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ABSTRACT: The Karnafully is one of the most important rivers due to its profound
influence on water chemistry and sediment characteristics. The present study intended to
assess the quality of water and sediment from intertidal zone of this river in respect to the
pollution index. Seasonal water and sediment samples were collected during four seasons
(Monsoon, post-monsoon, winter, and pre-monsoon) of 2014. The result indicates that these
investigated parameters ranged as water temperature (21.7-36 °C), pH (8.0-8.7), salinity (2.4-
8.8%o), total suspended solid (0.08-0.8 g/L), dissolve oxygen (0.00-4.52 mg/L), soil
temperature (21.3-33 °C), pH (5.0-6.8), sand (4.13-44.10%), silt (39.93-75.89%), clay (11.98-
21.19%), soil organic matter (4.33-6.21%), organic carbon (2.5-3.6%), nitrite-nitrogen (0.69-
3.97 ng/L), and phosphate-phosphorus (0.23-3.44 pg/L). Multivariate statistical analyses like
post-hoc LSD test, Cluster Analysis (CA), and Principal Component analysis (PCA) brought
out the spatial and temporal changing pattern of water chemistry and sediment characteristics
with the effect of uprising pollution. CA ascertained the compatibility among different
parameters and categorized the monitoring sites into highly and moderately polluted areas.
Moreover, PCA brought out five primary components and highlighted the three dormant
factors, enormously regulating the river water chemistry such as municipal waste, carbon
based nitrogenous compound, and local geomorphological weathering process. This
investigation provided an outline on deterioration of water and sediment quality by high
anthropogenic impact and suggests national policy maker to take some initiatives for retaining
the quality water and sediment properties.

Keywords: cluster analysis, intertidal zone, pollution index, principal component
analysis, spatio-temporal variation.

INTRODUCTION Physico-chemical features of estuaries are
Intertidal zone of estuarine  system not steady-state systems while water
characterized by spatio-temporal variation in chemistry and sediment properties are
seasonal time frame reflects on its considered as the controlling factors

hydrological and sedimentological nature.
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(Forstner, 2004). Seasonal fluctuation exerts
a profound effect on nutrient cycling,
sediment dynamics, and coastal
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geomorphology. Sediment acts as the
nutrient reservoir in aquatic system that
indicates the overlaying water quality
(Anilakumary et al, 2007). Rapid
urbanization and anthropogenic activities are
rapidly degrading the estuarine water quality
(Wang et al., 2014; Jiang-Qi et al., 2013).
Continuous accumulation of pollutants due
to bio-geological mechanism causes the
variability in  water chemistry and
sedimentation pattern (Singare et al., 2011).

Deposits size classes are crucial in
evaluating the qualities of sediment dynamic
and complex nature of estuary. Wave, tide,
current, salinity, precipitation, and diffusion
processes can transport the energy of detritus
to the water column (Jorcin, 2000). Coastal
subsidence, landmass erosion, decomposition
process, wind, and water carry sediment to
the river. Suspended and dissolved materials
deposited on the bottom of the water column
and made a reservoir for pollutants and trace
elements. Sediment dynamics of intertidal
mudflat have an impact on ecological quality
(Brils, 2008).

The Karnafully estuary is the most typical
estuary where tidal oscillation and fresh
water discharges are dominantly acting
together in creating high mixing mechanism
(Mahmood et al., 1976). Thousands of
industries and factories are situated on the
bank of the Karnafully and do not have any
effluent treatment facilities (Das et al., 2002).
So, untreated industrial waste is mixed with
adjacent coastal water and finally drains to
the Karnafully through different canal
systems (Sarwar et al.,, 2010). Industrial
waste contains lots of toxic substances that,
directly or indirectly, affect aquatic
ecosystem (Ahmed, 2000). Therefore,
systematic and appropriate monitoring of the
status of pollution level is needed.

Researchers have studied the surface
water chemistry, sedimentological
characteristics, and seasonal fluctuation
(Ajayan and Kumar, 2016; Damotharan et
al., 2010; Prasanna and Ranjan, 2010;
Pradhan et al., 2009; Srivastava et al., 2009;
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Prabu et al., 2008; Raja et al., 2008;
Mahmood et al., 1976). Water and sediment
features in coast are rapidly changing with
time and space, so regular monitoring is
needed to retain their quality (Satheeshkumar
and Khan, 2012). The present study is very
effective to enrich our knowledge about the
nature and effect of pollution on this
dynamic estuary. The present baseline
information water quality parameters and
sediment characteristics would form a useful
tool for further ecological assessment and
monitoring the quality of water and
sediment.

MATERIALS AND METHODS

Study area

Sediment and water samples were collected
from intertidal zone of Karnafully estuary,
situated at Chittagong coast adjacent to the
Bay of Bengal. The area of study is shown in
Figure 1. Among these sites, Chaktai canal
(Site 1) was envisaged as mostly-impacted
location, Govt. Fish landing station (Site 2)
was considered as moderately-impacted site
and Eastern side of the Karnafully Bridge
(Site 3) was selected as less-impacted site
according to the hydro-morphological
characteristics as well as pollutant load.

Sample analysis

Temperature, pH, and total suspended
solids were measured by standard methods
(APHA, 2005). Soil organic carbon (SOC)
was measured by Walkey and Black wet
oxidation method modified by Hug and
Alam (2005). Soil organic matter was
measured following Parsons et al. (1979).
Soil texture (% of sand, silt, and clay) was
analyzed by the hydrometer method
following Bouyoucos (1962) modified by
Hug and Alam (2005).

Statistical methods

Statistical methods on dataset depicted One-
way ANOVA (Post-hoc LSD test) with
multivariate statistical methods such as PCA
and CA. In present study, one-way analysis
of wvariance (Post-hoc LSD) at 95%
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Fig. 1. Location of water and sediment quality monitoring sites in the Karnafully Estuary

of confidence level was applied to find out
the significant spatial and temporal variations
of water and sediment quality parameters.
CA is an effective tool for characterization
and simplification of data sets with the
behavior they possess. It is also a very
effective tool to sort out the similarity and
dissimilarity with the influencing factors on
different datasets (Wang et al., 2014). PCA
was applied to find out the principle factors
of variation in dataset with simplification and
classification of raw data. It also provides
guidelines on spatial and temporal
distribution of resultant factors (Singh et al.,
2004).  Five principal components were
expressed which contain the eigenvalue more
than 1 (Gupta et al.,, 2008). All of the
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analysis was performed using PASW
statistics 18, Microsoft office 2007, and
MINITAB-14.

RESULTS AND DISCUSSION

Spatial and temporal variability in water
quality parameters

Hydrological quality of the studied sites
varied from season to season as well as
from location to location. One-way
ANOVA (Post-hoc LSD) test showed the
significant spatial and temporal variation of
different water quality parameters. Water
temperature was kept at the highest value
(36°C) throughout monsoon at site 3 and
the lowest value (21.7°C) noted from site 1
in winter (Figs 2 & 3). At the time of
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monsoon (post-monsoon: P=0.00; winter:
P=0.00) and pre-monsoon (post-monsoon:
P=0.01; winter: P=0.00), mean water
temperature was found significantly higher
than post-monsoon and winter (Fig. 3).
Maximum water pH (8.7) was found at site
3 in monsoon and pre-monsoon, whereas
minimum (8.20) was investigated from
each site during every season except
monsoon (Figs. 2 & 3).

In addition, water salinity (8.84%.,) was
peaked at site 1 throughout winter and the
lowest value (2.43%.) was observed from the
same site in monsoon (Figs. 2 and 3). Mean
water salinity resembled significantly higher
in winter than monsoon (P=0.00), post-
monsoon  (P=0.00), and pre-monsoon
(P=0.00) and there is no significant
difference between post-monsoon and pre-
monsoon. A consecutive changing trend on
salinity noted from monsoon to pre-monsoon
and descending from one another as: winter
> post-monsoon > pre-monsoon > monsoon
(Fig. 3).

The highest total suspended solid was
investigated (0.80g/L) at site 3 all over the
pre-monsoon period, whereas the lowest
(0.08 g/L) was recorded from site 3 in
monsoon. In contrast, maximum dissolved
oxygen (4.52 mg/L) was recorded at site 3
throughout post-monsoon and minimum
was found during winter at site 2 (Figs. 2
& 3). Mean dissolved oxygen (DO) was
found significantly lower in site 2 (Site 1:
P=0.00; site 3: P=0.00) rather than site 1
and site 3 (Fig. 2). Rest of the parameters,
like water temperature, water pH, and total
suspended solid, (TSS) represented non-
significant variation among the sampling
sites. Throughout the four seasons, mean
water pH, total suspended solid (TSS), and
dissolved oxygen (DO) were remained

almost in uniform trend with non-
significant variation.
Spatial and temporal changes in

sediment quality parameters
Maximum soil temperature (33.0°C) was
inspected from site 2 and 3 in pre-monsoon
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and minimum (21.3°C) noted from these two
sites during winter (Figs. 2 & 3). Mean soil
temperature during monsoon was found
significantly higher than post-monsoon
(P=0.00) and winter (P=0.00) but
significantly  lower than pre-monsoon
(P=0.00). Soil temperature sequentially
changed from pre-monsoon to winter and
significantly descended from one to the other
as: pre-monsoon > Monsoon > post-monsoon
> winter (Fig. 3). On the other hand,
maximum soil pH (6.8) was recorded from
site 2 in pre-monsoon and minimum (5.0)
noted in site 1 throughout post-monsoon
(Figs. 2 & 3). Mean soil pH in site 1 (site 2:
P=0.03; site 3: P=0.011) was remained
significantly lower than sites 2 and 3 (Fig. 2).
Among the sediment texture classes, highest
percentage of sand (44.03%) was recorded
during monsoon from site 1 and lowest
(8.13%) was reported at site 3 during post-
monsoon. Percentage of silt (75.89%) peaked
at site 3 during monsoon and the lowest
(39.93%) value was also recorded from the
same sampling site during pre-monsoon
(Figs. 2 & 3). Mean concentration of silt in
site 3 (P=0.04) was observed significantly
higher than site 2 (Fig. 2).

Soil organic matter content was noted
the highest (6.21%) at site 2 in winter and
the lowest content (3.72%) was recorded
from site 3 during post-monsoon (Figs. 2 &
3). Mean soil organic matter (SOM) was
found significantly higher in site 2 in
comparison with site 1 (P=0.00) and site 2
(P=0.00), but there 1is no significant
variation between site 1 and site 3 (Fig. 2).
Soil organic carbon was also investigated
highest (3.74%) at site 2 during pre-
monsoon and the lowest content (2.06%)
was reported at site 3 during monsoon
(Figs. 2 & 3). Mean SOC in site 2 remains
significantly higher than site 1 (P=0.00)
and site 2 (P=0.00) (Fig. 2) but the rest of
the soil quality parameters, such as soil
temperature (STem), soil NO2-N, soil PO,-
P, % of sand, and clay do not show any
significant spatial variation.
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Fig. 2. Spatial variation (Mean+SD) of water and sediment quality parameters. Bars with the same letter
are statistically indifferent.
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Maximum soil PO4-P was found (3.44
Mg/L) during monsoon at site 1 and
minimum (0.23 pg/L) was investigated from
site 2 in pre-monsoon. Peak NO,-N (3.57
pg/L) was recorded from site 1 and the
lowest (0.69 pg/L) was investigated from site
3 throughout post-monsoon (Figs. 2 & 3).

Mean soil PO4-P was investigated
significantly ~ higher  during  monsoon
(P=0.02) than pre-monsoon, whereas non-
significant  variation was found in

comparison with rest of the two seasons.
Without these parameters, rest of the soil
quality parameters, like SpH, SOM, SOC
sand, silt, clay, and soil NO,-N, do not show
any significant temporal variation (Fig. 3).

In Coastal areas of Bangladesh,
temperature varies between 25-30°C with
noticeable seasonal fluctuation. Temperature
values were significantly higher in the
monsoon months and lower in winter months
due to local climate condition which is
mainly inclined by the southeastern and
northwestern wind pattern prevailing in the
Bay of Bengal (Holmgren, 1994). A similar
trend was described in previous studies
(Chowdhury et al., 2010; Kamal et al., 2009).
Optimal pH range for sustainable aquatic life
is pH 6.5-8.2 (Murdoch et al., 2001).
Anything either highly acidic or alkaline
would kill marine life. The water pH remains
alkaline throughout the study period at all
sampling sites. The high pH observed during
monsoon season at site 3 may be due to the
influence of fresh water influx, dilution of
sea water, low temperature, and organic
matter decomposition.

Minimum TSS recorded during monsoon
may be caused by receiving huge amount of
crystal clear water from hilly area in this
season while maximum value was recorded
in pre-monsoon for high mixing process
caused by tornado, typhoon, cyclone, and
other natural process in this season.
Concentration of DO implied that sampling
site 2 is the highly polluted area and it is
difficult to sustain for aquatic organisms.
Furthermore, site 2 is the main discharge
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point of Chittagong city and continuously
discharging huge amount of domestic and
industrial waste. Insufficient dissolve oxygen
in the water column causes the anaerobic
decomposition of organic matter which tends
to cause the formation of noxious gases such
as hydrogen sulphide and development of
CO; and methane in the intertidal and coastal
bottom sediment layer (Ravaniah et al.,
2010).

Sediments of the intertidal zone of
Karnafully estuary resembled almost neutral
to slightly acidic. Gradual decrement of soil
pH will enhance the metal toxicity and
adverse effect on aquatic organisms (Singare
et al., 2011). Present study snhapped out that
silt was dominant in sediment texture.
Therefore, water holding capacity, cation
exchange capacity, pH buffering capacity,
and organic matter were remained low. High
siltation rate was found in monsoon for
strong wave action, high turbulence, and
high terrestrial runoff. Redox potential is low
in soil with fine grained deposits
characteristics (Kunickis et al., 2010). SOM
levels in all mineral soils commonly range
from 4-7% of the total soil mass (Wagai et
al., 2009). Higher value of organic matter
found in winter and post-monsoon period
may be due to large amount of humus
transported by the rivers and dominancy of
mud in sediment during these seasons
(Manjappa et al., 2003).

Nitrates are the most oxidized form of
nitrogen and also play a vital nutrient for
growth, reproduction, and the survival of
aquatic organisms. Excess concentration in
nitrate level (>1 mg/L) is not good for
aquatic life (Adeyemo et al., 2008). The
higher nitrate value was investigated during
monsoon and post-monsoon at site 1 due to
the presence of organic material. Nitrate
level increasing in monsoon and subsequent
season was due to the rainfall, freshwater
inflow, decomposition processes (Prabu et
al., 2008). Another possible way of nitrates
entry is through oxidation of ammonia from
nitrogen to nitrate formation (Rajasegar,
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2003). Lowest value was recorded from site
3 during post-monsoon due to the absence of
terrestrial discharge, photosynthetic activity,
and water dominancy.

Phosphates are very essential nutrients
that play a vital role on the growth of
organisms and limit the primary
productivity of aquatic environment.
Inorganic phosphorous plays a dynamic
role in aquatic ecosystem when present in
low concentration, but high concentration
of phosphate causes eutrophication
(Manikannan et al., 2011). Highest value
obtained from monsoon at the site 1 was
due to freshwater circulation and mixing
processes. Another cause of increasing
PO4-P in this season may be due to
regeneration and release of total
phosphorus from bottom mud into the
water column by turbulence mechanisms
(Saravanakumar et al., 2008). Lowest value
obtained from pre-monsoon at site 2 may
be attributed to limited flow of freshwater,

low precipitation, salinity intrusion, and
utilization of phosphate by phytoplankton.

Cluster analysis

Multivariate statistical analysis, such as
Cluster  Analysis  (CA),  Principal
Component Analysis (PCA), and Factors
Analysis (FA) act as an effective index for
meaningful interpretation of spatio-
temporal parametric  data. Many
researchers have used these techniques to
assess and characterize the water quality.
Wang et al. (2014) used these statistical
analyses to evaluate the variance of water
chemistry. Moreover, Talukder et al.
(2016), Wang et al. (2012), Jiang-Qi et al.
(2013), Venkatesharaju et al. (2010), Qadir et
al. (2007), and Kowalkowski et al. (2006)
demonstrated that multivariate statistical
methods (PCA, CA, FA) can be very
effective to interpret the complex data sets,
identify pollution factors, and assess water
quality with spatio-temporal deviation.
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matter; SOC= Soil organic carbon; WpH= Water pH; SpH= Soil pH; TSS= Total suspended solid;
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Amalgamation steps of cluster analysis
(CA) were performed using ward linkage
with  absolute correlation coefficient
distance. Firstly, CA was applied among
the water and sediment quality parameters,
which brought out four significant clusters:
cluster 1: WTEM, WSAL, cluster 2: WpH,
TSS, SpH, SNO,-N, SPO,-P; cluster 3:
DO, Sand, Silt; and cluster 4: Clay, SOM,
SOC (Figure 4). Parameters clustered in
minimum distance have a high affinity
with the same identical behavior during
seasonal changes and also have a potential
influence on each other. WTEM, STEM,
and WSAL render a linkage in minimum
correlation  coefficient  distance and
demonstrate the obsessing power during
seasonal changes. Cluster 4 indicates that
SOM and SOC in sediment largely
governed by clay content during seasonal

changes, likely WpH, SpH; SNO,-N,
SPO4-P; sand-silt represents minimum
cluster distances as well as strong

relevance in environmental process.

Secondly, CA was applied among the
sampling sites to find out the spatial
similarity of water and sediment quality
parameters. The CA results rendered a
dendrogram, where three sampling sites
were classified into two clusters: Cluster 1:
site 1 and site 2; Cluster 2: site 3 (Fig. 5).
The sampling site in each cluster has an
almost homologues trend of water and
sediment quality variability with similar
water pollution types and strengths. Site 1
and site 2 are clustered in minimum
correlation co-efficient distance and yield
the higher level of pollution on sediment
and water column. Site 2 is situated in the
mouth of the Chaktai canal, which is the
main discharge point of the Chittagong city
and is highly affected by untreated
industrial effluents and domestic wastes.
Site 3 is situated far from the direct
discharge point but influenced by untreated
industrial and domestic wastes, so it can be
considered as moderately-polluted area.
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Fig. 5. Dendrogram of sampling sites in accordance with water and sediment quality parameters from
intertidal zone of Karnafully river estuary (Two different colors are representing two different clusters).
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Principal component analysis

Principal component explained the most
important factors affecting the water and
sediment quality of the study area. PCA
results are listed in Table 1, including
rotated loading, percentage of each major
factor, and initial eigenvalues. PCA-1 had
a highest initial eigenvalue 3.97 and
explained 28.35% of total variance, with
strong positive loading of SOM, SOC.
Clay particle, moderate positive loading of
TSS, and moderate negative loading of
SpH resembled the loading of pollution
mainly caused by untreated organic load
with crucial anthropogenic effect. PCA-2
comprised with the eigenvalue 2.72 and
explained 19.43% of total variance, with
strong positive loading of WTem and

Stem. High negative loading of WSal can
be represented as effective geological
changes on environmental parameters.
PCA-3 explained 17.19 percent of total
variance, with strong positive loading of
DO and silt. Strong negative loading of
sand represented the huge loading of
municipal waste and land-based washed
materials. PCA-4 explained 14.24 percent
of total variance moderate positive loading
of WpH, SpH, TSS; moderate negative
loading of SPO,-P, which is an indication
of inorganic load on the water column and
sediment of the study area. PCA-5
explained 7.48% of total variance with
strong positive loading of SNO,-N, which
is also a signal of carbon-based nitrogen
contamination in sediment.

Table 1. Rotated component loadings of the three principal components including eigenvalue greater than
one, percentage of total variance, cumulative percentage

Variable PCA1 PCA 2 PCA3 PCA 4 PCA5

WTEM -0.124 0.963 0.018 0.114 0.042

WpH 0.016 0.328 0.242 0.750 -0.031

WSAL 0.106 -0.918 0.007 0.231 0.040

TSS 0.544 0.251 -0.198 0.608 0.008

DO 0.244 0.163 0.801 -0.145 0.293

STEM -0.173 0.853 -0.172 0.326 0.078

SpH -0.484 -0.012 0.122 0.713 -0.143

Sand -0.025 0.183 -0.964 -0.038 0.113

Silt -0.176 -0.067 0.967 0.104 -0.052

Clay 0.762 -0.455 0.072 -0.246 -0.241

SOM 0.954 -0.130 0.030 0.064 0.027

soc 0.955 -0.130 0.029 0.065 0.031

SNO,-N -0.033 0.033 0.025 -0.077 0.973

SPO,-P -0.108 0.142 0.134 -0.783 0.007

Eigenvalue 3.094 2.994 2.674 2.334 1.140

% of total variance 22.102 21.385 19.103 16.668 8.143

Cumulative (%) 22.102 43.487 62.590 79.258 87.401
Extraction Method. Principal such as Taiwan EPA to evaluate the
Component analysis; Rotation method: surface water quality. It is a simple method

Varimax with Kaiser Normalization and
rotation converged in 6 iterations. Bold data
are the main contribution elements to the
component.

River pollution Index (RPI)
River pollution index (RPI) is used
simultaneously by different organizations
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comprising concentration level of four
parameters: DO, BOD, SS, and NH3-N.
Four-state of quality is calculated for each
parameter to evaluate the pollution status.
The RPI is computed using the following
equation (Liou et al., 2004):

4

RPI=1/43Si

i=1
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Table 2. River Pollution Index (RPI) Chart (Chen et al., 2012; Liou et al., 2004)

Items/ ranks Good Less polluted Moderately pol. Highly polluted
DO (mg/L) >6.5 4.6-6.5 2.0-4.5 <2.0
BODs (mg/L) <35 3.0-4.9 5.0-15 >15
SS (mg/L) <2.0 20-49 50-100 >100
NHs-N (mg/L) <0.5 0.5-0.9 91.0-3.0 >3.0
Index scores (Si) 1 3 6 10
Sub-index <2 2.0-3.0 3.1-6.0 >6.0

In present study, concentration of DO and
TSS were compared with concentration of
RPI table to weigh the status of particular
water parameters (Table 2). Average DO in
site 1 is 3.1425 mg/L that is a clue of
moderate pollution in comparison with RPI.
Average DO in site 2 remains 0.1275 mg/L
which can be treated as highly polluted area
according to RPI. In site 3, average DO was
found to be 3.24 mg/L, which renders
moderate pollution in this area according to
RPI table. Average TSS in every sampling
site was found >100 mg/L that is a hint of
high pollution according to RPI (Chen et al.,
2012).

CONCLUSION

Multivariate statistical methods were
successfully used in this study to find out
the variability of different sediment and
water quality parameters along the
intertidal zone of Karnafully river estuary.
Post-hoc LSD test found out that
parameters like dissolved oxygen, soil pH,
silt, sediment organic matter and carbon,
water and soil temperature, salinity, and
soil PO4-P were significantly changed
spatially and temporally. CA characterized
the sampling sites into two categories:
highly-polluted and moderately-polluted.
CA also found out the inter-parameter
relationship during geological process.
PCA explained three prominent factors:
municipal wastes, carbon-based nitrogen
compound, and geological weathering
process predominantly affecting the water
and sediments of Karnafully river estuary.
Site 2 (Mouth of the Chaktai canal) is the
one of the major discharge points of the
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Chittagong city where no DO was found
during winter season. It is a clear
indication of high organic load. Present
study renders that site 1 and site 2 are the
highly affected by anthropogenic pollution,
so effective initiative should be taken both
nationally and internationally to save the
river Karnafully.

ACKNOWLEDGEMENTS

The authors are grateful to the Institute of
Marine Sciences and Fisheries, University
of Chittagong, Bangladesh for laboratory
facilities to conduct this research. We are
thankful to the Department of Planning and
Development, University of Chittagong,
Bangladesh for financial support. We are
also grateful to honorable reviewers and
the editors who have helped to
tremendously improve the manuscript.

REFERENCES

Adeyemo, O.K., Adedokun, O.A., Yusuf, R.K. and
Adeleye, E.A. (2008). Seasonal changes in Physico-
chemical parameters and nutrient Load of river
sediments in Ibadan city, Nigeria. Global NEST J.,
10(3), 326-336.

Ahmed, A.U. and Reazuddin, M. (2000). Industrial
pollution of water systems in Bangladesh. In
Rahaman, A.A., Hug, S. and Conway, G.R. (Eds.).
Environmental system of surface water systems of
Bangladesh, University Press Limited, Dhaka,
Bangladesh. pp. 175-178.

Ajayan, A. and Kumar, K.G.A. (2016). On the
seasonal changes in the surface water chemistry of
Museum Lake, Thiruvananthapuram, Kerala, India.
Pollution, 2(2), 103-104.

Anilakumary, K.S., Abdul Aziz, P.K. and Natrajan,
P. (2007). Water quality of the Adimalathma
estuary, southwest coast of India. J. Mar. Biol. Ass.
India, 49, 1-6.



Mallick, D. et al.

APHA [American Public Health Association] (2005).
Standard methods for examination of water and
wastewater. Eaton, A.D., Clesceri, L.S., Rice, EW.
and Greenberg, A.E. (Eds.), 21st edition, American
Water Works Association, Water Pollution Control
Federation, Washington DC, New York. pp. 1368.

Bouyoucos, G.J. (1962). Hydrometer Method
Improved for Making Particle Size Analysis of
Soils.  Agr. J., 54(5), 464-465. DOI:
10.2134/agronj1962.00021962005400050028x.

Brils, J. (2008). Sediment monitoring and the
European water framework directive.
Annalidell’Istituto Superiore di Sanita 44(3), 218-223.

Chen, Y.C., Yeh, H.C. and Wei, C. (2012).
Estimation of river pollution index in a tidal stream
using Kriging analysis. Int. J. Environ. Res. Public
Health, 9, 3085-3100.

Chowdhury, M.S.N., Hossain, M.S., Das, N.G. and
Barua, P. (2010). Environmental variables and
fisheries diversity of the Naaf River Estuary,
Bangladesh.J. Coast. Conserv., 15(1), 163-180.

Damotharan, P., Perumal, N.V. and Perumal, P.
(2010). Seasonal variation of physico-chemical
characteristics of Point Calimere coastal waters
(South east coast of India). Middle East J. Sci. Res.,
6(4), 333-339.

Das, B., Khan, Y.S.A. and Sarker, M.A.K. (2002).
Trace metal concentration in water of the
Karnaphuli river estuary of the Bay of Bengal. Pak.
J. Biol. Sci., 5, 607-608.

Forstner, U. (2004). Sediment dynamics and
pollutant mobility in rivers: An interdisciplinary
approach. Lakes Reserv. Res. Manage., 9(1), 25-24.
DOI: 10.1111/j.1440-1770.2004.00231.x

Gupta, I., Dhage, S. and Kumar, R. (2008). Study of
variations in Water quality of Mumbai coast
through multivariate analysis techniques. Indian J.
Mar. Sci., 38(2), 170-177.

Holmgren, S. (1994).An environmental assessment
of the Bay of Bengal region. Swedish Centre for
Coastal Development and Management of Aquatic
Resources. pp. 79.

Hug, S.M.l. and Alam, M.D. (2005).A Handbook
on Analyses of Soil, Plant, and Water. BACER-DU,
University of Dhaka, Dhaka. pp. 1-246.

Jiang-Qi, Q., Qing-Jing, Z., Pan, L., Cheng-Xia, J.
and Mu, Y. (2013). Assessment of Water Quality
Using Multivariate Statistical Methods: A Case
Study of an urban Landscape Water, Beijing. Int. J.
Biosci. Biochem. Bioinforma, 3(3), 196-200.

Jorcin, A. (2000). Physical and Chemical
characteristic of the sediment in the estuarine region of

422

cananeia (SP), Brazil. Hydrobiologia, 431(1), 59-67.

Kamal, A.H.M. and Khan, M.A.A. (2009). Coastal
and estuarine resources of Bangladesh: management
and Conservation issues. Maejo Int. J. Sci.
Technol., 3(2), 313-342.

Kowalkowski, T., Zbytniewski, R., Szpejna, J. and
Buszewski, B. (2006). Application of chemo
metrics in water classification. Water Research,
40(4), 744-752.

Kunickis, S.H., Gilliam, J.W., Evans, R.O. and
Dukes, M. (2010). Soil characteristics and their role
in  developing  conditions  favorable  for
denitrification. 19" World Congress of Soil
Science, Soil Solutions for a Changing World, 1-6
August, Brisbane, Australia. DOI:
toc.proceedings.com/12589webtoc.pdf.

Liou, S.M., Lo, S.L. and Wang, S.H. (2004). A
generalized water quality index for Taiwan.
Environ. Monit. Assess., 96, 35-52.

Mahmood, N., Khan, Y.S.A. and Kabir, A. (1976).
Studies on the hydrology of the Karnaphuli estuary.
J. Asiat. Soc. Bangladesh [Sci.], 2(1), 89-99.

Manikannan, R., Asokan, S. and Samsoor, A.H.M.
(2011). Seasonal variations of physico-chemical
properties of the Great Vedaranyam Swamp, Point
Calimere Wildlife Sanctuary, South-east coast of
India. Afr. J. Environ. Sci. Technol., 5(9), 673-681.

Manjappa, H., Gowda, G., Rajesh, K.M. and
Mridula, R.M. (2003). Sediment characteristics of
mangrove areas of brackish water impoundments.
Indian J. Fish., 50(3), 349-354.

Murdoch, T., Cheo, M. and O-Laughlin, K. (2001).
Streamkeeper's Field Guide: Watershed Inventory
and Stream Monitoring Methods. Adopt-A-Stream
Foundation, Everett, WA. pp. 297.

Parsons, T.R., Takahashi, M. and Hargrave, B.
(1977). Biological  Oceanographic  Process.
Pergamon Press, London.pp. 332.

Prabu, V.A., Rajkumar, M. and Perumal, P. (2008).
Seasonal variations in physico-chemical
characteristics of Pichavaram mangroves, southeast
coast of India. J. Environ. Biol., 29(6), 945-950.

Pradhan U.K., Shirodkar, P.V., Sahu, B.K. (2009).
Physico-chemical characteristics of the coastal
water off Devi estuary, Orissa and evaluation of its
seasonal changes using chemometric techniques.
Curr. Sci., 96(9), 1203-12009.

Prasanna, M. and Ranjan, P.C. (2010). Physico
chemical properties of water collected from Dhamra
estuary. Int. J. Environ. Sci., 1(3), 334-342.



Pollution, 2(4): 411-423, Autumn 2016

Qadir, A., Malik, R.N. and Husain, S.Z. (2007).
Spatio-temporal variations in water quality of
NullahAik-tributary of the river Chenab, Pakistan.
Environ. Monit. Assess., 140(1-3), 43-59.

Raja, P., Amarnath, A.M., Elangovan, R. and
Palanivel, M. (2008). Evaluation of physical and
chemical parameters of River Kaveri, Tiruchirappalli,
Tamil Nadu, India. J. Environ. Biol., 29(5), 765-768.

Rajasegar, M. (2003). Physicochemical
characteristics of the Vellar estuary in relation to
shrimp farming. J. Environ. Biol., 24(1), 95-101.

Ravaniah, G., Kumari, P.G. and Murthy, N.C.V.
(2010). Water quality analysis of the pennar
estuary, Nellore. J. Curr. Sci., 15 (2), 321-334.

Saravanakumar, A., Rajkumar, M., Sesh, J. and
Thivakaran, G.A. (2008). Seasonal variations in
physico-chemical characteristics of water, sediment
and soil texture in arid zone mangrove of Kachchh-
Guijarat. J. Environ. Biol., 29(5), 725-732.

Sarwar, M.l., Majumder, A.K. and Islam, M.N.
(2010). Water quality Parameters: A case study of
Karnaphuly  River  Chittagong,  Bangladesh.
Bangladesh J. Sci. Ind. Res., 45(2), 177-181.

Satheeshkumar, P. and Khan, A.B.
Identification of mangrove water
multivariate  statistical analysis
Pondicherry  coast, India. Environ.
Assess., 4(6), 3761-74.

http://dx.doi.org/10.1007/s10661-011-2222-4.

Singare, P.U., Mishra, R.M. and Trivedi, M.P.
(2011). Assessing the Health of Sediment
Ecosystem of Mithi River of Mumbai: Use of
Physico-Chemical Measurements. Resources and
Environment, 1(1), 32-41.

(2012).
quality by
methods in
Monit.
DOl:

Singh, K.P., Malik, A., Mohan, D. and Sinha, S.
(2004). Multivariate statistical techniques for the
evaluation of spatial and temporal variations in
water quality of Gomti River (India) - a case study.
Water research, 38 (18), 3980-3992.

Srivastava, N., Harit, G. and Srivastava, R. (2009).
A study of physico-chemical characteristics of lakes
around Jaipur, India. J. Environ. Biol., 30(5), 889-
894.

Talukder, A., Mallick, D., Hasin, T., Anka, 1.Z. and
Hasan, M.M. (2016). Spatio-temporal variability in
hydro-chemical characteristics of coastal waters of
Salimpur, Chittagong along the Bay of Bengal. J.
Fish., 4(1), 335-344. DOI:
http://dx.doi.org/10.17017/jfish.v4i1.2016.104.

Venkatesharaju, K., Somashekar, R.K. and Prakash,
K.L. (2010). Study of seasonal and special variation
in surface water quality of Cauvery river stretch in
Karnataka. J. Ecol. Nat. Environ., 2(1), 1-9.

Wagai, R., Mayer, L.M. and Kitayama, K. (2009).
Nature of the “occluded” low-density fraction in
soil organic matter studies: a critical review. Soil
Sci. Plant Nutr., 55(1), 13-25.

Wang, X., Cai, Q., Ye, L. and Qu, X. (2012).
Evaluation of spatial and temporal variation in
stream water by multivariate statistical techniques:
A case study of the Xiangxi River basin, China.
Quaternary International, 1, 1-8.

Wang, Y.B., Liu, C.W.,, Liao, P.Y. and Lee, J.J.
(2014). Spatial pattern assessment of river water
quality: implications of reducing the number of
monitoring stations and chemical parameters.
Environ. Monit. Assess., 186, 1781-1792. DOI:
http://dx.doi.org/10.1007/s10661-013-3492-9.

Ci

Pollution is licensed under a "Creative Commons Attribution 4.0 International (CC-BY 4.0)"

423





