
(Chattizzarh) B3 | 2360 | M4T0 | 1480 | 17T 657 6.6 Dumping | al, (2018)
Taipur AN EEEE R & |1 |8 | -1 |3 |45 |05 | _ N | N | Op= Sani o al_ (2018
(R.gjzstham) B4 | 4507 | 2807 | 1100 Mo 141 | 758 1115 i Dumping
Nagpur Bl [ _ _ _ _ _ _ _ _ _ _ _ 13.28- | _ _ 18 | _ _ Opan Gllurkaret
(Maharashirs) B4 nn ER ] Dumping | al (2017)
‘Mayiladuthues Fagspattinm | _ | _ B N N N B N N T4 | 0% |37 | 006 _ | _ 1524 | _ | Opm Eangsathast
(TamilNadn) 0.6 Dumping | al. (201T)
Penmzudi TI- | W% | 665 | I90- | _ [ TR N B[ |6 |0 | [ (¥R 0.03-| Opan WMazeswariar
(Tamilnadu) 8.2 | 77000 | 53000 | 21000 2400 | 3BER 37000 | 14000 | O.F 015 | 315 5.6 | dumping | al.(2017)

L0
Channat T3- | 1976 | 1164 | 304 4 | 468 | _ N - | _ N N N | N N Samitary | Rava et al (2017)
(TamilNadn) 74 |27 | 1700 | 431 185 205 Landfill
Srikalmlam 6.9- | 648 | 421- | 131 | 08 | 3801 | 47- | _ _ 00 | _ 0.62- | 10.4- | _ _ _ _ _ Opan Srigirizattyar
(Andhrs Pradarh) T3 [ 3M0 | M7l | BM0 | 48D 174 00 0.02 | 68 Dumping | al. (201T)
Varanasi 56 | 056 | 31 | - | B¢ | 106 | _ 5137 | 03- |38 | _ 0l |16 | _ 35| - |[_ | Opm Mishmet al (2017)
(Uttar Pradash) 167 | 1140 | 640 | 630 774 416 | 203 11 |13 78 360 Dumping
Pipariva T7- | B8 | BB- | 35 | 3% | 136 | 19% | _ N A | B | 008 | 041 | 05 | L& |_ N ~ | Gamitay | Malvivar
(Madhva Pradssh) T8 010 | T |3 142 153 151 153 128 (ol 102 |30 lamdfill | @l (201T)
Hydershad 67- [ 186 | TR | _ _ 5378 | 18.01- | 65.41- | QI2- | 5328 | 13.64- | 037- | 025 | _ _ _ _ _ Opan Kaurakalvast
(Talmzms) 74 | 1830 | WM 191.97| 9379 5 167.15 | 264 | 481 Dumping | al (2016)
Eanchipumam 67- | 113% | §12- | 166- | 13- | 8 | 2I- T~ |03 | 51 | 0245 |_ |_ N | Op= Fumareral_ (2016)
(Tamil Nadn) B3 | 0120 | 6230 | 1T | B2F |36 | 213 8 19 Dumping
Thoothukudi T4 | MIF | 100- | 1054 | 4540 | _ N N N N N | N | Op= Vincent (2016)
(Tamilnadu) TR | THE | 1270 | 8449 | 14177 dumping
Dhapa T.E- | 058T- | 6600- | _ _ _ _ e | _ - [ 27- [ 2407- [ 407C- | _ (= Maitier al., (2013)
{Wast Bengal) 81 | GO8ST | 42600 1614 Ti6 197 5403 | 9128 Dumping
Dhanbad 6.6 | 017 | 124- | 296 | 843 | 188 | 316 |48 [ 0I1- [4835 |11 | _ i _ _ 1 | _ Opan Dandasr ol (2013)
(Tharkhand) 78 |13 06 5366 | 3266 | 330 | 310 |61l |41 1138 | 1153 146 12 Dumping
Hodungaivar, Chemna | 61- | 1283 | 1015 | 280- | _ - |3 | 7+ | &3 | 0- | 86 |00 | 016 | _ | N | Op= ‘Eshanihiner
(Tamilvad) 6.01 | 2574 | 125 | 820 160 135 | &2 638 (274 | 097 | 112 Dumping | al, (2015
Rewa T02-[ 571- H46- 150- T6- 102- | 33468 | _ _ 121- | 18- 0.01- | 054 | 0005 | 39 [ 11- | 2.8 | KD- | Bamitary | Kashyap (2015)
(Madhva Pradssh) TR5 | @50 | 0T | 307 198 | 265 185 171 L1 6.10 |36 | 236 |43 | lmdfill
Thugzipakkam 55 [ 1138- | 232- | 112- | il- 1046 | _ _ 168- | _ _ _ _ _ | _ _ Opm Arfather al.,
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{Tamilnadu) 5837 [ 1500 | 768 440 14N Dumpinz | (2014)
Mavvalipua, Banglos 7.6 | 835 | 320~ | 205 132- T3- _ _ _ _ 04 | _ _ 03- |04 | _ _ Ramszizhat
(Tamilnadu) BE | o7 £41.0 | 368 13 145 0.6 16 |31 Dumping | al., (2014)
Dahradun T.0- | 210- | 128- [ 330~ [ 1BD- | _ _ _ _ 116 | _ _ _ _ _ _ _ _ Opan Gawziast al. (2014)
(Uttralchand) B0 | 310 10 330 310 300 Dumping
Kolhapur 85| _ 185- [ 212- [ _ 8- 1580 | _ _ _ _ _ _ _ _ _ _ _ Sapitary | Chavameral, (2014)
(hlsharashirg) 7.1 1831 | 412 130 Landfill
Agm 64 [ _ T30 [ 34T M- | _ _ _ _ M| _ _ _ _ _ _ _ Cpan Ashiager al., (2014)
{Uttar Pradach) g1 1720 | 603 557 603 Dumping
Sama 1.1 7| AT | 30T T- 118 T4 _ _ 13- | _ 0l | L 0.0 il- | _ 14 | _ Opan Danday et ai.,(2013)
(Biha) TR T8 567 164 265 128 205 0.8 34 82 5f 38 Drumping
Guwahati 30- _ _ _ _ _ _ _ _ _ L6 | _ _ _ Cpan Gohainer al., (2013)
{Azzam) 130 EX] Dhmping
Turmur _ _ _ _ _ _ _ _ 6.2 _ _ _ _ _ Opan Datiler al (2013)
{ 3 TL16 Dumping
Chansi _ 14- 34- _ _ 5108 | _ _ _ _ _ _ _ _ Opan Shenbgarani (2013)
(Tamilnadu) 108 220 £313.3 Drumping
Jabalpur T6- 102- | 4268 | _ _ 121- | 18 0.01- [ 54 | 0005 [ 42- [ 14 | 2. 0-4.3 | Opan Bundalast
(hladhva Dradach) 108 165 185 171 11 57 |38 341 Dumping | al.,(2011)
Jaipur _ - - _ _ 28B4 | _ 14- [ 04 13 | _ _ _ _ Cpan Gautamet al., {2011
(P.gjasthan) an 150 1033.2 i1 16 Drumping
Esoda City FATE 1 5200 | 03T | 4TE | 12- 014 [ 047 | _ _ _ _ _ Cpan Rajlumarst
{Tamilnadu) 675 188 300 15 Dumping | al.,(2010)
Jalgaom 160- [ 27.25- [ 2085 | 37.61- | 0u402- | 16.8- [ 15.73- [ _ 0.041- ) 0155- [ 22- | _ _ _ Cpam Patiler al., 2010
{Maharashirg) 6474 | 1146 | 1423 (3723 | 4626 | 4470 | BDOO 1271 10253 | &3 Dumping
Ahamdshad _ 25 6808 _ 32- 018 | _ _ _ _ Sanitary | Singheral, (2008)
{Cujaat) 353 TAE | 0.5 Landfill
Ehalzawa _ _ _ _ _ _ _ _ _ _ _ _ _ _ Sanitary | Thamnsnier
{Dealhi) Landfill | ai.,(2005)
Pallavaram 52- | 2950- | 1622- | 450- | 40- 107- | 225 13- | 0l1l- Cpan Faman et al., (2008)
(Tamilnadu) 6.5 | 3100 | 1808 | 660 260 168 0.1 26.3 0.16 dumping
Panipat 3 600- 152- | 245- £.0-05 | 6083 [ 57- 50220 _ 17- 024 _ _ _ _ _ _ Opan Bizhroier al. (2007)
({Haryams) 2100 | 520 1054 560 736 927 Dumping
Gazipur 302 | 150 | 43- N |22 636 [ 28 12- 0.37- [ KD- KD- _ _ 2-17 | KD- | Opsn Moret ai., (2006)
(Delhi 1208 T34 4T m EIk] 7 W86 | 113 [ 056 | 0.06 43 | dumping
Table no 4: Heavy metals in groundwater around sanitary landfill sites in India
Location Fa Zn Cu Mn b Cd Cr Az i Dumpeite type Author
Unit mg/1 mg/l mgl mg/1 mgl mgl me/1 mgl mg/1
e ~ T.0020.008 | _ — — — — — — Open Gumping | B o al., (2015)
(Tamilnady)
Tricky T0I036 | 0001z | _ _ _ 00104 _ _ Samitary Tanaill | Senthamizealvane al (2015
s _ _ _ _ _ _ _ _ Opan dumping | Chiluluerier i, 2019)

_ _ _ _ _ _ _ _ Opan Dumping | Chandra er al., 20197

_ _ _ _ _ _ _ _ Sanitary lendfll | Chopdast al, (2018)

_ _ _ _ _ _ _ _ Opan Dumping | Ali & al, (2018)

_ _ _ _ _ _ _ _ ‘Opan Dumping | Shamma ef af, @015

Upen Demping | Sam & alJ201%)

Upen Dumping | CAlluskazer ai 2017y
Open Dumpinz
Open Tumping

LiE:E ] Tamitary Endnll | Fayaeral 2017

Open Dumping | Srizindsetiyer al 20173

NI WD ND WO ND h218) Open Dumping | Mishm eral 3017

Sanitary Endill | REIvivaer al (2017)

TE0-3057 | U81-T6715 | T04-T07X | 018-13 (L] 113 003058 Open Dumping | Furakalvaeral [I018)

Open Dumping | Kumar er al 2018)

Upen dumping | vincent{J0 18]

ErE) III0-TIZED TII0050 | _ OIS | TAT-I045 | _ _ Upen Dumping | Maitieral (2015)
(West Banzl)
Fodungiyar, Chenns _ _ _ _ _ _ _ _ _ Upen Duping | Eshanthiner al 2015y
{Tamilnadu)
PR L) TI-T1E | 0008 TS | 0007 T | — O30T | Open Dumping | Padeer al {03y |
{Tharkhand;

NDO32 Tanitary Endbill | Rashyap (20150
Upen Duping | Afafztheral, (2012}

LX) ST Open Dumping | Famaizher al 2019

{Taamilnadn)

Open Dumping | Patiler al, (2014)

Open Dumping | Gawsizer al 20

Tanitary LandAll | Chavaneral,(2013)

o

(Mzharzshisz)
=5 _ _ _ _ _ _ _ _ _ Upen Duping | Ashizqeral j2uld)
(Untar padesh)
Tama 200] 2] WD _ WD _ _ _ p2] Upen Duping | Pandey el al.j2013)
_ T3 TO0T0T | TRE-EAT | _ _ — _ 06050 | Open Dumping | CGobzineral,[2013)
_ _ _ — OO | _ — _ — Upen Duemping | Daniler al,(2013)
(Eamatks)
[T 0ol-I OOT0IT | Q0T | _ 035045 000016 | Q0010087 | _ TUT035 | OUpen Dumping | Shenbzerani (20150
(Tamilnadu)
Zhalpur WOO3 _ _ _ _ _ _ _ _ Upen Duping | Bundelzeral 20127
(Madhya Pradesh)
Taipur NT NI-II5 NT002 _ NT NT _ _ _ Open Dumping | Gantzmer al (Z01T)
{Bajasthan)
Frode ity Open Dumping | Fajlumerner al 2010
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(Tamilnad)
Jalzaon _ _ _ _ _ _ _ _ _ Opan Dumping | Patiler ai, 2010
(Maharashtrs)

Bhalzawa 0.6-7.0 0.02-3.3 0.01-0.1 _ _ _ _ _ 0.10.4 Sanitary Landfill | Thamnanier ai., (2000)
(Dealhi)
Ahomdahad 2.0-195 00 6-32 217 342 15 230 _ 27 Sanitary Landfill | Singh er ai. (2008)
(Gujarat)
Pallavaram 0.24 -1.5 0.01-0.3 _ _ _ _ _ _ _ Opan dumping | Faman of ol {2008)
{Tamilnadu)
Panipat _ _ _ _ _ _ _ _ _ Open Dumping | Bizkmoier al,(2007)
{Haryana)
Gagipur 00424 08 — — — — — — — Open Gumping | Mozt al, (2006)
{Delhi)
Table no 5: Physicochemical parameters of groundwater around sanitary landfill sites of the world
Location rH EC TDS TH TA Ca Mg Ka K Cl 0.7 F N0 PO [ DO BEOD | COD | KH: | Dumpsitz | Authors
type
Uit mel mel me/l mel me/l mel mel mel mel mel | mel mel [ mgl me/l mel mal
Ekiti 116413 | 4881 | _ — — — — 4 | 6212 | _ 56 | _ 6408 |48 | _ — Op=n
{Southwastem Migeris) 5B 9.4 Dumping
Hamadan Landfill _ — _ — _ — _ _ 535 _ 0.00- | 1.00- | _ Op=n
{Tram) 240 54.0 7200 Dumping
Favddlen  Lanafll 3166 | & 010 _ 30- — _ — 2182 | _ Op=n
(Norway) 310 6120 | 422 14.6 Dumping
Wiltan T |- _ — — — — — — — Tp=
{Pakiztan) 324 Dumping
Soluos Dumpsits 31 | 201 | 6.2 82 | _ 015 | 015 | _ — — — Sanitary
(Migaris) 10.0 434 3 a8 3.01 0.04 Landfill
Lahora 0153 | _ _ _ _ _ _ _ _ _ _ Sanitary
{Pakis Landifill
3 ~ I TEIEE | 304 | & ~ — — FRE — — TSI _ — —
(Migaris) 174 40.8 17.10 Dumping
= 13212 | 132 — B EE — — — — — — — — — Sanitary
(Migeri. 240 124 Landfill
idugn a3 | 112 - oo | - - - - - (="
(Migaris) 364 46.8 Dumping
Qom TI00- — _ 115 EED 37 | 18 _ _ Sanitary
5341 5 1121 6. Landfill
134736 | 376 | 186 | _ _ — _ 15 _ _ Sanitary
126 4.4 128.2 Landill
_ - 13- T34 | 61-108 | _ _ EEES _ _ Op=n
513 313 160 754 Dumping
SIS S EER _ — _ 4.6 _ _ Sanitary
165.6 270.9 Landfill ai.,|
_ _ B.00- 0-35 - Opan ‘Ohwoghsrmer
225 0.90 | Dumping | ai. (2013)
— — 122 — — Sapitary | Oyelamier
720 Landfill | ai (2013)
— 53 012 | _ Sanitary | Olafsoyas
60.65 514 Landfill | al.(2013)
Gohagoda 31 _ _ _ _ _ _ _ _ _ _ _ Sanitary HNimmalast
{Srilanks) B Landfill al., (2013)
TEbmoodBoti Landfll | 7.0- | 816~ | 522- T00- | 320- - 9586 | 4% TE-166 | _ _ 01 | _ — _ _ Opan Satyavamiar
Lahore (Pakistan) 81 2130 3341 3100 1000 130 115 16.9 Dumping | ai. 2012
Bukit Tazar Samtary | 4.3- | 3581 | _ — — 1357 | 0.358- | 203%- 1050 | _ 0213 _ _ — 0 | _ Samitary | Tahast
Landfill, Selangor 6.8 4045 415 21156 6.0 Landfill al., 2011)
Malaysis)
Al 5 | _ 15341 | 136- _ 8 | _ _ _ _ 3061 0624 | _ _ _ Samitary | Chostopher of
(igaris) 6.8 140 Landfill | al.2011)
To, South watem | 4.6 | _ T8I- T[E | 100 | _ — _ _ _ _ _ _ _ _ — _ _ Samitary | Mgjolazbesr
{(MNigeri 7.3 0015 334.04 | B0.1 Lamgfill ai., (2011)
. GSoulh wastem | 4.3- | 0.28- | 02512 | 44.2- _ _ _ _ _ _ _ _ _ _ _ _ _ _ Sanitary | Majolazbesr
(igarid) 6.6 245 210.1 Langfill ai. (2011)
Table no 6: Heavy metals in groundwater around sanitary landfill sites in World
Location Fa{mgT) Zn {mgl) Cu{mgl) | Mni{mgl) | Pbimgl) | Cdimgl) | Crimzl) Az (mgl) | Ni{meD) Dumpzits typz | Author
Ekiti{Southwastem Nigaris) 0.2-0.5 Opan Dumping | Olumadaer ol 20100
Hamadan Landfill _ _ _ _ _ _ _ _ _ Opan Dumping | Navider al, @018}
(Trm)
Bavdalen LandfillMNorway) 0-00.3 0.68-32.00 | 0-§31 0.5 037 Opan Dumping | Abirigaet al., (3047)
Lahora _ _ _ _ _ _ _ _ _ Samitary landfill | Sohail e ai {2017)
{Pakiztan)
Multan 0-0.02 _ _ _ _ _ _ 1-143 _ Opan Dumping | Murtazasr ol {2017)
{Pakiztan)
Sclues Dumpsita 124361 | 014237 | 0.030.31 | _ 0.00-0.001 | 0.001-0.02 | _ _ _ Sanitary Landfill | Abdulrafier al., (2017)
{HMigaris)
o] [ 004025 | NDA050 | BDO0Ts | D — FD0.865 | ~ Open Dumping | Usman o i, (2016)
001007 | 0.0010.006 | D.00-0.003 | 0.000.003 | _ — 08 | ~ Open Dumping | Adsbamaer i {2016)

Sapitary il | Adsbamst ol (2015)

Sapitary LandAll | Asdamer al(2015)

{Iram)

‘OkasfalDumpsits Lagos 0.102-0.120 | 0.040-0.086 | 0.000-0.012 | 0.010-0.016 | _ _ 0.001-0.000 | _ 0.003-0.008 | Sapitary Landfill | Salami ef al., (3014)
{Migeria)

ANES

‘Okasfs landflll, Lasos (Nigaria) _ _ _ _ _ _ _ _ _ Sanitary landfill | Olusavier al., 2014)
Alewandria landfill 0.44-590 | 0.001-0.385 | 0.004-0.067 | 0.182-0.61 | 0.004-0.000 | 0.001-0.051 | 0.006-0.158 | 0.01-0.132 | _ Opan Dumping | Maedaer al, 2014)

{ Ezypt)

Lagos _ _ _ _ _ _ _ _ _ Sanitary landfill | Olwsayier al., 2014)
(Nigeris)

Effirrun 0.01-1.20 | _ _ _ _ _ _ _ _ Opan Dumping | Obwogharee af., (2013)
{Nigeris)

‘O State 136 041 D TD D ¥D ~ ~ Samitary Landfill | Ovelamist ai_(2013)
(igerig)

Gohazoda 11-17.6 0.110.58 0.04-0.44 14-192 _ _ 0.01-0.2 _ 0.0140.05 Semitary Landfill | Wirmalaer i, (2013)
{Srilanks)

"Azrda dumpaite 547 1313 WE0e0 | s | N ~ _ Samitary Landfill | Olafisovest i, (2013)
{igariz)

MzhmoodBoti Landfill, Lehors _ _ _ _ _ _ _ _ _ ‘Opan Dumping | Satvavandier al., 2012
{Pakistan)

Iio, South wastem (Migens) Sanitary landfill | Majelagbeat ai., {2011}
Tzolo, Southwsstem (Migeris) _ _ _ _ _ _ _ _ _ Sanitary landfill | Majolagheat ai {2011)
Bulkit Tagar Sanitary Landfill Solengor | 0.142-0.580 ( 0.036-0.0%4 | 0.002-0.006 | 0.11-0.087 | 0.002-0.03 | 0.001-0.0L5 | _ 0.005 _ Sanitary landfill | Tahaet al., (2011}

{ Malaysis)

Al 0812 ] D ¥D D12 — RO | ~ Samitary Landfill | Christopher & i, (2001)
(Higerig)
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IV. CONCLUSION

This review paper included the analysis of groundwater samples around 63 municipal solid waste
dumping sites, from India as well as from other countries. The sites in these studies included both open dumps
as well as sanitary landfills. Most of the papers reviewed are from developing countries. It is because developed
countries followthe most effective approach to solid waste management. On the other hand, there is uncontrolled
dumping of waste and waste burning practices are being done in developing countries causing serious health and
environmental problems.

It was found that EC,TDS and Total Hardness at 38% sites were exceeding the permissible limits as
prescribed by WHO. Magnesium, Sodium and Fluoride at 12.6% sites were not under the permissible limits of
WHO. The values of pH, Potassium, BOD and COD were higher than the permissible limits at only 1.5% sites.
Total Alkalinity, Calcium, Chloride, Sulphate, Fluoride and Nitrate at 15.8%,25.3%,26.9%,9.5%,19% sites were
not under the permissible limits as prescribed by WHO. However, the values of Ammonia, Phosphate and BOD
at 100% sites were under the permissible limits of WHO. The concentrations of Iron,Zinc, Copper,
Manganese,Lead,Cadmium, Chromium and Nickel at 28.5%,3.1%,7.9%,11.1%,4.7%,7.9%,12.6% and 1.5%
sites were not under the permissible limits of WHO. The values of arsenic at all the sites were under the
permissible limits of WHO.

It is recommended that no human settlement should be allowed up to a minimum distance of 500m
from MSW dumping sites. It can be concluded that the poor practices of waste disposal are beingcarried out at
Municipal Solid Waste Dumping site in various states and the absence of the leachate collection system has a
great impact on the groundwater quality. The collected solid waste must be segregated, treated and disposed of
in an environmentally acceptable manner. It is suggested that the concerned authorities should take serious steps
for the control of groundwater pollution by providing a base of cement concrete to insure for the safety of local
peoples, environment and public health. The quality of the groundwater was found to improve with the increase
in depth and distance of the water resources from the landfill site.Solid waste management rule 2016 should be
strictly followed to prevent Groundwater pollution caused by solid waste disposal sites. Sanitary landfill should
be used in place of open dumping and this sanitary landfill should have proper bottom liners and a leachate
collection system. It is advised to monitor the groundwater on a regular basis.

REFERENCES

[1]. Ghosh C G, Khan H J M,Chakraborty K T,ZamanS,Kabir EM H A, Tanaka H.(2020).Human health risk
assessment of elevated and variable iron and manganese intake with arsenic safe groundwater in
jashore,Bangladesh. Scientific reports.10:5206.D01:10.1038/s415989-020-62187-5

[2]. Chilukuri K'S, Chandra S D, Asadi S S.(2019). Assessment of groundwater quality near municipal dump
site and estimation of water quality index by using weighted arithmetic method tenali, Guntur district,
Andhra pradesh, India.

[3]. International journal of recent technology and engineering. 7:6C2

[4]. Chandra SV, Aravindan A. (2019). Assessment of groundwater quality near municipal waste dumpyard
in Kanuru, Vijayawada, Andhra Pradesh, India. International journal of recent technology and
engineering.7:6C2.

[5]. Senthamizhselvan T.(2019).A study on groundwater quality around ariyamangalam dumping site in
trichy.International journal of research and scientific innovation.6(5)

[6]. Ravi S,Kannan S.(2019).A study on the landfill leachate and its impact on the groundwater quality of the
vellakalvillage,Madurai, Tamilnadu.Research journal of cheacal and environmental sciences.7(2):14-21

[7]. Ali S, Singh B, Verma A.(2018). Assessment of Groundwater quality near municipal solid waste landfill
site of Dubagga, Lucknow. JETIR.5(9)

[8]. ChopdaM,Malek M A.(2018).Contamination of Groundwater Quality Due to Municipal Solid Waste
Disposal — A GIS Based Study.International Research Journal of Engineering and Technology
(IRJET).5(4)

[9]. Sharma K P.(2018).Municipal solid waste dumping and impact on ground water. International journal of
engineering science and innovative technology. 7:2

[10]. Saini A, kaur N. (2018). Impact of municipal solid waste disposal on ground water quality near
mathuradaspura —langadiyawas dumping sites, jaipur city, India.International journal for Environmental
Rehabilitation and Conservation. DOI:10.31786/09756272.18.9.1.120.

[11]. Deswal M, Laura J S.(2018). GIS based modelling using Analytic Hierarchy Process (AHP) for
optimization of landfill site selection of Rohtak city, Haryana (India). Journal of Applied and Natural
Science.10(2): 633-642. DOI:10.31018/jans.v10i2.1753.

[12]. Gillurkar S, Mohota C, Dharmik A, Ramteke S, Pal N.(2017). Analysis of contamination of ground water
Due to Dumpyard :Case Study of Bhandewadi Dump Yard, Nagpur. International journal for research in
applied Science and engineering. 5(3).

International organization of Scientific Research 17 | Page



Physicochemical properties of Groundwater around Municipal waste disposal sites:A Review

[13].

[14].

[15].
[16].
[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].
[25].
[26].

[27].

[28].

[29].

[30].
[31].

[32].

[33].

[34].

[35].

[36].

Sangeetha S, Selvarajan G.(2017).Groundwater analysis of Mayiladuthurai, Nagapattinam district,
Tamilnadu. International Research journal of Environmental sciences.6(11):10-15

Mageswari S, lyappan L, Aravind S,Mohammed S,Vignesh R, Kumar V.(2017). Contamination of
Groundwater Quality Due to Municipal Solid Waste Disposal — A GIS Based Study in
PerungudiDumpyard.International Research Journal of Engineering and Technology (IRJET).4:5
Mathew A R. (2017) Analysis Of groundwater quality over chennai and consequent requirement of
sanitary landfill.International journal of earth and atmospheric science.4:2

Srigirisetty S, Jayasri T, Netaji C.(2017).Open dumping of municipal slid waste-impact on groundwater
and soil. TRDI.4:6

Mishra S., Tiwary D., Ohri A. and Agnihotri K.A.(2017).Spatial Analysis of Groundwater Quality
Around MSW Landfill Site. Nature Environment and Pollution Technology. 17:3

Malviya L N,Siriah V K,Badole M K.(2017).Analysis of physicochemical quality parameters of
groundwater near municipal solid waste dumping sites at pipariya.International journal of advanced
research.5(3).413-416.D0I.10.2147/1JAR01/3527

Kurakalva R.M., Aradhi K.K., Mallela K.Y.,Venkatayogi S.(2016). Assessment of Groundwater Quality
in and around the Jawaharnagar Municipal Solid Waste Dumping Site at Greater Hyderabad, Southern
India.Procedia Environmental Sciences. 35: 328 — 336

Kumar S M,SivakumarR,Nagarajan M. (2016). Impact of Municipal Solid Waste Dump Yard on Ground
Water —A Case Study of Kanchipuram Municipality, Tamilnadu,India. International Journal of
ChemTech Research.9:9

Vincent J.(2016).Physicochemical analysis of ground water near municipal solid waste dumping sites in
arumuganeri,thoothukudidistrict, Taminadu,India.Green  chemistry and techlogy letters.2(1).35-
37.doi:10.1850/gctl.2015.217

Kashyap R V.(2015).Physicochemical analysis of groundwater near municipal solid waste dumping site
in rewa(m.p),India.International journal for research in applied science and engineering
technology.3(11).446-471.

De S., Maiti S.K., Hazra T., DebsarkarA., Dutta A. (2015)Assessment of groundwater pollution by
municipal solid waste (MSW) landfill leachate: A case study in Kolkata, India. International Journal of
Computer & Mathematical Sciences. 4:2347 — 8527

PandeG.,Sinha A., Agarwal S.(2015). Impacts of leachate percolation on ground water quality: A Case
study of Dhanbadcity.Global Nest Journal.17(1):162-174

Eshanthini P., Padmini T.K.(2015). Impact of Leachate On Ground Water Quality Near Kodungaiyur
Dumping Site,Chennai, Tamil Nadu, India.Int.J. PharmTechResearch.8(10):171-179.

Deswal M, Laura J S.(2014).Application od GIS in MSW management in India. International Journal of
Engineering Research and Development. 10(10):24-32.

Deswal M, Singh P,Laura J S.(2014). Spatial and temporal distribution of nitrate (NOj3’) in groundwater
of Rojtak municipality area. International Journal of Engineering Research and Development. 10(11):60-
66.

Arafath Y, kumar P, vigneshwaran ,banupriya. (2014) Analysis of pollutants present in the ground water
due to leachate at thurraipakkamDumpyard, Chennai. Civil and environmental research.6:6

Ramaih V G, Krishnaiah S, Naik M, Shankara. (2014). Leachate characterization and assessment of
groundwater pollution near MSW dumpsite of Mavallipura, bangalore. International journal of
engineering research and applications.4:1

Patil S N,KumarV,Bhaskara A N.(2014).Solid waste management and impact of landfill leachate on
groundwater in hassancity,Karnatka.International journal of engineering research and technology.3:6
AShfagA,Ahad F.(2014).Study on assessment of underground water quality.International journal of
current microbiology and applied sciences.3(9).612-616

John G., Sharma H.K., Vatsa V. (2014). Impact of municipal solid waste dump on ground water quality
at DandalLokhand landfill site in Dehradun city. India. International journal of environmental
sciences.5:3,D0i:10.6088/ijes.2014050100061

Pandey R.K., Tiwari R.P.,Kirloskar S.G.(2013)Impact of Municipal Solid Waste on Subsurface Water
Quality near the Landfill Site.International Journal of Engineering Research & Technology (IJERT).2:11
Chavan B L, Zambare N S.(2013). A case study on Municipal Solid Waste management in Solapur city,
Mabharashtra, India. International Journal of Research in Civil Engineering, Architecture & Design. 1(2):
2347-2855

Gohain S.B. and Bordoloi S.(2013). A study on surface water and groundwater near a garbage disposal
site in Guwahati,assam,India.l.J.A.B.R.3(2): 212-216

Patil C., Narayankar S, Virupakshi A. (2013).Assessment of groundwater quality around solid waste
landfill area- a case study. International journal of innovative research in science,engineering and
technology 2:7

International organization of Scientific Research 18 | Page



Physicochemical properties of Groundwater around Municipal waste disposal sites:A Review

[37].
[38].

[39].

[40].

[41].

[42].
[43].
[44].
[45].

[46].

[47].
[48].
[49].
[50].
[51].
[52].
[53].

[54].

[55].

[56].

[57].

[58].
[59].

[60].

[61].

[62].

Pandey K R,Tiwari R P,Kirloskar G S.(2013). Impact of Municipal Solid Waste on Subsurface Water
Quality near the Landfill Site. International Journal of Engineering Research & Technology.2(11)
Shenbagarani S.(2013).Aalysiss of groundwater quality near the solid waste dumpigsite.lIORS Journal of
Environmental sciencde, Toxicology and Food technology.4(2).

Ramesh, K., and Soorya, V. 2012. Hydrochemical Analysis and Evaluation of Groundwater Quality in
and around Hosur, Krishnagiri District, Tamil Nadu.India. International Journal of Research in
Chemistry and Environment. 2(3): 113-122

Sasikaran S.(2012). Physical, chemical and microbial analysis of bottled drinking water. J Ceylon
Medical.57(3):111-11.

Bundela S P, Sharma A,Pandey K A, Pandey P, Awasthi K A,. (2012). Physicochemical Analysis of
groundwater near municipal solid waste dumping sites in Jabalpur. International journal of plant, animal
and environmental science. 2:1

Gautam A, pathak G, sahni A.(2011) . Assessment of groundwater quality at municipal solid waste
dumping site-Sewapura, jaipur. Current world environment. 6:2

RajkumarN,SubramaniT,Elango L.(2010).Groundwater contamination due to municipal solid waste
disposal-a gis based study in erode city.International journal of environmental sciences.1:1

Patil V T, Patil P R.(2010).Physicochemical analysis of selected groundwater samples in amalner town in
jalgaondistrict,Maharashtra, India.E-Journal of Chemistry.7(1):111-116.

JhamnaniB,Singh S K.(2009).Groundwater contamnati due to bhalsawaladfill sit in new delhi.
International Journal of Civil and Environmental Engineering.1(3)

SinghU.K.,Kumar M.,ChauhanR.,Jha P. K.,Ramanathan A. L., Subramanian V.(2007). Assessment of the
impact of landfill on groundwater quality:A case study of the Pirana site in western
India.EnvironMonitAssess. 141:309-321 311,doi. 10.1007/s10661-007-9897-6

Raman N.,Narayanam D.S.(2008). Imapct of solid waste effect on Groundwater and soil quality nearer to
Pallavaram solid waste landfill site in Chennai.Rasayan j Chem. 1(4):828-836

Bishnoi M., Malik R.(2007). Ground water quality in environmentally degraded localities of
Panipatcity,India. Journal of environmental biology. 26(9):881-886

MorS,khiawal R, Dahiya R P, Chandra A.(2006) Leachate characterization and assessment of
groundwater pollution near municipal solid waste landfill site. Environmental monitoring and
assessment. 118:1-3

Prazak K, Sunderman F W, Salnikow S.(2003).Nickel carcinogenesis. Mutat Res.533: 226

Jain C K, Bhatica S K, Vijay T.(1997). Ground water quality in coastal region of Andra Pradesh. Indian
Journal of Environmental Health. 39:182-190

Athar M, Vohora S B.(1995). Heavy metals and environment.Man and environment series.WileyEastem
Ltd. New Delhi.1-195

Prasad A S, D Oberleas. (1976). Trace elements in human health and disease, Vol. 1: Zinc and copper,
Academic Press, New York

Okunade A E,Awopetu S M,Bolarinwa A.(2019).Groundwater Quality Assessment near an Open Dump
Municipal Solid Waste Disposal Site in Ekiti State, SouthwesternNigeria.Journal of
geography,environment and earth science.22(3).1-8

Navid A.B., Khoram M.R,, Sadr K.M.(2018). Spatial distribution of groundwater quality around
Hamedan municipal solid waste landfill, Iran.Environ Health Res. 6:179-185,DOI:
10.22102/JAEHR.2018.125559.1069

David A.(2017). Groundwater contamination from an old municipal landfill at Revdalen,
Norway.HallvardEikas Plass.1-60

Majolaghe O A, Adeyi A A, Osibanjo O, Adams O A, Ojuri O O, (2017). Pollution vulnerability and
health risk assessment of ground water around an engineering landfill in Lagos, Nigeria. Chemistry
international. 3:1, 58-68.

Sohail T M,MahfoozY,HussainS,Khan B M,Hadi U N.(2017).Impacts of landfill sites on groundwater
quality in Lahore,Pakistan.Abasyn journal of social science.10
MurtazaG,HabibR,ShanA,SardarK,RasoolF,Javeed T.((2017).Municipal solid waste and its relation with
groundwater contamination in Multan,Pakistan.International journal of applied research.3:4.434-441
Adebara S.A., Afolayan A., Omajali D.1., Olatunji A.A. (2016). Assessment of the effects of solid waste
dumpsite on Ground water in osogbo and ede metropolis osunstate,Nigeria. International Journal of
Engineering Technologies and Management Research.3:2

Usman Y M, Samuel A K, Nisani A M. (2016) . Environmental impact of landfill on ground water
quality in Maiduguri, Nigeria. The international journal of engineering and science.5: 1

ArdaniR,Yari R A,FahiminiaM,HashemiS,FahiminaV,Bidgoli S M.(2015).Assessment of influence of
landfill leachate on groundwater quality:a case study albourz landfill(Qo,lran).Research Center for
Environmental Pollutants.4(1).13-21

International organization of Scientific Research 19 | Page



Physicochemical properties of Groundwater around Municipal waste disposal sites:A Review

[63].

[64].

[65].

[66].

[67].

[68].

[69].

[70].
[71].
[72].
[73].
[74].
[75].

[76].
[77].

[78].

[79].

[80].
[81].

[82].

Oluseyi T., Oluwatoyin A., Emmanuel A.(2014). Impact Assessment of Dumpsites on quality of near by
Soil and Underground Water:A case study of abandoned and a functional dumpsite in Lagos , Nigeria.
International Journal of Science, Environmentand Technology. 3(3):1004 — 1015

El-Salam A M M, Ismail A G. (2014). Impact of landfill leachate on the groundwater quality: A case
study, Egypt. Journal of advanced research. DOI: http://dx.doi.org/10.1016/j.jare.2014.02.003
AsumaO,Aweto K.E. (2013). Leachate Characterization and Assessment of Groundwater andSurface
Water Qualities Near Municipal Solid Waste Dump Site in Effurun, Delta State, Nigeria.Journal of
Environment and Earth Science. 3:9

DharmaratheN,Gunatilake J.(2013).Leachate characterization and surface groundwater pollution at
municipal solid waste landfill of gohagoda,Srilanka.International Journal of Scientific and Research
Publications.3(11)

Oyelami A C, Aladejana J A, Agbede O O, (2013). Assessment of the impact of open waste dump sites
on ground water quality: A case study of the Onibu-eja dumpsite, South-western Nigeria. Procedia earth
and planetary science. DOI: 10.1016/j.proeps.2013.03.168

Olafisoye R.E., Sunmonu A.L., Adagunodo A., Oladejo P.(2013). Impact assessment of solid waste on
Groundwater: A Case study of AardaDumpsite,Nigeria.ARPN Journal of Earth Sciences. 2:3

Satyavani C V, Venkateswararao B, Raju M P. (2013). Physicochemical and microbial analysis of
groundwater near municipal dump site for quality evaluation. International journal of bioassays. 02:08,
1139-1144.

Majolagbe O A,Kasali A A,Ghaniyu O L. (2011). Quality assessment of groundwater in the vicinity of
dumpsite in Ifo and Lagos,Southwestern Nigeria. Advances in applied research. 2:1, 289-298.

Taha R M,Yaacob W Z,Samsudin R A,Yakoob J.(2011).Groundwater quality at two landfill sites in
selangor,Malaysia.Bulletin of the geological society of Malaysia.13-18.D0I:10.7186/bgsm2011003.
Christopher O A,Yusoff M S.(2011).Environmental impact of leachate pollution on groundwater
supplies inakure,Nigeria. International Journal of Environmental Science and Development.2(1)
Grazuleviciene R, Nadisauskiene R, Buinauskiene J, Grazulevicius T. (2009). Effects of Elevated Levels
of Manganese and Iron in Drinking Water on Birth Outcomes. Polish J of Environ Stud .18(5):819-825
Lalor G C. (2008). Review of cadmium transfers from soil to humans and its health effects in the
Jamaican environment. Science of the Total Environment. 400:162 — 172

Duruibe J O. Ogwuegbu M O C. Egwurugwu J N. (2007). Heavy metal pollution and human biotoxic
effects. International Journal of Physical Sciences. 2 (5);112-118

McCarthy M F.(2004).Should we restrict chloride rather than sodium.Medical Hypotheses.63: 138-148
Hauser B A.(2001).Drinking Water Chemistry: A Laboratory Manual. Lewis publishers, A CRC Press
Company: Boca Raton. 71

Odum H T.(2000).Back Ground of Published Studies on Lead and Wetland. In: Howard T. Odum (Ed),
Heavy Metals in the Environment Using Wetlands for Their Removal, Lewis Publishers,New
York,USA.32

Bertram J, Balance R.(1996).A Practical Guide to the Design and implementation of Freshwater, Quality
Studies and Monitoring Programmes. United Nations Environmental Programes(UNEP) and World
Health Organization (WHO). E and FN Spoon Publishers,.172-177

WHO (1997). Guideline for Drinking Water Quality, 2nd edition Volume 2, Health criteria and other
supporting information, World Health Organization, Geneva.9

BIS (2012). Indian standard drinking water specification(second revision). Bureau of Indian Standards.
1S10500

WHO(2017). Guidelines for drinking water quality,health criteria and other supporting information,4th
edn.World health Organisation

Table no 7:Drinking Water Quality Standards as recommended by BIS AND WHO

PARAMETER UNIT BIS STANDARDS  WHO STANDARDS
pH - 6.5-8.5 9.2

EC pS/cm - 1000
TDS mg/L 500-2000 500-1500
TURBIDITY NTU 1.0-5.0 5.0

TH mg/L 200-600 500

TA mg/L 200-600 500

TSS mg/L 500 -

Na* mg/L - 200

K* mg/L - 200

ca® mg/L 75-200 200
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M92+
Ccr
NO;s
SO~
-

Cr
Mn
Ni
Fe
Pb
Zn
Cu
Cd
As
NH,*
DO
BOD
COD
uranium

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
ppb

30-100
250-1000
45
200-400
1.0-1.5
0.05
0.1-0.3
0.02

0.3

0.01

5-15
0.05-1.5
0.003
0.01-0.05
0.5

60

150
600
45
400
15
0.05
0.2
<1
0.3
1.0
6
0.1
0.01

2.0-5.0
10
30
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