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a b s t r a c t 

Pond water is used in everyday life by many people in Bangladesh, however, without sufficient and reliable 

information regarding water quality and pollution status. For this reason, geospatial analysis and mapping of 

water quality indices such as metal ( MI ), contamination ( C d ), and physicochemical water quality index ( WQI ) 

were assessed to improve the understanding of potential pollution sources. Samples were collected from twenty 

randomly selected ponds situated in Jashore Sadar Upazila, Bangladesh. Nineteen (19) water quality parameters 

were measured, including pH, temperature, EC, TDS, total suspended solids (TSS), chloride, alkalinity, total 

hardness, salinity, Fe, Mn, Pb, Cr, Cd, Co, Zn, Ag, Ni, and Cu. The average concentration of Fe, Mn, Pb, Cd, and 

Ag was much higher than recommended standards. The WQI ranged from 1.59-5.27, C d from -0.19-18.28, and 

MI from 7.81-26.28. The spatial distribution of MI indicates that the south-western and south-eastern region of 

the study area are stands out with a very high pollution pressure. The spatial distribution of C d , follows the same 

trend as for MI . A multitude of different types of pollution sources contributes to the high pollution load such 

as, municipal wastewater, leachate from landfills, small industry wastewater and stormwater, and agricultural 

runoff. The studied pond water is highly polluted and not suitable for household use and fish consumption. 
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. Introduction 

Bangladesh is a developing country with vast water resources

 Uduma and Uduma, 2014 ). Small ponds are traditionally used as source

f water and they have a vital role in providing both household water

nd fish for consumption ( Abdullah et al., 2010 ). About 15% of total

ousehold income and 25-50% of total fish consumption depend on

ond contribution and fish production is an important part of the na-

ional economy ( Castine et al., 2017 ). Thus, they play an important role

n alleviating poverty in Bangladesh. Pond habitats can easily be man-

ged for an optimum environment yielding high level of fish production

 El-Shafei, 2016 ). 

Pollution of the natural environment, however, is a widespread

roblem ( Hossain et al., 2016 ) . Good water quality is important both

or fish production and ecosystem services ( Verma and Khan, 2015 ).

ond water pollution refers to toxic substances suspended in the wa-

er body. Metal toxicity displays itself in a variety of disorders and oc-

urs due to oxidative strain induced by free radical formation depend-
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ng on immersed dosage, path, and period of exposure such as acute

r chronic ( IUCN, 1998 ). Heavy metals may accumulate and spread

hrough the food chain especially where fish is an important protein

ource ( Afshan et al., 2014 ; Dwivedi, 2017 ; Tchounwou et al., 2012 ).

ealth effects include skin rashes, diarrhea, dysentery, respiratory ill-

esses, anemia, and complications in childbirth ( Ahmed, et al., 2015 ;

alder and Islam, 2015 ; Haseena et al., 2017 ; Pressley, 1991 ; Song et al.,

008 ). Besides health effects of heavy metals, many kinds of diseases

ike typhoid, cholera, encephalitis, poliomyelitis, hepatitis, skin infec-

ion, and gastrointestinal are transmitted through wastewater to pond

ater due to contents of bacteria, virus, and parasites ( Jaishankar et al.,

014 ). 

Many studies have been performed on pollution status by heavy met-

ls and their health effects on groundwater and river water but there

s no available research on pond water in this area ( Ahmed et al.,

019 ; Khan et al., 2019 ; Sardar et al., 2017 ; Shaibur et al., 2021 ,

haibur et al., 2012 ). For this reason, creating basic information about

he current pollution status of pond water is vital for people’s health and
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anaging necessary mitigation. In view of this, the objective of the study

as to use water quality and toxicological indices such as metal ( MI ),

ontamination ( C d ), and physicochemical water quality indices ( WQI )

o improve the understanding of potential pollution sources for repre-

entative ponds in the study area. Thus, geospatial analyses of pond wa-

er pollutant distribution were performed to assess the distribution of

hysicochemical and toxicological parameters. Water quality, contam-

nation, and metal indices are important quantitative methods to de-

ne the quality of water ( Hossain et al., 2020 ; Ponnusamy et al., 2020 ;

ithanachchi et al., 2018 ). 

. Materials and methods 

.1. Study area 

Jashore Sadar is a sub-district of Jashore district in the division

f Khulna, Bangladesh ( Ansari, 2012 ). Its administrative center is the

ashore City. According to the 2011 Bangladesh census, it has about

4,500 households with a 742,000 population and a total area of

35.2 km 

2 , 22°48 ′ and 23°22 ′ north latitude and 88°51 ′ and 89°34 ′

ast longitude. The population density of this area is about 1700/km 

2 

 Bangladesh Population Census, 2011 ; Chisholm, 1911 ). The climate in

ashore is tropical with a rainy summer. The annual mean rainfall is

bout 1786 mm. The driest month is January with an average of about

 mm of precipitation in January. Most precipitation falls in July, with

n average of 346 mm. The average annual temperature in Jashore

s 25.5°C. May is the warmest month with an average of 29.5°C. Jan-

ary, coldest month, has an average temperature of 18.4°C ( Climate-

ata.org, 2019 ). 

According to ( Sarder et al., 2017; Shaibur et al., 2019 ), most of the

eople in Jashore district rely on underground water for drinking pur-

oses. The rest of the people mostly depend on surface water such as

onds, rivers, and canals. About 16% of people depend on surface water

canal, river, and pond) for their daily household purpose. The remain-

ng 84% people used groundwater for their daily purpose. Pond, river,

nd canal were the main sources of surface water in Jashore Municipal-

ty. Among 16% (out of 100 %), about 7% people used canal water, 5%

iver water, and 4% pond water for their daily activities. 

Residents of the Jashore Sadar area have access to groundwater, river

ater, and pond water. Most needs for drinking water are supplied by

roundwater. However, in cases when groundwater is not sufficient, in-

abitants use pond water for activities including bathing, washing, irri-

ation, and crop production. However, fish is the main source of animal

rotein for most people in Bangladesh and ponds play a vital role in the

roduction of fish. Thus, most ponds in the present study are used for

sh production and an essential source of water and food in the area.

wenty major and representative ponds in Jashore City were randomly

elected for the current study ( Figure 1 ). Most ponds in the study area

re manmade. The area of the ponds varies between about 0.05-5.2 ha

 Table 1 ) , with a maximum depth of about 2.5-4.5 m during summer.

uring the dry season the depth usually decreases to 1.5-2.5 m. Most

f the ponds are surrounded by residential buildings including busi-

ess infra-structure such as offices, small-scale industry, bazars, mar-

ets, car workshops, roads, and railway lines. In some cases, bus, truck,

nd car terminals are situated beside the ponds producing waste from

ehicles washing waste and repairing. Many ponds are situated beside

runk roads and railway lines. Many car workshops are situated along

he roads that discharge car wash wastewater, petrol, and oil spills to-

ether with stormwater runoff from the road surfaces, especially during

he rainy season. 

. Sample collection and analyses 

Samples were collected from the 20 ponds using plastic bottles

leaned by rinsing with 8M HNO 3 , followed by repeated washing with
2 
istilled water. Water samples were taken from the middle parts of the

onds and if necessary, by boat at 10-20 cm depth from the surface dur-

ng the rainy season. Three water samples were randomly collected from

ach pond surface and then thoroughly mixed into a 1.0-1.5 L sample

ransferred to a clean plastic bottle. This was done to guarantee repre-

entative samples from each pond. Sample collection and preservation

ere done for AAS analysis in accordance with standard analytical pro-

edures ( Cleseeri, 1989 ). The samples were labeled and transported to

he laboratory for analysis of selected parameters. Before analyses, all

xperimental apparatuses were washed by distilled water. 

Physicochemical parameters such as temperature, pH, electrical con-

uctivity (EC), total solids (TS), and total dissolved solids (TDS) were

nalyzed by using thermometer, calibrated pH meter (Hanna, pH me-

er), digital EC meter, filtration method, and Hach’s gyrometric method,

espectively ( Gaikwad et. al., 2016 ). The pH and EC meters were cali-

rated by standard solution and all titrimetric analyses were done by us-

ng analytical grade chemicals. Alkalinity and chlorides were analyzed

y titrimetric method and Mohr’s method respectively ( Salam et al.,

012 , Sawyer et al., 2000 ), respectively, directly after sample collec-

ion. Each sample was tested three times for all parameters. 

Heavy metal analyses involved digestion by using concentrated nitric

cid. A 100 mL sample was used and then 5 mL concentrated HNO 3 was

dded for digestion on a hot plate. The digested samples were filtered

y using Whatman no. 44 filter paper and kept in a 100 mL volumet-

ic flask at 4°C until analysis by atomic absorption spectrophotometer

AAS) ( Sharma and Tyagi, 2013 ). Concentrations of Fe, Mn, Pb, Cd, Cr,

o, Zn, Ag, Ni, and Cu were determined from prepared water samples

y using flame atomic absorption spectrometer (Model: AA240FS, Var-

an, Australia). During analysis, for checking the calibration status of

he AAS, a calibration blank and an independent calibration verifica-

ion standard were analyzed for every 10 samples. Recovery rates of

etals spiked in water fluctuated from 93 to 100%. The detection limits

ere 0.0677, 0.0193, 0.0198, 0.0031, 1.1970, 0.2910, 0.0190, 0.4068,

.0062, and 0.0075 mg/L for Fe, Ag, Co, Mn, Pb, Cd, Ni, Cr, Cu, and Zn,

espectively. 

The obtained data were subject to statistical analysis using the SPSS

tatistical package. Mean ± standard deviations and other calculations

f the different parameters were done by using Microsoft excel-2013.

he mapping of sampling locations and the geospatial distribution was

erformed by the QGIS 2.18.2 and ArcGIS 10.5 respectively. 

. Water quality indices 

The WQI index is an efficient method summarize and communicate

nformation on the quality of water to concerned citizens and policy

akers. It was first proposed by ( Horton, 1965 ), which was later gener-

lized by ( Brown et al., 1972 ). Comparison of measured water quality

ariables with standard limits of WHO and other international guide-

ines may lead to confusion, especially where multiple parameters are

sed. WQI eliminates this problem by providing a single value after con-

idering all the variables ( Seelro et al., 2020 ; Kükrer et al., 2019 ). Sim-

larly, the Degree of Contamination ( C d ) that summarizes the level of

ollution. A third useful pollutant indicator is the Metal Index ( MI ) de-

ned by ( Tamasi and Cini, 2004 ). The WQI as well as the Cd and MI is

 single number that rates the water quality by aggregating several wa-

er quality parameters and usually the lower score represents the better

uality (Excellent, Good) and the higher score to degraded quality (Bad,

oor) ( Hossain et al., 2020 ) 

.1. Water Quality Index ( WQI ) 

Water quality index ( WQI ) is a technique of rating combined influ-

nce of individual water quality parameters on the overall quality of

ater ( Bhat and Pandit 2014 ; Mirza et al. 2020 ; Seelro et al., 2020 ).

QI was calculated to evaluate the suitability of pond water by using

he water quality rating scale ( Q ), relative weight ( W ), and overall WQI
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Fig. 1. Locations showing the study area in Bangladesh, sampling points in Jashore Sadar upazila, and sampling points in four ponds S-9, S-11, S-12, and S-17. 
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ccording to: 

 𝑖 = 

[(
𝑉 𝑖 − 𝑉 𝑜 

)
∕ 
(
𝑆 𝑖 − 𝑉 𝑜 

)]
(1) 

here, V i = analytical value of i -th parameter, S i = standard allowable

alue of i -th parameter, V o = ideal value of i -th parameter in pure wa-

er, and this value is zero for other parameters (except pH = 7.0 and

O = 14.6 mg/l). The unit weight ( W i ) is proportional to maximum

llowable concentration (standard value) calculated as: 

 𝑖 = 

𝐾 

𝑆 𝑖 

(2)

ere K is the proportionality constant for the different water quality

haracteristics according to ( Elhdad, 2019 ): 

 = 

1 
∑𝑛 

𝑖 

1 
𝑆 

(3)
𝑖 

3 
The overall WQI is calculated as ( Goher et al., 2014 ): 

 𝑄𝐼 = 

𝑛 ∑

𝑖 =1 
𝑄 𝑖 𝑊 𝑖 ∕ 

𝑛 ∑

𝑖 =1 
𝑊 𝑖 (4)

The WQI value falls into five categories ( Hamaidi-Chergui and Er-

ahmani, 2019 ) such as WQI : 0-25 → Excellent, 26–50 → Good, 51–

5 → Poor, 76–100 → Very poor, and > 100 → Unfit for drinking pur-

oses. 

.2. Contamination index ( C d ) 

The Contamination index ( C d ) is calculated by ( Akter et al., 2016 ;

bu EI-Hamid and Hegazy, 2017 ; Hasan et al., 2020 ; Lorestani et al.,

020 ): 

 𝑑 = 

n ∑

i=1 
𝐶 𝑓 𝑖 (5)
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Table 1 

General information of the study area. 

Sample ID Sampling station Upazila Area a (Ha) Types of use 

GPS Location 

Latitude (N) Longitude (E) 

S-1 Shibsagor pond Jashore 0.606 Fish production, bathing, domestic uses, washing, at the 

rituals, and irrigation. 

23.144623° 89.204518°

S-2 Molla bari pond Jashore 0.585 Fish farming, bathing, domestic uses, and washing 23.144585° 89.202615°

S-3 Babla tola fish hatchery pond Jashore 0.898 Fish farming, bathing, domestic uses, washing, and irrigation. 23.145488° 89.210055°

S-4 Sannyasi dighi pond Jashore 0.830 Fish production, bathing, domestic uses, washing, and 

irrigation. 

23.145636° 89.208674°

S-5 Rajbari pond Jashore 0.068 Fish production, bathing, washing, irrigation, domestic and 

industrial uses. 

23.145259° 89.212897°

S-6 Jamtola mor pond Jashore 2.360 Fish production, bathing, domestic uses, washing, and 

irrigation. 

23.142586° 89.233661°

S-7 Haji mohammed mohashin school pond Jashore 0.379 Fish production, bathing, domestic uses, and washing 23.144619° 89.236460°

S-8 Bottala pond Jashore 5.200 Fish production, bathing, domestic uses, and washing. 23.182212° 89.212604°

S-9 Lal dighi pond Jashore 0.335 Fish production, bathing, domestic uses, and washing. 23.164757° 89.212111°

S-10 Dhormotola pond Jashore 0.814 Fish production, bathing, domestic uses, and washing. 23.164937° 89.193557°

S-11 Karbala pond Jashore 1.191 Fish production, bathing, domestic uses, to perform ablution, 

and washing. 

23.163788° 89.197555°

S-12 Jessore zila school pond Jashore 0.507 Fish production, bathing, domestic uses, and washing 23.161155° 89.206769°

S-13 Khoertola moor pond Jashore 0.239 Fish production, bathing, domestic uses, and washing 23.190198° 89.184097°

S-14 Cantonment pond Jashore 0.190 Fish production, bathing, domestic uses, washing, irrigation. 23.199864° 89.176494°

S-15 Churamonkati Railway station pond Jashore 0.273 Fish production, bathing, domestic uses, to perform ablution, 

washing, and irrigation. 

23.217030° 89.164760°

S-16 Arabpur stand pond Jashore 0.174 Fish production, bathing, domestic uses, and washing 23.170601° 89.192723°

S-17 Tin khambar moor pond Jashore 0.260 Fish production, domestic uses, and washing, irrigation 23.169437° 89.192969°

S-18 Jamtola rail gate pond Jashore 0.114 Fish production, bathing, domestic uses, washing, and 

irrigation. 

23.145336° 89.231024°

S-19 Gazir bazar pond Jashore 0.146 Fish production, bathing, domestic uses, washing, and 

irrigation. 

23.161246° 89.194031°

S-20 Pulerehat jama mosque pond Jashore 0.053 Fish production, bathing, domestic uses, washing, and to 

perform ablution. 

23.142710° 89.190585°

a The area of the pond was collected from Google Earth Pro; https://www.google.com/earth/download/gep/agree.html 
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here, 𝐶 𝑓 𝑖 = 

𝐶 𝐴 𝑖 

𝐶 𝑁 𝑖 
– 1 . Here, 𝐶 𝑓 𝑖 represents the contamination factor, 𝐶 𝐴 𝑖 

s the measured value, and 𝐶 𝑁 𝑖 denotes the upper permissible concen-

ration of the i -th component. The N denotes normative value and hence

 𝑁 𝑖 is taken as standard value of WHO (maximum allowable concen-

ration). The calculated C d is classified as < 1 → Low contamination, 1-

 → Medium, and > 3 → High contamination ( Jahan and Strezov, 2017 ).

.3. Metal Index ( MI ) 

Metal Index ( MI ) is a joint evaluation of the present status

 Khoshnam et al., 2017 ; Ojekunle et al., 2016 ; Sisira et al., 2018 ): 

 𝐼 = 

𝑛 ∑

𝑖 =1 

𝐶 𝑖 

( 𝑀 𝐴𝐶 ) 𝑖 
(6)

here, 𝐶 𝑖 represents concentration of each element and, MAC denotes

aximum allowable concentration. When MI is greater than 1, the water

s considered as polluted ( Bakan et al., 2010 ). 

. Results and discussion 

Results of the physico-chemical and toxicological analyses are sum-

arized and compared to WHO, USEPA, Department of Environment

DoE) ( Department of Environment, Peoples’ Republic of Bangladesh,

997 ), Department of Public Health Engineering (DPHE) ( Department of

ublic Health Engineering, 2021 )(; ) set for health risk and Cana-

ian Council of Ministers of the Environment (CCME) ( Canadian Coun-

il of Ministers of the Environment, 2007 ) set for fisheries and

quatic live standards in Table 2 and 3 . The pH range indicates

hat all pond water is alkaline. The average pH was 8.76 that ex-

eeds standards set for health according to WHO, DoE, and USEPA

 Table 2 ). According to ( Shaibur et.al., 2021 ) and ( Sarder et.al., 2017 ),

he pH value in the ground water samples in this area ranged from 7.10

o 7.80 and 6.4 to 7.8 respectively. The higher pH values observed in
4 
ond water suggests that municipal and household waste containing hy-

roxide (caustic soda), carbonate (soda ash), bicarbonates, and calcium

xide or calcium hydroxide (lime slurry) are discharged into the pond

ater. 

Alkalinity is mainly affected by carbonates and bicarbonates, but

henolphthalein alkalinity was not present in any of the samples. 

Alkalinity is a measure of ion content for carbonate, bicarbonate,

hosphate, borate, orthosilicate, and sulfides that buffers low pH water.

ainwater itself is a source for bicarbonate ions. CO 2 dissolved in water

ay form carbonic acid and the carbonic acid will also dissociate to form

icarbonate. Again, bicarbonate concentration might be enriched by the

ecomposition of organic matter and root respiration in the soil zone.

icarbonate is the strongest buffer (largest Ka value), and the effect of

ther buffers becomes insignificant in its presence. This buffer action

ay affect the correlation between pH and alkalinity. 

Water hardness is primarily the amount of calcium and magnesium,

nd to a lesser extent, iron in the water. Hardness of water was found

rom 193.00 ± 1.73 to 469.31 ± 2.08 mgL − 1 . The average was 308.66

gL − 1 . The major sources of hardness in pond water are from dis-

olved polyvalent metallic ions that comes from sedimentary rocks,

eepage, and stormwater. Hard water may be detrimental to human

ealth ( Akram et al., 2018 ; Hori et al., 2021 ). 

All the sampling points except for S-13, S-15, and S-20 had higher

C than the DPHE standard limit ( Table 2 ). Conductive ions may come

rom dissolved salts and inorganic materials such as alkalis, chlorides,

ulfides, and carbonate compounds. High EC indicates large presence of

hese ions. 

The TDS was lower than all standards ( Table 2 ). TDS originates from

atural sources, sewage, urban runoff, and wastewater. Sources of total

issolved solids can include all dissolved cations and anions. 

Average TSS was 743.95 mgL − 1 that much higher than the DPHE

aximum limits. However, the samples for S-19 was at the maximum

imit. High TSS content may have ecotoxic effects on aquatic organ-

sms and potentially harmful substances such as heavy metals, PAHs,

https://www.google.com/earth/download/gep/agree.html
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Table 2 

Comparative study of physicochemical parameters of pond water in Jashore City, Bangladesh, with USEPA, DoE, and DPHE Standards. 

Sample 

ID 

Temp. 

pH 

EC TDS TSS Chloride Alkalinity Total hardness Salinity 

(0C) (μScm 

− 1 ) mg/L mg/L mg/L mg/L mg/L mg/L 

S-1 30.66 ± 0.58 8.96 ± 0.15 812.66 ± 4.17 205.35 ± 3.79 241.00 ± 20.07 6.44 ± 0.10 104.00 ± 2 376.61 ± 11.93 41.75 ± 0.79 

S-2 31.33 ± 0.58 8.77 ± 0.05 542.66 ± 2.08 265.67 ± 5.69 209.00 ± 25.71 1.94 ± 0.05 85.33 ± 1.56 336.38 ± 10.06 33.38 ± 0.41 

S-3 30.00 ± 0.00 8.80 ± 0.04 693.33 ± 2.51 224.5 ± 3.46 170.66 ± 28.68 3.56 ± 0.04 95.66 ± 4.04 330.67 ± 7.31 36.39 ± 0.48 

S-4 30.33 ± 0.58 8.20 ± 0.10 589.33 ± 3.05 261.45 ± 4.08 313.68 ± 10.01 3.83 ± 0.20 75.00 ± 1.00 245.00 ± 2.00 36.89 ± 0.04 

S-5 30.0 ± 0.00 8.58 ± 0.03 697.33 ± 4.04 286.7 ± 6.02 285.56 ± 15.17 4.28 ± 0.02 96.33 ± 0.57 304.93 ± 2.51 37.13 ± 0.97 

S-6 30.66 ± 0.58 8.75 ± 0.07 750.00 ± 5.00 322.33 ± 6.02 74.33 ± 11.58 2.64 ± 0.03 121.00 ± 1.0 250.54 ± 2.54 35.83 ± 1.01 

S-7 30.66 ± 0.58 8.74 ± 0.08 848.33 ± 3.51 225.16 ± 3.69 144.64 ± 11.15 2.76 ± 0.02 124.00 ± 1.00 436.0 ± 4.58 35.77 ± 0.95 

S-8 31.33 ± 0.58 8.77 ± 0.05 590.33 ± 3.05 276.97 ± 3.54 191.00 ± 15.53 4.89 ± 0.02 78.33 ± 0.57 261.81 ± 2.08 38.41 ± 0.38 

S-9 30.33 ± 0.58 7.83 ± 0.05 722.00 ± 4.00 418.93 ± 6.56 245.00 ± 16.09 7.55 ± 0.02 83.00 ± 3.00 286.85 ± 9.51 43.61 ± 0.42 

S-10 30.00 ± 0.00 8.94 ± 0.03 1088.66 ± 4.50 285.3 ± 4.52 5430.33 ± 26.5 6.10 ± 0.05 155.66 ± 3.51 469.31 ± 2.08 41.61 ± 0.94 

S-11 29.33 ± 0.58 8.94 ± 0.03 741.80 ± 5.51 299.16 ± 4.01 257.45 ± 15.84 5.05 ± 0.01 95.33 ± 1.15 415.81 ± 1.52 39.45 ± 0.24 

S-12 30.66 ± 0.58 8.90 ± 0.04 784.00 ± 6.24 168.22 ± 5.48 225.67 ± 10.59 9.32 ± 0.02 81.00 ± 1.00 243.00 ± 2.64 46.67 ± 0.37 

S-13 30.66 ± 0.58 9.69 ± 0.09 439.87 ± 2.59 311.00 ± 3.74 257.00 ± 14.78 6.54 ± 0.02 75.66 ± 4.93 263.71 ± 2.08 41.74 ± 0.100 

S-14 29.33 ± 0.58 9.77 ± 0.04 816.328 ± 2.51 185.47 ± 1.75 344.16 ± 14.96 7.57 ± 0.05 118.00 ± 2.00 241.00 ± 1.00 43.81 ± 0.21 

S-15 31.00 ± 0.00 9.63 ± 0.05 490.00 ± 3.60 313.28 ± 3.15 5440.16 ± 31.8 6.59 ± 0.03 70.00 ± 2.00 345.87 ± 13.42 41.94 ± 0.08 

S-16 30.66 ± 0.58 8.73 ± 0.12 714.33 ± 2.08 265.67 ± 2.08 456.98 ± 25.14 5.48 ± 0.03 40.29 ± 1.15 193.00 ± 1.73 39.49 ± 0.45 

S-17 30.66 ± 0.58 8.29 ± 0.03 667.00 ± 4.00 396.54 ± 3.54 158.83 ± 13.64 4.15 ± 0.09 40.00 ± 1.00 242.67 ± 3.21 37.7 ± 0.18 

S-18 30.66 ± 0.58 8.64 ± 0.07 670.00 ± 4.00 255.00 ± 3.00 356.00 ± 8.00 9.59 ± 0.03 40.00 ± 2.00 262.00 ± 2.00 47.17 ± 0.14 

S-19 30.33 ± 0.58 8.22 ± 0.05 767.68 ± 4.93 295.33 ± 1.53 10.01 ± 1.01 5.28 ± 0.02 52.00 ± 1.00 331.00 ± 4.36 39.55 ± 0.05 

S-20 31.00 ± 0.00 8.09 ± 0.61 280.74 ± 2.67 2788.74 ± 6.11 67.67 ± 9.07 3.90 ± 0.01 48.00 ± 1.00 337.00 ± 2.65 37.31 ± 0.51 

Max. 31.33 ± 0.58 9.77 ± 0.04 1088.66 ± 4.50 2788.74 ± 6.11 5440.16 ± 31.8 9.59 ± 0.03 155.66 ± 3.51 469.31 ± 2.08 47.17 ± 0.14 

Min. 29.33 ± 0.58 7.83 ± 0.05 280.74 ± 2.67 168.22 ± 5.4 10.01 ± 1.01 1.94 ± 0.05 40.00 ± 1.00 193.00 ± 1.73 33.38 ± 0.41 

Avg. 30.47 8.76 685.31 402.54 743.95 5.37 83.93 308.66 39.78 

STD Dev. ± 0.55 ± 0.51 ± 170.17 ± 565.01 ± 1607.89 ± 2.11 ± 31.26 ± 73.62 ± 3.71 

WHO 

a - 6.5-8.5 - 1000 - 250 - 500 - 

USEPA b - 6.5-8.5 - 500 - 250 - - - 

DoE c 20-30 6.5-8.5 - 1000 - 150-600 - - - 

CCME d (Fish and aquatic live) - 7.0-8.7 - - - 120 - - - 

DPHE e 20-30 - 500 1000 10 150-600 - 200-500 - 

a World Health Organization (WHO) ( World Health Organization, 1984 ) 
b United State Environmental Protection Agency (USEPA) ( USEPA, 2009 ) 
c Department of Environment ( Department of Environment, Peoples’ Republic of Bangladesh, 1997 ) 
d Canadian Council of Ministers of the Environment Canadian Council of Ministers of the Environment, 2007 
e DPHE = Department of Public Health Engineering ( Department of Public Health Engineering, 2021 ) 
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nd organic matter maybe related to high contents of TSS ( Rossi et. al.,

006 ). 

The values of chloride of all samples ranged were within accept-

ble limits. Sources of chloride pollution in water includes fertilizers,

ewage, effluents from drainage, salts and human as well as animal

aste ( Sawant et. al., 2013 ). Increasing chloride means increasing salin-

ty and negative effects on irrigation and soil that may decrease crop

ield. Furthermore, long-term exposure to saline water through drink-

ng and cooking may cause high rates of preeclampsia and gestational

ypertension ( Ayers et. al., 2017 ). 

The salinity values of water samples varied between 33.38 ± 0.41 to

7.17 ± 0.14 mg/L. Again, according to ( Sardar et.al., 2017 ) the salin-

ty value of ground water in Jashore district was ranged from 0.0-0.25

g/L. 

Iron in our study area ranged from 0.39 ± 0.03 to 5.25 ± 0.43 with a

ean of 1.56 mg/L ( Table 3 ). Iron concentration of groundwater may

ary from 0.46 to 1.42 mg/L ( Shaibur et al., 2021 ) and for river water

rom 2.32 to 5.52 mg/L ( Khan et al., 2019 ). Thus, the ponds had higher

oncentration than ground water samples as well as WHO, USEPA, DoE,

nd DPHE maximum permissible levels. But iron (Fe) concentration in

iver water is higher than the pond water, it is may be due to dissolved

ron from heavy industrial waste of different heavy industry situated

eside riverbank. As many car workshops are situated close to the ponds,

ifferent types of construction works are probably the source for this

ron pollution. Geogenic sources may also be responsible for high level

f iron content. 

The Mn exceeded the recommended WHO, USEPA, DoE, and DPHE

ermissible levels set for health for all sampling points ( Table 3 ). The

n concentration of river water in this area ranges from 0.12-0.33 mg/L

 Khan et al., 2019 ). This is due to heavy industrial and municipal waste

ischarge into the rivers. However, high contents of Mn may also be due
5 
o geogenic sources and Mn occurs naturally in many surface waters. The

arth’s crust is a major source of Mn to the atmosphere, soil, and water.

n surface waters, Mn occurs in both dissolved and suspended forms. The

ajor anthropogenic sources of Mn may be municipal wastewater dis-

harge, sewage sludge, emissions from alloy, steel, and iron and the com-

ustion of fossil fuels ( UNEP; ILO; WHO; Inter-Organization Programme

or the Sound Management of Chemicals; International Programme on

hemical Safety, 2004 ). 

Lead (Pb) contents varied from 0.08 ± 0.02 to 0.39 ± 0.12 mg/L with a

ean of 0.15 mg/L. This is greatly exceeding recommended maximum

ontents by WHO, USEPA, DoE, and DPHE ( Table 3 ) set for health.

ead concentration in groundwater in the Jashore district below 0.03

g/L ( Sardar et.al., 2017 ). High Pb contents in pond water are prob-

bly related to car exhaust and runoff from road and car workshops

uring the rainy season. As a result of the extensive use of alkyl-lead

ompounds as fuel additives, vehicular traffic may be the largest source

f lead in this urban area. Lead acid batteries contribute to the contami-

ation of all environmental media during their production, disposal, and

ncineration. Lead compounds may also be used as stabilizers in plastics.

ther lead-based products include food-can solder, ceramic glaze, crys-

al glassware, and lead-jacketed cables. 

The mean cadmium (Cd) concentration (0.0036 mg/L) exceeded the

ecommended value set by the WHO for health risk and CCME for

quatic live. However, some ponds (S-3, S-4, S-5, and S-6) were below

he maximum limit. All ponds exceeded the standard value of CCME set

or fish and aquatic life ( Table 3 ). Seven sampling sites S-1, S-7, S-9,

-11, S-14, S-16, and S-18 did not exceed the maximum concentration

imit but reached the maximum standard limit of WHO (0.003 mg/L) set

or health risk. The cadmium concentration of groundwater in the area

s below 0.004 mg/L ( Sardar et al., 2017 ). Cadmium can be released

rom car exhaust, metal processing industries, battery and paint, and
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Table 3 

Comparative study of toxicological parameters of pond water in Jashore City, Bangladesh, with WHO, USEPA, DoE, and DPHE Standards. 

Sample 

ID 

Fe Mn Pb Cd Cr Co Zn Ag Ni Cu 

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

S-1 1.2 ± 0.10 0.52 ± 0.04 0.10 ± 0.03 0.003 ± 0.0005 < 0.005 0.170 ± 0.01 0.290 ± 0.03 0.016 ± 0.001 0.003 ± 0.0003 0.018 ± 0.001 

S-2 0.93 ± 0.1 0.51 ± 0.04 0.09 ± 0.03 0.004 ± 0.0007 < 0.005 0.479 ± 0.04 0.144 ± 0.02 0.006 ± 0.0003 0.004 ± 0.0003 0.082 ± 0.01 

S-3 3.85 ± 0.31 0.49 ± 0.03 0.15 ± 0.05 0.002 ± 0.0003 < 0.005 0.327 ± 0.03 0.115 ± 0.01 0.012 ± 0.001 0.001 ± 0.0001 0.111 ± 0.01 

S-4 1.58 ± 0.13 0.45 ± 0.03 0.08 ± 0.02 0.002 ± 0.0003 < 0.005 0.959 ± 0.01 0.136 ± 0.02 0.014 ± 0.001 < 0.001 0.033 ± 0.002 

S-5 0.93 ± 0.10 0.80 ± 0.07 0.11 ± 0.03 0.002 ± 0.0003 0.01 ± 0.001 0.566 ± 0.04 0.127 ± 0.02 0.236 ± 0.01 0.006 ± 0.001 0.021 ± 0.002 

S-6 0.51 ± 0.06 0.37 ± 0.03 0.09 ± 0.03 0.002 ± 0.0003 < 0.005 0.023 ± 0.002 0.076 ± 0.01 0.006 ± 0.0003 < 0.001 0.003 ± 0.001 

S-7 1.50 ± 0.12 0.62 ± 0.04 0.09 ± 0.03 0.003 ± 0.0005 < 0.005 0.015 ± 0.001 0.078 ± 0.001 0.004 ± 0.0002 0.017 ± 0.001 0.014 ± 0.001 

S-8 1.26 ± 0.10 0.37 ± 0.03 0.14 ± 0.04 0.005 ± 0.0008 < 0.005 0.016 ± 0.001 0.090 ± 0.01 0.009 ± 0.001 < 0.001 0.001 ± 0.0001 

S-9 0.96 ± 0.10 0.38 ± 0.03 0.11 ± 0.03 0.003 ± 0.0005 < 0.005 0.213 ± 0.02 0.529 ± 0.1 0.008 ± 0.0004 0.009 ± 0.001 0.028 ± 0.002 

S-10 0.39 ± 0.03 0.38 ± 0.03 0.09 ± 0.03 0.004 ± 0.0007 < 0.005 0.028 ± 0.002 0.074 ± 0.01 0.007 ± 0.0004 0.001 ± 0.0001 0.007 ± 0.001 

S-11 0.41 ± 0.03 0.42 ± 0.03 0.12 ± 0.04 0.003 ± 0.0005 < 0.005 0.039 ± 0.003 0.054 ± 0.01 0.026 ± 0.0014 0.003 ± 0.0003 0.011 ± 0.001 

S-12 0.98 ± 0.10 0.45 ± 0.03 0.12 ± 0.03 0.005 ± 0.0008 < 0.005 0.011 ± 0.001 0.216 ± 0.03 < 0.001 0.005 ± 0.0004 0.024 ± 0.002 

S-13 1.00 ± 0.10 0.34 ± 0.02 0.11 ± 0.03 0.004 ± 0.0007 < 0.005 0.023 ± 0.002 0.036 ± 0.01 0.008 ± 0.0004 0.012 ± 0.001 0.005 ± 0.02 

S-14 0.50 ± 0.04 0.12 ± 0.01 0.17 ± 0.05 0.003 ± 0.0005 0.011 ± 0.002 0.015 ± 0.001 0.082 ± 0.01 0.005 ± 0.0003 0.021 ± 0.002 0.006 ± 0.001 

S-15 1.84 ± 0.15 1.02 ± 0.07 0.16 ± 0.05 0.004 ± 0.0007 < 0.005 0.181 ± 0.014 0.479 ± 0.06 0.012 ± 0.001 < 0.001 0.237 ± 0.02 

S-16 1.19 ± 0.10 0.15 ± 0.01 0.20 ± 0.06 0.003 ± 0.0005 < 0.005 0.013 ± 0.0001 0.254 ± 0.03 0.003 ± 0.0002 0.141 ± 0.012 0.004 ± 0.0003 

S-17 1.20 ± 0.10 0.16 ± 0.01 0.11 ± 0.03 0.006 ± 0.001 0.011 ± 0.001 0.019 ± 0.001 0.132 ± 0.02 0.004 ± 0.0002 0.028 ± 0.003 0.001 ± 0.001 

S-18 4.07 ± 0.33 0.22 ± 0.02 0.36 ± 0.11 0.003 ± 0.0005 < 0.005 0.013 ± 0.001 0.257 ± 0.03 0.242 ± 0.013 0.154 ± 0.013 0.008 ± 0.001 

S-19 1.65 ± 0.13 0.54 ± 0.04 0.39 ± 0.12 0.004 ± 0.0007 0.001 0.017 ± 0.001 0.176 ± 0.02 0.006 ± 0.0003 0.433 ± 0.04 0.006 ± 0.0004 

S-20 5.25 ± 0.43 0.14 ± 0.01 0.18 ± 0.06 0.007 ± 0.0012 < 0.005 0.006 ± 0.001 0.134 ± 0.02 0.007 ± 0.0004 0.048 ± 0.004 0.010 ± 0.001 

Max. 5.25 ± 0.43 1.02 ± 0.07 0.39 ± 0.12 0.007 ± 0.0012 0.011 ± 0.002 0.959 ± 0.01 0.529 ± 0.1 0.242 ± 0.013 0.433 ± 0.04 0.237 ± 0.02 

Min. 0.39 ± 0.03 0.12 ± 0.01 0.08 ± 0.02 0.002 ± 0.0003 < 0.005 0.006 ± 0.001 0.036 ± 0.01 < 0.001 < 0.001 0.001 ± 0.001 

Avg. 1.56 0.4225 0.1485 0.0036 0.0083 0.1566 0.1736 0.0332 0.0554 0.0315 

STD Dev. ± 1.31 ± 0.22 ± 0.08 ± 0.001 ± 0.005 ± 0.25 ± 0.13 ± 0.07 ± 0.10 ± 0.06 

WHO 

a 0.3 0.1 0.05 0.003 0.05 - 5 - 0.07 ∗ 1.0 

USEPA b 0.3 0.05 0.015 0.005 0.1 - 5 0.10 - 1.3 

DoE c 0.3-1.0 0.1 0.05 0.005 0.1 - 5 - 0.1 1 

CCME d (Fish and aquatic live) - 0.43 - 0.0009 0.001 (VI), 0.0089 (III) - 0.007 0.00025 - - 

DPHE e 0.3-1.0 0.1 0.05 0.005 0.05 - 5 0.02 0.1 1 

a World Health Organization (WHO) ( World Health Organization, 1984 ; World Health Organization, 2008 ) 
b United State Environmental Protection Agency (USEPA) ( USEPA, 2009 ) 
c Department of Environment ( Department of Environment, Peoples’ Republic of Bangladesh, 1997 ) 
d Canadian Council of Ministers of the Environment Canadian Council of Ministers of the Environment, 2007 
e DPHE = Department of Public Health Engineering ( Department of Public Health Engineering, 2021 ) 

6
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Table 4 

Correlation matrix among the physicochemical and toxicological parameters 

Correlations 

Parameters Temp pH EC TDS TSS Chloride Alkalinity Total hardness Salinity Fe Mn Pb Cd Co Zn Ag Ni Cu 

Temp 1 

pH -0.161 1 

EC -.510 ∗ 0.063 1 

TDS 0.236 -0.352 -0.579 ∗ ∗ 1 

TSS -0.003 0.369 0.215 -0.086 1 

Chloride -0.181 0.26 0.183 -0.181 0.186 1 

Alkalinity -0.401 0.345 0.628 ∗ ∗ -0.297 0.309 -0.164 1 

Total hardness -0.184 0.055 0.335 0.082 0.436 -0.225 0.553 ∗ 1 

Salinity -0.2 0.27 0.222 -0.173 0.21 0.995 ∗ ∗ -0.112 -0.183 1 

Fe 0.259 -0.3 -0.520 ∗ 0.646 ∗ ∗ -0.129 0.005 -0.480 ∗ -0.011 -0.006 1 

Mn 0.102 0.18 0.011 -0.298 0.413 -0.148 0.235 0.414 -0.161 -0.156 1 

Pb -0.003 -0.136 -0.064 0.08 -0.098 0.376 -.549 ∗ -0.17 0.36 0.455 ∗ -0.152 1 

Cd 0.466 ∗ -0.126 -0.4 0.604 ∗ ∗ 0.076 0.076 -0.405 -0.002 0.075 0.277 -0.298 0.091 1 

Co -0.043 -0.25 -0.178 -0.142 -0.057 -0.343 0.034 -0.074 -0.386 -0.02 0.378 -0.318 -0.448 ∗ 1 

Zn 0.239 -0.18 -0.097 -0.038 0.276 .448 ∗ -0.315 -0.114 0.433 0.101 0.301 0.171 -0.023 0.056 1 

Ag -0.113 -0.089 0.005 -0.095 -0.093 0.334 -0.17 -0.111 0.295 0.242 0.151 0.34 -0.285 0.185 0.048 1 

Ni 0.081 -0.308 0.012 -0.01 -0.153 0.098 -0.494 -0.162 0.085 0.18 -0.037 0.885 ∗ ∗ 0.053 -0.286 0.12 0.061 1 

Cu 0.202 0.316 -0.291 -0.088 0.552 ∗ -0.045 -0.04 0.168 -0.058 0.173 0.681 ∗ ∗ -0.064 -0.081 0.278 0.493 ∗ -0.093 -0.263 1 

‘ ∗ ’ Mean correlation is significant at the 0.05 level. 

‘ ∗ ∗ ’ Mean correlation is significant at the 0.01 level. 

w  

a

 

a  

e  

e  

s  

d  

m  

t  

i

 

s  

l

 

a  

r  

t  

c

 

C  

p  

a

 

b  

G  

d  

t

5

 

t  

P  

S  

m  

0  

b  

w  

c  

d  

2  

f  

<  

b  

e  

b  

l  

o  

C  

c  

T  

c  

c  

a  

h  

s

5

 

t  

H  

N  

c  

m  

e  

m  

r  

s  

l  

t  

l

 

w  

l  

w  

r  

a  

t  

c

 

s  
aste. Once cadmium is released into the air, it spreads with the wind

nd settles onto the ground or surface water as dust. 

The cobalt (Co) concentration ranged from 0.006-0.959 mg/L with

verage value of 0.1566 mg/L ( Table 3 ). Co probably stems from car

mission and runoff from roads, vehicle garages, and cars washing efflu-

nts. Heavy metals can also enter pond water from a variety of sources,

uch as bedrocks and soils, decomposing dead organic matter, and from

ifferent human activities. Copper, chromium, nickel, and zinc are trace

etals that may occur in significant quantities in the bedrock. Concen-

rations in rock range from about 10.0 to 100.0 mg/kg. Concentrations

n soil are similar. 

Mean concentration of silver (Ag) was higher than the DPHE

tnadard for health and CCME permissible limit set for fish and aquatic

ife ( Table 3 ). 

Mean nickel (Ni) concentration was 0.0554 mg/L ( Table 3 ). Nickel

nd its compounds are naturally present in the Earth’s crust and are

eleased to the environment from geogenic sources as well as from an-

hropogenic activities. Burning of fuel, municipal incineration, and coal

ombustion may be responsible for high contents of Ni in the area. 

Zinc contents for all sampling ponds were much higher than the

CME standard limit set for aquatic life and fish (0.007 mg/L). Cop-

er (Cu) content was not exceeded any of the standards set for health

nd aquatic live ( Table 3 ). 

In general, the surface water quality deterioration of this area can

e caused by a combination of anthropogenic and geogenic sources.

eogenic contamination is defined as the exceeding thresholds (e.g.,

rinking water guidelines) in the aquifer without direct or indirect an-

hropogenic influence ( Grützmacher et al., 2013 ). 

.1. Correlation between contaminants 

Pearson’s correlation ( r ) was used to study linear relationships be-

ween the various contaminants. Significance levels were established at

 < 0.01 and P < 0.05 level ( Ahmed et. al., 2013 ; Molla et al., 2015 ).

trong correlation may be indicated by r ˃ 0.7, moderate correlation

ay be at hand for r between 0.4 and 0.7, and weak correlation up to

.3 ( Popoola et al., 2019 ; Saleem et al., 2012 ). The Pearson correlation

etween physicochemical and toxicological parameters of assessed pond

ater samples is shown in Table 4 . The correlation can indicate geo-

hemical relationships or common pollution sources as well as mutual

ependences or identical behavior in the transport process ( Sisira et al.,

018 , Leventeli and Yalcin, 2021 ). Significant positive correlations were
7 
ound between EC and alkalinity at P < 0.01, between TDS and Cd at P

 0.01, TSS and Cu at P < 0.05; strong positive correlation was found

etween chloride and salinity at P < 0.01. Total alkalinity was mod-

rately correlated with total hardness. Positive correlation was found

etween Fe and Pb at P < 0.05, Mn with Cu, and Pb had strong corre-

ation with Ni at P < 0.01. Parameters that correlated positively with

ne another including TDS showed moderate correlation with Fe and

d, pH with alkalinity and TSS, and TSS with TH. Chloride was strongly

orrelated with salinity. Alkalinity was moderately correlated with TH;

H with Mn; salinity with Pb, Fe with Pb; Mn with Cu; Pb had strong

orrelation with Ni; and Zn was moderately correlated with Cu. High

orrelation between metals indicates common sources of pollution such

s car emissions, runoff from roads and parking areas, municipal and

ousehold waste, transport of hazardous goods, and runoff from road-

ide soil as well as geogenic sources ( Zhao et al., 2017 ). 

. 

.2. Spatial distribution analysis 

GIS was used to improve the understanding of the spatial distribu-

ion of the three different water quality indices ( Adnan and Iqbal, 2014 ;

onarbakhsh et al., 2019 ; Maliqi and Penev, 2019 ; Munna et al., 2015 ;

akagawa et al., 2019 ). Kriging method in SURFER (version, 22), and

olor method of QGIS (version 2.18.2) were used to create contour layer

aps as spatial distribution for the different water quality indices. How-

ver, due to the fact that samples from the pond water represent point

easures, it should be noted that the spatially contour maps in Fig. 2 - 4

epresent a fictious spatial distribution of pollutants and indices. The

patial maps should be interpreted as indicative of the general pollutant

oad for an area close to the ponds resulting from a multitude of pollu-

ion sources rather than exact pollution distribution over the water and

and surfaces. 

The WQI was calculated from physicochemical parameters ( Table 2 )

hereas MI , and Cd were calculated from toxicological heavy metal pol-

utants ( Table 3 ) using the WHO standards. The metal contamination

as very high in the study area and MI and Cd exceeded the maximum

ecommended limits. Table 5 shows the calculated values of WQI, MI ,

nd Cd based on analyzed physicochemical and toxicological parame-

ers. The spatial distribution of different pond water quality indices was

arried out with respect to calculated value of WQI, MI , and Cd . 

For WQI it can be concluded that the north-western region of the

tudy area has the highest pollution levels Fig. 2 ). Again, it should be
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Fig. 2. Spatial distribution of Water Quality Index ( WQI ). 

Table 5 

Calculated values of Water quality index ( WQI ), Metal index ( MI ), and Contamination index ( Cd ) 

Sample ID Water quality index ( WQI ) Metal Index ( MI ) Contamination Index ( C d ) Pollution status 

S-1 3.737 12.319 4.319 Highly polluted 

S-2 3.375 11.501 3.501 Highly polluted 

S-3 3.432 21.548 13.548 Highly polluted 

S-4 2.290 12.094 4.094 Highly polluted 

S-5 3.014 14.299 6.299 Highly polluted 

S-6 3.335 7.885 -0.115 Highly polluted 

S-7 3.321 14.272 6.272 Highly polluted 

S-8 3.373 12.386 4.386 Highly polluted 

S-9 1.589 10.462 2.462 Highly polluted 

S-10 3.703 8.269 0.269 Highly polluted 

S-11 3.701 9.031 1.031 Highly polluted 

S-12 3.620 11.972 3.972 Highly polluted 

S-13 5.122 10.450 2.450 Highly polluted 

S-14 5.273 7.809 -0.191 Highly polluted 

S-15 5.010 21.536 13.199 Highly polluted 

S-16 3.295 12.536 4.536 Highly polluted 

S-17 2.462 10.447 2.447 Highly polluted 

S-18 3.127 26.226 18.226 Highly polluted 

S-19 2.330 26.280 18.280 Highly polluted 

S-20 2.101 25.556 17.556 Highly polluted 

e  
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fi  

a  

b  

p  

s  

n  

i

 

w  

t  

(  

i  

p  
mphasized that the point measures represent individual ponds, not land

reas between the ponds. The ponds in this more polluted area are lo-

ated close to local bazars, shops, and a railway station with many land-

lls and garbage dumps including municipal waste. Some agricultural

reas are also associated with the adjacent ponds in this area. Proba-

ly these are the main pollution sources responsible for increasing the

hysicochemical pollutants and hence WQI . The lowest WQI is in the

outh and south-eastern parts of the area. In some cases, the ponds were
8 
ot directly associated with household areas. Lower WQI for ponds here

s due to a more remote location from residential areas. 

The spatial distribution of MI indicates that the south-east and south-

estern region of the study area are stands out with a very high pollu-

ion pressure. There is an individual high value in a north-western pond

 Fig. 3 ). However, it should be noted that the high metal concentrations

n the pond water can be both geogenic and anthropogenic. The anthro-

ogenic sources of metals and MI index in ponds of this area are prob-
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Fig. 3. Spatial distribution of Metal Index ( MI ). 

Fig. 4. Spatial distribution of Contamination Index ( C d ). 
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bly due to vehicle emissions combined with a multitude of small-scale

ndustry such as car workshops, vehicle cleaning facilities, bus, truck,

nd car terminals, auto CNG (compressed natural gas) stations situated

eside the ponds. In general, heavy traffic and the transport sector prob-

bly have a significant impact on pond metal pollution ( Adewoyin et al.,

013 ). Transport networks passing through environmentally sen-

itive areas can be considered as a potential pollution source

 Yannopoulos et al., 2013 ). Thus, it can be concluded that the ponds

f this area are seriously polluted by heavy metals, and this threatens

he health of pond water users. 

The spatial distribution of Cd , follows the same trend as for MI .

gain, the south and south-eastern region of the area is most polluted

nd a high value in a north-western pond. In general, the central, north-

est region, and small area of south reagion is associated with lower Cd

 Fig. 4 ). Both Cd and MI include metal variables, and thus, should dis-

lay a high similarity. Therefore, also contamination sources of this area,

re similar as for the MI including both geogenic and anthropogenic

ources. It is, however, expected that car emissions and vehicle washing

aste contribute to the high metal pollution of affected ponds. Different

ypes of pollution sources such as leachate from landfills, small industry

astewater and stormwater, and agricultural runoff contribute to the

igh metal pollution load and then Cd . Probably all these sources are

ontributing to the high metal contamination level ( Zhao et al., 2017 ).

t appears that the pollution indices increase with distance from the ma-

or river. This is probably due to that pond water has less ability to dilute

he pollution as compared to the large river flow. Chemical fertilizers

re widely used in modern agriculture, to improve crop yield. Nutrient

eakage from agricultural soil into pond water causes eutrophication.

igh water temperature, oxygen concentration, basic pH, and hardness

ncreases the heavy metal toxicity ( Roosmini et al., 2010 ). Besides the

ollution from industrial effluents, urban, and agricultural waste, may

ause high levels of toxicity in some pond water ( Samad et al., 2015 ). 

. Conclusions 

The main objective of this study was to improve the knowledge on

he pollution status of road-side pond water with the determination of

hysiochemical and toxicological parameters and representative water

ollution indices. Thus, a geospatial analysis of pond water quality was

erformed with GIS software. Water quality indices and spatial analyses

rovided useful information for pond water quality assessment. The pH

or the entire study area exceeded the maximum allowable WHO limit

or health risk and other recommended standards. 

Among the metals Cu, Cr, and Zn were within acceptable limits of

oE, WHO, DPHE, and USEPA standards for health risk but Zn exceeded

he CCME standard set for fish and aquatic life. Water contents of Fe,

n, Pb, and Cd were much higher than recommended standards of DoE,

HO, and DPHE. It is evident that many of the urban ponds are highly

olluted by especially metals and this was confirmed by the MI and C d 

ndices that ponds in the entire study area are not suitable to use for

omestic purposes and fish production. Health authorities are respon-

ible to prohibit the use of the polluted water by residents and to limit

urther pollution release to the ponds. 

This pioneering study in the investigated area should, thus, can

e used to inform local authorities like managers and decisionmak-

rs about the urgent needs to improve the water quality of the ponds

sed for fish production and different household activities. It is of

aramount importance to develop adequate policies and concrete mea-

ures to control the pond water pollution. Reduction and removal of

eavy metals are probably a priority to limit negative health effects.

echniques like phyto-remediation may be a possible way forward here.

s well, traditional treatment techniques are necessary for water used

omestic purpose and fish production. Furthermore, the results ob-

ained in this study provide a useful reference for future monitoring

rograms. 
10 
eclaration of competing interest 

The authors declare that they have no known competing financial

nterests or personal relationships that could have appeared to influence

he work reported in this paper. 

cknowledgement 

The authors express gratitude to the “Jashore University of Science

nd Technology ”, Bangladesh and the Bangladesh Council of Scientific

nd Industrial Research (BCSIR) of Dhaka, Bangladesh, for measuring

eavy metals by Atomic Absorption Spectrophotometer (AAS). 

eferences 

bd El-Hamid, H.T., Hegazy, T.A., 2017. Evaluation of Water Quality Pollution Indices

for Groundwater Resources of New Damietta, Egypt. MOJ Ecology & Environmental

Sciences 2 (6), 263–266. doi: 10.15406/mojes.2017.02.00045 . 

bdullah, S., Iqbal, M.A., Fazil, M.I., 2010. Physico-chemical Analysis of the Fresh

Water at Kundalika Dam, Upli, Dist. Beed, (M.S.) India. Global Journal of Envi-

ronmental Research 4 (1), 01–05 https://citeseerx.ist.psu.edu/viewdoc/download?

doi = 10.1.1.414.1810&rep = rep1&type = pdf (Accessed 29 December 2021) . 

dewoyin, O.A., Hassan, A.T., Aladesida, A.A., 2013. The impacts of auto-mechanic

workshops on soil and groundwater in Ibadan metropolis. African Journal of Envi-

ronmental Science and Technology 7 (9), 891–898. doi: 10.5897/AJEST2013.1462 ,

C02402F18374 . 

dnan, S., Iqbal, J., 2014. Spatial analysis of the groundwater quality in the Peshawar dis-

trict, Pakistan. Procedia Engineering 70, 14–22. doi: 10.1016/j.proeng.2014.02.003 ,

2021 (accessed 22 June 2021) . 

fshan, S., Ali, S., Ameen, U.S., Farid, M., Bharwana, S.A., Hannan, F., Ah-

mad, R., 2014. Effect of Different Heavy Metal Pollution on Fish. Re-

search Journal of Chemical and Environmental Sciences 2 (2), 35–40.

http://www.aelsindia.com/rjcesapril2014/4.pdf (Accessed 29 December 2021) . 

hmed, F., Aziz, M.A., Alam, M.J., Hakim, M.A., Khan, M.A.S., Rahman, M.A.,

2015. Impact on Aquatic Environment for Water Pollution in the Vhairab

River. The International Journal of Engineering and Science 4 (8), 56–62.

https://www.theijes.com/papers/v4-i8/Version-2/H0482056062.pdf (Accessed 

29 December 2021) . 

hmed, J., Uddin, M.N., Islam, M.N., Islam, M.S., Islam, M.F., 2013. Physic-

ochemical assessment of soil pollutants due to the ship breaking activi-

ties and its impact on the coastal zone of Chittagong, Bangladesh. Euro-

pean Chemical Bulletin 2 (12), 975–980. doi: 10.17628/ECB.2013.2.975 .

https://epa.oszk.hu/02200/02286/00022/pdf/EPA02286_european_chemical_ 

bulletin_2013_12_0975-0980.pdf (Accessed 29 December 2021) . 

hmed, M.T., Woobaidullah, A.S.M., Quamruzzaman, C., Hossain, R., Islam, S.,

Mehnaz, N., 2019. The Evaluation of Hydrogeological Condition: A Case Study

on Jessore Sadar, Bangladesh. International Journal of Emerging Technology

and Advanced Engineering 9 (6), 17–26. https://ijetae.com/files/Volume9Issue6/

IJETAE_0619_04.pdf (Accessed 29 December 2021) . 

kram, S., Rehman, F., 2018. Hardness in Drinking-Water, its Sources, its Effects on Hu-

mans and its Household Treatment. Journal of Chemistry and Applications 4 (1),

4 https://www.avensonline.org/fulltextarticles/JCAP-2380-5021-04-0009.html (Ac-

cessed 29 December 2021) . 

kter, T., Jhohura, F.T., Akter, F., Chowdhury, T., Mistry, S.K., Dey, D., Barua, K., Is-

lam, M.A., Rahman, M., 2016. Water Quality Index for measuring drinking water

quality in rural Bangladesh: a cross-sectional study. Journal of Health, Population

and Nutrition 35 (4), 4. doi: 10.1186/s41043-016-0041-5 . 

nsari, F., 2012. Jassore Sadar Upazila. Banglapedia: National Encyclopedia of

Bangladesh, 2nd Asiatic Society of Bangladesh https://en.banglapedia.org/index.

php?title = Jessore_Sadar_Upazila . 

yers, J.C., George, G., Fry, D., worth, L.B., Wilson, C., Auerbach, L., Roy, K.,

Karim, M.R., Akter, F., Goodbred, S., 2017. Salinization and arsenic contamina-

tion of surface water in southwest Bangladesh. Geochemical Transactions 18 (4), 4.

doi: 10.1186/s12932-017-0042-3 . 

akan, G., Boke Ozkoc, H., Tulek, S., Cuce, H., 2010. Integrated environmental qual-

ity assessment of K ı z ı l ı rmak River and its coastal environment. Turkish Jour-

nal of Fisheries and Aquatic Sciences 10, 453–462. doi: 10.4194/trjfas.2010.0403 ,

https://www.trjfas.org/uploads/pdf_410.pdf (Accessed 29 December 2021) . 

angladesh Population Census 2011, Jashore Sadar Upazila. https://en.wikipedia.org/

wiki/Jessore_Sadar_Upazila , 2021 (accessed 15 June 2021). 

hat, S.A., Pandit, A.K., 2014. Surface Water Quality Assessment of Wular Lake, A Ramsar

Site in Kashmir Himalaya, Using Discriminant Analysis and WQI. Journal of Ecosys-

tems 2014, 724728. doi: 10.1155/2014/724728 , 2021 (accessed 18 June 2021) . 

rown, R.M., McClelland, N.I., Deininger, R.A., O’Connor, M.F., 1972. A Water Qual-

ity Index — Crashing the Psychological Barrier. In: Thomas, W.A. (Ed.), Indicators

of Environmental Quality, Environmental Science Research, 1. Springer, Boston, MA

https://doi.org/10.1007/978-1-4684-2856-8_15 . 

 2007. Canadian Water Quality Guidelines for the Protection of Aquatic

Life. Canadian Council of Ministers of the Environment, p. 1999

http://registry.mvlwb.ca/Documents/MV2011L2-0004/8.%20MV2011L2-0004%20- 

%20Snap%20Lake%20-%20GNWT_Techncial_Report_Appendix_1-04.pdf . 

https://doi.org/10.15406/mojes.2017.02.00045
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.414.181013rep=rep113type=pdf
https://doi.org/10.5897/AJEST2013.1462
https://doi.org/10.1016/j.proeng.2014.02.003
http://www.aelsindia.com/rjcesapril2014/4.pdf
https://www.theijes.com/papers/v4-i8/Version-2/H0482056062.pdf
https://doi.org/10.17628/ECB.2013.2.975
https://epa.oszk.hu/02200/02286/00022/pdf/EPA02286_european_chemical_bulletin_2013_12_0975-0980.pdf
https://ijetae.com/files/Volume9Issue6/IJETAE_0619_04.pdf
https://www.avensonline.org/fulltextarticles/JCAP-2380-5021-04-0009.html
https://doi.org/10.1186/s41043-016-0041-5
https://www.en.banglapedia.org/index.php?title=Jessore_Sadar_Upazila
https://doi.org/10.1186/s12932-017-0042-3
https://doi.org/10.4194/trjfas.2010.0403
https://www.trjfas.org/uploads/pdf_410.pdf
https://en.wikipedia.org/wiki/Jessore_Sadar_Upazila
https://doi.org/10.1155/2014/724728
https://doi.org/10.1007/978-1-4684-2856-8_15
http://www.registry.mvlwb.ca/Documents/MV2011L2-0004/8.\04520MV2011L2-0004\04520-\04520Snap\04520Lake\04520-\04520GNWT_Techncial_Report_Appendix_1-04.pdf


M.S. Islam, K. Nakagawa, M. Abdullah-Al-Mamun et al. Environmental Challenges 6 (2022) 100434 

C  

 

 

C

C  

D  

 

D  

 

E  

 

E  

 

 

D  

 

C  

G  

 

 

 

G  

 

 

G  

 

 

H  

H  

 

H  

 

 

H  

 

H  

 

 

H  

 

H  

 

 

 

H  

H  

 

 

,  

 

J  

 

J  

 

K  

 

 

K  

 

 

K  

 

L  

 

 

M  

 

M  

 

 

M  

 

 

M  

 

 

N  

 

O  

 

 

P  

 

P  

 

P  

R  

 

R  

 

 

S  

 

 

S  

 

 

S  

 

 

S  

 

 

 

S  

 

 

S  

S  

 

 

S  

 

 

S  

 

S  

 

S  
astine, S.A., Bogard, J.R., Barman, B.K, Karim, M., Hossain, M.M., Kunda, M.,

Haque, A.B.M.M., Phillips, M.J., Thilsted, S.H., 2017. Home stead pond poly-

culture can improve access to nutritious small fish. Food Security 9, 785–801.

doi: 10.1007/s12571-017-0699-6 . 

hisholm, H. , 1911. Jashore Encyclopædia Britannica, 11th Cambridge University Press . 

leseeri, L. S., Greenberg, A. E., Eaton, A. D., 1989, American Public Health Association,

17th ed., Washington DC. 

epartment of Public Health Engineering, 2021. Water Quality Parameters Bangladesh

Standards & WHO Guidelines. Department of Public Health Engineering, Bangladesh

http://old.dphe.gov.bd/index.php?option = com_content&view = article&id = 125& 

Itemid = 133 accessed 7 June 2021 . 

wivedi, A.K., 2017. Research in water in water pollution: A review. Inter-

national Research Journal of Natural and Applied Sciences 4, 118–141.

doi: 10.13140/RG.2.2.12094.08002 . 

lhdad, A.M.A., 2019. Assessment of Surface Water Quality, Raw versus Treated, for

Different Uses at Dakahlia Governorate Egypt. Egypt. J. Chem. 62 (6), 1117–1129.

doi: 10.21608/EJCHEM.2019.6975.1582 . 

l-Shafei, H.M., 2016. Assessment of some water quality characteristics as guide-

lines for the management of pond fish culture in Lake Manzala. Egypt.

International Journal of Fisheries and Aquatic Studies. 4 (2), 416–420.

https://www.fisheriesjournal.com/archives/2016/vol4issue2/PartF/4-1-69.1.pdf . 

2021 (accessed 6 June 2021) . 

epartment of Environment, Peoples’ Republic of Bangladesh, 1997. Environmen-

tal Conservation Rules, 1997. https://www.elaw.org/system/files/Bangladesh+–+

Environmental+Conservation+Rules,+1997.pdf (Accessed 31 December 2021). 

limate-data.org, 2019. https://en.climate-data.org/asia/bangladesh/khulna-division/

jessore-31710/ , 2021 (Accessed 18 August 2021). 

aikwad, S.S., Chavan, P.P., Kamble, N.A., 2016. Surface water quality of the

river Krishna, Sangli District, Maharashtra. Octa Journal of Environmental Re-

search 4 (2), 167–177 http://www.ipindexing.com/journal-article-file/12167/

Surfacewaterqualityoftheriverkrishnasanglidistrictmaharashtraindia (Accessed 29

December 2021) . 

oher, M.E., Hassan, A.M., Abdel-Moniem, I.A., Fahmy, A.H., El-Sayed, S.M., 2014.

Evaluation of surface water quality and heavy metal indices of Ismailia Canal,

Nile River, Egypt. The Egyptian Journal of Aquatic Research 40 (3), 225–233.

doi: 10.1016/j.ejar.2014.09.001 , 2021 (accessed 18 June 2021) . 

rützmacher, G., Kumar, P.J.S., Rustler, M., Hannappel, S., Sauer, U., 2013. Geogenic

groundwater contamination – defi nition, occurrence and relevance for drink-

ing water production. Zentralblatt für Geologie und Paläontologie, Teil I 1, 69–

75 http://www.hydor.de/downloads/PDF/veroeffentlichungen2015/Gruetzmacher_

et_al_2013.pdf (Accessed 29 December 2021) . 

alder, J.N., Islam, M.N., 2015. Water Pollution and its Impact on the Human Health.

Journal of Environment and Human 2 (1), 36–46. doi: 10.15764/EH.2015.01005 . 

amaidi ‑Chergui, F., Errahmani, M.B., 2019. Water quality and physicochemical param-

eters of outgoing waters in a pharmaceutical plant. Applied Water Science 9, 165.

doi: 10.1007/s13201-019-1046-1 . 

asan, M.M., Ahmed, M.S., Adnan, R., Shafiquzzaman, M., 2020. Water quality indices to

assess the spatiotemporal variations of Dhaleshwari river in central Bangladesh. En-

vironmental and Sustainability Indicators 8, 1–13. doi: 10.1016/j.indic.2020.100068 ,

100068 2021 (accessed 18 June 2021) . 

aseena, M., Malik, M.F., Javed, A., Arshad, S., Asif, N., Zulfiqar, S., Hanif, J., 2017. Water

pollution and human health. Environmental Risk Assessment and Remediation 1 (3),

16–19. doi: 10.4066/2529-8046.100020 . 

onarbakhsh, A., Azma, A., Ostovari, Y., Mousazadeh, M., Eftekhari, M., 2019. Hydro-

chemical assessment and GIS-mapping of groundwater quality parameters in semi-arid

regions. Journal of Water Supply: Research and Technology —Aqua 68 (7), 509–522.

doi: 10.2166/aqua.2019.009 . 

ori, M., Shozugawa, K., Sugimori, K., Watanabe, Y., 2021. A survey of monitoring tap

water hardness in Japan and its distribution patterns. Scientific Reports 11, 13546.

doi: 10.1038/s41598-021-92949-8 . 

ossain, F., Islam, M.A., Al-Mamun, A., Naher, K., Khan, R., Das, S., Tamim, U.,

Hossain, S.M., Nahid, F., Islam, M.A., 2016. Assessment of Trace Contaminants

in Sediments of the Poshur River Nearby Mongla Port of Bangladesh. Nuclear

Science and Applications 25 (1&2), 7–11 http://baec.portal.gov.bd/sites/default/

files/files/baec.portal.gov.bd/page/1f00cd0e_737d_4e2e_ab9f_08183800b7a2/2 = 
2504-F.pdf (Accessed 29 December 2021) . 

orton, R.K. , 1965. An index number system for rating water quality. J Water Pollut

Control Federation 373, 303–306 . 

ossain, S.M.S., Haque, M.E., Pramanik, M.A.H., Uddin, M.J., Al Harun, M.A.Y.,

2020. Assessing the groundwater quality and health risk: A case study on Setab-

ganj sugar mills limited, Dinajpur, Bangladesh. Water Science 34 (1), 110–123.

doi: 10.1080/11104929.2020.1790184 . 

 1998. List of threatened animals of Bangladesh. In: Special workshop on Bangladesh Red

Book of Threatened Animals, 2. International Union for Conservation of Nature, p. 13

https://portals.iucn.org/library/sites/library/files/documents/RL-549.3-003-v.1.pdf 

2021 (accessed 7 June 2021 . 

ahan, S., Strezov, V., 2017. Water quality assessment of Australian ports using wa-

ter quality evaluation indices. Plos One 12 (12), e0189284. doi: 10.1371/jour-

nal.pone.0189284 . 

aishankar, M., Tseten, T., Anbalagan, N., Mathew, B.B., Beeregowda, K.N., 2014. Toxic-

ity, mechanism and health effects of some heavy metals. Interdisciplinary Toxicology

7 (2), 60–72. doi: 10.2478/intox-2014-0009 . 

han, A.S., Hakim, A., Waliullah Rahman, M., Mandal, B.H., Mamun, A.A., Ahamed, F.,

2019. Seasonal water quality monitoring of the Bhairab River at Noapara industrial

area in Bangladesh. SN Applied Sciences 1, 586. doi: 10.1007/s42452-019-0583-4 ,

2021 (accessed 13 June 2021) . 
11 
hoshnam, Z., Sarikhani, R., Dehnavi, A.G., Ahmadnejad, Z., 2017. Evaluation of Water

Quality Using Heavy Metal Index and Multivariate Statistical Analysis in Lorestan

Province, Iran. Journal of Advances in Environmental Health Research 5 (1), 29–37.

doi: 10.22102/JAEHR.2017.47756 . 

ükrer, S., Mutlu, E., 2019. Assessment of surface water quality using water quality index

and multivariate statistical analyses in Saraydüzü Dam Lake, Turkey. Environmental

Monitoring and Assessment 191, 71. doi: 10.1007/s10661-019-7197-6 . 

orestani, B., Merrikhpour, H., Cheraghi, M., 2020. Assessment of heavy metals con-

centration in groundwater and their associated health risks near an industrial

area. Environmental Health Engineering and Management Journal 7 (2), 67–77.

doi: 10.34172/EHEM.2020.09 . 

aliqi, E., Penev, P., 2019. Spatial representation of surface water monitoring and its

assessment using geostatistical and non-geostatistical techniques in GIS. Geodesy and

Cartography 45 (4), 177–189. doi: 10.3846/gac.2019.8590 . 

irza, A.T.M., Rahman, T., Paul, M., Bhoumik, N., Hassan, M., Alam, M.K., Aktar, Z., 2020.

Heavy metal pollution assessment in the groundwater of the Meghna Ghat industrial

area, Bangladesh, by using water pollution indices approach. Applied Water Science

10, 186. doi: 10.1007/s13201-020-01266-4 . 

olla, M.M.A., Saha, N., Salam, S.M.A., Rakib-uz-Zaman, M., 2015. Surface and ground-

water quality assessment based on multivariate statistical techniques in the vicinity of

Mohanpur, Bangladesh. International Journal of Environmental Health Engineering

4 (1), 18. doi: 10.4103/2277-9183.157717 . 

unna, G.M., Numan-Al-Kibriya Nury, A.H., Islam, S., Rahman, H., 2015. Spa-

tial Distribution Analysis and Mapping of Groundwater Quality Parameters for

the Sylhet City Corporation (SCC) Area Using GIS. Hydrology 3 (1), 1–10.

doi: 10.11648/j.hyd.20150301.11 . 

akagawa, K., Amano, H., Berndtsson, R., Takao, Y., Hosono, T., 2019. Use of sterols to

monitor surface water quality change and nitrate pollution source. Ecological Indica-

tors 107, 105534. doi: 10.1016/j.ecolind.2019.105534 . 

jekunle, O.Z., Ojekunle, O.V., Adeyemi, A.A., Taiwo, A.G., Sangowusi, O.R., Taiwo, A.M.,

Adekitan, A.A., 2016. Evaluation of surface water quality indices and ecological

risk assessment for heavy metals in scrap yard neighborhood. Springer Plus 5, 560.

doi: 10.1186/s40064-016-2158-9 . 

onnusamy, S.K., Bhutiani, R., Vishwavidyalaya, G., 2020. Analysis of Water Pollution

Using Different Physicochemical Parameters: A Study of Yamuna River. Frontiers in

Environmental Science 8, 581591. doi: 10.3389/fenvs.2020.581591 . 

opoola, L.T., Yusuf, A.S., Aderibigbe, T.A., 2019. Assessment of natural groundwater

physico-chemical properties in major industrial and residential locations of Lagos

metropolis. Applied Water Science 9, 191. doi: 10.1007/s13201-019-1073-y . 

ressley, H. , 1991. Effects of Transportation on Storm water Runoff and Receiving Water

Quality. Washington State Department of Ecology, p. 2nd ed . 

ossi, L., Fankhauser, R., Chevre, N., 2006. Water quality for total suspended solids (TSS)

in urban Wet- weather discharges. Water Science and Technology 54 (6-7), 355–362.

doi: 10.2166/wst.2006.623 . 

oosmini, D., Andarani, P., Nastiti, A., 2010. Heavy Metals (Cu and Cr) Pollution from

Textile Industry in Surface Water and Sediment (Case Study: Cikijing River, West Java,

Indonesia). The 8th International Symposium on Southeast Asian Water Environment

https://www.researchgate.net/publication/275649478 . 

alam, S., Mollah, M., Tasnuva, A., Zaman, M., 2012. Physicochemical Evalua-

tion of Ground and Surface Water of Mohanpur Upazila of Rajshahi Dis-

trict. Journal of Environmental Science and Natural Resources 5 (2), 275–280.

doi: 10.3329/jesnr.v5i2.14830 . 

aleem, A., Dandigi, M.N., Vijay, K.K., 2012. Correlation-regression model for physico-

chemical quality of groundwater in the South Indian City of Gulbarga. African Jour-

nal of Environmental Science and Technology 6 (9), 353–364. doi: 10.5897/AJEST12.

047 . 

amad, M.A., Mahmud, Y., Adhikary, R.K., Rahman, S.B.M., Haq, M.S., Rashid, H., 2015.

Chemical Profile and Heavy Metal Concentration in Water and Freshwater Species

of Rupsha River Bangladesh. American Journal of Environmental Protection 3 (6),

180–186. doi: 10.12691/env-3-6-1 . 

arder, S., Uddin, M.N., Reza, M.S., Nasimul Jamil, A.H.M., 2017. Evaluation of Drink-

ing Water Quality in Jessore District, Bangladesh. IOSR Journal of Biotechnol-

ogy and Biochemistry 3 (4), 59–62 https://www.iosrjournals.org/iosr-jbb/papers/

Volume%203,%20Issue%204/Version-3/K0304035962.pdf (Accessed 29 December

2021) . 

awant, R.S., Patil, S.R., Godghate, A.G., Jadhav, S.D., 2013. Water Pollution Status

of Hiranyakeshi River from India. Global Journal of Science Frontier Research

13 (2), 41–49 https://globaljournals.org/GJSFR_Volume13/5-Water-Pollution-

Status-of-Hiranyakeshi.pdf (Accessed 29 December 2021) . 

awyer, C.N. , McCarty, P.L. , Parkin, G.F , 2000. Chemistry for Environmental Engineering.

Chemistry for Environmental Engineering, 4th McGraw-Hill, Inc., New York . 

eelro, M.A., Ansari, M.U., Manzoor, S.A, Abodif, A.M., Sadaf, A., 2020. Comparative

study of ground and surface water quality assessment using water quality index

(WQI) in model colony Malir, Karachi, Pakistan. Environmental Contaminants Re-

views (ECR) 3 (1), 4–12. doi: 10.26480/ecr.01.2020.04.12 . 

haibur, M.R., Anzum, H.M.M., Rana, M.S., Sarwar, S., 2019. Water Supply and San-

itation Status in Jashore Municipality, Bangladesh. Environmental and Biological

Research 1, 12–21 https://ebrjournal.site/wp-content/uploads/2021/01/2.-Molla-

Rahman-Shaibur-11-12-21-2019.pdf (Accessed 29 December 2021) . 

haibur, M.R., Hossain, M.S., Khatun, S., Tanzia, F.K.S., 2021. Assessment of drinking wa-

ter contamination in food stalls of Jashore Municipality, Bangladesh. Applied Water

Science. 11, 142. doi: 10.1007/s13201-021-01470-w . 

haibur, M.R. , Anzum, H.M.N. , Rana, M.S. , Khan, M.A.S. , 2012. Assessment of Supplied

Water Quality at Jessore Municipality (Pourashava), Bangladesh. Bangladesh Journal

of Environmental Research 10, 69–87 . 

harma, B., Tyagi, S., 2013. Simplification of Metal Ion Analysis in Fresh Water Samples

https://doi.org/10.1007/s12571-017-0699-6
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0019
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0019
http://old.dphe.gov.bd/index.php?option=com_content13view=article13id=12513Itemid=133
https://doi.org/10.13140/RG.2.2.12094.08002
https://doi.org/10.21608/EJCHEM.2019.6975.1582
https://www.fisheriesjournal.com/archives/2016/vol4issue2/PartF/4-1-69.1.pdf
https://www.elaw.org/system/files/Bangladesh+\205+Environmental+Conservation+Rules,+1997.pdf
https://en.climate-data.org/asia/bangladesh/khulna-division/jessore-31710/
http://www.ipindexing.com/journal-article-file/12167/Surfacewaterqualityoftheriverkrishnasanglidistrictmaharashtraindia
https://doi.org/10.1016/j.ejar.2014.09.001
http://www.hydor.de/downloads/PDF/veroeffentlichungen2015/Gruetzmacher_et_al_2013.pdf
https://doi.org/10.15764/EH.2015.01005
https://doi.org/10.1007/s13201-019-1046-1
https://doi.org/10.1016/j.indic.2020.100068
https://doi.org/10.4066/2529-8046.100020
https://doi.org/10.2166/aqua.2019.009
https://doi.org/10.1038/s41598-021-92949-8
http://baec.portal.gov.bd/sites/default/files/files/baec.portal.gov.bd/page/1f00cd0e_737d_4e2e_ab9f_08183800b7a2/2=2504-F.pdf
http://refhub.elsevier.com/S2667-0100(21)00408-X/optFKAavgladU
http://refhub.elsevier.com/S2667-0100(21)00408-X/optFKAavgladU
https://doi.org/10.1080/11104929.2020.1790184
https://portals.iucn.org/library/sites/library/files/documents/RL-549.3-003-v.1.pdf
https://doi.org/10.1371/journal.pone.0189284
https://doi.org/10.2478/intox-2014-0009
https://doi.org/10.1007/s42452-019-0583-4
https://doi.org/10.22102/JAEHR.2017.47756
https://doi.org/10.1007/s10661-019-7197-6
https://doi.org/10.34172/EHEM.2020.09
https://doi.org/10.3846/gac.2019.8590
https://doi.org/10.1007/s13201-020-01266-4
https://doi.org/10.4103/2277-9183.157717
https://doi.org/10.11648/j.hyd.20150301.11
https://doi.org/10.1016/j.ecolind.2019.105534
https://doi.org/10.1186/s40064-016-2158-9
https://doi.org/10.3389/fenvs.2020.581591
https://doi.org/10.1007/s13201-019-1073-y
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0058
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0058
https://doi.org/10.2166/wst.2006.623
https://www.researchgate.net/publication/275649478
https://doi.org/10.3329/jesnr.v5i2.14830
https://doi.org/10.5897/AJEST12.\penalty -\@M 047
https://doi.org/10.12691/env-3-6-1
https://www.iosrjournals.org/iosr-jbb/papers/Volume\045203,\04520Issue\045204/Version-3/K0304035962.pdf
https://globaljournals.org/GJSFR_Volume13/5-Water-Pollution-Status-of-Hiranyakeshi.pdf
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0066
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0066
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0066
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0066
https://doi.org/10.26480/ecr.01.2020.04.12
https://ebrjournal.site/wp-content/uploads/2021/01/2.-Molla-Rahman-Shaibur-11-12-21-2019.pdf
https://doi.org/10.1007/s13201-021-01470-w
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0069
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0069
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0069
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0069
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0069


M.S. Islam, K. Nakagawa, M. Abdullah-Al-Mamun et al. Environmental Challenges 6 (2022) 100434 

 

S  

 

 

S  

 

T  

 

T  

 

 

U  

 

 

 

I  

 

U  

 

 

V  

 

 

W  

 

 

W  

 

W  

 

Y  

 

 

 

L  

 

Z  

 

 

by Atomic Absorption Spectroscopy for Laboratory Students. Journal of Laboratory

Chemical Education 1 (3), 54–58. doi: 10.5923/j.jlce.20130103.04 . 

isira, S., Withanachchi Ghambashidze, G., Kunchulia, I., Urushadze, T., Ploeger, A., 2018.

Water Quality in SurfaceWater: A Preliminary Assessment of Heavy Metal Contami-

nation of the Mashavera River, Georgia. International Journal of Environmental Re-

search and Public Health 15 (4), 621. doi: 10.3390/ijerph15040621 . 

ong, J., Fan, H., Zhao, Y., Jia, Y., Du, X., Wang, B., 2008. Effect of salinity on germi-

nation, seedling emergence, seedling growth and ion accumulation of a euhalophyte

Suaeda salsain an intertidal zone and on saline inland. Aquatic Botany 88 (4), 331–

337. doi: 10.1016/j.aquabot.2007.11.004 . 

amasi, G., Cini, R., 2004. Heavy metals in drinking waters from Mount Amiata (Tuscany,

Italy). Possible risks from arsenic for public health in the Province of Siena. Science

of the Total Environment 327, 41–51. doi: 10.1016/j.scitotenv.2003.10.011 . 

chounwou, P.B., Yedjou, C.G., Patlolla, A.K., Sutton, D.J., 2012. Heavy Met-

als Toxicity and the Environment. In: Luch, A. (Ed.), Molecular, Clinical

and Environmental Toxicology. Experientia Supplementum 101, 133–164.

doi: 10.1007/978-3-7643-8340-4_6 . 

duma, A.U., Uduma, M.B., 2014. Physicochemical analysis of the quality of Sa-

chet water consumed in Kano metropolis. American Journal of Environment, En-

ergy and Power Research 2 (1), 1–10 http://www.ajeepr.com/AJEEPR_Vol.%202,

%20No.%201,%20January%202014/PHYSICOCHEMICAL.pdf (Accessed 29 Decem-

ber 2021) . 

nternational Programme on Chemical Safety, 2004. Manganese and its compounds : en-

vironmental aspects. Concise international chemical assessment document, 63. WHO,

Geneva . 

SEPA, 2009. National Primary Drinking Water Regulation Table, EPA 816-F-09-

004. United States Environmental Protection Agency https://www.epa.gov/sites/

default/files/2016-06/documents/npwdr_complete_table.pdf 2021 (accessed 16 June

2021) . 
12 
erma, S., Khan, J.B., 2015. Analysis of Water Quality by Physico-Chemical Parame-

ters in Fateh Sagar Talab in Bagar, Dist. of Jhunjhunu (Raj.), India. IOSR Journal of

Pharmacy and Biological Sciences 10 (5), 41–45 https://iosrjournals.org/iosr-jpbs/

papers/Vol10-issue5/Version-4/H010544145.pdf (Accessed 29 December 2021) . 

ithanachchi, S., Ghambashidze, G., Kunchulia, I., Urushadze, T., Ploeger, A., 2018. Wa-

ter Quality in Surface Water: A Preliminary Assessment of Heavy Metal Contamination

of the Mashavera River, Georgia. International Journal of Environmental Research

and Public Health 15 (4), 621. doi: 10.3390/ijerph15040621 . 

orld Health Organization, 1984. Guidelines for drinking-water quality: volume

1: recommendations. World Health Organization https://apps.who.int/iris/

handle/10665/252072 . 

orld Health Organization, 2008. Guidelines for Drinking-water Quality, third edition

incorporating the first and second addenda, 1. World Health Organization, Geneva

https://www.who.int/water_sanitation_health/dwq/fulltext.pdf . 

annopoulos, S., Basbasand, S., Giannopoulou, I., 2013. Water bodies pollu-

tion due to highways stormwater runoff: measures and legislative frame-

work. Global NEST Journal 15 (1), 85–92 https://journal.gnest.org/sites/

default/files/Journal%20Papers/85-92_711_Yannopoulos_15-1.pdf (Accessed 29

December 2021) . 

eventeli, Yasemin, Yalcin, Fusun, 2021. Data analysis of heavy metal content in riverwa-

ter: multivariate statistical analysis and inequality expressions. Journal of Inequalities

and Applications 2021, 14. doi: 10.1186/s13660-021-02549-3 . 

hao, H., Wang, X., Li, X., 2017. Quantifying Grain-Size Variability of Metal Pollutants in

Road Deposited Sediments Using the Coefficient of Variation. International Journal of

Environmental Research and Public Health 14 (8), 850. doi: 10.3390/ijerph14080850 .

https://doi.org/10.5923/j.jlce.20130103.04
https://doi.org/10.3390/ijerph15040621
https://doi.org/10.1016/j.aquabot.2007.11.004
https://doi.org/10.1016/j.scitotenv.2003.10.011
https://doi.org/10.1007/978-3-7643-8340-4_6
http://www.ajeepr.com/AJEEPR_Vol.\045202,\04520No.\045201,\04520January\045202014/PHYSICOCHEMICAL.pdf
http://refhub.elsevier.com/S2667-0100(21)00408-X/sbref0080
https://www.epa.gov/sites/default/files/2016-06/documents/npwdr_complete_table.pdf
https://iosrjournals.org/iosr-jpbs/papers/Vol10-issue5/Version-4/H010544145.pdf
https://doi.org/10.3390/ijerph15040621
https://apps.who.int/iris/handle/10665/252072
https://www.who.int/water_sanitation_health/dwq/fulltext.pdf
https://journal.gnest.org/sites/default/files/Journal\04520Papers/85-92_711_Yannopoulos_15-1.pdf
https://doi.org/10.1186/s13660-021-02549-3
https://doi.org/10.3390/ijerph14080850

	Is road-side fishpond water in Bangladesh safe for human use? An assessment using water quality indices
	1 Introduction
	2 Materials and methods
	2.1 Study area

	3 Sample collection and analyses
	4 Water quality indices
	4.1 Water Quality Index (WQI)
	4.2 Contamination index (Cd)
	4.3 Metal Index (MI)

	5 Results and discussion
	5.1 Correlation between contaminants
	5.2 Spatial distribution analysis

	6 Conclusions
	Declaration of competing interest
	Acknowledgement
	References


