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Abstract: The major challenge in rural areas of Madurai district is to gain access to clean and potable water 

and these results in water borne diseases. The objective of this study was to assess physical, chemical, 

biochemical and microbial profile of water in 12 hand – dug wells in a rural area, Thiruppalai of Madurai 

District. Probing of water quality in seasonal variations and proximity to pollution sources (municipal waste 

dumps and defecation sites) was done. Water quality parameters were determined following the standard 

procedures mentioned in APHA. All parameters were detected up to 300 m from pollution sources. Almost all 

water parameters have shown high increase during the rainy season over the dry periods, pointing to 

infiltrations from storm water. Significantly, coliform, Pb, NO3 and Cd level have exceeded the recommended 

values for potable water. The distance from the pollution sources has more pronounced on fecal and total 

coliform counts and thus values decreased with increasing distance from pollutant sites. The qualities of the 

drinking water sources in public places were therefore not compatible for human consumption without proper 

treatment. Regular monitoring of groundwater quality, enactment of healthy waste disposal practices and strict 

enforcement of modern techniques in water management is highly recommended 

   
I. Introduction 

Thiruppalai, a remote village of Madurai District, is one of the water starved areas of Tamilnadu. 

Normally, groundwater resources are under severe threat from either by pollution or by low level of hygiene 

practiced (Adesuyin et al 1983; Sangodoyin and Agbawhe 1992) and this is observed in Tiruppalai village.  The 

health and well being of any individual is fully dependant on environmental health (Cruise and Miller, 1994). 

Hence, as and when environment is spoiled by the addition of toxic materials or infiltration of bacteria then it 

shall create a variety of health problems (Ugboaja, 2004; Efe et al  2005) such as water – borne diseases (Agbu 

et al 1988; Sangodiyin 1993; Alabe  2002; USPA 2002) and this status is also observed in the study place.  

Hitherto, physical, chemical, biochemical and microbial profile of water in hand-dug wells located in 

the residential areas, close to solid waste dumpsites and open defecation sites in Thiruppalai were assessed. An 

evaluation of the effect of seasons and proximity to pollution sources (municipal waste dumps and defecation 

sites) on water quality was done. Subsequently, using the data, the water quality quotient factor was calculated. 

This new finding shall provide ample support for the water managers of this village. 

 

II. Materials and Methods 
2.1 Study Area  

The study area Thiruppalai village in Madurai district of Tamilnadu has major season’s via., wet or 

rainy season begins in October and ends in December and the dry season begins in March and ends in May.  

  

2.2. Sample Collection 

 Water samples were collected from 12 hand- dug wells, whose depths varied from three to 12 m, 

located in the vicinities of rural solid-waste dumpsites,  open - air defecation sites, twice a month for a period of 

two months each  in dry and wet season. Water quality parameters such as pH, temperature, conductivity, total 

solids (TS), total suspended solids (TSS), total dissolved solids (TDS), turbidity, nitrate (NO3-), sulphate (SO 

42-), phosphate (PO43-), copper (Cu), lead (Pb), cadmium (Cd), dissolved oxygen (DO), chemical oxygen 

demand (COD), biochemical oxygen demand (BOD), fecal coliform (FC) and total coliform (TC) counts were 

computed using the standard procedures of APHA (1980). 

 

2.3. Water Samples Quality Analysis: 

All plastics and glass wares used for sample collection were pre-washed with detergent water solution, 

rinsed with tap water and soaked for 48 h in 50% HNO3, then rinsed thoroughly with distilled-deionized water. 

Water samples used for estimating the of physical properties and chemical properties via., SO4, NO3, metals and 

DO, COD, BOD and PO4 were collected in plastic bottles and specialized glasswares respectively. 
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Subsequently, all parameters of water sample were tested following the standard procedures (APHA, 1980). All 

containers for bacteriological analysis were sterilized in an autoclave at 121
0
C for 15 minutes.  

Data Analysis 

Analysis of variance (ANOVA) was done to exhibit the significant variations between seasons, places 

and interaction between seasons and places.   

  

II. Results 
The Values for the water quality parameters are presented in Tables 1–4.  The high values of TSS, PO4, 

BOD and COD are found in the unprotected wells. Likewise, these values are varied with seasonal change and 

distance from pollution source. The concentrations of Electrical conductivity, BOD, COD, TDS, Cu, Pb, fecal 

coliform and total coliform  has increased more in rainy season when compare with dry season (Tables 1-4 and 

Figs.1&2 ).  

 

Table 1: Mean values for the water quality parameters of wells located close to waste dumpsite in dry 

season. 

 

Distance from sites ( meter) 

Parameters 50 100 150 300 Standard 

value 

pH* 7.11 7.50 8.22 8.39 6.5-8.5 

Turbidity*(NTU) 6.33 5.14 4.46 4.76 6.0 

Conductivity* 

(µS/cm) 

847 766 634 523  

Temperature *(
o
C) 26.9 27.2 27.1 28.3  

TDS 1240 1220 1060 1010 980 

TS 1020 980 930 910 1000 

TSS      

Phosphate 92 74 67 44 <50 

Sulphate 390 310 270 220 350 

Nitrate 16 12 11 08 07 

Lead 0.70 0.50 0.40 0.21 0.05 

Cadmium 0.19 0.13 0.12 0.09 0.006 

BOD 6.95 5.80 6.15 4.04  

COD 50 48 37 34  

Dissolved oxygen 3.1 3.2 3.1 2.8  

*FC(CFU/100ml) 53 30 15 8 0 

*TC (CFU/100ml) 85 68 56 13 0 

 

Except * all are in ppm. 

Table 2: Mean values for the water quality parameters of wells located close to waste dumpsite in wet 

season. 

 

Distance from pollution sites ( meter) 

Parameters 50 100 150 300 Standard 

value 

Ph* 7.01 7.10 7.12 7.29 6.5-8.5 

Turbidity *(NTU) 6.33 5.84 4.26 3.86 5.0 

Conductivity* 

(µS/cm) 

890 804 720 420  

Temperature *(
o
C) 27.2 27.5 27.7 26.1  

TDS 1420 1270 1160 1020 1000 

TS 980 790 720 690 1000 

TSS      

Phosphate 64 50 42 32 <50 

Sulphate 520 500 470 410 400 

Nitrate 20 16 14 11 10 

Lead 0.69 0.52 0.41 0.38 0.05 

Cadmium 0.5 0.4 0.4 0.1 0.005 
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BOD 7.25 6.70 5.85 4.30  

COD 50 41 38 32  

Dissolved oxygen 3.6 3.2 3.1 3.0  

FC(CFU/100ml) 42 30 16 10 0 

TC (CFU/100ml) 110 68 56 13 0 

 

( All values are expressed in ppm except *) 

 

Table 3: Mean values for the water quality parameters of wells located close to defecation sites in dry 

season. 

 

Distance from sites ( meter) 

Parameters 50 100 150 300 Standard 

value 

*pH 7.31 7.60 8.32 8.49 6.5-8.5 

*Turbidity (NTU) 6.5 4.8 4.2 3.86 5.0 

*Conductivity 

(µS/cm) 

657 616 585 401  

*Temperature (
o
C) 27.2 27.1 27.7 26.8  

TDS 1240 1190 1140 1080 1000 

TS 1090 1020 950 910 1000 

TSS      

Phosphate 72 66 60 54 <50 

Sulphate 360 340 300 240 400 

Nitrate 18 14 13 11 10 

Lead 0.70 0.55 0.38 0.24 0.05 

Cadmium 0.24 0.20 0.16 0.10 0.005 

BOD 6.9 6.1 5.8 5.3  

COD 45 38 35 30  

Dissolved oxygen 3.8 3.4 3.2 4.1  

*FC(CFU/100ml) 72 58 42 31 0 

*TC (CFU/100ml) 120 100 90 56 0 

 

( All values are expressed in ppm except *) 

 

Table 4: Mean values for the water quality parameters of wells located close to defecation sites in wet 

season. 

 

Distance from sites ( meter) 

Parameters 50 100 150 300 Standard 

value 

*pH 5.19 6.02 6.08 6.49 6.5-8.5 

*Turbidity (NTU) 3.43 3.24 4.26 7.86 5.0 

*Conductivity 

(µS/cm) 

537 646 415 301  

*Temperature (
o
C) 25.2 25.5 25.7 25.1  

TDS 820 780 720 680 1000 

TS 460 390 350 210 1000 

TSS      

Phosphate 68 58 52 47 <50 

Sulphate 360 340 290 260 400 

Nitrate 14 12 11 10 10 

Lead 0.40 0.35 0.38 0.24 0.05 

Cadmium 0.29 0.24 0.16 0.09 0.005 

BOD 5.10 5.90 6.10 6.40  

COD 34 39 44 52  

Dissolved oxygen 3.5 3.4 3.2 2.8  

*FC(CFU/100ml) 45 34 24 15 0 
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*TC (CFU/100ml) 102 94 76 54 0 
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Figure 1: Decreasing total coliform count (CFU/100 ml) with increasing distance from pollution sources in dry 

season. 
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Figure 2: Decreasing total coliform count (CFU/100 ml) with increasing distance from pollution sources in 

winter season. 
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Figure 4: Decreasing fecal coliform count (CFU/100 ml) with increasing distance from pollution sources in  

dry  season 
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The increases were 30%, 40%,27% , 48%, 36%, 56% and 47% in Electrical conductivity, BOD, COD, 

TDS, Cu, Pb, fecal coliform and total coliform  respectively during the rainy season when compare with the dry 

season. Similarly, the effect of distance from pollution sources also has determined the fecal and total coliform 
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counts. The water quality parameters and the bacteria counts are more in the nearby pollution sites rather than 

far-off pollution sites (Table & Fig.2).  The increases were 36%, 48%,47% , 38%, 26%, 66% and 52% in 

Electrical conductivity, BOD, COD, TDS, Cu, Pb, fecal coliform and total coliform  respectively during the 

rainy season when compare with the dry season. One way ANOVA test confirms a significant difference in 

parameters between rainy and dry season at 0.05 level of significance (p<0.05). 

An analysis of conductivity, total solids and PO4
 
concentrations in the water samples near waste 

dumpsites and near defecation sites revealed that tested values were more higher in dumpsites than in 

defaecation sites during the dry season. This increase is 43%, 56% and 43% in conductivity, total solids and PO4
 

concentrations respectively in water samples nearing dumpsites when compare with water near defaecation 

sites. One way ANOVA test confirms a significant difference in parameters between sites at 0.05 level of 

significance (p<0.05). 

The fecal and total coliform counts were more higher in the water samples near defecation sites than 

those water samples taken from 50 to 100 m well in wet season. The increase is 45% and 67% in fecal and total 

coliform counts in water samples taken near dumpsites in wet season over the samples collected in dry season. 

Further, this values were decreased by 23% and 34% in fecal and total coliform counts in water samples taken 

from 150 to 300 m of well in wet season over water samples taken in dry season. One way ANOVA test 

confirms a significant difference in parameters between the water samples collected at different depth of wells at 

0.05 level of significance (p<0.05). 

Similarly, the fecal and total coliform counts were higher in the water samples near defecation sites 

than those water samples near dump sites in wet season. The increase is 38% and 57% in fecal and total 

coliform counts in water samples taken near defecation sites over the samples collected from dumpsites in wet 

season. One way ANOVA test confirms a significant difference in parameters between sites in wet season at 

0.05 level of significance (p<0.05). The Water quality quotient factor indicated in Figs 3&4 also revealed the 

influence of  distance and season on water quality. 
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Fig.3: Quotient factors for water quality parameters in wells near 

dumpsite in dry seasons relative to winter seasons. 
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Fig.4: Quotient factors for water quality parameters in wells near 

Fecal sites in dry seasons relative to winter seasons. 

 

III. Discussion 
Results showed that the well water samples have good pH values in wells below 50 m from defecation 

sites (Burkart and Kalpin, 1993; Domogalski et al 2001). The high pH values for wells near to waste dump-sites 

in different seasons with quotient coefficients of 1.18 (dry season) and 1.14 (wet season) was attributed to the 

release of carbon dioxide, ammonia and methane during decomposition of the waste materials, that may 
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percolate to the groundwater. Likewise, the low pH of water samples from wells near to defecation sites was 

attributed to sulphur and amino acid compounds from human and animal excreta. (Akanle et al 1985; Asubiojo 

et al  1985; Badmus et al  2001). 

The conductivity levels of the water samples from wells near to dump-sites and defecation sites were 

200 µS/cm. This trend indicates the presence of Pb
2+

, Cu
2+

and Cd
2+

 and  SO4
2-

, NO 3
-
, PO4

3-
)  and solids and 

salts are in permissible limits, that favours the water for fishery and agricultural practices. Excess in sulphate 

above 600 ppm may create unfavorable condition for humans (Agbu, 1988 ; Adepelumi et al 2002).  

This study exhibited that Pb, Cd, FC and TC have exceeded the guidelines of  World Health 

Organization (WHO, 1998) for drinking water. The trend of increasing concentration in metal (Pb) may be 

attributed to human interference (Root et al  1982, Wright 1985; Sangodoyin  and Agbawhe, 1992; Edet , 1993; 

Sridhar 2000; Ikem et al 2002) such as  open solid waste burning, quarrying (Groen et al 1988; Nikiladze and 

Mints, 1989; Malomo et al 1990; Obasi and Balogun, 2001). Increased soil metal burden from atmospheric 

deposit of air-borne particulates by wet precipitation and subsequent rainwater run-off of waste materials may 

enhance the metal concentration in water samples (Esry et al 1991). In addition, these metal levels may be 

increased owing to metal dissociation from rocks through that the water flows (Esa , 1983; Fecham et al 1986;).  

Nitrate concentration above 10 ppm may be dangerous to pregnant women and infants of three to six 

months age, because of its ability to develop methaemoglobinaemia or blue baby syndrome in the affected body 

(Aremu et al 2002). Traces of phosphates increase the tendency of troublesome algae to get grown in the water 

that in turn affect the oxygen level for fish (Esry and Habicht, 1986). The results also revealed that water quality 

with respect to about DO (3.0 to 5.06 mg/L) is not suitable for drinking. COD and BOD are indices of organic 

pollution. High COD and BOD interfere with oxygen transfer to the soil, thus affecting plant growth (Esry et al 

1991). 

High coliform populations in all water samples are an indication of poor sanitary conditions in the 

village and this may be owing to unhygienic practices of public. (Onianwa et al 2001)  that  may be the sources 

for many diseases. 

 

IV. Conclusions 
In conclusion, all pollutants were detected up to 150m from wastes sites and the water quality is altered 

more in dry season than wet season. The water samples close to pollution source particularly dump-sites 

contained more Pb, Cd, and coliform levels (FC and TC) above the stipulated limits for potable water. The high 

coliform up to 40 in water samples near faecal sites relative to about dump-sites indicates that the groundwater 

resource is unfit for drinking and domestic uses. 

It is recommended that water sources should be properly protected from the pollution sources and for 

which a strict measure should be taken by the government. Efficient solid waste management should be adopted 

to safeguard public health from water borne diseases. Also, the public should be given proper awareness about 

the need to have a perfect personal hygiene for a healthy life. 
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