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Abstract

Land use changes in urbanization, industrialization, and 
agricultural processes will continue to have negative 

land use change on water quality is generally studied by 
analysing the relationship between land use and water 
quality indicators. Water samples were collected from the 
surface of Pampa River basin, and analysed for physical, 
chemical and micro biological parameters. Water quality 

Fecal Coliform etc., were found to be high in the urban 
environment. On the other hand water pH and ‘DO’ 
were high in the forest area and nitrate values and E.Coli 

index (WPI) showed that the river water was very pure in 

polluted in the urban environment and heavily polluted 
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1. Introduction

surface and ground water quality issues are due to the land use 

rice-growing tract and, thus, it is called ‘the Rice Bowl of Kerala’[1]. 

to population increase the land use pattern of this region has changed 

pattern of land-use change in the Kuttanad region. Land use change 
is one of the prime causes of several environmental problems like 
global warming and climate change, surface and groundwater quality 

on surface water quality deterioration.

1.1 Land Use Change Effect on Water Quality

of water for a particular use based on selected physical, chemical, 

changes with the seasons and geographic areas, even when there 

degradation ar climate changes, natural disasters, geological 
factors, soil-matrix, and hyporheicexchange. Water could also be 

11 physical and 4 biological parametres to analyse the effect of land 
use change on water quality.

1.2 Study Area

1.2.1 Location
Kuttanad region is situated between 9o 14’ and 9o 47’ N latitude and 
76o and 76o
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area of the region is 1136 sq. km. Kuttanad stretches for 75 km from 
Kollam in the south to Kochi in the north and is situated between 
the foothills of the Western Ghats in the east and the comparatively 

through the region are Meenachil, Manimala, Achankovil and Pampa. 

and coconut groves.

Fig. 1: Study Area: Location Map – Kuttanad Region

2. Materials and Methods

post-monsoon (January 2020), Pre-monsoon (May 2019) and monsoon 
(July 2019). A total number of 19 samples representing 4 land-uses 

Central Chemical Laboratory (Hydrological process group) of National 

for 15 physico-chemical and microbiological parameters including pH, 



172

ISSN 0975-3303 Mapana - Journal of Sciences, Vol. 23, No.1

Coli (E. Coli) and Faecal Streptococci (F. Coli). Besides conducting 
a land-use-wise comparison of different water quality parameters, 
two statistical techniques namely Water Pollution Index (WPI) and 
Water Pollutants Index were derived to identify the water pollution 

following formula [5]

WPI =  Where;

Ci = Average observed concentration of the ith parameter in Mg/l

Si = Maximum permissible limit (standard value) for the ith parameter 

n = Number of water quality parameters

World Health Organization (WHO) Standard value was used as Si.

Table 1: Water Pollutants Index and the status of water Pollution
WPI Value Water Quality Status

< 0.3 Very pure
0.3 – 1.0 Pure
1.0 – 2.0 Moderately Polluted
2.0 – 4.0 Polluted
4.0 – 6.0 Impure/Severely polluted

> 6.0 Heavily Impure
Source: Qin et al. 2014

water pollutants Index was also employed [5]. It can be given as; 

 Where;

Ki = Share of each parameter/element to the total pollution index

Mi = Average observed concentration of the ith parameter

Si = Maximum permissible limit (standard value) for the ith parameter

3. Results and Discussion
3.1 Water Physico-Chemical Characteristics
3.1.1 Water pH 
Water pH is a measure of how acidic or basic water is. A pH of less 
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than 7 indicates acidity, whereas a pH of greater than 7 indicates a 

of surface water indicates that river water is mildly acidic in all the 

Considering the seasons, the highest average pH (7.40) was recorded 
in the forest area in post-monsoon season, whereas the lowest (6.05) 

Among the sample sites, the highest pH of 7.68 was seen in urban in 
one of the stations in post-monsoon seasons and the lowest of 5.06 in 

post-monsoon seasons, all the stations recorded a pH of more than 6. 
During the pre-monsoon and monsoon seasons, the lowest pH was 
recorded in the urban land use, whereas, in the post-monsoon period 
the lowest pH was experienced in paddy.

Table 2: Pampa River – Three season average of different Water 
quality parameters in various land use

Parameter Land Use
Forest Paddy Urban

pH 7.26 6.54 6.406 6.390

EC (In micro siemens/cm) 278.83 2077.51 3588.54 4737.6
107.123 1351.26 2328.61 3085.02

DO (mg/l) 8.51 7.76 7.745 7.51
BOD (mg/l) 0.347 0.482 0.503 0.646

144.35 294.67 468.5 398.13
Ca (mg/l) 16.49 12.47 16.12 27.13

Mg (mg/l) 9.93 27.47 40.97 71.55

Cl (mg/l) 27.66 569.48 1161.64 1532.53

Nitrate (mg/l) 199.25 594.51 645.43 551.52

P (mg/l) 4.29 11.91 6.99 6.027

3691.08 1303611.11 394729.64 489418.34

31.33 1231.02 4899.25 9765.197

E. Coli (CFU/ml) 0 6.66 124 2

Faecal Coli (CFU/ml) 0 0 0 2

Source: Compiled by the Researcher
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Water hardness is a function of dissolved calcium and magnesium 

lowest (42.67 mg/l) in paddy land use in the post-monsoon season. 

Electrical Conductivity depends on dissolved inorganic salts and 

urban land use, whereas, the lowest mean (278.83 Micro Siemens/
cm) in the forest area (Fig. 4). Regarding all land uses the highest 
EC was recorded in the pre-monsoon season. EC in urban land use 

pollution has entered the river.

Fig. 2: Average pH value of three 
seasons
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Fig. 4: Electrical Conductivity

materials, such as metals, minerals and ions, dissolved in a particular 

mg/l) was recorded in the urban area whereas the lowest average of 

the land uses were recorded in the pre-monsoon period due to the 

and density, lower dissolved oxygen and ultimately declining water 
quality.

DO is a measure of how much oxygen is dissolved in the water - 

dissolved oxygen levels were notably high in the forest area and it 

8.51 mg/l (Fig. 6) was recorded in the forest area and the lowest in 
urban land use (7.51 mg/l). Among the seasons, the highest mean 
‘DO’ was observed in pre-monsoon season in forests (8.60 mg/l) 
and the lowest in monsoon season in the urban environment (7.454 

was recorded in the post-monsoon season. A lower ‘DO’ average is a 
result of eutrophication and it represents declining water quality. In 
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Fig. 7: Biochemical Oxygen DemandFig. 6: Dissolved Oxygen

depletion of DO levels in the waters of the urban area is due to the 
inorganic waste and the associated microbial activity.

‘BOD’ is the amount of oxygen required to decompose organic matter 

varied from 0.347 mg/l in forest to 0.646 mg/l in urban environment 
(Fig.7). Seasonal variations indicated high values for all the land uses 
in the post-monsoon season. Both paddy (0.333 mg/l) and forest (0.15 
mg/l) recorded their lowest averages in the pre-monsoon season 

indicate depleting water quality in such land uses.

3.1.7 Calcium

areas (Fig. 8). Seasonally, all the land uses recorded the highest Ca 

land uses whereas it was in post-monsoon season for paddy. In the 
urban areas, the increased Ca content was provided by construction 

of ‘Ca’ in the urban environment would increase water hardness 
thereby affecting severely the water quality.
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Fig. 9: MagnesiumFig. 8: Calcium

3.1.8 Magnesium
Like all other parameters, the concentration of Mg was also 

highest concentration of Mg had observed in the urban area (71.55 

had Mg concentrations of 27.468mg/l and 40.97mg/l respectively 
(Fig. 9). It is, thus, clear that Mg content has increased by 620.54%, 

higher proportion of Mg was caused by fertilizers, industry and 

increase water hardness thereby affect water quality [11].

quality. High chloride concentrations in freshwater can harm aquatic 

average ranged from 1532.53mg/l in the urban environment to only 
27.66mg/l in forests (Fig. 10). Seasonally, the highest average was 
recorded in the pre-monsoon season in the urban area (4494.627mg/l). 

chloride values had reportedly increased by 5440.60%, 4099.70% and 

average chloride value.
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Fig. 11: NitrateFig. 10: Chloride

Nitrates in excess can cause eutrophication in waters by stimulating 
excessive growth of algae and other aquatic plants and indirectly 

biodiversity [13]. Nitrate values in the river water ranged from 199.25 

concentrations were noticed in the post-monsoon period in all the 

these excess nitrates are agricultural activities (nitrogen fertilizers), 
human wastes or industrial pollution. In the forest area, it occurred 
naturally from the organic matter that contains nitrogen compounds.

Fig. 12: Phosphorous

In all the land uses the phosphorous content in the river water was 
high in the monsoon season. For all the land uses except forest, the 
phosphorous concentration was low in the pre-monsoon season 
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content of the three seasons varied from 11.91 mg/l in paddy areas to 

surface runoff. Its sources in the urban area include sewage treatment 
plants, toothpaste, detergents and food treating compounds [14]. 

depleting ‘DO’ levels.

3.2 Water Micro Biological Parameters

community and refers to the different types and number of bacteria in 

ranged from 3691.08 CFU/ml in forests to 489418.34 CFU/ml in paddy 

bacteria count of 394729.64 CFU/ml. During the pre-monsoon and 
post-monsoon periods all the stations had a total bacterial count that 
exceeded the WHO limit of 1.0 x 102

acceptable limit of total bacterial counts for drinking water. In the 

bacteria present in the water depend on various human, agricultural 
and industrial activities [16]. River water receives surface runoff from 

populated areas which will ultimately cause bacterial contamination.
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Fig. 16: Faecal ColiFig. 15: Escherichia Coli

3.2.2 Total Coliforms

waste, from leaching animal manure, improperly treated septic and 
sewage discharge, storm water runoff, and from domestic animals 

concentration in the urban environment is 9765 CFU/ml followed 

in the forest where the recorded value was 31 CFU/ml. All the land 
uses except forest reported the lowest concentrations of coliforms in 
the post-monsoon period. Forest areas recorded no coliforms in the 

count is 3 coliforms/100 ml of water. 7 stations in the pre-monsoon 

stations in post-monsoon period (one in paddy and two in the urban 
environment) recorded no coliforms. In all other stations in the three 
seasons, the total coliforms exceeded the WHO limit. 

E. Coli is a type of faecal coliform bacteria that is commonly found 

content of the three seasons ranged from ‘0’ in forests to 124 CFU/

E. Coli. in the post-monsoon period. All the land uses except forest 
(where no E.Coli. was detected in the three seasons) was experienced 

when reaching the human body can cause severe health problems.
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3.2.4 Faecal Coli
Faecal coliform is a type of coliform bacteria. Faecal coliform reaches 

seasons. Only the urban area had recorded faecal coliform content 
in the pre-monsoon season [21]. In the post-monsoon and monsoon 
seasons, the urban area also had no faecal coliform. Even in urban land 
use, only one site had experienced faecal contamination (30 CFU/ml). 

the water has been contaminated with the faecal material of man or 
other animals [22].

Water pollution index (WPI) provides the overall quality of river 

Table 4: Water Pollution Index for different parameters in different 
land uses in River Pampa

Parameter
Land use

Forest Paddy Urban
pH 0.071 0.064 0.063 0.063
EC 0.077 0.577 0.997 1.316

0.018 0.225 0.388 0.514
BOD 0.006 0.008 0.008 0.011

0.041 0.082 0.130 0.111
Ca 0.018 0.014 0.018 0.030
Mg 0.028 0.076 0.114 0.199
Cl 0.009 0.190 0.387 0.511
Nitrate 0.001 0.001 0.001 0.001
P 0.001 0.001 0.001 0.001
E. Coli 0 0.556 10.333 0.167
Faecal Coli 0 0 0 0.167
WPI 0.270 1.795 12.440 3.091
Status Moderately Polluted Heavily impure Polluted

Source: Compiled by the Researcher
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moderately polluted in paddy lands (1.795), polluted in urban 

change in the status of water quality is related to land use change. 

moderately polluted to polluted and heavily impure [23]. 

By employing the water pollutants index the main pollutants causing 

contributory factors in water pollution were Electrical conductivity 

Table 5: Water Pollutants Index for different land uses in River 
Pampa in Kuttanad Region

Parameter
Land Use

Forest % Paddy % % Urban %
pH 0.263 26.3 0.036 3.6 0.005 0.5 0.020 2.0
EC 0.287 28.7 0.321 32.1 0.080 8.0 0.426 42.6

0.066 6.6 0.125 12.5 0.031 3.1 0.166 16.6
BOD 0.021 2.1 0.004 0.4 0.001 0.1 0.003 3.0

0.154 15.4 0.046 4.6 0.010 1.0 0.036 3.6
Ca 0.068 6.8 0.008 0.8 0.001 0.1 0.010 1.0
Mg 0.102 10.2 0.042 4.2 0.009 0.9 0.064 6.4
Cl 0.034 3.4 0.106 10.6 0.031 3.1 0.165 16.5
Nitrate 0.002 0.2 0.002 0.2 0.001 0.1 0.001 0.1
P 0.003 0.3 0.001 0.1 0.001 0.1 0.001 0.1
E. Coli 0 0 0.309 30.9 0.830 83.0 0.054 5.4
F Coli 0 0 0 0 0 0 0.054 5.4

1.0 100 1.0 100 1.0 100 1.0 100

Source: Compiled by the Researcher

Electrical conductivity itself is not a polluter [25, 26]. Since Electrical 
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concentrations thus had higher EC value.

Conclusion

Kuttanad region. Land use change has also affected the surface water 
physico-chemical parameters. Water quality parameters such as 

were found to be high in the urban environment. On the other hand 
water pH and ‘DO’ were high in the forest area and nitrate values 

index (WPI) showed that the river water was very pure in the forest 

different land uses which is as follows:

the present manuscript.
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