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ARTICLE INFO ABSTRACT
Received Physicochemical parameters were studied for a period of two years from July 2012 to June
02.06.2015 2014. The parameters namely air and water temperature were estimated using centigrade

thermometer, transparency using secchi disc while pH, CO2, total hardness, total alkalinity,
dissolved oxygen (DO) were estimated using HACH water test kit. The highest air and water
temperature (31.52°C and 30.38°C) were recorded in September, 2013 whereas the lowest air
28.08.2015 and water temperature 21.04°C and 20.42°C were recorded in January, 2014. The pH of
water was found to alkaline in nature (6.9 to 8.20). The maximum free CO. value (7.81 mg/l)
was recorded in February, 2014 and minimum (2.36 mg/l) in November, 2012.The value of

Accepted

Online total alkalinity was found to fluctuate from 51.9 mg/l in December 2012 to 90.68 mg/l in
04.09.2015 December 2013. Total hardness of lake water varied from 37.8 (August) to 47.3 (November) in

2012 and 55.17 (July) to 87.49 (February) in 2013-14 with regular trends in fluctuation. Mean
Key words secchi disc reading varied from 1.94+.57 m in 2012-13 and 2.02+0.40 m in 2013-14. Dissolved
Inland fishery oxygen was found to vary from 6.10 (February) to 6.80 (November) during 2012, 3.90

(February) to 6.38 mg/l (July) during 2013 with a mean value of 6.4+1.51 and 5.74+0.68 mg/I.
Water depth was found to fluctuate from 4.39 to 11.76 m with a mean value of 7.96+ 2.56 m
for one year study. The present research provides baseline information on changing trends of
Bangladesh physicochemical parameters of Kaptai Lake which will facilitate sustainable management and
conservation of this lake ecosystem.
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INTRODUCTION

Kaptai Lake is one of the most important freshwater bodies which are considered as the largest man-
made freshwater resource in the South-East Asia including Bangladesh (Halder et al. 1991). The Kaptai Lake
was basically created for hydro-electrical power generation by damming the river Karnaphuli near Kaptai of
Rangamati district in 1961. Total surface area of this lake is 68,800 hectare and average water depth is about
9 meters with maximum depth of 32 meters (Halder et al. 1991, Alamgir and Ahmed, 2008). The shoreline and
basin of this water body are very irregular (Halder et al. 1991). Although this lake was primarily created for
power generation, it contributes to produce significant quantity of freshwater fishes, navigation, and flood
control. Moreover, the water of this lakes is also been used for many activities namely; households,
agriculture, boat repairing and fishing that may result in the pollution of the lake environment.

Commercial fishing in this lake started with 1200 metric tons in 1965/66 and has reached up to 8,248
metric tons at present (DoF, 2014). However, the recent contribution of Kaptai lake fisheries is largely limited
with unwanted species. The most valuable major carp species (Labeo rohita, Catla catla, Cirrhinus cirrhosus,
Labeo calbasu and Tor tor) have declined devastatingly from the initial 81% as recorded in 1965/66 to about
5% at present (Alamgir and Ahmed, 2008). The low valued small forager fish (e.g., Corica soborna , Gonialosa
spp., Ompok pabda) have boomed from the initial 3% in 1965/66 to about 92% now (Alamgir and Ahmed,
2008). Aquatic Research Group (ARG) (1986) recorded 49 indigenous fish species and 5 exotic fishes in this
lake, Halder et al (1991) recorded a total of 71 fish species including 5 exotic fishes and 2 species of prawn.
Chakma (2007) documented that 74 freshwater fish species and 2 prawn species are available in the Kaptai
Lake.

Additionally, the limnological parameters of this lake were also studied by many researchers. For
example, Sandercock (1966) documented the limnological parameters and phytoplankton of this lake,
Chowdhury (1980), Chowdhury and Mazumder (1981), Chowdhury and Khair (1982) and ARG (1986)
described the hydrobiology of this lake. Nevertheless, Jenkins (1985) suggested a long-term research
program in order to sustainable management of the lake ecosystem. Thereafter, Rahman (1988) reported the
morphometric details of the reservoir and Halder et al (1991) and Bashar et al (2015) described the limnology
and primary production of Kaptai Lake. However these researches were also conducted for a short period of
time. Therefore the aim of the study was to elucidate the changing trends of physicochemical parameters of
this lake over a period of two years. The data obtained from this study can be used as baseline information for
preparing a management decision of this important freshwater Lake Ecosystem of Bangladesh.

MATERIALS AND METHODS

The study was conducted in Kaptai Lake the Southeastern Part of Bangladesh from July 2012 to June
2014. Five sampling stations of this lake namely; Rangamati Sadar, Kaptai, Barkal, Langadhu and Naniarchar
Upazilla were selected taking into consideration: (i) the following streams and drainage arms, (ii) their
catchment area, and (iii) shallow, medium and deep water levels of the lake. Water samples for
physicochemical parameters were collected fortnightly from each sampling station with water sampler bottle
during morning between 8.30 to 10.30 a.m. Air and water temperature were recorded at the sampling sites
whereas the others were recorded in the laboratory. Temperature of water and air were recorded by a
centigrade thermometer. Water transparency was measured through secchi disc reading. Dissolved Oxygen,
pH, free COz, total alkalinity, total hardness of water were measured by using HACH water testing kit (Model:
FF-3, USA). Rainfall and water depth were collected from Power Development Board (PDB) at Kaptai office,
Rangamati district, Bangladesh.

Statistical analysis were applied to find out the standard deviation of different parameters in different
months and to determine the extent of correlation amongst different parameters. Correlation was calculated by
using SPSS® (Version 11.5, 2007. Systat, inc. USA), a computer based programme for windows®.
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RESULTS AND DISCUSSION

Monthly fluctuations, annual range, mean and standard deviation (xSD) of different physicochemical
parameters and their relationships are presented in Tables 1 and 2. The highest air temperature (31.52°C)
was recorded in September, 2013 and the lowest (21.04°C) in January, 2014 with a mean of 27.30 + 1.70°C.
The maximum water temperature (30.38°C) was recorded in September, 2013 and minimum (20.42°C) in
January, 2014 (with a mean of 26.47 + 1.64°C) which is acceptable range for fish production (Table 1). The
water temperature values naturally, showed close relationship with the air temperature (r=0.998, Table 2),
high during the hot summer season (June-July) and lower during winter months (December-January). A
similar correlation with air and water temperature was also reported by Chowdhury and Mazumder (1981) and
Rahman et al (2014).

The pH of water was found to alkaline in nature (6.9 to 8.20, Table 1), showed positive correlation with
free CO2(r=0.537,Table 2). Present observation close to observation of Ahmed et al (1993) and Rahman et al
(2014). But differ considerably with Chowdhury and Mazumder (1981), who reported a PH range of 5.31-6.32.
The free carbon dioxide in water forms carbonic acid (H2COs) resulting change in the PH as the hydrogen ions
are set free after dissociation (Krishna Swarup and Singh, 1979). The high values may be due to attributed
sewage discharged by surrounding city and agricultural fields (Medudhula Thirupathaiah and Samatha
Sammaiah, 2012).

Free CO2 ranged between 2.36 to 7.81 mg/l. The maximum (7.81 mg/l) value was recorded in February,
2014 and minimum (2.36 mg/l) in November, 2012, showed inverse correlation with dissolved oxygen (r=-
0.504, Table 1 and 2). The increase of free CO2 concentration was a consequence of increasing trend in water
level due to the influx from rain water of hill streams (Ahmed et al 1993). In the present investigation, the low
free CO2 content in November, 2012 was possibly due to low rainfall which caused low decomposition of
organic matter and high photosynthesis which consumed free CO2 (Kabir and Naser 2011; Rahman et al
2014).

The highest total alkalinity value was recorded in December (90.68 mg/l) 2013 and the lowest (51.9 mg/l)
in December 2012, showed a positive correlation with total hardness (r=0.52, Table 1 and 2). Wurts and
Durborow (1992) reported that most aquatic organisms can live in a broad range of alkalinity concentrations
and desired total alkalinity level for most aquaculture species lies between 50-150 mg/l CaCOs, but no less
than 20 mg/l. Jhingran (1989) observed that alkalinity values of more than 50 mg/l are most productive and
those of less than 10 mg/l do not produce sufficient crops. He added that total alkalinity values of up to 20 mg/I
indicate poor production, 40-90 mg/l show medium production and values above 90 mg/l show high
production. Total alkalinity value of over 80 mg/l indicates a lake to be nutrient rich and of hard water type and
such waters are often the best fish producers (Barrett, 1953). In the present investigation total alkalinity
indicates Kaptai Lake may be regarded as medium productive lake. Similar finding was also observed by
Ahmed et al (1992) and Rahman et al (2014).

Hardness is also important to aquaculture. Calcium and magnesium are the most common sources of
water hardness. Calcium and magnesium are essential in the biological processes of aquatic animals,
especially for bone and scale formation in fish (Wurts and Durborow, 1992). Hardness of lake water varied
from 37.8 (August) to 47.3 (November) in 2012 and 55.17 (July) to 87.49 (February) in 2013-14 with regular
trends in fluctuation (Fig. 1). Present findings differ considerably with Ahmed et al 1993, who reported
hardness of lake water varied from 35.33 (August) to 54.72 (February) in 1988-89, 45.5 (April) to 58.14 (May)
in 1989-90 and 47.6 (September) to 65.0 (January) in 1990-91. Chowdhury and Mazumder (1981) reported a
narrow range of hardness (50.00-66.67 mg/l) from the same reservoir.

Total hardness showed an inverse correlation with rainfall (r=-0.586, p<0.05) and positive correlation with
PH (r=0.803, p<0.01) and transparency (r=0.854, p<0.01) (Table 2). More or less similar findings observed by
Ahmed et al (1993) who cited total hardness showed an inverse correlation with rainfall (r=-0.408, p<0.02) and
positive correlation with PH (r=0.386, p<0.02) and secchi disc transparency (r=0.409, p<0.01). The present
study differ with reference statement as value of present parameter significantly increasing trend in lake water
due to unplanned agricultural and human activities.
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Table 1. Monthly fluctuation of different physicochemical parameters in Kaptai Lake, Bangladesh collected from the year 2012-2014.

2012 2013

Parameters Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Rang Mean = SD
Air Tem°C 29.02 30.8 30.7 30.5 27.4 24.0 231 23.2 26.6 27.7 30.5 30.9 24.0-30.9 27.97+3.08
Water Tem°C 32.8 29.1 29.1 28.8 26.1 25.1 211 22.6 24.8 26.3 28.9 29.2 21.1-32.8  27.09+5.89
pH 6.9 7.1 7.0 7.2 7.1 7.4 6.9 7.5 7.5 7.2 7.6 7.3 6.9-7.6 7.6+0.52
CO2(mgll) 3.12 2.95 2.45 2.93 2.36 2.63 3.04 2.99 2.99 3.19 3.32 3.13 2.36-3.32 2.924+0.60
T. A. (mgll) 62.6 54.6 58.2 59.1 60.2 51.9 61.8 61.4 652 61.6 569 574 51.9-652 15945+671
T. H (mg/l) 445 37.8 43.5 42.3 47.3 43.9 43.9 44.8 40.8 43.3 41.9 425 37.8-47.3  43.08+5.51
Trans (m) 0.97 1.7 1.6 2.06 2.04 2.09 2.29 2.25 2.05 2.43 2.25 1.62 0.97-2.43 1.94+.57
DO (mall) 6.68 6.34 6.52 6.53 6.80 6.34 6.20 6.10 6.42 6.40 6.49 6.10 6.10-6.80 6.4+1.51

(TA = Total alkalinity, TH = Total Hardness, Trans = Transparency)
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Table 1. Monthly fluctuation of different physicochemical parameters in Kaptai Lake, Bangladesh collected from the year 2012-2014 (contd.).

2013 2014
Parameters Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May June Range Mean=SD
Air Tem°C 29.01 30.70 31.52 3054 2233 2335 21.04 23.79 27.12 27.49 30.19 30.58 21.04-31.52 27.30+1.70
Water Tem°C 27.90 29.88 30.38 2959 2154 2310 20.42 23.08 26.04 26.55 29.21 29.99 20.42-30.38 26.47+1.64
pH 7.17 7.17 7.08 7.22 7.36 7.50 8.20 7.68 7.55 7.69 7.60 7.65 7.08-8.20 7.49+0.37
CO2(mgll) 4.45 4.25 3.86 3.89 3.88 3.32 5.33 7.81 7.15 5.99 5.56 6.14 3.32-7.81 5.14+1.48
T. A. (mg/l) 64.91 67.36 71.97 7096 8221 90.68 90.32 81.32 68.93 68.31  70.77 71.98 64.91-90.68 74.97+9.69
T. H. (mg/l) 55.17 60.60 60.99 65.47 65.24 79.88 81.34 87.49 75.63 77.09 8273 74.26 55.17-87.49 72.16+12.2
Trans (m) 1.20 1.70 1.65 1.90 2.04 2.13 2.39 2.46 2.07 2.61 2.36 1.72 1.20-2.61 2.02+0.40
DO (mg/l) 6.38 6.33 6.14 6.13 5.35 5.50 5.33 3.90 5.55 6.02 5.91 6.33 3.90-6.38 5.74+0.68
Water depth (m) 11.76 9.14 7.20 7.33 6.90 6.43 7.89 5.68 6.78 4.39 11.04 11.02 4.39-11.76 7.96+2.56
Rainfall (mm) 19.25 6.58 24.58 17.33  0.00 0.00 0.00 1.67 7.33 8.42 13.00 8.67 0.00-24.58 8.90+9.71

(T.A. = Total alkalinity, T.H = Total Hardness, Trans = Transparency)
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Table 2. Correlation among physicochemical parameters of Kaptai Lake (Values are shown as r=coefficient correlation)

2012-2014
Parameters Air tem Water DO Free CO2 T. H. T. A. PH Trans Water depth Rainfall
°C tem °C (mg/l) (mg/l) (mg/l) (mg/l) (m) (m) (mm)
Air tem°C 1 .998** 716 -0.11 -0.487 -.842%* -.610* -0.521 0.459 .816**
Water .998** 1 719** -0.122 -0.471 -.818** -.601* -0.52 0.465 794**
tem°C
DO (mg/l) 716** 719%* 1 -0.504 -.660* -.610* -0.457 -.599* 0.518 .607*
Free CO2 -0.11 -0.122 -0.504 1 .615* -0.128 0.537 0.459 -0.136 -0.243
(mgll)
T. H. (mg/l) -0.487 -0.471 -.660* .615* 1 0.52 .803** .854** -0.337 -.586*
T. A.(mg/l) -.842** -.818** -.610* -0.128 0.52 1 0.543 0.449 -0.359 -.697*
PH -.610* -.601* -0.457 0.537 .803** 0.543 1 714** -0.179 -.624*
Trans (m) -0.521 -0.52 -.599* 0.459 .854** 0.449 714 1 -.619* -0.574
2013-2014
Water depth  0.459 0.465 0.518 -0.136 -0.337 -0.359 -0.179 -.619* 1 0.361
(m)
Rainfall .816** 794%* .607* -0.243 -.586* -.697* -.624* -0.574 0.361 1
(mm)

** Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level.
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Figure 1. Changing trends of different physicochemical parameters of Kaptai Lake, Bangladesh from 2012-14

Transparency of water high in the lake, mean secchi disc reading varied from 1.94+.57 m in 2012-13 and
2.02+0.40 m in 2013-14. The limit of secchi disc visibility was found to fluctuate between 0.97 (July) and 2.43
m (April) during 2012-13 and between 1.20 m (July) and 2.61 m (April) during 2013-14. The limit of visibility at
all station during the winter months was higher whereas, lower visibility prevailed during the monsoon months.
More or less same finding observed by Ahmed et al (1993), he reported during monsoon water transparency
is reduced considerably as a result of huge load of suspended silt and other materials carried by the inflow of
hilly streams and the suspension of bottom deposits due to heavy rain and gusty wind action. On the other
hand, absence of rain, gusty wind and low discharge from hilly streams the water became clearer during post
monsoon, pre-winter and winter months. He also reported, clarity of water was high in the reservoir, mean
secchi disc reading being 2.05+1.17, 2.52+0.70 and 2.40+0.73 m during 1988-89, 1989-90 and 1990-91.
Bashar et al (2014) observed, transparency of water in lake were within permissible limits for aquatic
organisms. Moreover, they also documented water transparency ranged from 0.98 to 2.38 m in creeks as well
as lake areas. Water transparency showed inverse relationship with rainfall (r=-0.574) and water depth (r=-
0.619, p<0.05), but positive correlation with total hardness (r=0.854, p<0.01) and P" (r=0.714, p<0.01).
Chowdhury and Mazumder (1981) and ARG (1986) also reported the occurrence of high turbidity in the lake
during the monsoon period. Similar observation was made by Rahman et al (2014).

Dissolved oxygen is an important aquatic parameter, whose is vital to aquatic fauna. Water at surface
level was always well oxygenated and congenial for aquatic life. The mean dissolved oxygen concentration
was 6.4+1.51 and 5.74+0.68 mg/l during 2012-13 and 2013-14. It ranged from 6.10 (February) to 6.80
(November) during 2012, 3.90 (February) to 6.38 mg/l (July) during 2013-14. No marked variation in dissolved
oxygen content among different study point was observed in first year but slightly change was observed in
second year. Rani et al (2004) reported lower values of dissolved oxygen in summer season due to higher
rate of decomposition of organic matter and limited flow of water in low holding environment due to high
temperature. The findings of present study can also be compared with the previous findings, reported for River
Osun (Welcomme, 1985), Zambezi River (Hall et al 1977) Qua Iboe River (Akpan and Offem, 1993) who
observed that tropical African aquatic systems generally have low DO in dry season than the wet season.
Rahman et al (2014) reported that seasonal trends of dissolved oxygen were found warmer months and lower
values during winter months.

Present study revealed positive correlation of DO with air temperature (r=0.716, p<0.01), water
temperature (r=0.719, p< 0.01) and rainfall (r=0.607, p<0.05) but inverse relationship with free CO2 (r=-0.504),
total hardness (r=-0.660, p<0.05), total alkalinity (r=-0.610, p<0.01), transparency (r =-0.599, p<0.01) and P"
(r=-0.457) (Table 2). Similar statement was also recorded by Ahmed et al (1993). Hussainy (1967) opined that
in tropical lakes temperatures is of great significance in determining the trend of DO concentration but no
significant correlation could be established between DO concentration and water temperature.
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The maximum rainfall was recorded in September (24.58 mm). No rainfall was recorded during
November, December and January of 2013-14, showed inverse correlation with total hardness (r=-0.586,
p<0.05), total alkalinity (r=-0.697, p<0.05) and P" (r=-0.624, p<0.05) but positive relationship with air
temperature (r=0.816, p<0.01), water temperature (r=0.794, p<0.01) and DO (r=0.607, p<0.05) (Table 1 and
2). Similar findings were made by Ahmed et al (1993). He reported no rainfall was recorded during November,
December, January and March of 1988-89; December and January of 1989-90 and January 1990-91. No
conclusions could be drawn from this study as rainfall values were recorded only one year from July 2013 to
June 2014. Water depth was found to fluctuate from the minimum of 4.39 m to the maximum of 11.76 m with
mean value of (7.96t 2.56 m, Table 1), showed inverse correlation with total hardness (r=-0.337), total
alkalinity (r=-0.359), PH (r=-0.179) and transparency (r=-0.619, p< 0.05) but positive relationship with air
temperature (r=0.459), water temperature (r= 0.465) and DO (r=0.518) (Table 2).

Changing trends of physicochemical parameters

The data obtained from this study revealed that the physicochemical parameters of the Kaptai Lake are
comparatively in well condition but narrow variation existed in total hardness (43.08+5.51 mg/l in 2012-13,
72.16+12.24 mg/l in 2013-14) and total alkalinity (59.45+6.71 mg/l in 2012-13, 74.97+9.69 mg/l in 2013-14)
(Table 1 & Fig 1). Hardness is caused by compounds of calcium and magnesium and by a variety of other
metals. General guidelines for classification of waters are-0 to 60 mg/l as calcium carbonate is classified as
soft, 61 to 120 mg/l as moderately hard, 121 to 180 mg/l as hard and more than 180 mg/l as very hard (Wurts
and Durborow, 1992). The present study reveals that mean values of hardness were in the soft to moderate
hard categories. Similar findings observed by Ahmed et al (1993), he reported that Kaptai lake can be
regarded as a medium productive lake taking into consideration total hardness ranged from 35.33 to 65.0
mg/l. Total alkalinity is the total concentration of bases in water. These bases are usually bicarbonates (HCO3)
and carbonates (COs) and they act as a buffer system that prevents drastic changes in pH. Large daily
changes in P can cause stress, poor growth and even death of the farmed animals (Wurts and Durborow
1992). The present investigation showed that the total alkalinity was found to fluctuate but acceptable range.
Compare the total hardness and total alkalinity regular fluctuate occurred due to increase of human
population, indiscriminate use of agro-chemicals and fertilizers in the lakeside of cultivable lands.

CONCLUSION

The present study is baseline study on changing trends of physicochemical parameters of the Kaptai Lake
which will prove effective in case of Lake Ecosystem management and conservation. The findings of the
present study will be helpful for the future researcher to work on these aspects and replace the discrete data
about water quality parameter of Kaptai Lake and establish a crystal clear and precise document explaining
variation and inter-relation among different physicochemical parameters of Kaptai Lake.
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