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Abstract: The Karnaphuli River in Chattogram, Bangladesh, plays a crucial role in the national
economy, supporting both maritime shipping and fish production. The present study examined
the monthly variation and the degree of correlation in the physicochemical conditions of the
Karnaphuli River. The physical condition of the water was more variable during the summer and
monsoon months, as indicated by low to moderate transparency (12-40 cm), Total Dissolved
Solids (TDS) (0.02-5.55 ppt), and water temperature (21-31.5 °C). Most of the chemical
parameters, including Conductivity (107 - 2155 uS/cm), pH (7.4 - 8.2), Dissolved oxygen (DO)
(1.63 - 7.30 mg/L), Calcium (Ca*") (5.61 - 49.60 mg/L), Total Hardness (46 - 950 mg/L),
Alkalinity (41 - 73 mg/L), Chloride (3 - 59.2 mg/L) were high in winter months and Salinity was
nearly zero except in winter (1 - 3 ppt). Significant correlations were observed among several
parameters, indicating the influence of interconnected environmental processes. These findings
highlight the dynamic nature of the river's water quality, influenced by both natural cycles and
human activities. Understanding these variations is essential for managing the river's ecosystem
and sustaining its economic contributions, particularly in fisheries and port operations.
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INTRODUCTION

Bangladesh, often referred to as a "land of rivers", relies heavily on its river
systems for transportation, irrigation, and freshwater supply, with the Karnaphuli River
in Chattogram playing a crucial role. This river, which originates in the Lusai Hills of
Mizoram (India) and flows through Rangamati and Chattogram districts, is approximately
270 km long (The Editors of Encyclopaedia Britannica, 2024). It serves as an essential
waterway for Bangladesh's largest seaport and supports vital fisheries. Tributaries such
as Rainkhiang, Myani, Ichamati, Chengi, and Halda enrich the river’s ecological
diversity, with Halda being a significant carp spawning ground (Azadi and Alam, 2020).

Despite its importance, the river is severely impacted by pollution from industrial,

© 2026 The Author (s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).
BT

14


https://creativecommons.org/licenses/by/4.0/
mailto:drsaifulislam@cu.ac.bd
mailto:maazadi@yahoo.com
mailto:drmomin@cu.ac.bd
mailto:mrashedachowdhuryzoology@cu.ac.bd
mailto:drsaifulislam@cu.ac.bd
https://orcid.org/0000-0002-7993-2577
https://orcid.org/0000-0003-2739-8138
https://orcid.org/0000-0001-5287-9537
https://orcid.org/0009-0009-1121-2547
https://doi.org/10.64614/vzs-32

municipal, and household waste, particularly from Chattogram city, leading to degraded
water quality and posing health risks to both humans and aquatic life.

To maintain water quality, it is essential to monitor physicochemical parameters
such as pH, total dissolved solids, temperature, dissolved oxygen, total alkalinity, total
hardness, conductivity, calcium, chloride, and salinity (Verma et al., 2025). The
temperature of the water depends upon the climate, sunlight, and depth. pH indicates the
alkaline and acidic conditions of a solution. Conductivity is directly related to water
turbidity and indicates the nutritional condition of productive water (Xianhong et al.,
2021).

Oxygen is the most critical factor in life. Life cannot survive without oxygen.
Dissolved oxygen is essential to all aquatic life. Dissolved Oxygen (DO) levels above 5-
6 ppm are suitable for aquatic organisms. The Biochemical Oxygen Demand is the
oxygen demand of bacteria and other organisms during the biochemical degradation and
transformation of organic matter. A Biochemical Oxygen Demand (BOD) level below 1
ppm is suitable for aquatic life. Calcium is essential to the biological productivity of
water. In water bodies, the primary sources of carbon dioxide are the atmosphere,
rainwater, and the respiration of plants and animals. Bacterial decomposition of organic
matter is an important source of carbon dioxide in water bodies. The addition of lime
depends on total alkalinity, which is another important water-quality parameter. Hardness
indicates how hard or soft the water in the water body is. Hardness levels of 75 to 150
ppm are optimal for aquatic life, especially fish (Akhter et al., 2021; Singh et al., 2025).

Despite the high economic value of the river, limnological (physicochemical)
works on the Karnaphuli River are very few; some remarkable works on the tributaries
of the Karnaphuli River are on the limnology and ecology of planktonic organisms (Patra
and Azadi, 1985; Patra and Azadi, 1987 ), water quality parameters (Hosen et al., 2019;
Sarwar et al., 2010). Some limnological studies on different water bodies have been
conducted in Bangladesh (Fatema et al., 2018; Islam et al., 2020; Sharif et al., 2017).
However, there is a lack of comprehensive studies on seasonal variations in these
parameters in the Karnaphuli River, particularly for the 2010-2011 period.

The present study aims to assess the seasonal variations in these physicochemical
parameters and evaluate their collective impact on the river's overall water quality and

ecological health. This investigation will provide a detailed analysis of how these factors
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fluctuate throughout the year, contributing to a deeper understanding of the river's
ecosystem. This research is essential as it will serve as a baseline for future monitoring
and management efforts, helping policymakers and environmental agencies improve the
water quality and ecological health of the river, ensuring its sustainability for future

generations.

MATERIAL AND METHOD

Karnaphuli River, with a latitude of 22.209167 (22° 12' 33" N) and a longitude of
91.816111 (91° 48' 58" E), is a hydrographic stream located in the Chattogram Hill tracts
and Chattogram District, the southeastern part of Bangladesh. The two selected stations
are the most important points of the Karnaphuli River, which are described below:

Station 1 (Kalurghat)

This station (latitude 22° 23" and longitude 91° 53") is 100 yards north of Kalurghat
bridge on the Chattogram—Cox’s Bazar highway and about one kilometer south of Halda
mouth opened at Karnaphuli River under Chandgao Thana at Mohara point. Here, a strong
current of heavy water and high boat traffic was observed. The intertidal zone of both the
East and West banks was muddy. On the west bank, large areas were occupied for sand
landing. Here, a lot of fishing boats and fishing nets were found to be engaged in Clupeid
fishing (mainly Phasa-Setipinna phasa, Kaski-Corica soborna, and llish-Tenualosa
ilisha). The river depth was 15.5 m, and the width was 468 m. No rooted vegetation was
present; occasionally, floating water hyacinth was found.

Station 2 (Firingi Bazar Ferryghat)

This Station (latitude 22° 19" and longitude 91° 507) is located south of Fringi Bazar
Ferryghat under Kotowali Thana and about % km west of Karnaphuli New Bridge on the
Chattogram — Cox’s Bazar highway. It is about 10 km away from Station 1 (Kalurghat)
and about 11 km away from the Potenga estuary, where the river meets the Bay of Bengal.
Here, the river was 650 m wide and 25 m deep. This Station was highly polluted, with
many canals (Khals) carrying household waste and factory effluents opening near this
station. A big canal, namely Chaktai khal, carrying high loads of municipal wastes,
opened about 200 yards east of this station. The wastes and effluents are released to the
Bay of Bengal immediately during low tide. Large numbers of mechanized fishing boats

and merchant ships were found trafficking and anchored here. At this station, a large
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number of engine boats were engaged in carrying people from the north bank to the south
bank and vice versa, and one Ferry was engaged in carrying loaded trucks from the north
to the south bank and vice versa. Here, the water was highly muddy, and the current
velocity was high. The intertidal zone of the north bank was covered with soft mud, while

the south bank was hard and muddy.
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Figure 1. Map showing the location of the two sam[;l.ivr.lg stations (Station 1:
Kalurghat and Station 2: Firingi Bazar) of Karnaphuli river (Map source:
Banglapedia, 2024)
Sampling and Sample Processing
Samples were collected fortnightly from two stations (Figure 1) for twelve
consecutive months from May 2010 to April 2011. Rainfall data for the study area were
obtained from the Meteorological Department of the Government of Bangladesh, Dhaka.
Air and water temperatures were recorded in each station by using a mercury thermometer
calibrated from -400 °C to 500 °C (Taylor Rochester, NW, USA). Water transparency
was measured using a Secchi disc (20 cm in diameter). The conductivity (in pS/cm) and
water temperature were measured using a portable digital Conductivity meter (Aquapro
Water Quality Digital Conductivity Tester, EC & Temperature, ATC Meter AP-2, China).
TDS of the water was measured (in ppt) by using a pocket TDS meter (Dist.-2, digital,

HANNA Instruments, Mauritania). The acidic or alkaline nature of the water was

© 2026 The Author (s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).
BT

17



https://creativecommons.org/licenses/by/4.0/

measured by a digital pH meter (the pHep, Aquapro digital water tester, Model AP-2,
HANNA Instruments, Digital Incorporation USA).

Chemical analysis (DO, Ca**, Total alkalinity, Chloride) of water samples was done
in the laboratory within 8 hours of collection. Methods for all analytical techniques were
followed as recommended by APHA (2012) and the HACH Freshwater Aquaculture
Manual (Test Kit Model FF-2). Mean monthly values of several factors were calculated
for each sampling station from fortnightly observed values. Average monthly
hydrological conditions of the Karnaphuli River were estimated by averaging the two
stations.

For statistical analysis, the data were processed using Microsoft Excel (version
2013) to calculate mean monthly values for each parameter across both sampling stations.
The relationships among the physicochemical parameters were explored using correlation
analysis to identify significant associations. Pearson’s correlation coefficients (r) were
computed to assess the strength and direction of linear relationships among the
parameters. Statistical significance was determined at a p-value of <0.05, with stronger
correlations marked as significant at the following levels: P < 0.1 (moderate correlation),

P < 0.05 (strong correlation), and P < 0.001 (very strong correlation).

RESULTS

The maximum, minimum, and mean values of 11 factors measured at two stations
in the Karnaphuli River from May 2010 to April 2011 are presented in Figures 2-14 and
Table 1. Results of observed environmental conditions and physicochemical qualities of
water in the river are presented in Figures 2-14. The maximum Rainfall at the Karnaphuli
River area was 759 mm in June 2010, and the minimum was 0.5 mm in January 2011,

while in February 2011, there was no Rainfall (Figure 2).
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Figure 2. Monthly variation of total rainfall (mm) in Karnaphuli River area during May
2010 to April 2011.

© 2026 The Author (s). This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0).
BT

18



https://creativecommons.org/licenses/by/4.0/

During the whole investigation period the upper limit of air Temperature was
recorded as 36 °C in September 2010, and lower limit was recorded as 19 °C in January

2011 in the Station 2 (Firingi Bazar) (Table 1 and Figure 3).
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Figure 3. Monthly mean value (with £SD) of air temperature (°C) in Karnaphuli River
during May 2010 to April 2011.

The upper limit of water temperature was recorded as 31.5 °C in September 2010
while the lower limit was recorded as 21 °C in January 2011 in the same Station 2 (Firingi
Bazar) (Table 1). In the present study the mean highest water Temperature in the
Karnaphuli River was found in the month of August 2010 and lowest in the month of

January 2011 (Figure 4).
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Figure 4. Monthly mean value (with £SD) of water temperature ("C) in Karnaphuli River
during May 2010 to April 2011.

The upper limit of water transparency was recorded as 40 cm in February 2011
while the lower limit was recorded as 12 cm in May 2010 in the same Station 2 (Firingi
Bazar) (Table 1). The mean highest water transparency was found in February 2011,

while the mean lowest water transparency was found in May 2010 (Figure 5).
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Figure 5. Monthly mean value (with £SD) of water transparency (cm) in Karnaphuli River
during May 2010 to April 2011.
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Among all stations in Karnaphuli River, the maximum Conductivity was found to
be 2155.00 uS/cm in Station 2 (Firingi Bazar) in the month of April 2011, while the
minimum was 107.00 uS/cm in Station 1 (Kalurghat) in the month of October 2010 (Table
1). The mean highest Conductivity was recorded in the month of April 2011 while lowest
was recorded in the month of October 2010 (Figure 6).
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Figure 6. Monthly mean value (with £SD) of water conductivity (uS/cm) in Karnaphuli
River during May 2010 to April 2011.

The maximum TDS was recorded as 5.55 ppt in Station 2 (Firingi Bazar) in the
month of February 2011, while the minimum was recorded as 0.02 ppt both in Station 1
(Kalurghat) and Station 2 (Firingi Bazar) in the month of October 2010 (Table 1). The
mean highest TDS was in the month of February 2011 while the lowest was in the month

of October 2010 (Figure 7).
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Figure 7. Monthly mean value (with £SD) of water TDS (ppt) in Karnaphuli River during
May 2010 to April 2011.

The maximum pH was recorded as 8.2 in the month of November 2010 both in
Stations 1 (Kalurghat) and Station 2 (Firingi Bazar) while the minimum was recorded as
7.4 in the month of January 2011 in Station 2 (Firingi Bazar) (Table 1). The mean highest
pH value was recorded in the month of November 2010 and the mean lowest was recorded

in the month of January 2011 (Figure 8).
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Figure 8. Monthly mean value (with £SD) of water pH in Karnaphuli River during May
2010 to April 2011.
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The maximum DO value was recorded as 7.30 mg/L in Station 1 (Kalurghat) in the
month of January 2011 while the minimum was recorded as 1.63 mg/L in Station 2
(Firingi Bazar) in the month of October 2010 (Table 1). During the present study mean
highest value of DO in Karnaphuli River was recorded in the month of January 2011
while the lowest was recorded in the month of October 2010 (Figure 9).
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Figure 9. Monthly mean value (with £SD) of DO (mg/L) in Karnaphuli River during May
2010 to April 2011.

The upper limit of Calcium value was recorded as 49.60 mg/L in Station 2 (Firingi
Bazar) in the month of January 2011 while the lower limit was recorded as 5.61 mg/L
both in Station 1 (Kalurghat) and Station 2 (Firingi Bazar) in the month of August 2010
(Table 1). The mean maximum Calcium value was recorded in the month of January 2011

while the minimum was recorded in the month of August 2010 (Figure 10).
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Figure 10. Monthly mean value (with £SD) of Calcium (mg/L) in Karnaphuli River during
May 2010 to April 2011.
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The upper limit of total hardness was recorded as 950 mg/L in the month of
February 2011 in Station 2 (Firingi Bazar) while the lower limit was recorded as 46 mg/L
both in Station 1 (Kalurghat) in the month of July 2010 and in Station 2 (Firingi Bazar)
in the month of October 2010 (Table 1). The mean maximum was recorded in the month

of February 2011 while the minimum was recorded in the month of October 2010 (Figure

11).
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Figure 11. Monthly mean value (with +SD) of total hardness (mg/L) in Karnaphuli River
during May 2010 to April 2011.
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The highest alkalinity of water was recorded as 73 mg/L in Station 1 (Kalurghat) in
the month of July 2010 while the lowest was recorded as 41 mg/L both in Station 1
(Kalurghat) and Station 2 (Firingi Bazar) in the month of October 2010 (Table 1). The
maximum alkalinity was observed in the month of April 2011 while the minimum was in

the month of October 2010 (Figure 12).
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Figure 12. Monthly mean value (with £SD) of Alkalinity (mg/L) in Karnaphuli River
during May 2010 to April 2011.

The maximum and minimum Chloride value was recorded in the Station 1
(Kalurghat). The maximum was 59.2 mg/L in the month of April 2011 while the
minimum was 3.00 mg/L in the month of June 2010 (Table 1). The mean highest chloride
(56.60+3.68 mg/L) was observed in the month of April 2011 while the lowest (3.10+0.14
mg/L) was in the month of June 2010 (Figure 13).
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Figure 13. Monthly mean value (with £SD) of Chloride (mg/L) in Karnaphuli River during
May 2010 to April 2011.

Chloride (mg/L)

In the Karnaphuli River at Station 1 near Kalurghat Bridge no salinity was observed
but in Station 2 at Firingi Bazar Ferryghat the maximum Salinity (3 ppt) was observed in
the month of January 2011, while the minimum (1 ppt) was found in the month of
February 2011 (Figure 14).
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Figure 14. Monthly mean value (with £SD) of Salinity (ppt) in Karnaphuli River during
May 2010 to April 2011.
Table 1. Physicochemical data from two stations of the Karnaphuli River for May 2010 to April
2011.
Factors Station 1 Station 2
Max Min Mean Max  Min Mean
Air temp (°C) 32 20 27 36 19 28.08
Water temp. (°C) 31 23 27.79 31.5 21 27.38
Transparency (cm) 32 13 22.42 40 12 21.58
TDS (ppt) 0.17 0.02  0.06 555 0.02 137
pH 8.2 7.5 7.88 8.2 7.4 7.82
Conductivity (uS/cm) 361 107 159.33 2155 121 959
DO (mg/L) 7.3 2.95 4.92 7.18 1.63 4.78
Calcium (mg/L) 24.05 5.61 11.49 49.6 5.61 19.50
Alkalinity (Alk) (mg/L) 73 41 61 72 41 61.42
Total Hardness (TH) (mg/L) 75 46 55.67 950 46 278.42
Chloride (CI') (mg/L) 59.2 3 11.64 54 3.1 13.21
Salinity (ppt) nil nil nil 3 1 0.5

DO: Dissolve Oxygen; TDS: Total Dissolved Solids.
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Table 2. Correlation amongst the different factors of Karnaphuli River

Air Water Tran
Temp. Temp. spar Condu
Factors °O) (°C) ency -ctivity pH DO Ca* TDS TH Alk Cr
Air - - - - - -
Temp.(°C) 1.00 0.93 -0.17  -073 042 053 078 0.78 0.78 032 0.08
desksksk dekok * sk dekok sksksk
Water 1.00 -030 -063 047 057 071 08 071 0.23 0.15
Temp.(°C) sk kk skeskosk skskoskosk skesksk
Transpare - - -
ncy 1.00 0.15 046 0.14 0.14 035 0.01 022 0.04
Condu 097 082 0.74 0.58
-ctivity .00 -0.44 036 (wkxx ek wskk o (44 o
pH 1.00 079 045 056 032 039 0.05
k% *%
DO 1.00 036 058 030 043 0.03
sk
Ca? 1.00 0.82 086 0.39 0.39
skeskeoskosk sfeskoskosk
TDS 1.00 0.60 026 0.23
sk
TH 1.00 027 0.04
Alk 1.00 0.34
Cr 1.00

Significant level: **** = P<(.001, *** = P<0.01, ** = P<(.05, * = P<0.1.
TDS: Total Dissolved Solids; DO: Dissolved Oxygen; TH: Total Hardness; Alk: Alkalinity; Cl:
Chloride Ions; Ca?": Calcium lons.

DISCUSSION

Throughout the study, seasonal variations in meteorological parameters, such as air
temperature and rainfall, followed predictable trends. A significant relationship was
observed between air and water temperatures, a pattern consistent with previous findings
in other river systems (Patra and Azadi, 1985). Water temperature in the Karnaphuli River
showed a direct relationship with air temperature (r = 0.93, P<0.001) and an inverse
relationship with several key physicochemical parameters, including conductivity, TDS,
calcium, and total hardness (Table 2). This aligns with earlier studies (Sarwar et al., 2010),
which found similar temperature trends affecting water quality parameters in other
tropical rivers.

In terms of water quality, the seasonal variation is consistent with the findings of
Fatema et al. (2018) in the Buriganga River, where seasonal fluctuations influenced water

clarity. In the Karnaphuli River, water transparency was highest in February 2011 (Figure
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5), a period of lower rainfall and stable weather conditions. This elevated transparency
allows for better light penetration, supporting photosynthesis and planktonic productivity,
which are crucial for maintaining a healthy aquatic ecosystem.

Conductivity, TDS, and calcium concentrations showed higher values during the
warmer months, particularly in the summer and monsoon periods, correlating strongly
with conductivity (r=0.97, P<0.001) (Table 2). This indicates increased mineral content,
possibly due to the dilution effect of rainfall and runoff in the rainy season, a finding
supported by studies in other tropical and estuarine systems (Xianhong et al., 2021).
Elevated conductivity levels also corresponded to higher levels of total hardness and
chloride, suggesting that runoff from urban and industrial areas may contribute to the
increased ionic concentration in the river. The positive correlation between conductivity
and calcium (r = 0.97, P<0.001) suggests that mineral concentration in the river is linked
to these seasonal variations. Furthermore, TDS showed significant correlations with other
water quality parameters, including conductivity (r = 0.82, P<0.001) and DO (r = 0.58,
P<0.05), indicating that changes in the river’s mineral load are closely tied to oxygen
levels, which directly affect the aquatic organisms relying on the river for survival (Singh
et al., 2025).

Dissolved oxygen (DO) concentrations were lower during the warmer months,
particularly in October 2010, and were inversely related to temperature and salinity (r = -
0.57, P<0.05). This is consistent with the principle that warmer water holds less oxygen,
which is particularly detrimental to aquatic life. The lowest DO values recorded at Station
2 (Firingi Bazar) in October 2010 may indicate the influence of pollutants, particularly
organic matter from municipal and industrial discharges, findings further corroborated by
Islam et al. (2020) and Sharif et al. (2017) in nearby river systems.

The mean calcium concentrations in the river were highest in January 2011, coinciding
with the peak of the dry season. Calcium and total hardness, which are indicators of
water's biological productivity, showed a positive relationship with conductivity, TDS,
and total hardness. These parameters are important in assessing the health of aquatic
species, particularly in tropical systems where calcium availability influences
calcification in aquatic organisms. The findings are consistent with previous studies by
Kumar and Dua (2009) in the Ravi River and Patra and Azadi (1985) in the Halda River,

reinforcing the importance of these parameters in maintaining ecosystem stability.
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Alkalinity, which plays a critical role in buffering water and maintaining a stable

pH environment, showed no significant correlation with most other parameters,
suggesting that the river's buffering capacity may be stable despite varying pollution
levels. This is consistent with findings by Waikole and Patil (2009) in the Dahanu region,
where alkalinity remained relatively constant, even in the face of increased industrial
discharges.
Salinity, observed only at Station 2 (Firingi Bazar), was highest in January 2011 and
lowest in February 2011. The seasonal fluctuations in salinity are likely due to tidal effects
from the Bay of Bengal, which influence the estuarine waters of the Karnaphuli River.
The observed salinity values in this section of the river are consistent with those of Sharif
et al. (2017), who found similar salinity patterns in estuarine systems in Bangladesh. The
correlation between salinity and chloride concentrations (r = 0.58, P<0.05) further
supports the influence of tidal forces on the river’s water chemistry, particularly near the
estuary.

This study fills a crucial gap in the limnological research on the Karnaphuli River
by providing a comprehensive analysis of seasonal variations in water quality for a one-
year period. The findings highlight the complex interplay between natural cycles and
anthropogenic impacts on the river’s water quality. Given the growing industrial activity
in Chattogram, it is essential for future research to continue monitoring these parameters,
particularly focusing on the influence of pollution from both urban and industrial sources
on the river's ecological health.

Recent studies have increasingly emphasized the need for integrated water quality
management in tropical and estuarine systems, where pollution control and habitat
preservation are essential for sustaining biodiversity (Verma et al., 2025; Xianhong et al.,
2021). The results of this study, along with more recent work in similar systems,
underscore the need for a comprehensive, long-term monitoring program to guide policy

interventions to improve water quality in the Karnaphuli River.

CONCLUSION
The findings of this study provide key insights into the physicochemical
properties of the Karnaphuli River, emphasizing its importance to fisheries, maritime

operations, and the national economy. Seasonal variations were observed: low to
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moderate transparency, higher TDS, and higher temperatures in summer and monsoon
months, and higher conductivity, pH, dissolved oxygen, calcium, total hardness,
alkalinity, and chloride in winter. Water quality at Kalurghat was better than at Firingi
Bazar, where pollution from various discharges worsened conditions for aquatic life.
Significant correlations between parameters suggest interconnections influenced by
seasonal and anthropogenic factors. Overall, this study provides a useful baseline for
policymakers, environmental authorities, and river management agencies to develop

sustainable strategies for improving the water quality of the Karnaphuli River.
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