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Abstract: Water pollution is a major problem worldwide, the management of which requires continuous monitoring 
and the effective implementation of water resource policy at all levels. The objective of the present study is to 
evaluate the water quality of three major sub-tributaries of Shendurney river viz. Kallar, Shendurney and Uruliyar 
which drains through the Shendurney wildlife sanctuary which also forms the catchment of the Kallada reservoir. 
The reservoir was also brought into the purview of the study and the results revealed a general trend of increasing 
pollution load from upstream to the downstream. Values of parameters such as pH and DO are higher in samples 
from the upstream whereas the BOD values which indicate the high concentration of organic matter is higher 
in the downstream portion of the three streams. The results of the study indicate the deterioration caused due to 
human interference in the outer and buffer zones of the protected area.
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Introduction

Water quality is most commonly thought of as the ideal 
representation of the water’s chemical character. As 
such, it has immense influence on the sustenance of the 
biotic components in it as well as those supported by 
it. Variation in the quantity and quality of river water 
is widely studied in the case of several world rivers. 
Riedel et al. (2000) examined the spatio-temporal 
variations in trace elements in Patuent River, Maryland, 
while Sileika et al. (2006) reported variation in nutrient 
levels in the Nemunas river of Russia. Among Indian 
rivers, those flowing through the Gangetic plains are 
the most studied ones. While Subramanian (1983) 
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documented inconsistent downstream variations in river 
water chemistry, Mukherjee et al. (1993) and Singh 
et al. (2002) documented the physical, chemical and 
biological aspects of river Ganga. Compared to the 
northern rivers in India, the southern rivers are less 
studied perhaps due to their smaller size and discharge 
(Nikhil and Azeez, 2009). 

Shendurney Wildlife Sanctuary is a protected area 
in the Western Ghats, India, extending over an area of 
171 sq. km. The objective of the present study is to 
assess the quality of the existing water resources in the 
Shendurney Wildlife Sanctuary and also to examine the 
nutrient availability in these resources with respect to 
the forest wealth in the study area.
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Materials and Methods

Three major sub-tributaries of Shendurney river viz. 
Kallar, Chendurneyar and Uruliyar were identified for 
assessing the water quality of the area, since these are 
the important rivulets draining the sanctuary on the EW, 
SN and NS directions respectively. Further, to take into 
account, the spatial variations in each of these river 
systems, three locations were fixed in the upstream, 
midstream and downstream sites. Additionally, three 

samples were also taken from the initial, mid and end 
points of the reservoir to detect the spatial variations 
in it. The location map of the study area is given in 
Figure 1. 

The sampling and analysis of various physico-
chemical attributes were done following the standard 
procedures as detailed in APHA (1995) and by 
Trivedy and Goel (1984). Water quality parameters and 
analytical methodology are given in Table 1. 

Table 1: Water quality parameters and analytical methodology

Sl. No Parameters Methodology adopted Reference

1. pH Electrometric method using APHA, 1995
2. EC Conductivity meter APHA, 1995

3. DO Winkler method APHA, 1995

4. BOD Unseeded dilution technique APHA, 1995
5. TSS Gravimetric method Trivedy and Goel, 1984
6. TDS Gravimetric method Trivedy and Goel, 1984
7. Total nitrogen Spectrophotometric method Trivedy and Goel, 1984

8. Total phosphorous Spectrophotometric method Trivedy and Goel, 1984

9. Sulphate Turbidimetric method Trivedy and Goel, 1984
10. Sodium Flame photometric method Trivedy and Goel, 1984
11. Potassium Flame photometric method Trivedy and Goel, 1984
12. Calcium EDTA titrimetric method Trivedy and Goel, 1984

Figure 1: Location map of the study area.
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Results and Discussion

The results of analysis of various physico-chemical 
parameters of surface water samples from the 
Shendurney wildlife sanctuary collected are given in 
Figures 2 to 13. It is observed that the values are in 
conformity with the standards specified for surface 
waters (BIS: 2296, 1992). However there is variability 
between the sampling sites with respect to certain 
parameters which can be attributed to the locational 
aspects and slight human interferences in the enclosure 
areas inside the sanctuary.

pH
pH, the hydrogen ion (H+) concentration of a solution, 
is a measure of the acidity of the solution. Figure 2 
shows the variation in values of pH among the upstream, 
midstream and downstream points of the three rivers 
and the reservoir. Although the average pH values in 
the present study confines within the tolerance limit 
of inland surface waters (BIS: 2296, 1992) it is found 
that comparatively higher values are found in samples 
from upstream of all the three streams and the reservoir 
(6.2, 6.1, 6.2 and 6.2 in the upstreams of Shendurney, 
Kallar, Uruliyar and reservoir respectively) indicating 

	 Figure 2: Variation in pH.	 Figure 3: Variations in E.C.

	 Figure 4: Variation in D.O	 Figure 5: Variation in BOD.

	 Figure 6: Variation in TSS.	 Figure 7: Variation in TDS.
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(Avasn et al., 2010). Figure 3 shows the EC values 
in Shendurney and it can be seen that the values are 
progressively increasing downstream. The highest EC 
value is observed in samples from Kallar stream (32 
mg/l, 41 mg/l and 39 mg/l respectively in the upstream, 
midstream and downstream points respectively) which 
is, however, much below the average surface water 
samples. Similar distribution of low values was noticed 
by Abbasi et al. (1999) and Mini et al. (2003) from the 
surface waters of Kerala.

Dissolved Oxygen (DO)
Optimum concentration of DO is essential for 
maintaining aesthetic qualities of water as well as 

near neutral conditions due to lesser disturbances. The 
lowest value is observed in the case of Kallar stream 
(5.9). The samples exhibit neutral or close to neutral pH 
similar to the one reported by earlier studies with similar 
geological set up (Babu et al., 2003; Mathukumalli 
and Ramanathan, 2003). Lianthuamluaia et al. (2013) 
opined that pH had no strong positive correlation with 
most of the observed water quality parameters, whereas 
it showed a strong negative correlation with ammonia.

Electrical Conductivity (EC)
The electrical conductivity (EC) is an index to 
represent the concentration of soluble salts in water 

	 Figure 10: Variation in sulphate.	 Figure 11: Variation in sodium.

	 Figure 12: Variation in potassium.	 Figure 13: Variation in calcium.

	 Figure 8: Variation in total nitrogen.	 Figure 9: Variation in total phosphorus.
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for supporting aquatic life. The variation in DO 
is represented in Figure 4 and it can be seen that 
comparatively higher DO values are noted in samples 
both from the upstream of the streams (6.4 mg/l, 
6.2 mg/l and 6.5 mg/l) and from the upstreams of 
the reservoir (6.5 mg/l). Similar values (6.11 mg/l) 
were observed from Sasthamkotta fresh water lake 
(Prakasam, 2003) and from Valliyar river in Tamil Nadu 
(6.21 mg/l) by Salini (2009). Distribution of DO values 
in the sanctuary generally implies the serene nature of 
the water resources of the study area.

Biological Oxygen Demand (BOD)
Variation of BOD values is given in Figure 5. BOD 
measurement is used as the index of organic pollution 
under anaerobic conditions. High BOD values in the 
mid (2.5 mg/l) and downstream (2.6 mg/l) portions 
of Kallar and Uruliyar clearly reveal the influence of 
organic contamination from anthropogenic activities, 
since these two rivulets are draining through inhabited 
areas such as private enclosures falling within the 
sanctuary boundary. 

Total Suspended Solids (TSS)
From Figure 6 it is clear that the TSS values are 
higher in the downstream samples of the streams and 
the reservoir. Highest TSS values are noted in the 
downstream sample of Uruliyar (37.3 mg/l). High 
values noticed in the mid and down streams of Kallar 
(32.4 mg/l and 30.5 mg/l) and Uruliyar (37.3 mg/l and 
34.4 mg/l) is a clear case of surface run off induced by 
rain and an evidence of soil erosion caused by human 
intervention. Current distribution of TSS is similar to 
those reported by Babu et al. (2000) from Peppara wild 
life sanctuary and Bijukumar et al. (2010) from Lakkidi.

Total Dissolved Solids (TDS)
TDS in water is contributed largely by the presence 
of dissolved minerals like iron or manganese. TDS in 
natural waters fluctuates depending on the weathering 
characteristics and the degree of anthropogenic 
pollution. In the present study, TDS values are 
comparatively higher (32.8 mg/l in Shendurney, 35.5 
mg/l in Kallar and 35.9 mg/l in Uruliyar) in samples 
from the downstream region of the three streams 
(Figure. 7). Kataria et al. (1996) reported that increase 
in TDS indicates pollution by extraneous sources. In the 
current study, average TDS values are indicative of the 
general absence of pollution by dissolved salts. This is 
in contrast with the values obtained from the rivers of 

polluted zones where high values were noticed during 
pre-monsoon period (Sujitha et al., 2011).

Total Nitrogen (TN)
TN is the sum of nitrate-nitrogen, nitrite-nitrogen, 
ammoniacal nitrogen and organically bound nitrogen. 
The down and mid streams of the three streams showed 
high TN values, especially that of Kallar stream (383 
mg/l and 374 mg/l). In the case of the reservoir, the 
downstream region (382 mg/l) shows high concentration 
of TN (Figure 8). Possibility of fertilizer-borne nitrogen 
reaching the rivers by surface run off is evident here. In 
contrast to the study area, values as high as 756 mg/l 
(Nair and Chattopadhyaya, 2005) and as low as 3.5 mg/l 
(Krishnan, 2008) were noticed from Periyar.

Total Phosphorous (TP)
Highest TP values are noted in sample from the 
downstream (28 mg/l) point of the reservoir (Figure 
9). Comparatively lower P values in the upstream 
locations (179 mg/l at Shendurney upstream, 138 
mg/l at Kallar upstream and 138 mg/l at Uruliyar 
upstream) indicate that the riparian vegetation can be 
very important P filters that reduce nutrient input into 
streams. The marginal increase downstream indicates 
its anthropogenic origin which reaches the aquatic 
flow through surface drain. Organic P at the range of 
66 μg/l was noticed from Bharathapuzha River (Babu 
et al., 2003). Padma and Nair (2010) opined that P 
exhibits strong concentration with increasing river flow 
indicating the dominance of point sources.

Sulphate
Sulphate occurs naturally in water and may be present 
in natural waters in concentrations ranging from a few 
to several thousand milligrams per litre. The variation 
in sulphate concentration in different samples is given 
in Figure 10. Maximum value is noted in sample 
from the downstream of the reservoir (4.5 mg/l). This 
can be correlated to the region which is a confluence 
of three rivers viz. Kulathupuzha, Shendurney and 
Kazhuthurutty after flowing through human inhabited 
areas. In fresh water Lake Vellayani, anthropogenic 
input of sulphate (8.1 mg/l) was visible compared to 
that (0.11 mg/l) of Sasthamkotta (Krishnakumar and 
Sobha, 2002).

Sodium
Weathering of salt deposits and contact of water with 
igneous rock provide natural sources of sodium. There 
is an increased concentration of sodium in samples of 
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inhabited areas of Kallar (2.9 mg/l in midstream and 
downstream) and Uruliyar (2.6 mg/l and 3.1 mg/l in 
midstream and downstream respectively) may possibly 
be due to the anthropogenic contribution. Figure 11 
shows the variation in sodium concentration in three 
streams and the reservoir. Three samples from the 
reservoir also show high concentration of sodium (2.7 
mg/l, 2.9 mg/l and 3.1 mg/l in the upstream, midstream 
and downstream points). Relatively higher concentration 
was reported in Ganges (18.4 ppm) by Subramanian 
(1979), in Brahmaputra (6.3ppm) by Raymahasay 
(1970) and in Krishna (34.4 ppm) by CSMRS (1973). 
Monsoonal leaching of Na similar to the current 
distribution was however noticed by Babu et al. (2003) 
from Bharathapuzha River. 

Potassium
Potassium ranks seventh among the elements in order 
of abundance, yet its concentration in most drinking 
waters seldom reaches 20 mg/l. In this study, potassium 
content in waters exhibits a remarkable increase in the 
reservoir portion (1.1 mg/l, 1.2 mg/l and 1.4 mg/l in the 
upstream, midstream and downstream) of the study area 
(Figure 12). This indicates a depthwise increase in K 
possibly attributed to contribution from litter addition 
and recycling as reported by Nandakumar et al. (2004) 
in Idukki reservoir. The concentration is low in the 
upstream water samples. 

Calcium
Calcium contributes to the total hardness of water. The 
distribution of Ca in the study area is represented in 
Figure 13. Calcium concentration is higher in samples 
from the downstream of Kallar (2.3 mg/l) and Uruliyar 
(2.4 mg/l) and in downstream sample of the reservoir (3 
mg/l). The lowest values are noted in samples from the 
Shendurney stream (0.98 mg/l, 1.1 mg/l and 1.2 mg/l 
in the upstream, midstream and downstream). A sharp 
increase in the upstream reservoir (2 mg/l) is visible 
indicating its probable recycling from the deeper layers 
by plants as reported in the case of Idukki reservoir 
(Nandakumar, 2004). Ca and Mg dissolve out of rocks 
and consequently are detected in many lakes and stream 
water (Gajananda et al., 2003), together with this, high 
aeration might have added to the rise in values in the 
reservoir region in the present study.

Conclusion

Values of parameters such as pH and DO are higher in 
samples from the upstream of the three streams viz., 

Shendurney, Kallar and Uruliyar indicating a serene 
ecosystem with lesser human interventions. The other 
parameters such as EC, BOD, TSS, TDS, total nitrogen, 
total phosphorus, sulphate, sodium, potassium and 
calcium showed higher concentration in the lower 
reaches of the three streams. The BOD values which 
indicate the high concentration of organic matter is 
higher in the downstream portion of the three streams. 
The values indicate that the pollution load is increasing 
from the upstream to the downstream since the river 
reaches the area of more human interference. Anukool 
and Shivani (2011) also reported the increasing nature of 
pollution from upstream to downstream of a river. In the 
case of reservoir, values of pH, BOD, TSS, TDS, total 
nitrogen, total phosphorus, sulphate, sodium, potassium 
and calcium are higher in the samples from first station 
which is near the buffer zone. The values of EC and 
DO are higher in the lower reaches of the reservoir. 
Among the three streams analyzed, the Shendurney 
stream shows less pollution status than other two 
streams viz. Kallar and Uruliyar. The study revealed that 
increased pollution status in the downstream than the 
upstream may be due to the entry of pollutants to the 
streams by way of various anthropogenic activities in 
the two private enclosures coming inside the sanctuary 
boundary.
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