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Abstract : Water quality rating methods provide a single number that reflects the combined influence of
different water quality parameters and is of much significance in the sustainable development of a watershed.
pH, EC, TDS, total alkalinity, total hardness, chloride, nitrate and sulphate were used to calculate WQI in
weighted arithmetic index method. Accordingly water quality is classified as excellent, good, poor, very poor
and unfit for drinking. Thematic maps for the study area were prepared from SOI toposheets and IRS P6 LISS-
Il image (P100/R67) using Arc GIS 9.2 software. Spatial distribution maps were prepared for both watersheds
by adding WQI index values as attribute data. In both sub-watersheds, percentage of excellent category is
higher during Post monsoon season compared to other two seasons. When both sub-watersheds are compared
Vagamon has better water quality than Peermade sub-watershed. It is represented by 44.44% excellent, 44.44%
good and 11.12% poor category of WQI during Pre monsoon season; 33.33% excellent and 66.67% good
category of WQI during Monsoon season; and 77.78% excellent and 22.22% good category WQI during Post
monsoon season. The corresponding values for Peermade sub-watershed, for different seasons are 36.36%
excellent and good, 18.18% poor and 9.10% very poor WQI during Pre monsoon; 36.36% excellent, 54.55%
good and 9.09% poor WQI during Monsoon; and 45.45% excellent and good and 9.10% very poor category
WQI during Post monsoon season.
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l. INTRODUCTION

Watersheds are significant to every region as it provides drinking water, water for irrigation, recreation
and industrial activities [1]. Growing population and speedy industrialization have lead to the pressure on
demand for water [2] and affect the availability and quality of ground water. A continuous periodical monitoring
of water quality is necessary for water resource management practices. Inadequate management of water
resources, directly or indirectly, resulted in the degradation of hydrological environment [3]. The quality of
groundwater vary with the depth of water table, seasonal changes and composition of dissolved salts depending
upon sources of the salt and sub surface environment.

Il.  Study Area
Vagamon sub-watershed of Meenachil River and Peermade sub-watershed of Pamba River are the
selected study areas for the present investigation. Both of them represents a typical highland sub-watershed
having an altitude above 620m and 1000m of MSL respectively. Vagamon sub-watershed lies between 9°38'35"
N to 9°41'42" N latitude and 76°53'09" E to 76°55'37" E longitude and covers an area of 8.71 km?. Peermade
sub-watershed lies between 76°56'01" E to 76°59'57" E longitude and 9°34'08" N to 9°36'59" N latitude and
covers an area of 16.42 km®.

I11.  Methodology
The integrated status of various water quality parameters that are relevant and significant to particular
use is reflected in WQI. Water quality index provides a single number (like a grade) that expresses overall water
quality at certain location and time. It is one of the most effective ways to communicate the information on
water quality trends to the general public or to the policy makers and water quality management [4].
WQI is calculated by weighed arithmetic index method [5].

n n
wQl = Z dn Wn/Z Wh
n=1 n=1

0. = quality rating of "™ water quality parameter
W,= unit weight for n' parameter
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Quality rating/sub index (q,) is a number reflecting the relative value of a parameter in the polluted water with
respect to its standard permissible value.
qn = 100[(v, — vi0) + (Sp — Vi5)]

Where v, = estimated value of the n" parameter

Vi, = ideal value of the n'" parameter

s, = standard permissible value of the n'" parameter
In most cases v, = 0 except for parameters pH and DO.
For pH, v;, =7 and s,= 8.5

DO, vj,=14.6 and s,= 5mg/L

Unit weight (w,) is inversely proportional to the recommended standards for the corresponding

parameters w, = / Sy, Where K is a constant for proportionality K = ﬁ
Table 1. Status of Water Quality based on WQI 7[16]
Water Quality Index Status
0-25 Excellent
26-50 Good
51-75 Poor
76-100 Very Poor
100 and above Unfit for drinking (UFD)

Table 2. Calculation of Unit weight for parameters

Sn 1/ sn w=k/ sp
pH 9 0.118 0.702
EC 300 0.003 0.020
TDS 500 0.002 0.012
Alkalinity 120 0.008 0.050
Chloride 250 0.004 0.024
Hardness 200 0.005 0.030
Nitrate 45 0.022 0.133
Sulphate 200 0.005 0.030

31/ sq 0.168

k=l/Sl/s,  5.969

Water quality is classified as excellent, good, poor, very poor and unfit for drinking and its status is
presented in Table 1. The most important factor in determining the WQI is the selection of water quality
parameters. Influence of water quality parameters on status of pollution depends on the permissible levels
suggested by BIS. Parameters having low permissible limits are more harmful to the quality of water because a
slight increases affects the value great extent. Since selection of too many parameters might widen the water
quality index, and the significance of various parameters depends on the intended use of water, in the present
investigation, eight Physico-chemical parameters viz. pH, EC, TDS, Total alkalinity, total hardness, chloride,
nitrate and sulphate were used to calculate WQI. Unit weight for the parameters is calculated in Table 2.
Various physico-chemical parameters were analysed during every month and water quality index was
calculated.

Thematic maps for the study area were prepared from SOI toposheets and IRS P6 LISS-II image
(P100/R67) using Arc GIS 9.2 software.WQI index values were added as attribute data and spatial distribution
maps for both sub-watersheds were prepared.

IV.  Result And Discussion

The variations in WQI during Pre monsoon, Monsoon and Post monsoon seasons for Vagamon sub-
watershed is presented in Table 3. and Fig. 1. During the Pre monsoon period WQI varies between 4.44 (V8)
and 57.81 (V3). During Monsoon the variations are from 2.96 (V3) to 44.36 (V9) and in Post monsoon,
corresponding changes in WQI values are from 4.54 (V5) to 38.22 (V9). The mean value of WQI for the entire
Vagamon sub-watershed is also presented in the table 2. The highest mean value of WQI, was reported from the
sample station V9 (38.96) and lowest from sample station V8 (4.61). During Pre monsoon, the sampling stations
V1, V4, V7 and V8 are under excellent category, V2, V5, V6 and V9 are in the good category and V3 is in the
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poor category of WQI classification status. During Monsoon season, stations V3, V6 and V8 are under excellent

category and stations V1, V2, V4, V5, V7 and V9 under good category. During Post monsoon season sampling

stations V1, V2, V3, V4, V5, V7 and V8 are under excellent category and stations V6 and V9 under good

category. Variations in WQI values for different seasons in VVagamon sub-watershed is represented as GIS

spatial diagrams in Fig. 2., Fig. 3., and Fig. 4. which also agree very well with the above made observations.
Table 3. WQI of Vagamon Sub-Watershed

N S Water Quality Index

70 -
1 2 3 Mean 60 -
50 -
Vi 747 26.06 7.25 13.59
40 -
o V2 385 2004 2289 3015
[<F) N
% V3 5781 2.96 8.13 22,97 5 30
[<5]
g V4 1635 3959 1313 2302 S 20 -
g V5 3388 2951 454 22.64 10 -
é V6 3265 1711 3329  27.68 0 -
S V7 1237 309 2218 2484 Vi V2 V3 va V5 V6 V7 V8 V9
Z v 4um 3.76 5.62 461 Stations
[ m Pre monsoon B Monsoon i Post monsoon ' Mean|
V9 3431 4436 3822 3896
N=Name of sub-watershed; S=Station ID 1=Pre

Fig. 1. Seasonal variations of WQI in Vagamon Sub-

monsoon; 2=Monsoon; 3=Post monsoon Watershed

According to the classification of WQI of Vagamon sub-watershed, during Pre monsoon season (Fig.
5.) 44.44% of sample stations are in excellent category, 44.44% are in good category and 11.11% are in poor
category. During Monsoon season (Fig. 6.) 33.33% sample stations are in excellent category and 66.67% are in
good category. During Post monsoon season (Fig. 7.) 77.78% sample stations are in excellent category and
22.22% are in good category.
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Fig.2. Variation of WQI in
Vagamon Sub-Watershed
during Pre monsoon
season

Fig. 3. Variation of WQI in
Vagamon Sub-Watershed
during monsoon season

Fig. 4. Variation of WQI in
Vagamon Sub-Watershed
during Post monsoon
season
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M Excellent ® Good Poor M Excellent ™ Good M Excellent ® Good
Fig. 5. Classification of Fig. 6. Classification of Fig. 7. Classification of
WQI in Vagamon Sub- WQI in Vagamon Sub- WQI in Vagamon Sub-
Watershed during Pre Watershed during Watershed during Post

monsoon season Monsoon season monsoon season

WQI during Pre monsoon, Monsoon and Post monsoon seasons for Peermade sub-watershed is
represented in Table 4. The seasonal variation in mean value of WQI is presented in Fig. 8. During the Pre
monsoon period WQI varies between 5.60 (P9) and 95.74 (P1). During Monsoon it varies from 6.86 (P6) to
67.33 (P1). During Post monsoon, corresponding changes in WQI values are 4.95 (P6) to 92.54 (P1). The mean
value of WQI for the entire Peermade sub-watershed is also presented in the Table 3. The highest mean value of
WQI, 85.20 was reported from the sample station P1 and the lowest value of 14.23 from sample station P6.

During Pre monsoon, the sampling stations P8, P9, P10 and P11 are coming under the excellent
category, P3, P4, P6 and P7 come under the good category and P2 and P5 is in the poor category and P1 comes
under Very poor category of WQI classification status. During Monsoon season, stations P5, P6, P7 and P8 are
under excellent category, stations P2, P3, P4, P9, P10 and P11 under good category and station P1 under poor
category. During Post monsoon season sampling stations namely P3, P5, P6, P7 and P8 are under excellent
category and stations P2, P4, P9, P10 and P11 are under good category and station P1 comes under very poor
category. Variations in the WQI values for different seasons of Peermade sub-watershed is also represented as
GIS spatial diagrams in Fig. 9, Fig. 10 and Fig. 11. which also agree with the above made observations.

110 - Table 4. WQI of Peermade Sub-Watershed
100 - Water Quality Index
90 | N S
1 2 3 Mean
80 - monso monso
70 - P1 95.74 67.33 92.54 85.20
60 - P2 56.75 26.36 44,94 42.68
50 - 3 P3 35.97 27.43 15.20 26.20
54 - @ P4 4924 2869 2967 3587
= 30 - & p5 6825 1195 802 2941
20 - S P6 3088 686 495 1423
10 1 2 P7 3885 2446 2382  29.04
0 - E P8 1378 2222 2065 1888
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10P11 & P9 5.60 43.88 30.81 26.76
Stations P10 9.29 30.09 26.93 22.10
H Pre monsoon H Monsoon & Post monsoon = Mean P11 1131 3777 31.65 26.91
N=Name of sub-watershed; S=Station 1D 1=Pre

monsoon; 2=Monsoon; 3=Post monsoon

Fig. 8. Seasonal variations of WQl in
Peermade Sub- watershed
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In Peermade sub-watershed, during Pre monsoon season (Fig. 12) 36.36% of the sample stations are in
excellent and good category, 18.18% are in poor category and 9.09% are in very poor category. During
Monsoon season (Fig. 13) 36.36% are in excellent category, 54.55% are in good category and 9.09% are in poor
category. During Post monsoon season (Fig. 14) 45.45% stations are in excellent and good category and 9.09%
are in very poor category.
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Fig. 12. Classification of Fig. 13. Classification of Fig. 14. Classification of
WQI in Peermade Sub- WQI in Peermade Sub- WQI in Peermade Sub-
Watershed during Pre Watershed during Watershed during Post

monsoon season Monsoon season Monsoon season

V.  Conclusion

The present investigation reveals the seasonal variations in water quality Index of Vagamon and
Peermade sub-watersheds. The results show that in both the sub-watersheds, percentage of excellent category is
higher during Post monsoon season compared to the other two seasons. In comparison with Peermade sub-
watershed, Vagamon sub-watershed has the maximum excellent category i.e., 77.78% during Post monsoon
season. A comparative analysis shows that in general VVagamon sub-watershed has good water quality than
Peermade. Vagamon sub-watershed has 44.44% excellent, 44.44% good and 11.12% poor category WQI during
Pre monsoon season; 33.33% excellent and 66.67% good category WQI during Monsoon; and 77.78% excellent
and 22.22% good category WQI during Post monsoon season. Peermade sub-watershed on the other hand is
represented by 36.36% excellent and good category, and 18.18% poor category and 9.10% very poor category
WQI during Pre monsoon season, 36.36% excellent, 54.55% good and 9.09% poor category WQI during
Monsoon and 45.45% excellent and good and 9.10% very poor category WQI during Post monsoon season.
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Vagamon sub-watershed has only excellent and good WQI during Monsoon and Post monsoon seasons and has
only very little amount of poor i.e., 11.12% WQI during Pre monsoon season. But in the case of Peermade sub-
watershed poor and very poor category is present in all the seasons i.e., 9.10% very poor during Pre monsoon
and Post monsoon seasons and 18.18% and 9.09% poor, during Pre monsoon and Monsoon seasons
respectively. Thus from the present investigation it can be reasonably concluded that Monsoon recharge is
playing an important role in keeping the quality of water in good condition in both Vagamon and Peermade sub-
watersheds.
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