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ABSTRACT

ARTICLE HISTORY

The comprehensive study was found out to evaluate the concentration of different water
qualities of the Karnaphuli river. Samples were collected from ten points (Bhandor Ghat to
Bhakoliya Khal Ghat) in three seasons (winter, rainy, and spring) during the Hydrological Year
2014-2015 for continuous monitoring. Collected samples were analyzed for finding of some
physicochemical parameters Temperature, pH, Alkalinity, Acidity, Total hardness, Sulfate,
Chloride, Total Dissolved Solids (TDS), and CO,. The investigated parameters were compared
to the national and international standards. The mean values of water Temperature, pH,
Alkalinity, Acidity, Total hardness, Phosphorus, Sulfate, Chloride, TDS, and free CO, were
found to be 28.36° C, 6.25, 275.63ppm, 19.75ppm, 259.29ppm, 0.904ppm, 70.74ppm,
534.63ppm, 778.83ppm & 18.03ppm, respectively. Water Quality Index (WQI), Langelier
Saturation Index (LSI) and Ryznar Stability Index (RSI) values were found to be 99.92, —3.06 &
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12.36, respectively, which indicate that the water quality is not good.

Introduction

The Karnaphuli river flowing through the region of
Chittagong and the Chittagong hills, which is one of
the most important rivers in Bangladesh. There was an
overview of the concentrations of some physicochem-
ical parameters, trace metals, pesticides, and oil along
with their load in some fish and shellfish and ambient
environment of the Karnaphuli river. It contains all
kinds of garbage and perform urgent significant pre-
face among the territory’s scheme. The port of
Chittagong is situated on the bank of the Karnaphuli.
Most of the industries and prime sea port of this
country are situated there. Among the Millennium
Development Goals (SDGs), are reduced the popula-
tion control, ensure safe drinking water to all, ensure
proper domestic waste water and introduce joint water
management system of global community. The United
Nations Convention on the Law of the Sea (UNCLOS,
1982) defined pollution as the introduction by human,
directly or indirectly, of substances or waste into the
marine environment, including estuaries, which result
or are likely to result in such deleterious effects as
harm to living resources and marine life, hazards to
human health, hindrance to marine activities, includ-
ing fishing and other legitimate uses of the sea, impair-
ment of quality for use of the sea water and reduction

of amenities. Production and emissions of pollutants
are usually derived from human settlements, resources
used and interventions, such as infrastructural devel-
opment and construction, agricultural activities,
industrial developments, urbanization, tourism etc.
Contaminants of major concerns include persistent
organic pollutants, nutrients, oils, radionuclides,
heavy metals, pathogens, sediments, litters and debris
etc. Sarkar et al. (2015) and Sarwar et al. (2010) have
reported that rivers are the important surface water
sources and are being used for various purposes viz;
drinking, household, irrigation, industrial purposes
and recreation.

Surface and its surrounding interactions of physi-
cochemical parameters are called corrosion (Vikas
et al., 2012; Fianko et al., 2007). Excessive hardness
value makes corrosive water that water can damage
the water distribution system which has very bad
impact on economic and health (Lehtola et al., 2004).
Corrosive water can influence with physicochemical
parameters character such as pH, alkalinity, and hard-
ness, dissolved oxygen, carbon dioxide, and dissolved
solids. High flow rate, high temperature, high concen-
tration of chlorine and high conductivity can increase
the corrosion potential of water. The corrosion is
determined by the amount of the calcium carbonate
in water. According to LSI, RSI index value there have
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some term such as water tends to be corrosive and
corrosion tendency while it is saturated and super
saturated with calcium carbonate, respectively
(Bigoni et al., 2014). The Langelier Saturation Index
(L.S.I.) is a means of predicting the probable nature of
a given water supply i.e. whether it will have predomi-
nantly scaling or corrosive tendencies when applied to
an industrial system. The Langelier Index is an
approximate indicator of the degree of saturation of
calcium carbonate in water. It is calculated using the
pH, alkalinity, calcium concentration, total dissolved
solids, and water temperature of a water sample
(AlShamaileh et al., 2017).

(WQI) Indices have been used globally for human
use and monitoring the surface water quality (Bilgin,
2018; Zhang, 2019). Find out the river water quality
and pollution status (WQI) to be curtailed and empiri-
cal method of different physicochemical parameters
(Tripathi & Singal, 2019). Multivariate statistical
methods like principal component analysis (PCA)
and hierarchical cluster analysis (HCA) is an environ-
metrics (Hamil et al., 2018; Yilma et al., 2018). Many
researchers reported that the physicochemical proper-
ties of Karnaphuli River in several times but the cor-
rosive characteristics of Karnaphuli river estuarine
have not focused or determined. The present study
was found out to evaluate concentration of different
water qualities of physiochemical parameters and
determining the corrosive characteristics of the
Karnaphuli River by calculating the WQI, RSI, and
LSI index. The aim of study is also to assess the
physicochemical contamination and the identification
of the source of input in the Karnaphuli river by using
WQI and statistical analysis techniques (HCA
and PCA).

Materials and Methods
Selection of sampling site

The length of Karnaphuli river is 270 km and it flows
southwest through Chittagong Hill Tracts and termi-
nate into the Bay of Bengal. TheTuichawng River,
Kawrpui River or Thega River and Phairuang River
are the main tributaries. During the 1960s, there was
a hydroelectric project lunch in the Kaptai lake called
Kaptai Dam that’s provides power (230 megawatts) in
Chittagong city. Chittagong’s sea port is the largest and
busiest sea port of Bangladesh which is located in the
estuary of Karnaphuli river. In Chittagong, the climatic

Table 1. Sampling stations with GPS values.
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condition of the riverine area is varied from season to
season because of their seasonal wind flow. In the wet
season that is hot, overcast and oppressive but in the
dry season it is warm, mostly clear and humid. Over
the year, the temperature varies from 58°F to 90°F. The
average annual Rainfall is 017.8 inches. The river is
surrounding by hill track area and there are huge
range of agriculture land, mill and factory covered.
The soil is rich of carbonates, Fe and Al etc. For access
rainfall, generally the Karnaphuli river’s flow higher
than wet season to dry season. On the area of the
Karnaphuli river, total 30 water samples (sample RK1-
RK10 were collected in winter season, RK11-RK21 in
rainy season and RK21-RK30 spring season) were col-
lected from 10 different locations which is listed in
(Table 1 and Figure 1). Sampling location was selected
at low tide of the river system. All the stations lies
between 91°48’ to 91°51" East longitudes and 22°19" to
22°21" North longitudes.

Sampling

The water samples were collected for physicochemical
parameters from 0.6 m depth from surface by the grab
method. The samples were collected 100 + 2 m into the
river from the bank i.e. mid axial during the low tide.
For accurate assessment of effluent qualities, the sam-
ples were collected carefully, from ten points (Figure 1).
Samples were collected during March, 2014 to August,
2015. The plastic bottles were first washed thoroughly
with 10% HNOj; and then distilled water before collect-
ing the sample to make sure that it is completely free
from any undesirable materials. During sampling, the
sample bottles were first washed with sample. After
taking samples, the bottles were labeled accurately by
mentioning the name and location of the sampling
sites, date, time of collection etc. The collected water
samples were then carefully brought and preserved in
refrigerator for laboratory analysis. The analytical work
was completed as soon as possible after collecting the
samples to ensure better results.

Sample analysis

Once a sample was taken, the constituents of the
sample should be maintained properly as collected.
For proper arrangement of the water quality para-
meters and making the sample representative; pH,
TDS and temperature were recorded immediately

Sampling stations GPS Value

Sampling stations GPS Value

Bandor (Rk1)

Anu mazi Ghat (Rk3)

Custom Ghat (Rk5)

Firinghi Bazar Ghat (Rk7)

Sha Aamanat Bridge Ghat (Rk9)

22°19'9"N & 91°48'56"E
22°19'21"N &91°49'25"E
22°19'26"N&91°49'39"E
22°19'32"N&91°50'13"E
22°19'44"N&91°51'22"E

22°1914"N & 91°4941"E
22°19'22"N &91°49'21"E
22°19'28"N&91°49'49"E
22°19'41"N&91°51"11"E
22°20'56""N&91°51'42"E

Bangla Bazar Ghat(Rk2)
Mazir Ghat (Rk4)

Sador Ghat(Rk6)

Chaktai khal Ghat(Rk8)
Bhakoliya Khal Ghat(Rk10)
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Figure 1. Sampling sites of the Karnaphuli river (red circles indicating the sampling stations from Bhandor (RK1) to Bhakoliya Khal

Ghat (Rk10)).

after collection of each sample within 5-10 min by
using Dissolved Oxygen (DO) meter and portable
multi-meter. The samples were carefully transferred
to the laboratory with minimum and acceptable
chemical changes that is recommended for better
result. The analysis to be made was fixed, prior to
collection of samples. The collected samples were
tested in the laboratory and maintain Laboratory
Quality Management System (LQMS). A sample of
1.5 L was transferred to amber colored clean plastic
bottle for analysis in the laboratory. Samples were
preserved using suitable preservation technique.
Other parameters such as Acidity, Alkalinity,
Total Hardness, Chloride, Phosphorous, Sulfate,
and CO, were analyzed as per the standard meth-
ods (APHA, 2012). Each analysis was done several
times and the average was counted. Analytical
methods are listed in Table 2.

Langelier Saturation Index (LSI) and Ryznar
Stability Index (RSI)

There are two noticeable evaluating techniques of
source water quality which are Langelier Saturation
Index (LSI) and the Ryznar Stability Index (RSI).
These indices depend on calculated pH of saturation
for calcium carbonate (pHs). The water’s actual pH
and the pHs value are used to calculate the index as
follows (Tables 3 and 4):

LSI = pH — pHs (1)

RSI = 2pHs — pH (2)

Table 2. Analytical methods of water quality parameters.

Parameters Name of Instruments

Method of Analysis/Model

Temperature DO meter
pH pH meter

YK22DO
HannaHI-255

Acidity Tritematric instrument APHA method

Alkalinity Tritematric instrument APHA method

Total Tritematric instrument APHA method

Hardness

Chloride IC HIC-10A(super),Shimad Zu,
Japan

DS Protable Multi-meter SENSION(™156)

Co, Tritematric instrument APHA method

Phosphorous UV-Visible Spectrophoto  UV-1650PC(Shimad Zu),

meter Japan

Sulfate IC HIC-10A(super),Shimad Zu,

Japan

Table 3. Langelier Saturation Index (Shankar, 2014).
Langelier saturation index

Tendency of water

LSl <- 2 Intolerable corrosion

-2.0 < LSI < -0.5 Serious corrosion

-05<LSI<0 Slightly corrosive but non-scale forming
LSI=0 Balanced but pitting

0<LSI<05 Slightly scale forming and corrosive

05 < LSI<2 Scale forming but non corrosive

Table 4. Ryznar Stability Index (Shankar, 2014).
Ryznar Stability Index

Tendency of water

RSI 4.0-5.0 Heavy scale

RSI 5.0-6.0 Light scale

RSI 6.0-7.0 Little scale or corrosion
RSI 7.0-7.5 Corrosion significant

Calcium carbonate saturation index (Langelier stabi-
lity index) is frequently used to assess the scale form-
ing and scale dissolving tendencies of water. The
algebraic difference between the actual pH of
a sample and its computed pHs is known as the
Calcium Carbonate Saturation Index.



The value of pHs can be calculated using the nomo-
graph or through the use of the following equation
(Shankar, 2014).

pHs = (93+A+B— (C+D) 3)

Where, A = [log(TDS) — 1/10), TDS in ppm

B = [—13.121og(T + 273) + 34.55], Temperature,
Tin®C

C = [log(Calcium hardness) — 0.4],
Calcium hardness in ppm as CaCOj;

D = [log(Alkalinity))], Alkalinity in ppm as CaCO3

The temperature affects the results obtained from
the above equations. This index is a qualitative indica-
tion of the tendency of calcium carbonate to layout or
dissolve. Positive value of the index means calcium
carbonate tends to deposit whereas negative indicates
dissolving of calcium carbonate. If it is zero, the water
is at equilibrium.

Water Quality Index (WQI)

The WQI is a measure of the quality of surface or
groundwater for most domestic uses. WQI reflects
the combined effect of different water quality para-
meters (Sahu & Sikdar, 2008). WQI is calculated from
the point of view of the suitability of surface and/or
groundwater for consumption. Hence, for calculation
of the WQI in the present study, 6 parameters such as
pH, TDS, Total hardness, Alkalinity, chloride and
Sulfate were selected (Table 5). There were three
steps for computing WQI of water sample.

i. Each of the physicochemical parameters was
transformed into a weight (w;) depending on their
influences on primary health or their relative impor-
tance in the overall water quality

ii. Relative weight (W;) was calculated using Eq. (4)

iii. A quality rating scale (g;) was measured by
Eq. (5)

Finally, for counting WQI, the water quality sub-
index (SI;) for each chemical parameter is first com-
posed, which is then used to determine the WQI as per
the Egs. (6) and (7).

Wi

Dome Wi

Wl' = (4)
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Where W; is the relative weight, w; is the weight of
each parameter and n is the number of parameters.

0~ (Cls) x 10

Where g;= quality rating, C; =concentration of each
chemical parameter in each water sample in mg/L, S;
=Indian drinking water standard for each chemical
Parameter in mg/L except for pH (BIS, 2012).

(5)

SIi = W,' X qi (6)

wQlIl = Z?:l SI; (7)

Where SI; is the sub-index of i parameter; g; is the
rating based on concentration of i parameter and n is
the number of parameters.

Multivariate statistical analysis

The main purpose of this study is to develop por-
table multi statistical methods, which determine the
water quality of river water samples in the
Karnaphuli river of Chittagong, Bangladesh.
Decision makers will take proper step for river
water quality management system and removals
technology of purification of water. To evaluate
the analytical data for finding source of pollutants,
multivariate statistical techniques, e.g., correlation
analysis, principal component analysis (PCA) and
cluster analysis (CA) are generally used in environ-
mental studies (Rahman et al., 2014; Mendiguchia
et al.,, 2004; Han et al., 2006). In the observation,
multivariate analysis was executed by using Lab
origin software 9.

PCA is widely used to minimize data and to extract
a small number of overt factors for analyzing relation-
ships among the observed variables (Farnham et al.,
2003; Gou et al., 2007). PCA was verified to take the
Principal Components (PC) from river water data and
of the sampling point, to assess location variations and
possible source of physicochemical parameters in river
water. On the other hand, Cluster Analysis (CA) was
executed to predict classify elements of different sources
on the basis of the similarities of their chemical proper-
ties (Rahman et al., 2014).

Table 5. The weight (w;) and relative weight (W;) of each of the physicochemical parameters used for WQI determination (Ravi

kumar et al., 2013).

Sub-Index
Parameters Observed Mean Value(C;)  BIS Desirable Limit(S;) Weightage(w;) Relative Weight(W;)  Quality Rating(q;) Sli=W; X g;
pH 6.25 8.5 3 0.158 73.53 11.93
TDS 778.83 1000 5 0.263 77.88 20.48
Alkalinity 275.63 200 2 0.105 137.82 14.47
Total Hardness 259.29 300 3 0.158 86.43 13.66
Chloride 534.63 250 3 0.158 213.85 33.79
Sulfate 70.74 200 3 0.158 35.37 5.59

wi=19 SW;=1.0 3SI; = WQI = 99.92
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Intuitive similarity relationships between any one
sample and the entire dataset will help in the
Hierarchical Agglomerative Clustering (HAC) which
is generally illustrated by a dendrogram (McKenna,
2003). Some dramatic status gives dendrogram, which
helps in the data analysis as actual summary of the
clustering system, expose a picture of the groups and
their intimacy, with an amazing fall on dimensionality
of the original data.

Results and Discussion

Physicochemical parameters of the Karnaphuli river
water were measured during the three seasons as
shown in Table 8. Descriptive statistics including the
maximum, minimum, mean, variance and standard
deviation values for the Karnaphuli river water are
tabulated in Table 9. Environmental risk factor and
ecological risk index for physicochemical parameters
in the Karnaphuli river are shown in Table 10.

Alkalinity represents the ability of water to neutra-
lize acids and indicates solution’s activity to react with
acid and buffer its pH that is, the power to keep its pH
from changing. It is due to the presence of bicarbo-
nates, carbonates and hydroxide of calcium, magne-
sium, sodium, potassium, and salts of weak acids and
strong bases as borates, silicates, phosphates, etc.
Higher concentration of alkalinity offers a bitter
taste, harmful for irrigation as it damages soil and
hence reduces crop yields (Sundar and Saseetharan,
2008). Table 8 shows that the Alkalinity of the
Karnaphuli river varied from 10 to 650 ppm.
Sampling station RK2 showed highest Alkalinity dur-
ing the winter and spring season and lowest during the
rainy season. Urea plant, chemical industry, cement
industry, soap and detergent are responsible for the
higher Alkalinity at sampling station RK2 (Tables 6
and 7). Department of Environment (DoE) sets
200 mg/l as a standard for the surface water
Alkalinity. Table 8 shows that the observed values of
some parameters in winter & spring season exceeded
the acceptable limits for some stations which are listed
in Table 10 and also shown in Figure 2.

Hardness is a chemical parameter of water, which
scaling the corrosive characteristic of water that repre-
sents the total concentration of calcium and magne-
sium ions. Investigation showed that the Total
hardness of the Karnaphuli river varied from 50.1 to
2308.4 ppm. Sampling station RK1 showed highest
Total hardness during the winter season and sampling
station RK3 showed lowest Total hardness during the
rainy season. The higher Total hardness at RK1 is due
to the cement industry, soap, and detergent plant
(Tables 6 and 7) eftfluents discharged here. The nature
of Karnaphuli river water can be considered according
to Table 12 as hard water. Hard water is not suitable
for domestic use such as washing, bathing, cooking as

Table 6. The location of the water industries close to the

Karnaphuli.
Locations Numbers Locations Numbers
Kaloorghat 150 Fisheryghat 123
Mohra 95 Dry-dock 143
Chandraghona 25 Katgore 60
Chaktai 116 Jaldia 60
Sadarghat 98 Gohira 40
Firingibazar 112 Port 98
Total 1120

Source: Field survey, 2014

Table 7. The type and number of pollution responsible
industries.

Industries Numbers Industries Numbers
Tannery 25 Steel Mill 03
Textile 65 Paper and rayon mill 03
Qil refinery 05 Soft drinks industry 10
T.S.P. plant 07 Cement factory 07
Urea plant 02 Soap and detergent 05
D.D.T. plant 03 Insect killer production 05
plant
Chemical industry 04 Paint and X-ray production 07
unit
Fish processing 60 Others industry 105
plant
Asphalt bitumen 03
plant
Total 313

Source: Field survey, 2014

well as other purposes. Hard water is also not suitable
for industrial and agricultural use. It damages the
delicate machineries and affects the quality, stability
and glossiness of the final product. According to the
Environmental Conservations Rules (ECR) guideline,
the range of Total hardness should be 200-500 ppm
(ECR, 1997). Table 8 shows that most of winter and all
rainy seasonal observed values exceeded the accepta-
ble limit which is listed in Table 10 and also shown in
Figure 3.

The Sulfate concentration of Karnaphuli river water
fluctuated from 0.57 to 274 ppm. Sampling station
RK1 showed highest Sulfate concentration during the
winter and lowest during the rainy season. The pre-
sence of Carbon dioxide (CO,) in this estuary is due to
high salt concentrations discharged by the industries
and from municipal waste which enriched with high
concentration of sulfates, chlorides and bicarbonates.
According to the ECR (1997) guideline, the acceptable
limit of Sulfate concentration in wastewater should be
400 ppm. The observation showed that the concentra-
tion of Sulfate in the Karnaphuli river is pleasant
tolerable level (Table 10) and (Figure 4).

Chloride is one of the most important parameters
in assessing the water quality. The higher concentra-
tion of Chloride indicates higher degree of organic
pollution (Munwar, 1970). It was shown that the
Chloride of the Karnaphuli river varied from 7.82 to
2263.4 ppm. Sampling station RK1 showed highest
Chloride during the winter while RK10 showed lowest
Chloride during the rainy season. Sewage is such a rich
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Table 8. Concentration of physico-chemical parameters in the three seasons.

Samples—
Parameters| Season RK1 RK2 RK3 RK4 RK5 RK6 RK7 RK8 RK9 RK10
Temp(° Q) Winter 26.50%* 25.50 25.60 25.80 255 25.20 25.50 25.20 25* 25*
Spring 29.20 29.40 29.30 29.10 29.20 29 28.70% 29.10 32%* 32%*
Rainy 30.10 29.10% 29.90 29.90 30.00 31** 30.30 30 30.40 30.60
pH Winter 6.76 6.50 6.33% 6.78** 6.47 6.38 6.56 6.38 6.71 6.62
Spring 6.68 6.28* 7.01%* 6.54 6.35 6.34 6.35 6.46 6.37 6.33
Rainy 5.80 5.60* 5.70 5.80 5.70 570 5.70 5.60* 5.70 6**
Alkalinity Winter 320 400** 320 350 385 280* 500 620 270 320
(ppm) Spring 500 650%* 30* 390 330 270 320 380 360 400
Rainy 50 10% 30.00 140 70 50 160** 50 90 100
Acidity Winter 15 15 30 35%* 15 20 30 25 15 14.90*
(ppm) Spring 35%* 25 15 15 15 15 10* 10* 10* 35%*
Rainy 20 30%* 20.00 20 20 20 25 15* 15*% 20
DS Winter 2950** 2150 1660 1477 1235 959 605 788 360 171.40%
(ppm) Spring 1249 1362 1239 1289 1386** 1343 1248 237* 673 312
Rainy 98.90 71.60 56.20% 130.5%* 123 66.60 73.30 68.10 150.40 90.90
Chloride Winter 2263** 1643 1334 1153 1015 266 1061 554 92.58 17.93*
(ppm) Spring 953 1024 939 959 1075 1254%* 403 72.92 50.6* 104.1
Rainy 20.12 32.05 22.12 735 54.98%* 8.59 8.63 8.31 9.21 7.82*%
Total hardness Winter 2308.4%* 562.2 621.4 357.8 335.2 256.5 3237 168.1 145.7 87.7%
(ppm) Spring 393.6 474.3** 357.6 351.8 439.7 387 3794 285.8 204.8* 274.2
Rainy 784 62.8 50.10% 84.9 102 53.7 65.2 56.3 113.3** 79.9
Sulfate Winter 274%* 199 160 139 124 338 128 7.7 19.37 5.52*
(ppm) Spring 124 123 116 115 133 152%* 59.9 16.41* 62.1 27.08
Rainy 0.57* 10.27 7.36 27%* 11.8 7.33 5.68 7.53 6.29 6.66
CO, Winter 13.2 13.2 26.4 30.8** 13.1% 17.6 264 22 13.2 13.2
(ppm) Spring 30.8%* 22 13.2 13.2 13.2 13.2 8.8* 8.8* 8.8* 30.8
Rainy 17.6 30.8** 17.60 17.6 17.6 17.96 22 13.2% 13.2% 17.6
Phosphorous Winter 0.57 091 0.68 0.64 1.38 1.02 6.19%* 0.16* 1.16 1.44
(ppm) Spring 0.99 0.94 0.77 0.92 1.52 1.16 6.19%* 0.68 0.65* 1.1
Rainy 0.64 0.39* 0.59 1.88%* 1.08 0.39* 0.47 0.77 0.49 0.89
**_Seasonal Highest Value & *—Seasonal Lowest Value
Table 9. Statistics valued of physiochemical parameters in the studies area.
Parameters N Min Max Mean Variance Std. Deviation
Temperature(® C) 30 25 32 28.35 5.16 2.07
pH 30 5.6 7.01 6.25 0.169 0.38
Acidity (ppm) 30 10 35 19.75 56.04 4.99
Alkalinity(ppm) 30 10 650 275.63 32160.60 165.93
TDS(ppm) 30 56.20 2950 778.83 546463.25 631.17
CO5(ppm) 30 8.8 30.8 18.03 46.67 5.19
Phosphorous(ppm) 30 0.16 6.19 0.904 1.96 0.299
Total- hardness 30 50.1 2308.4 259.29 168695.48 167.33
Chloride (ppm) 30 7.82 2263 534.63 382683.95 53531
Sulfate (ppm) 30 0.57 274 70.74 5132.99 61.29

N—Number of Sampling Stations, Std. —Standard deviation (k = 95%), Min— Minimum value, Max— Maximum value

source of Chloride, a high concentration may indicate
pollution of water by sewerage effluent. According to
the guideline of WHO (2011), the acceptable Chloride
limit is 250 ppm while according to ECR (1997) the
range lies between 150 to 600 ppm. Table 8 showed
that some of the winter, spring as well as all the rainy
season observed values of most of the stations
exceeded the acceptable limits as listed in Table 10
and also shown in Figure 5.

pH is used to understand the corrosive nature of
water. Lower pH indicates higher corrosive nature of
water. Photosynthesis quantity depends on the pH
value of water. By the decrease of photosynthesis
rate, the emission of carbon dioxide and bicarbonates
increases which are eventually responsible for increase
in pH. Investigation shows that the pH of the
Karnaphuli river fluctuated from 5.6 to 7.01. In the
assessment, sampling stations RK2 and RK3 showed
highest temperature during the spring while RK2 and

RK8 showed lowest temperature during the rainy sea-
son. The higher pH at sampling stations RK2 and RK3
are due to the steel mills and tannery industries
(Tables 6 and 7) effluents discharged there.
According to the different standards, the acceptable
pH range lies between 6.5 to 8.5 as listed in Table 10
(ECR, 1997; WHO, 2006). Sarwar et al. (2010)
reported that Karnaphuli river water pH lies between
6.2 and 7.0 while this study showed that the pH in
Karnaphuli river water is acidic as listed in Table 9 and
also shown in Figure 6.

Total Dissolved Solids (TDS) basically represent
the presence of different types of minerals and
metallic ions which comprised both colloidal and
dissolved solids in water. Turbidity of water
increases with the increase of TDS value.
Sampling station RK1 shows highest TDS during
the winter season sampling station RK3 shows
lowest TDS during the rainy season. Sampling
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Table 10. Environmental risk factor and ecological risk index for physicochemical parameters in the Karnaphuli River.

BSTI Std.
Parameters Season N Exceeded Samples Limit WHO Std. Limit ECR(1997) Std. Limit
Temp Winter 10 — — — 30(sewage)
o) Spring 10 RK9, RK10 20-30(DoE)*
Rainy 10 RK1, RK6, RK7, RK9, RK10
pH Winter 10 RK3, RK5—RK8 6.4-7.4 — 6.5-8.5%
Spring 10 RK2, RK5—RK10 6-9(waste)
Rainy 10 RK1—RK10
Acidity Winter 10 — — — —
(ppm) Spring 10 —
Rainy 10 —
Alkalinity Winter 10 RK1—RK10 — — 200 (DoE)*
(ppm) Spring 10 RK1, RK3—RK10
Rainy 10 —
CO; (ppm) Winter 10 — — — —
Spring 10 —
Rainy 10 —
Phosphorous Winter 10 — — — 8(waste)
(ppm) Spring 10 —
Rainy 10 —
Total Winter 10 RK1—RK3, RK5—RK10 300 — 200-500*
Hardness Spring 10 —
(ppm) Rainy 10 RK1—RK10
TDS Winter 10 RK1—RKS5 500 1000* 2100(waste)
(ppm) Spring 10 RK1—RK7
Rainy 10 —
Chloride Winter 10 RK1—RKS5, RK7, RK9, RK10 250 250 150-600*
(ppm) Spring 10 RK1—RK7 600(waste)
Rainy 10 RK1—RK10
Sulfate (ppm) Winter 10 — — 250 400*
Spring 10 —
Rainy 10 —
*—This value is considered for finding exceeded sample above the table; N— Number
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Figure 2. Concentration vs Sampling site of Alkalinity.

station RK1 showed highest TDS during the winter
while sampling station RK3 showed lowest TDS
during the rainy season. High TDS detected was
due to the various dying stuff, which are used in
the textile mills and they might be major sources
of the heavy metals. It is noted that, the increase of
heavy metal concentrations in the river sediment
could increase the suspended solids concentrations
(Kambole, 2003). TDS fluctuated from 56.20 to

—_—

2950 ppm. According to the guidelines of World
Health Organization (WHO), the TDS should not
exceed 500 ppm and 1000 ppm, respectively. Table
8 shows that winter and spring observed values
exceeded the acceptable limits for most of stations
as listed in Table 10 and also shown in Fig. 7.
Water temperature is one of the most important
parameters for understanding the surface water systems
and thermodynamic process in water environment.
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Figure 4. Concentration vs Sampling site of Sulfate.

Investigation shows that the temperature of the
Karnaphuli varied from 25 to 32° C. Sampling stations
RK9 and RK10 show highest temperature during the
spring season and lowest during the winter season. The
reason of higher temperature is the greenhouse effect or
climate change fact and solar radiation. Besides, there
are many mills and factories (listed in Tables 6 and 7)
constructed on the banks of Karnaphuli river and use
Karnaphuli’s water for cooling purpose. After cooling
they drained out their effluent into Karnaphuli river

—T1 * . " 1~ T
RK1 RK2 RK3 RK4 RKS R

T — 7T T T T T
K6 RK7 RK8 RK9 RK10

e

which increases the temperature. According to different
standards, the surface water temperature limit is 20-30
°C (DoE, 1997; ECR, 1997; WHO, 2006). Table 8 shows
that some rainy and spring seasonal observed values
exceeded the acceptable limits for all stations which as
listed in Table 10 and shown in Figure 8.

Carbon dioxide is the end product of organic car-
bon degradation in almost all aquatic Environments
and its variation is often a measure of the net ecosys-
tem metabolism (Hopkinson, 1985; Smith, 1997). CO,
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Figure 6. Concentration vs Sampling site of ig. 7. Concentration vs sampling site of TDS.

is also the most important greenhouse gas on the
earth. Its snivel across the air-water or sediment-
water interface is among the most important concerns
in global change studies and is oft a measure of the
total ecosystem production or metabolism of the aqua-
tic system. Table 8 and Figure 13 show that the Carbon
dioxide of the Karnaphuli river varied from 8.8 to 30.8
ppm. Sampling stations RK4, RK1, RK10, and RK2
show highest Carbon dioxide during the winter,

spring, and rainy season, respectively, and lowest car-
bon dioxide during the spring season at sampling
stations RK7, RK8 and RK9. The higher carbon diox-
ide at RK4, RK1, RK10, and RK2 are due to the urea
plant, chemical industry, fish processing plant, asphalt
bitumen plant, soft drinks industry and other factory
effluents discharged (Tables 6 and 7).

The phosphorous concentration of the Karnaphuli
river water varied from 0.16 to 6.19 ppm. Sampling
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station RK7 showed highest phosphorous concentra-
tion during the winter and spring season and lowest
phosphorous concentration was shown in sampling
station RK8 during the winter season. Soil erosion
and Triple Superphosphate (TSP) fertilizer plant are

responsible for the higher phosphorous concentration
in river water. The increase in phosphorous concen-
trations in the rivers leads to eutrophication and
depletion of dissolved oxygen concentrations (Davie,
2008). ECR (1997) limits acceptable phosphorous
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Table 11. Results of physicochemical analysis of samples along with their saturation indices.

Parameters name— Temp (° Q) pH TDS (ppm) Calcium-hardness (ppm) Alkalinity (ppm) LSI RSI

Winter mean value 25.48 6.55 1235.54 86.01 373 -2.81 12.18
Spring mean value 29.71 6.47 1033.8 96.74 390 —-2.66 11.88
Rainy mean value 30.18 573 92.95 36.01 75 -3.45 12.70
Mean value 28.46 6.25 778.83 72.92 279.33 -3.06 12.36

concentration to 8 ppm for wastewater. It was shown
that the concentration of Phosphorous in Karnaphuli
river is pleasant tolerable level (Table 10).

The Acidity of the Karnaphuli river water varied
from 10 to 35 ppm. Sampling stations RK4, RK1 and
RK10 showed highest acidity concentration during the
winter and spring seasons and lowest acidity was
shown in sampling stations RK7, RK8, RK9 during
the spring season.

Physicochemical analysis of samples along with
their saturation indices are shown in Table 11 and
classification of water depending upon the hardness
is shown in Table 12. Investigation showed that the
LSI value of Karnaphuli river water was —3.06, which
indicates that this water is intolerable corrosive while
RSI value was 12.36 (Tables 3 and 4). If water dumped
by industries is not treated properly it would pollute
the ground water (Olayinka & Alo, 2004).

Table 13 shows Water Quality Index (WQI) score
and the equivalent Water Quality status. Water quality
index technique used to assess the suitability of surface
water. In the investigation, WQI was found to be
99.92, which indicated that Karnaphuli river water
quality is poor according to Table (13). The
Karnaphuli river water used for domestic, industrial,
and irrigation purposes and without purification its
water is not safe.

A correlation matrix was calculated by the statistics
tools of MS Excel. Physicochemical parameters of
water exposed significant correlations with a strong
relation with each other as shown in Table 14. This
correlation matrix of river water was calculated in
order to ascertain the relationship among the physi-
cochemical parameters where strong correlation

Table 12. Types of water hardness (WHO 2006).

Classification Hardness Range (mg/L)
Soft 0-75
Medium hard 75-150
Hard 150-300
Very hard Above 300

Table 13. Water Quality Index (WQI) and status of water
quality (Chatterji and Raziuddin 2007).

Water quality Index Level

Water Quality Status
0-25 Excellent Water Quality

26-50 Good Water Quality
51-75 Poor Water Quality
76-100 Very Poor Water Quality
>100 Unsuitable for Drinking

(p <.01) and significant correlation (p <.05). The tem-
perature showed a negatively significant correlation
with Alkalinity (r =-0.43), pH (r =-0.55), TDS (r =
—0.45), Sulfate (r =—0.43) and Chloride (r =—0.48) and
negatively insignificant correlation with Phosphorous
(r =-0.18). The pH showed a negatively significant
correlation with temperature (r =—0.55) and positive
significant correlation with Alkalinity (r =0.62), Total
hardness (r =0.47), TDS (r =0.66), Sulfate (r =0.64)
and Chloride (r =0.62) also positively insignificant
correlation with Phosphorous (r =0.18). The
Alkalinity showed a negatively significant correlation
with temperature (r =-0.43) and positive significant
correlation with pH (r =0.62), TDS (r =0.50), Sulfate
(r =0.52) and Chloride (r =0.49) also positively insig-
nificant correlated with Acidity(r =0.20), Total hard-
ness (r =0.29), CO, (r =0.16) and Phosphorous
(r =0.23). The TDS showed a negatively significant
correlation with temperature (r =—0.45) and positive
significant correlation with pH (r =0.66), Alkalinity
(r =0.50, Total hardness (r =0.82), Sulfate (r =0.96)
and Chloride (r =0.95). The Chloride showed a nega-
tively significant correlation with temperature (r =
-0.48) and positive significant correlation with pH
(r =0.62), Alkalinity (r =0.49), Sulfate (r =0.99), Total
hardness (r =0.78) and TDS (r =0.95). The Total hard-
ness showed a positive significant correlation with pH
(r =0.47), Sulfate (r =0.79), Chloride (r =0.78) and
TDS (r =0.82) also negatively insignificant correlated
with temperature (r =-0.29). The Sulfate showed
a negatively significant correlation with temperature
(r =—0.43) and positive significant correlation with pH
(r =0.64), Chloride (r =0.99), Total hardness (r =0.79),
Alkalinity (r =0.52) and TDS (r =0.96). The CO,
showed a positively significant correlation with
Acidity (r =—0.99) and positively insignificant with
Alkalinity(r =0.16). The Phosphorous showed a nega-
tively in significant correlation with Temperature (r =
-0.18) and positively insignificant with Alkalinity
(r =0.23).

The scree plot (Figure 9) showed three PCs of Eigen
values loaded 80.27% of total variance in the study
areas’ points. The computed factor loadings, together
with cumulative percentage, and percentages of var-
iance explained by each factor are shown in Table 15.
Principal Component Analysis (PCA) is showing
Table 15 of the samples.

Principal component analysis (PCA) was executed
on the river water quality data using Multivariate
Analysis technique, which was used to expand the



Phosphorous
(ppm)

Co,

(ppm)
—0.06

Sulfate (ppm)
0.03
0.09

Total
hardness
(ppm)
0.79%*
-0.09
0.005

Chloride
(ppm)
0.78*%*
0.99**
0.06
0.09

DS

(ppm)
0.95%*
0.82**
0.96**
-0.07

0.06

Acidity (ppm)
—-0.04
0.08
—0.08
0.05
0.99%*
—0.05

Alkalinity

(ppm)
0.20*
0.50%*
0.49%*
0.29%
0.52%*
0.16*
0.23*

pH
0.62%*
-0.03
0.66**
0.62%*
0.47%*
0.64**
—-0.06
0.18*

Temp(® Q)
—0.55**
—0.43%*

-0.07
—0.45%*
—0.48**
-0.29*
—0.43%*
-0.05
—0.18*

Phosphorous

(ppm)
Bold digits are significant at 95% and 99% confidence level as denoted by * (95%) and ** (99%).

*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).

Temp(0 (@)
pH
TDS(ppm)
Chloride
(ppm)
COy(ppm)

Total
hardness

Alkalinity
(ppm)
Acidity
(ppm)
(ppm)
Sulfate
(ppm)

Table 14. Correlation of among the physicochemical parameters.
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observed relationship of cluster variables in simple
ways, expressed in the pattern of variance and covar-
iance between the variable and similarities between
observations (Figure 10).

The PC1, PC2 and PC3 for river water quality data
were elucidated the total variance of 47.13%, 20.73%
and 12.42%, respectively. The PC2 in the data sets
explained 20.73% of total variance, and it was positive
loaded with Acidity and CO,, which were significantly
distributed in RK4 and RK9. The PC2 was also derived
from several industries such as cement, chemical and
steel mill industries that are located in the study area,
which are responsible for physicochemical pollution.
The PC3, accounting for 12.42% of total variance, was
negatively loaded on Phosphorous which was widely
distributed in RK10. The PC3 was mixed from chemi-
cal fertilizers industry in the river water.

The CA results mostly similar with that of PCA.
Q-mode CA was used to identify the spatial similari-
ties and site grouping among the sampling points.
Particular group or class shows similar properties
with respect to the analyzed parameters in a samples
cluster. The 30 sampling points denoted by 10 sam-
pling sites for river water fall into three clusters
(Figure 11). Cluster 1 consists of 15 sampling points.
These 15 sampling points are RK1, RK2, RK4, RK15,
RK5, RK14, Rk3, RK16, RK11-RK13, RK3, RK8, RK7,
and RK22. Sampling points RK2 to RK8 were highest
contaminated due to close to river industrial effluents
discharged. Sampling points RK1 and RK22 are less
polluted since contamination sources are at far dis-
tance while RK2 and RK3 are the mostly polluted
region. Cluster 2 included to 10 sampling sites which
are RK6, RK17, RK9, RK19, RK23, RK25, RK26, RK28,
RK29 and RK30 and most of the industries situated in
the sampling stations RK9 whereas cluster 3 consists
of 5 sites which are RK10, RK27, RK18, RK20 and
RK24, these sites are mostly less contamination of
river water due to leaching of parent material and
agricultural runoff.

Figure 11. shows that winter, spring and rainy sea-
sonal sampling points were RK1 to RK10, RK11 to
RK21 and RK21 to RK30, respectively.

Cluster analysis (CA) has three main clusters for
datasets of analyzed parameters which led to forecast
physicochemical groupings in the ground water or
river water datasets and the results are shown in
Figure 12. Parameters associated to the same cluster
were likely to be found from a same source. Cluster 1
includes pH, TDS, Chloride, Alkalinity, Total
Hardness, and Phosphorous, which might be
explained by combining mixed sources, domestic,
sewage, agricultural, and leaching of fertilizers from
the rock or soil horizon to the aquifer. Cluster 2 con-
sists of Acidity and CO, and it lighted the influence of
greenhouse gas pollution and make the water acidic
condition. Cluster 3 covers water temperature, if it was
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Table 15. Principal Component Analysis (PCA) for river water
samples.

Parameters PC1 PC2 PC3

R mode

Temperature -0.27112 —-0.05925 0.35943
pH 0.35663 —0.03338 —0.26764
Alkalinity 0.29143 0.17482 —-0.36969
Acidity 0.02217 0.68788 0.06548
DS 0.4369 -0.076 0.17403
Chloride 0.43711 0.01285 0.17089
Total hardness 0.3667 —-0.11636 0.32318
Sulfate 0.43872 —0.0068 0.175
Co, 0.00788 0.68616 0.08373
Phosphorous 0.07028 —0.03598 —0.67576
Eigenvalues 4713 2.037 1.242
% of variance 4713 20.73 12.42
Cumulative % 47.13 67.86 80.27
Q mode

RK1 -0.27112 —0.05925 0.35943
RK2 0.35663 —0.03338 —0.26764
RK3 0.29143 0.17482 —0.36969
RK4 0.02217 0.68788 0.06548
RK5 0.4369 —-0.076 0.17403
RK6 0.43711 0.01285 0.17089
RK7 0.3667 —-0.11636 0.32318
RK8 0.43872 —0.0068 0.175
RK9 0.00788 0.68616 0.08373
RK10 0.07028 —0.03598 —-0.67576

drastic change of water temperature which is fatal for
fish and biota (Patil, Sawant, & Deshmukh, 2012).

Conclusion

Pollution is unavoidable part of all economic activities.
Rapid growth of the industrial sectors has greatly
improved the quality of our life but has also contributed
largely to pollution. Industrial pollution in Chittagong,

especially industrial waste water pollution is increasing at
an alarming rate and may create a great problem in near
future and river will lost its navigability. It is apparently
observed that the Karnaphuli river undergoes severe pol-
lution. Firingi Bazar Ghat (RK7) and Custom Ghat (RK3)
were the highest polluted stations; the second highest
polluted stations were Bandhar (RK1), Anu Mazi Ghat
(RK3) & Shador Ghat (RK®6), respectively. The compara-
tive observations showed high variance of winter to rainy
seasonal variations of those parameters. Globally com-
mercial coastal areas and marine fisheries are being
damaging day by day due to pollution, which have been
reported by researchers, therefore, control of hydrophyte
pollution has been found as an immediate need for
sustained management and conservation of the subsist-
ing fisheries and aquatic resources.

Rivers constitute the major inland surface water
sources for domestic, agricultural, and industrial pur-
poses and these are essential for the development of
human civilization. Chittagong City, the commercial
capital of Bangladesh, is one of the most overcrowded
cities in the country with a population of more than
onemillion. The livelihood of the Chittagong city is
directly or indirectly dependent on the Karnaphuli
river. During the dry season the pollution level
becomes higher due to the reduced Mean Daily
Discharges (MDD) of the river which provides with
a potential health and environmental risks to the gen-
eral public. Government and non-government orga-
nizations will be taken into responsibility to protect
the Karnaphuli river. With the help of the stakeholders
the river must be revived-pollutant sources must be
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Figure 11. Distance vs Observations.

stopped so that the karnaphuli flows with its natural
water. It is urgent to control the pollution source by
the government body to stickily implementing laws or
monitoring the ETP and save the river ecosystem. It is

also needed to monitor the water quality parameter
and remove the water pollutant by applying some
method such as Aeration, Chemical Oxidization,
Water Diversion to Flush out Pollutants, Phyto-



178 (&) R.UDDIN ET AL.

1.5'5
‘ 1.0 1
Q
Q -
()
0.5
0.0 T T 1 T T
: IS & adS 2
: 5

Variables ———»

Figure 12. Distance vs Variable Parameters.

35 —

%0 ?

—l— Winter |
—@— Spring |Il'
T —dh— Rainy

25
[ 20 —
E
& ]
I
=
? 15
=
>
5 7 \ {
&) N
s %
g 10 : !/
B o —o 9
[~ -
3
S

5 T I T I T I T I L] I L] I L] I Ll I Ll I L I L] I

RK1 RK2 RK3 RK4 RK5 RK6 RK7 RK8 RK9 RK10
Sampling Stations ——

Figure 13. Concentration vs Sampling site of CO,,



Remediation
and Aquatic

Remediation, Bio-film Technology,
Technology with Aquatic Plants,
Animals etc.

Acknowledgments

The authors would like to thank to the authority of Institute of
National Analytical Research & Service (INARS), Bangladesh
Council of Scientific and Industrial Research (BCSIR), Dhaka-
1205, Bangladesh for providing Lab facilities.

ORCID

Md. Ripaj Uddin
Md. Moazzem Hossain
3433-2500

http://orcid.org/0000-0002-9200-8039
http://orcid.org/0000-0002-

References

AlShamaileh, E., AlRawajfeh, A., & AlMa’abrah, A. (2017).
Assessment of of quality and potential of scale formation
and corrosivity of drinking water supplied from disi to
amman, Jordan, Fresenius Environ. Bull. 26(1 A), pp.
634-645.

APHA, AWWA, WEEF. (2012). Standard Methods for examina-
tion of water and wastewater. American Public Health
Association. ISBN  978-087553-013-0. In Anales de
Hidrologia Médica, 5(2), pp. 183-190, Washington, (p.
1360).

Bigoni, R., Sorlini, S., Collivignarelli, M. C., & Berbenni, P.
(2014). Drinking water quality assessment and corrosion
mitigation in the hospital water supply system of Chacas
Village (Peru), Revista Ambient. Agua, 9, 379-389.

Bilgin, A. (2018). Evaluation of surface water quality by
using Canadian Council of Ministers of the
Environment Water Quality Index (CCME WQI)
method and discriminant analysis method: A case study
Coruh River Basin. Environmental Monitoring and
Assessment, 190(9), 554. doi:10.1007/s10661-018-6927-5

Bureau of Indian Standards (BIS) 10500, 2012. Specification
for Drinking Water. Indian Standards Institution, New
Delhi. Second. pp. 1-5. http://cgwb.gov.in/documents/
wq-standards.pdf

Chatterjee, P. R., & Raziuddin, M. (2007). Studies on the
water quality of a water body at Asansol town, West
Bengal. Nat. Environ. Pollut. Techno, 6(2), 289-292.
http://www.neptjournal.com/upload-images/NL-33-17-
(17)B-960c.pdf

Davie, T. (2008). Fundamental of Hydrology, second ed.
New York.

Department of Environment (DoE), 1997. Environmental
Quality Standard for Bangladesh, Ministry of
Environment  and  Forestry,  Department  of
Environment, Dhaka, Bangladesh. www.doe.gov.bd

ECR. (1997). Department of Environment. Ministry of
Environment and Forest. People’s Republic of Bangladesh.
https://www.bwdb.gov.bd/archive/pdf/341.pdf

Farnham, I. M., Johannesson, K. H., Singh, A. K,
Hodge, V. F., & Stetzenbach, K. J. (2003). Factor analy-
tical approaches for evaluating groundwater trace ele-
ment chemistry data. Analytica Chimica Acta, 490(1-2),
123-138. doi:10.1016/S0003-2670(03)00350-7

Fianko, J. R., Osae, S., Adomako, D., Adotey, D. K,, &
Serfor-Armah, Y. (2007). Assessment of heavy metal

WATER SCIENCE (&) 179

pollution of the Iture Estuary in the central region of
Ghana. Environmental Monitoring and Assessment, 131
(1-3), 467-473. d0i:10.1007/s10661-006-9492-2

Gou, X,, Li, Y., & Wang, G. (2007). Heavy metal con-
centrations and correlations in rain-fed farm soils of
Sifangwu village, central Gansu Province, China. Land
Degradation & Development,  18(1),  77-88.
doi:10.1002/1dr.755

Hamil, S., Arab, S., Chaffai, A., Baha, M., & Arab, A. (2018).
Assessment of surface water quality using multivariate
statistical analysis techniques: A case study from Ghrib
dam, Algeria, Arab. Journal Geoscience, 11, 754-761.

Han, Y. M,, Du, P. X, Cao, J. J., & Posmentier, E. S. (2006).
Multivariate analysis of heavy metal contamination in urban
dusts of Xi'an, Central China.Sci. Total Environ, 355, 176~
186. https://doi.org/10.1016/j.scitotenv.2005.02.026

Hopkinson, C. S. (1985). Shallow-water benthic and pelagic
metabolism: Marine. Biology, 87(1), 19-32. doi:10.1007/
BF00397002

Kambole, M. S. (2003). Managing the water quality of the Kafue
River. Physics and Chemistry of the Earth, Parts A/B/C, 28
(20-27), 1105-1109. doi:10.1016/j.pce.2003.08.031

Lehtola, M. J., Juhna, T., Miettinen, I. T., Vartiainen, T., &
Martikainen, P. J. (2004). Formation of biofilms in drink-
ing water distribution networks, a case study in two cities
in Finland and Latvia, J. Journal of Industrial
Microbiology & Biotechnology, 31(11), 489-494.
doi:10.1007/510295-004-0173-2

McKenna, J. E., Jr. (2003). An enhanced cluster analysis
program with bootstrap significance testing for ecological
community analysis. Environmental Modelling &
Software, 18(3), 205-220. doi:10.1016/S1364-8152(02)
00094-4

Mendiguchia, C., Moreno, C., Galindo, R. M. D, &
Garcia-Vargas, M. (2004). Using chemometric tools to
assess anthropogenic effects in river water. A case study:
Guadalquivir River. Analytica Chimica Acta, 515(1),
143-149. doi:10.1016/j.aca.2004.01.058

Munawar, M. (1970). Limnological studies on freshwater
ponds of Hyderabad-India I. The Bioto. Hydrobiologia.,
35(1), 127 doi:10.1007/BF00143305

Olayinka, K., & Alo, B. (2004). Studies on industrial pollu-
tion in Nigeria: The effect of textile effluents on the
quality of groundwater in some parts of Lagos. Nigeia
Jornal Health & Biomedical Sciences, 3(1), 44-50.

Patil, P. N, Sawant, D. V., & Deshmukh, R. N. (2012).
Physico-chemical parameters for testing of water-A
review. International Journal Environment Science, 3(3),
1194.

Rahman, M. S., Saha, N., & Molla, A. H. (2014). Potential
ecological risk assessment of heavy metal contamination
in sediment and water body around Dhaka export pro-
cessing zone, Bangladesh . Environmental Earth Sciences,
71(5), 2293-2308. doi:10.1007/s12665-013-2631-5

Ravikumar, P., Mehmood, M. A., & Somashekar, R. K.
(2013). Water quality index to determine the surface
water quality of Sankey tank and Mallathahalli lake,
Bangalore urban district, Karnataka, India. Applied
Water Science, 3(1), 247-261.

Sahu, P., & Sikdar, P. K. (2008). Hydrochemical framework
of the aquifer in and around East Kolkata Wetlands, West
Bengal, India. Environmental Geology, 55(4), 823-835.
doi:10.1007/s00254-007-1034-x

Sarkar, M., Rahman, A. L., Islam, J. B., Ahmed, K. S,
Uddin, M. N., & Bhoumik, N. C. (2015). Study of hydro-
chemistry and pollution status of the Buriganga river,
Bangladesh . Bangladesh Journal of Scientific and


https://doi.org/10.1007/s10661-018-6927-5
http://cgwb.gov.in/documents/wq-standards.pdf
http://cgwb.gov.in/documents/wq-standards.pdf
http://www.neptjournal.com/upload-images/NL-33-17-(17)B-960c.pdf
http://www.neptjournal.com/upload-images/NL-33-17-(17)B-960c.pdf
http://www.doe.gov.bd
https://doi.org/10.1016/S0003-2670(03)00350-7
https://doi.org/10.1007/s10661-006-9492-2
https://doi.org/10.1002/ldr.755
https://doi.org/10.1016/j.scitotenv.2005.02.026
https://doi.org/10.1007/BF00397002
https://doi.org/10.1007/BF00397002
https://doi.org/10.1016/j.pce.2003.08.031
https://doi.org/10.1007/s10295-004-0173-2
https://doi.org/10.1016/S1364-8152(02)00094-4
https://doi.org/10.1016/S1364-8152(02)00094-4
https://doi.org/10.1016/j.aca.2004.01.058
https://doi.org/10.1007/BF00143305
https://doi.org/10.1007/s12665-013-2631-5
https://doi.org/10.1007/s00254-007-1034-x

180 R. UDDIN ET AL.

Industrial Research, 50(2), 123-134. doi:10.3329/bjsir.
v50i2.24353

Sarwar, M. I, Majumder, A. K., & Islam, M. N. (2010).
Water Quality Parameters: A Case Study of Karnafully
River Chittagong, Bangladesh. Bangladesh Journal of
Scientific and Industrial Research, 45(2), 177-181.
doi:10.3329/bjsir.v45i2.5722

Shankar, B. S., 2014. Determination of Scaling and corrosion
tendencies of water through the use of Langelier and
Ryznar Indices. Sch. J. Eng. Tech, 2(2A), 123-127.
https://www.scribd.com/document/332335781/
Determination-of-Scaling-and-corrosion-tendencies-of-
water-through-the-use-of-Langelier-and-Ryznar-Indices

Smith, S. V., Hollibaugh, J. T., 1997. Annual cycle and
interannual variability of ecosystem metabolism in a tem-
perate climate embayment. Ecol. Monogr. 67(4),509-533.
DOI: 10.2307/2963468, https://www.jstor.org/stable/
2963468

Sundar, M. L., & Saseetharan, M. K. (2008). ground water
quality in Coimbatore, Tamil Nadu along Noyyal river. J.
Environ. Sci. Engr. 50(3),187-190. http://indiaenviron
mentportal.org.in/files/Groundwater%20quality.pdf

Tripathi, M., & Singal, S. K. (2019). Use of Principal
Component Analysis for parameter selection for devel-
opment of a novel Water Quality Index: A case study of

river Ganga India. Ecological Indicators, 96, 430-436.
doi:10.1016/j.ecolind.2018.09.025

United Nations Convention on the Law of the
Sea(UNCLOS), 1982. www.un.org/depts/los/convention/
unclos/partl.htm

Vikas, C., Gurbuxani, P. G., & Bhagure, G. R. (2012).
Corrosion of Water Pipes: A Comprehensive Study of
Deposits, J. of Minerals and Materials Characterization
and Eng, 11, 479-492. https://pdfs.semanticscholar.org/
a2fa/580404915c5b36be73182f0ed374c49829ac.pdf

World Health Organization (WHO), 2006. Guidelines for drink-
ing-water quality, Fourth ed, Annex 4. ISBN 92 4 154696 4,
Geneva. http://helid.digicollection.org/en/d/)s8578e/

World Health Organization (WHO), 2011. Guidelines for
drinking-water quality, 4th Ed., Geneva. https://apps.
who.int/iris/bitstream/handle/10665/44584/
9789241548151 _eng.pdf?sequence=1

Yilma, M., Kiflie, Z., Windsperger, A., & Gessese, N. (2018).
Assessment and interpretation of river water quality in
Little Akaki River wusing multivariate statistical
techniques. International Journal Environment Science
Technicolgy, 16, 3707-3720.

Zhang, L. (2019). Big Data, Knowledge Mapping for
Sustainable Development A Water Quality Index Case
Study. Emergency Science Journal, 3, 249-254.


https://doi.org/10.3329/bjsir.v50i2.24353
https://doi.org/10.3329/bjsir.v50i2.24353
https://doi.org/10.3329/bjsir.v45i2.5722
https://www.scribd.com/document/332335781/Determination-of-Scaling-and-corrosion-tendencies-of-water-through-the-use-of-Langelier-and-Ryznar-Indices
https://www.scribd.com/document/332335781/Determination-of-Scaling-and-corrosion-tendencies-of-water-through-the-use-of-Langelier-and-Ryznar-Indices
https://www.scribd.com/document/332335781/Determination-of-Scaling-and-corrosion-tendencies-of-water-through-the-use-of-Langelier-and-Ryznar-Indices
https://doi.org/10.2307/2963468,
https://www.jstor.org/stable/2963468
https://www.jstor.org/stable/2963468
http://indiaenvironmentportal.org.in/files/Groundwater%20quality.pdf
http://indiaenvironmentportal.org.in/files/Groundwater%20quality.pdf
https://doi.org/10.1016/j.ecolind.2018.09.025
http://www.un.org/depts/los/convention/unclos/part1.htm
http://www.un.org/depts/los/convention/unclos/part1.htm
https://pdfs.semanticscholar.org/a2fa/580404915c5b36be73182f0ed374c49829ac.pdf
https://pdfs.semanticscholar.org/a2fa/580404915c5b36be73182f0ed374c49829ac.pdf
http://helid.digicollection.org/en/d/Js8578e/
https://apps.who.int/iris/bitstream/handle/10665/44584/9789241548151_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44584/9789241548151_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44584/9789241548151_eng.pdf?sequence=1
https://www.researchgate.net/publication/343825210

	Abstract
	Introduction
	Materials and Methods
	Selection of sampling site
	Sampling
	Sample analysis
	Langelier Saturation Index (LSI) and Ryznar Stability Index (RSI)
	Water Quality Index (WQI)
	Multivariate statistical analysis

	Results and Discussion
	Conclusion
	Acknowledgments
	ORCID
	References

