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Abstract

A study on the physico chemical parameters of Keibul Lamjao National Park (KLNP) on seasonal

basis was carried out for parameters like temperature, pH, transparency, turbidity, dissolved oxygen,

chloride, hardness, calcium and magnesium at six selected Stations. The temperature ranged from

10.4 to 28oC showing subtropical nature. pH was consistent both spatially and temporally except

at one Station where it was alkaline having value ranging from 6.9 to 7.26. There was a trend in

dissolved oxygen to be more during cold season. Electrical conductivity ranged between 105.56 to

201 µS cm1. It was high during the dry season and low during rainy season. Transparency and turbidity

values indicated that in most Stations water was clear and the two parameters were found to be

negatively correlated (r= 0.381). Based on the hardness (41 to 78mg l1), water was soft. Significant

negative correlation(r=0.532) was found between rainfall and hardness. Calcium and magnesium

ions were found to be below the prescribed value of WHO. These two parameters were found to be

positively correlated with hardness. ANOVA showed a significant variation in the parameters

recorded during winter and monsoon season.
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Introduction

A scenario is emerging in India where natural lakes

and rivers are being progressively degraded.

Industrialization, unplanned management, dumping of

untreated sewage and agricultural runoffs are the main

culprits responsible for the deteriorating water quality

(Venkatesan, 2007). Assessment of water quality based on

the physico-chemical parameters and with relation to

biological components of Indian lakes have been undertaken

by many workers in this field (Aswathi and Tiwari, 2004;

Chandrasekhar et al., 2003; Jha and Barat, 2003; Sunkad

and Patil, 2004; Garg et al., 2009).

Loktak Lake, a Ramsar site and the largest fresh water

lake in North-East India has seen a steady deterioration in

its ecological health, a price for human development. This

lake has been considered to be the life line for the people of

Manipur due to its importance in their socio-economic and

cultural life besides influencing the climate of the state

(Tombi Singh and Shyamananda Singh, 1994).  However

increased human settlements, rapid urbanization in and

around the lake, and thus increased wastewater discharge

coupled with high nutrient load brought by several rivers

have deteriorated water quality of the Lake (Kosygin and

Dhamendra, 2009). Moreover unscientific use of fertilizer and

pesticides in the surrounding agricultural fields has

aggravated the situation. The construction of  The Loktak

Multipurpose Project for hydro power generation and

irrigation  has brought about hydrological changes and

converted a natural wetland with fluctuating water levels

into a reservoir with much less fluctuation of water level(Tombi

Singh  and Shyamananda Singh, 1994 ; Trisal and Manihar,
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2002). The present communication is a part of larger work to

estimate the aquatic diversity present in the aquatic system

of the Keibul Lamjao National Park (KLNP), which is located

on the southern part of this majestic lake, with reference to

environmental variables. This unique park which is made

up of phumdi (a mass of heterogeneous mixture of

vegetation and decomposing organic matter) is the only

habitat of the endangered Brow-antlered deer Sangai

(Rucervus eldii eldii). In this communication we are

discussing the physico-chemical parameters of the water of

this floating park.

Materials and Methods

Six sampling Stations in KLNP (N 240 28.283/- N 240

29.986/ to E 93049.274 / - E 93051.49/) (Fig. 1) were selected

taking into consideration the feasibility of approaching,

presence of open water and maximum representation of Park

area.

Sagram (Station1) is located on the northern side,

close to Chingjao Hill. There is a small opening amongst

the phumdis forming a small open water body. Thangbarel

(Station 2)  is close to Sagram. The collection site is a small

open water body amidst the large mass of phumdis..

Chingmei (Station 3) is a small water way, made by clearing

phumdis, leading to the Toya hillock present deep inside

the park. The width of waterway is nearly one meter.

Nongmaikhong (Station 4) is located on south-eastern part

of the park. Here also water was collected from small

waterways, made by clearing phumdis. Water courses

through these waterways with weak currents resembling a

small river. The direction of water current changes,

depending on the opening and closing of Ithai Barrage.

Sangomkher (Station 5) is a small clearing of phumdis of

the park made by the local fishermen who used the phumdis

for making embankments of their fish farms, there by

exposing an open water body. Water is stand still in this

Station. Khodangkhong (Station 6) is located on the eastern

part of the park near the mouth of Khordak River. This

sampling point is a big open water where lot of fishing

activities are being carried out by the locals.

Water samples were collected-once during each

season in a replicate of three for each Station on a seasonal

basis, during winter (December, 2009, January and February,

2010) to post-monsoon (September, October and November

2010) from subsurface (20 cm) layer using PVC bottles. Six

parameters were measured at the site itself. Water temperature

(WT) was measured using a standard mercury thermometer.

The pH, EC and turbidity were measured using Eutech pH

meter (Model. pH 5/6 and Ion 5/6), Hand held conductivity

meter (Model. CON 6/TDS 6), Portable Turbidimeter (Model.

TN 10/ T 10), respectively (Eutech Instruments, Singapore).

Transparency was measured by a Secchi disc. Dissolved

Oxygen (DO), Chloride (Cl-), Hardness, Calcium (Ca+2) and

Magnesium (Mg+2) were estimated by standard methods of

APHA (2005). Three replicate analyses/measurements were

performed for each parameter per sample. Statistical analyses

were done using the software package SPSS 10.

Results and Discussion

The water temperature in the present study ranged

between 10.4 to 28°C. The range of water temperature

observed in the Stations during the study period was very

much close to the one reported by Sharma (2009) in Sendra

area of Loktak Lake. Water temperature indicated the sub

tropical nature of the Lake. Temporal variation was seen in

the water temperature associated with the air temperature.

During winter, lowest temperature (10.4°C) was recorded at

Station 3 (Chingmei) (Table 1) coinciding with the

characteristic cold weather of this season. With the onset

of pre-monsoon, temperature gradually increased and high

temperature with respect to other seasons was recorded

hovering around 26 to28°C ( Table 2) and then temperature

gradually dipped with the coming of post-monsoon (Table

4). Observed changes in temperature could be explained in

terms of season, climatic influence and depth of water (Gupta

and Gupta, 2006). The rainfall and water temperature was

significantly correlated (r=0.890) ( Table 5) as observed earlier

by Bhuiyan et al. (1997).

The pH of a water body is an indicator of its health.

In the present investigation, the pH value ranged from 6.26

to 7.26. Both temporally and spatially, the pH was consistent

and hovered around 6.5 approaching neutral except for

Station 6 (Khodangkhong) where the value ranged between

6.9 to 7.26 (Table 1-4). No significant correlation was

observed between rainfall and pH indicating non-

dependence of pH to water level. The study area is a

protected area and relatively free from pollution, that may

be the reason why neutrality of pH was recorded and as for

the near uniformity regardless of seasons, the carbon

buffering system might have  played a role in keeping the

pH stable. This circum neutral value is in conformation with

the earlier report of Sharma (2009) on this lake. The tendency

towards alkalinity in particular was observed at Station 6 as

it is situated near the mouth of Khordak River which

discharges into Loktak Lake carrying silt, clay, agricultural

waste etc.

Dissolved oxygen is an important parameter that is

vital for organisms dwelling in water. The study revealed

temporal variation in the oxygen holding capacity of the

water of the study area. At all the Stations, DO was highest

during winter season (Table 1) then gradually dropped as

water temperature raised until minimum was recorded at all

the Stations during monsoon season (Table 4). Highest DO

of 10 mg l-1 was recorded during winter at Station 2
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Fig. 1 : Location map of Keibul Lamjao National Park (KLNP) showing the sampling stations
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Table 1 : Spatial variation in physico-chemical properties of water during winter season

Parameter Station 1 Station 2 Station 3 Station 4 Station 5 Station 6

WT (ºC) 16±0.7 14±0 10.4±0.1 12±0.17 19±0 19±0

Transparency (cm) 106.8±0.17 124.5±0.17 151±0.26 67±0.2 99±0 55. 9±0.17

DO (mg l-1) 9.7±0.44 10±0.49 8.2±0.2 8.2±0.46 8.44±0.08 8.25 ±0.06

Conductivity (µScm-1) 133±0.21 132±0.1 142±0.3 188.9±0.17 167±0.61 201 ±0.3

Turbidity (NTU) 4.19±0.02 4.2±0.26 0.72±0.24 5.63±0.28 0.35±0.09 1.51 ±0.05

pH 6.6±0.16 6.5±0.33 6.3±0.11 6.5±0.29 6.7±0.16 7.1 ±0.15

Chlorides (mg l-1) 8.5±0.72 8.52±0.45 7.1±0.24 9.94±0.18 7.1±0.39 8.52 ±0.61

Hardness (mg l-1) 46±1.73 50±2.65 74±1.39 70±2 64±0.92 78 ±1

Calcium (mg l-1) 12.82±0.46 13.62±0.49 10.42±0.64 14.42±0.43 11.22±0.24 16.03±0.18

Magnesium (mg l-1) 3.41±048 3.89±0.28 6.82±0.36 8.28±0.14 8.7±0.49 9.2 ±0.23

Table 2 : Spatial variation in physico-chemical properties of water during pre-monsoon season

Parameter Station 1 Station 2 Station 3 Station 4 Station 5 Station 6

WT (ºC) 21±1 21±0.26 24±0 24  ±0.36 26±0.61 24±0.2

Transparency (cm) 114.4 ±0 106.7±0.62 175.2±0.35 94  ±0.17 108 ±0.17 44.5±0.29

DO (mg l-1) 7.9±0.36 7.7±0.4 8.07±0.23 7.74 ±0.33 7.9±0.3 8.0 1±0.28

Conductivity (µS cm-1) 152±0.36 155±0.36 166.2±0.23 151.2 ±0.35 161±0.3 135±0.53

Turbidity (NTU) 0.62±0.15 1.14±0.25 0.43±0.08 2.2±0.28 0.63±0.17 33.2±0.46

pH 6.67±0.05 6.57±0.05 6.6±0.36 6.6±0.17 6.5±0.20 6.9±0.31

Chlorides (mg l-1) 9.94 ±0.30 8.52±0.18 9.94±0.33 11.36 ±0.37 9.94 ±0.21 9.94±0.10

Hardness (mg l-1) 58±1 60±2 66±2.14 54±2.21 62±3.21 48±0.56

Calcium (mg l-1) 12.02 ±0.08 12.02 ±0.17 12.82 ±0.29 11.22 ±0.23 13.62 ±0.09 10.42±0.39

Magnesium (mg l-1) 6.82  ±0.30 7.31±0.10 8.28 ±0.31 6.33±0.06 6.82±0.08 5.36±0.33

Table 3 : Spatial variation in physico-chemical properties of water during monsoon

Parameter Station 1 Station 2 Station 3 Station 4 Station 5 Station 6

WT (ºC) 27.3±0.58 27±0.12 27.1±0.29 26±0 28±0 28±0

Transparency (cm) 108.76±0.25 89.66 ±0.29 90.38±0.34 140±0 109.8±1.44 49.6±0.17

DO (mg l-1) 7.29±0.06 6.55±0.42 6.88±0.02 6.69±0.02 6.81±0.01 6.93±0.01

Conductivity(µS cm-1) 135±0.96 131.13±0.49 130±5.43 121.93±1.59 128.66±0.21 127.13±0.15

Turbidity(NTU) 1.18±1.24 0.74 ±0.19 2.41±0.92 2.34±0.02 0.64±0.17 2.38±0.04

pH 6.55±0.28 6.64 ±0.19 6.43±0.23 6.48±0.07 6.69±0.13 7.26±0.31

Chlorides (mg l-1) 22.76 ±1.19 17.17 ±0.98 16.71 ±0.97 16.56±1.08 16.33±0.71 14.67±1.79

Hardness (mg l-1) 48.3 3±2.31 46.33 ±1.15 46±2 46.3±0.58 49.66±1.15 49.66±0.58

Calcium (mg l-1) 8.54±0.61 9.48 ±0.62 10.95±1.01 9.94±0.64 9.21±0.81 9.88±0.24

Magnesium (mg l-1) 6.65±0.86 5.43 ±0.51 4.54±1.10 5.35±0.25 6.49±0.74 6.08±0.25

Table 4 : Spatial variation in physico-chemical properties of water during post-monsoon season

Parameter Station 1 Station 2 Station 3 Station 4 Station 5 Station 6

WT (ºC) 25±0 25±0 26±0 24.06±0.12 26  ±0 25  ±0

Transparency (cm) 150.5± 0.5 200±0 52.06±0.40 154.3±0.61 177.2  ±0.44 45.4 ±0.36

DO (mg l-1) 7.74±0.12 7.68±0.05 8.04±0.06 7.75±0.03 7.81  ±0.13 7.93  ±0.03

Conductivity(µScm-1) 119.53±0.15 113.2±0.87 105.56 ±1.23 111.6±0.26 115.03±0.98 115.3±0.15

Turbidity(NTU) 1.6±0.07 1.67±0.09 2.37±0.32 8.42±0.31 4.83  ±0.33 16.17  ±1.28

pH 6.7±0.03 6.5±0.02 6.26±0.01 6.28±0.02 6.38  ±0.04 6.98  ±0.07

Chlorides (mg l-1) 22.95±1.48 19.52±2.0 22.01±3.69 21.06±1.08 19.4  ±0.41 19.8  ±0.71

Hardness (mg l-1) 48±0 44.6±4.16 41±1 46±0 46.6  ±4.16 45.66 ±0.58

Calcium (mg l-1) 10.4±0.80 8.81±0.8 10.68±1.23 8.01±0 8  ±0.01 8.54  ±0.92

Magnesium (mg l-1) 5.35±0.49 5.51±0.56 3.48±0.51 6.33±0 6.49 ±1.01 5.91  ±0.70

A.S.C. Sharma et al.
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(Thangbarel).  DO was high during the dry seasons (at a

lower temperature) which could be combination of factors

like cold water having more oxygen holding capacity (Wetzel,

2001) and low water level. High value observed during winter

and low during monsoon was also reported in several

studies (Kosygin et al., 2007). Much spatial difference was

not observed for this parameter, except for Stations 1 and 2

where DO was exceptionally higher than other Stations

during winter.

Water becomes a good conductor of electrical current

when substances are dissolved in it and the conductivity is

proportional to the amount of dissolved substance. These

substances are ions which act as conductor. In the case of

study sites, EC ranged between 105.56 to 201µS cm-1. EC

was high during winter (Table 1) and pre-monsoon (Table 2)

when the water level was low. It was around 201 µS cm-1 at

Station 6 and 188.9 µS cm-1 at Station 4 during winter season

(Table 1). High conductivity during the dry seasons may be

due to the fact that during dry month conductivity increases

due to evaporation. In contrast, EC was low during the

post-monsoon season when the water level was high after

the wet monsoon where the lowest EC (105.5 µS cm-1) was

recorded at Station 3 during this season (Table 4). Similar

trend was reported by Pramod et al. (2011) and attributed

low EC to increase in water level due to rainfall and increase

due to evaporation during pre-monsoon season. So the

reason for low value during post monsoon might be due to

the above mentioned reason although the relation between

the two parameters was not statistically significant in the

finding.

Transparency was high at all the study sites during

the four seasons except for Station 6 (Khodangkhong)

where it ranged from 44.5 to 55.9cm. This site, since it is

located near the mouth of Khordak River is laden with

dissolved and particulate matters causing low transparency

and being open water, high population density of

microorganisms or planktons may block the visibility. Similar

reports of low transparency due to silt, sediments, debris

have been reported from a Turkish reservoir (Mustapha,

2008). One exceptional case of low transparency was

observed at Station 3 (Chingmei) during the post-monsoon

season (Table 4). The visibility here was low perhaps due to

thick growth of underwater vegetation at this sampling

Station. There were cases where the Secchi Disc was seen

till the bottom like Station 2 (Thangbarel) during post-

monsoon season (200cm) and at Station 4 (Nongmaikhong)

during monsoon. In most cases water at the Stations were

clean and clear. Turbidity value ranged from 0.35 to 33.2

NTU in the park water during the study period. Turbidity

was relatively higher at Station 6 than other Stations. These

two parameters were found to be negatively correlated

(r = -0.381) thereby showing inverse relationship between

transparency and turbidity (Table 5). Transparency and

turbidity values of the study sites during different seasons

indicated that water was almost clean and clear. The

aberration at Station 6 where there was low transparency

and high turbidity could be attributed to its location near

the mouth of Khordak River along with probable plankton

population.

Overall total hardness of water during the study

period across all the Stations ranged between the values 41

to 78 mg l-1. Any noticeable spatial trends were not observed.

So overall the water was soft. Hardness showed positive

correlation with Ca2+ (r=0.660) and Mg2+ (r=0.772) (Table 5).

The significant negative correlation of rainfall with hardness

(r=-0.532) was similar to the findings of Ratushnyak et al.

(2006), Mathivanan et al. (2007), Rajagopal et al. (2010) and

Park and Shin (2007).

Chloride in water is generally due to sodium,

potassium and calcium salts. It has been heavily relied as

an indicator of pollution. Large content of it is an indicator

of organic pollution of the freshwater (Venkatasubramani

and Meenambal, 2007). Chlorides at all the Stations ranged

from 7.1 to 22.95 mg l-1 during the study period.  We observed

a temporal trend in the Cl-1 concentration of water. At all the

Stations Cl-1 concentration was lowest during the winter

season (Table 1), and then it slowly raised and reached

highest in comparison to others during the post-monsoon

season ranging from 19.4 to 22.95 mg l-1 (Table 4). This high

value could be due to the run off brought by the previous

monsoon season. Substantial spatial difference was not

seen in this case. The Cl-1 content recorded in this study

was low as there was no major drainage of sewage and

effluent in the area. Low value in winter could be attributed

to the sedimentation and evaporation, while post monsoon

increase could be due to runoff after monsoon which is

supported by a positive correlation(r=0.543) (Table 5)

between rainfall and Cl-1 level.

As far as divalent cations, Ca2+ and Mg2+ are

concerned, they were recorded very low. Calcium ranged

from 8 to 16.03 mg l-1. Highest was recorded at Station 6

(Khodangkhong) during winter (Table 1) and at all the other

Stations also highest value was recorded during this season

only.  Level of Mg2+ was found to fluctuate within the range

of 3.41 to 9.2 mg l-1. The low Ca2+ may be due to the absence

of a calcium rich catchment. Another probable reason may

be absorption of nutrients by the phumdis as they act as

nutrient sinks and purifies the lake water (Kosygin and

Dhamendra, 2009)  These two cations showed a positive

correlation with hardness (r=0.660) (r=0.772) respectively

(Table 5) thereby implicating their role in imparting hardness.

There was also a positive correlation (r=0.233) between the

two cations.

Physico-chemical parameters of KLNP water
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Table 5 : Correlation values between the various physico-chemicals parameters of KLNP water

RF WT Trans. DO EC Turbid. pH Cl- Hardn. Ca+2 Mg+2

RF 1.00

WT .890** 1.00

Trans. .043 -.019 1.00

DO .085 .108 -.003 1.00

EC .032 .020 -.041 .005 1.00

Turbid .062 .037 -.381** -.102 -.056 1.00

pH .048 .161 -.496** -.098 -.100 .242* 1.00

Cl- .543** .667** .151 -.178 .096 .011 -.140 1.00

Hardn.. -.532** -.604** -.043 .180 .116 -.245* .104 -.691** 1.00

Ca+2 -.539** -.555** -.261* .281* .035 -.179 .142 -.708** .660** 1.00

Mg+2 -.183 -.186 .027 .009 .095 -.172 .217 -.338** .772** .233* 1.00

RF (Rainfall); WT (Water temperature); Trans. (Transparency); DO(Dissolved Oxygen); EC(Electrical Conductivity); Turbid.(Turbidity);

Cl- (Chloride); Hardn. (Hardness); Ca+2(Calcium); Mg+2(Magnesium). **Correlation is significant at the 0.01 level (2 tailed); * Correlation

is significant at the 0.05 level (2 tailed)

The one way analysis of variance (ANOVA) revealed

that the hydro-chemical parameters of the park did not show

any significant variation spatially. However, temporal

variation was significant at 0.05 level. When compared

among the seasons by Tukey test, the winter season showed

significant variation with monsoon (F=21.926). From the

above discussion we can conclude that the water in the

park was not much polluted and all the sites showed

somewhat similar physico-chemical properties except for

Station 6 (Khodangkhong) whose physico-chemical

properties were influenced by the Khordak river. Further

studies on aquatic lives in the water of this park will

supplement the present findings and give a clear ecological

picture of the park water.
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