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The study was conducted to determine the physical and chemical characteristics
and heavy metal contamination in water along with associated health risks in
Sangu and Matamuhuri rivers, located in the hilly watershed of south-eastern part
in Bangladesh. Water samples were collected from five selected locations of both
rivers during October, 2022 - September, 2023 and analyzed for pre-monsoon
(February — May, 2023), monsoon (June — September, 2023) and post-monsoon
(October, 2022 — January, 2023) seasons considering physical parameters
including temperature, electrical conductivity (EC), turbidity, total dissolved solid
(TDS), total suspended solid (TSS), and chemical parameters including pH,
dissolved oxygen (DO), biological oxygen demand (BOD), chemical oxygen
demand (COD) and chloride. For assessing health risk, the contamination factor
(CF), pollution load index (PLI), hazard quotient (HQ), and hazard index (HI)
were evaluated. Water quality index was higher than 100, indicates the water was
unsuitable for drinking. The mean concentration of heavy metals in water of Sangu
river showed the pattern as Fe > Mn > Zn > Pb > Cr > Ni > Cu > Hg > Co > Se >
Cd > Be, whereas for the Matamuhuri river as Fe > Mn > Pb > Zn > Cr > Ni > Cu
> Hg > Co > Se > Cd > Be during September, 2023. Fe and Pb concentrations
were found higher than the standard limit of inland surface water, suggested by
Department of Environment (DoE), Bangladesh. The CF values for Sangu river
ranged from 0.001 to 1.6 and for Matamuhuri river ranged from 0.003 to 3.9,
suggest low contamination. The PLI values (Sangu = 0.055, Matamuhuri = 0.084)
showed the pollution level not influenced by presence of less amount of heavy
metals. Cancer risk for adults in surface water showed low cancer risk (CR < 10°°)
for Cd, Cr, and Ph. The implications of these findings may help to raise awareness
among the river water users for keeping water in good condition and thereby
getting more ecosystem services.
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Introduction

Surface water resources particularly rivers worldwide
are now under increasing threats of pollution (Hossain,
2001; Chakrabarthi et al. 2013; Mul et al. 2015). The
reasons behind are the clearing of forest covers,
agricultural development and settlement that have been
increased globally over last several decades, and making
direct effect on watershed with its water resources in
terms of both quantity and quality (Rudra et al. 2023;
Hossain et al. 2021; Santos et al. 2018). Water quality
has paramount importance in both environmental and
economic aspects as the poor condition of water is not

only the indicator of environmental degradation but also
causes health hazards as well as severe economic losses
in all respects including domestic, industrial and
agricultural sector (Nabeela et al. 2014; Rakiba and
Ferdousi, 2013). Water resources are susceptible to
contamination because of its unique property to dissolve
and suspend a huge variety of chemicals generated from
various land use activities. So, surface water quality
monitoring in terms of physical and chemical
characteristics along with its heavy metal contamination
is very important for the protection of aquatic lives and
human health in order to understand the water quality of
river before using for any other purposes.

Int. J. Innov. Res. 9(1):1-17, 2024
© 2024 The Innovative Research Syndicate


http://www.irsbd.org/
mailto:rashidul@juniv.edu
https://link.springer.com/article/10.1007/s13201-020-01272-6#ref-CR42
https://link.springer.com/article/10.1007/s13201-020-01272-6#ref-CR44

Rudra & Alam

Several studies showed that surface water quality of
most of the rivers in Bangladesh is highly polluted day
by day (Hossain, 2001; Chakrabarthi et al. 2013;
Bhuiyan et al. 2015; DoE, 2018). Water quality of Halda
river in the south-eastern part of Bangladesh was
assessed by Islam et al. (2020), where temporal water
quality indexes were determined from three selected
stations by weighted arithmetic water quality index
based on several physical and chemical parameters
including temperature, transparency, total dissolved solid
(TDS), electrical conductivity (EC), pH, dissolved
oxygen (DO), biological oxygen demand (BOD),
calcium, total hardness, and total alkalinity; and found
that water quality was good to poor in different seasons.
Mustari and Afsana (2021) investigated the status of
water quality of Buriganga river, located in the north-
central region of the country considering various water
quality parameters such as temperature, pH, DO, BOD,
chemical oxygen demand (COD), TDS, total suspended
solid (TSS), alkalinity, EC and chloride during March,
2015 — February, 2016. This study revealed that the
water quality of Buriganga is not safe for aquatic life. A
study on temporal distribution of shellfish assemblages
along with water quality data in the Sangu river estuary
of Bangladesh carried out by Begum et al. (2020); and
found that ecological parameters mainly temperature,
salinity, transparency, dissolved oxygen and pH varied
with season to season (Begum et al. 2020).

As heavy metals are toxic and accumulate in
waterbodies, their contamination in aquatic habitats is a
serious concern (Hossain et al. 2020; Mondol et al. 2011;
Islam et al. 2015). Heavy metals are continually
discharged into aquatic systems from natural sources and
anthropogenic activities, posing a severe concern to fish
consumers including humans and other wildlife due to
their toxicity, bioaccumulation, long persistence and bio
magnification in the food chain (Gupta, 2017; Mehnaz et
al. 2022). Several studies revealed the presence of heavy
metals in river water (Dey et al. 2015; Ahmed et al.
2019; Islam et al. 2020) and suggested that regular
monitoring of heavy metals concentration in river water
is indispensable for protecting aquatic habitat and
lessening human health risk.

Sangu and Matamuhuri are the two main rivers of
Bandarban District of Chittagong Hill Tracts region in
Bangladesh. These river flow parallel from south to
north and are the major sources of upland freshwater
inflows to the south-eastern part of Bangladesh (Rudra et
al. 2023; Rasul et al., 2004). More than 80% of
Bandarban’s population are dependent on these two
major rivers for water. Both the rivers, once vibrant, are
now gradually deteriorating and posing a threat to
navigability and serious water scarcity, and subjected to
pollution simultaneously. Continued deforestation, hill
cutting, relentless stone extraction and shifting
cultivation are the main reasons behind which induces
flash flood and landslides in the study area, and thus,
responsible for increasing soil erosion, sedimentation in
the stream channels and causing deterioration of water
quality in the surrounding area (Hossain et al. 2021). It
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was reported that 1800 mounds of hill rocks and
boulders are collected daily from the upstream area of
Sangu-Matamuhuri watershed in Bandarban (The Daily
Star, 2018). The main causes of the deteriorating water
quality in this area are abrupt changes in land use and
land cover as well as poor tourism management (Hossain
et al. 2021, Islam et al. 2015).

However, a notable number of research has been
conducted on different rivers in the south-eastern part of
Bangladesh, and a very few researches were recorded in
Sangu and Matamuhuri rivers. Hence, this study was
designed to determine i) the physical and chemical
characteristics of water including temperature, electrical
conductivity, turbidity, TDS, TSS, pH, DO, BOD, COD
and chloride; ii) the heavy metal contamination in
surface water including Fe, Pb, Zn, Cd, Cr, Cu, Zn, Be,
Se, Ni, Co and Hg; and iii) human health risks (HHR) in
terms of contamination factor (CF), pollution load index
(PLI), hazard quotient (HQ), hazard index (HI) and
cancer risk (CR) of surface water in Sangu and
Matamuhuri rivers.

Materials and Methods
Study area

The study area is situated in the upstream of Sangu and
Matamuhuri rivers at Bandarban district of Chittagong
Hill Tracts (CHT’s), Bangladesh (Figure 1). Both the
rivers are located in the south-eastern part of Bangladesh
and run parallel throughout Bandarban district of CHT’s
in its upper parts and Chittagong and Cox’sbazar
districts in its lower parts. The watershed area of both
Sangu and Matamuhuri rivers was 310316.67 ha with the
Sangu watershed covering 212000.16 ha and
Matamuhuri watershed covering 98,316.51 ha (Rudra et
al. 2023). Sangu river originates in the Arakan hills of
Myanmar at 21°13" N and 92°37" E and enters
Bangladesh near Remarki, Thanchi upazila of Bandarban
district whereas Matamuhuri river originates in the North
Arakan hills of Myanmar and enters Bangladesh near
Chokhyong, Alikadam Upazila, Bandarban district from
the east (Ahmed and Stecey, 2016; Khan and Haque,
2003). For this investigation, the study area was divided
into 10 sampling sites (Figure 1) where five in Sangu
river namely Sangu Bridge (S1), Kya Ching Ghata (S2),
Near Helipad (S3), Milonchari (S4) and Boroitoli (S5),
and five in Matamuhuri river namely Matamuhuri
Bridge (M1), Bamu Bilchari (M2), Bilchari (M3), Choto
Bamu (M4) and Merakhola (M5). The GPS locations of
study area with site descriptions are described in Table 1.

Collection of water samples

For analyzing physical and chemical properties of water,
samples were collected monthly from five sampling
points selected at 1000 m apart in Sangu and
Matamuhuri rivers starting from Sangu Bridge and
Matamuhuri Bridge, respectively during the period from
October, 2022 — September, 2023. The sampling period
was divided into three seasons: pre-monsoon (February
- May), monsoon (June -September) and post-monsoon
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(October - January) season. Three water samples were
collected each time from each sampling points, thus a
total 90 samples were collected. Water samples were
collected in 1.5 liter polypropylene bottles. Before
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sample collection, all bottles were properly cleaned and
washed with de-ionized water and were dried. After
sampling the bottles were labeled with date and
sampling source.
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Figure 1. Map of study area in Sangu and Matamuhuri rivers showing (a) Map of Bangladesh, (b) Bandarban district
showing two adjacent rivers - Sangu and Matamuhuri, (c) Sangu river showing sampling points (S1, S2, S3, S4, S5), and (d)
Matamuhuri river (M1, M2, M3, M4, M5) showing sampling points.

Assessment of physical and chemical properties of
water

The physical and chemical properties of water were
determined by following the standard methods for the
estimation of water quality (APHA, 2023). Water
temperature, pH and dissolved oxygen (DO) were
measured on the site instantly after sample collection by
the digital thermometer, pH meter (Model: pH eP,
Hanna), and DO meter (Model: DO 31P: TAO DK),
respectively. Electrical conductivity (EC), turbidity, total
dissolved solid TDS), suspended solid (SS), and chloride
were determined by HACH 4300 Multimeter. Biological
oxygen demand (BOD) and chemical oxygen demand
(COD) were measured by HACH 4300 Multimeter,
through respirometric method, and closed reflux
colorimetric method, respectively (DoE, 2017).

Assessment of heavy metals in water

The concentration of heavy metals including Pb, Cr, Cd,
Co, Cu, Ni, Mn, Zn, Fe, Hg Se and Be were determined
using inductively coupled plasma-mass spectrometry

(ICP-MS; PerkinElmer, Model: NexION 2000; USA).
The nebulized sample enters the ICP-MS system's argon
(Ar) plasma core at a rate of about 0.35 milliliters per
minute. The mass to charge ratio (m/z) of the heavy
metal ions generated at high-temperature plasma was
measured using a quadrupole mass detector. The
standard calibration curve at ppb levels was prepared
using the ICP-multi-element standard solution XIII
(Merck, Germany) (Wolfs and Adams, 2015). An ICP-
multi-element standard solution X1l (Merck, Germany)
was used to prepare standard calibration curve at ppb
levels (Wolfs and Adams, 2015).

Quality assurance and quality control in analysis of
heavy metals

In order to minimize the risk of contamination during
sample preparation and analytical procedures, all
glassware utilized in this investigation were thoroughly
cleaned and washed with ultrapure acid and water. Prior
to calibration with standards, ICP-MS equipment’s
performance was checked by NexION setup solution
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(PerkinElmer, USA). Five-point calibration variance (R2
> 0.9995) was obtained throughout a dynamic range of
1.0-25 ng mL™. The instrument's stability was verified
through the execution of a minimum of three duplicates.
A maximum relative standard deviation (RSD) of 5-8%
was taken into consideration. The response for a
particular metal was defined as three and ten times
greater than background noise for the detection limit
(DL) and for the quantification limit (QL) of the

Table 1: GPS locations of the study area with site description
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instrument. A standard reference material SRM 1643f
(Heavy metals in Water) from the National Institute of
Standards (NIST) was applied to check the elements
recovery percentage in the sample and the result
indicated 96-103.7% recovery for significant elements.
Procedure blanks, SRM recoveries, and spike recoveries
were carried out as part of the quality control process to
minimize error. The recovery and blank sample analyses
were used to adjust the heavy metal concentrations.

Station  Station name

GPS co-ordinates

Observed anthropogenic activities

S1 Sangu Bridge 22°11'23.29"N,
92°13'41.70"E
S2 Kya Ching Ghata 22°10'55.69"N,
92°13'52.55"E
S3 Near Helipad 22°10'32.40"N,
92°13'49.11"E
S4 Milonchari 22°10'02.48"N,
92°13'48.80"E
S5 Boroitoli 22°09'47.06"N,
92°14'13.19"E
M1 Matamuhuri Bridge 21°47'00.55"N,
92°11'26.86"E
M2 Bamu Bilchari 21°47'28.23"N,
92°11'29.91"E
M3 Bilchari 21°47'34.18"N,
92°12'03.45"E
M4 Choto Bamu 21°47'33.53"N,
92°12'36.10"E
M5 Merakhola 21°47'06.41"N,

92°12'39.51"E

Hospital, Town settlement, Saw mill, Municipal waste
dumping
Agriculture, Homestead, Forest, Settlement

Agriculture, Homestead,Settlement, Hill Forest

Agriculture, Homestead,Settlement, Hill Forest
Agriculture, Homestead settlement
Agricultural land, Homestead, Settlement, Sawmill,

Bazar, Garbage dumping
Agricultural land, Homestead, Settlement

Agriculture, Settlement, Forest

Agriculture, Homestead, Settlement

Agriculture, Homestead, Settlement

Assessment of water quality index (WQI) by using
physical and chemical properties

Water quality index (WQI) briefly indicates the several
water quality parameters into a single term such as
excellent, good, poor, extremely poor, and unsuitable for
drinking, irrigation, aquatic lives or any other purposes
for easy understanding to the concerned users (Hulya,
2009). Water quality index of Sangu and Matamuhuri
river was calculated based on water quality standards for
drinking, aquatic lives, irrigation and recreational
purposes, using data obtained in pre-monsoon, monsoon
and post-monsoon seasons by following the weighted
arithmetic index method (equation i) (Tyagi et al. 2013).

Water quality index, WQI =X (Wnx Qn)/ZWn ......... Q)
where, Wn (Unit weight for each water quality
parameter) = K/Sn, K is the proportionality constant
which was calculated using the equation (ii):
K=1/51/Sn) ..cccoevenenininnnn (i)
Qn =100 [Vn— Vio] / [Sn— Vio]..(iii)
where, Qn = Quality rating for the nth water
quality parameter,

Vn =Calculated value of the nth parameter of a given
sampling location,

Vio = Ideal value of the nth parameter in clean water,
Sn = Standard permissible value of nth parameter

Following Chartterji and Raziuddin (2002) a relationship
between water quality index (WQI) and status of water
quality of a water body was proposed (Table 2).

Table 2: Water quality index as per arithmetic water
quality index method (Chartterji and Raziuddin, 2002)

WQI Level Water Quality Status Grading
<25 Excellent A
26-50 Good B
51-75 Poor C
76-100 Extremely poor D
>100 Unsuitable E

Assessment of contamination factor (CF) and pollution
load index (PLI) for heavy metals

To determine the degree of heavy metal contamination,
an integrated pollution load index (PLI) of the twelve
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metals was calculated as per Hossain et al. (2021). The
pollution load index (PLI) indicates the number of times
by which the heavy metal pollution in water exceeds the
baseline concentration and provides a collective warning
of the overall heavy-metal toxicity in a particular sample.
The PLI was calculated as the nth root of the metals
contamination factor (CF) multiplications (equation iv).

PLI=(Cfy XCfp..ov........ CEM™ e (iv)
Where, Cf; = contamination factor of the first metal, Cf,
= contamination factor of the second metal, and Cfn=
contamination factor of the nth metal. The ratio of each
individual metal's concentration to its background values
or natural abundance is referred to here (equation (v) as
the metal contamination factor.

CFmetaIs =C metals /C DACKGOUNA  +++ v+ eommmmnnmmnnnneneeeees (V)

Therefore, the selection of heavy metal background
value is crucial for assessment of heavy metal
contamination. In this study, we chose the background
value of each heavy metal as suggested by Banu (1995).
PLI index values of water were categorized by following
Jamil et al. (2014) (Table 3).

Table 3: PLI index with the corresponding pollution
criteria (Jamil et al. 2014)

PLI Degree of contamination
<2 Not contaminated
2-5 very low

5-10 Low

10-20 Medium

20-50 High

50-100 very high

> 100 Extreme

Assessment of health risk

Risk assessment is a combined effect of hazard and
exposure (Adamu et al. 2015). The two main toxicity
risk factors including reference dose (RfD) for non-
carcinogen risk characterization (CRC) and slope factor
(SF) for CRC were assessed in this study (Lim et al.
2008).

Assessment of non-carcinogenic health risk

Physico-chemical characteristics and heavy metal contamination of water in Sangu-Matamuhuri river

In this study, ingestion and dermal contact were assumed
as the routes of exposure. For estimating the potential
non-cancer health risk through drinking and dermal
exposure of surface water, average daily ingestion of
heavy metals through drinking (ADljgesiion) and dermal
exposure (ADlgrma) Was calculated using the following
equation (USEPA, 2004):
ADlingesiion = (C x DI x EF xAFx ED) / (BW x AT)...(vi)
ADlgermar = (C x EF x ED x ET x SA x Kp x AF x CF) /
(BW X AT) e (vii)
where, ADI = average daily ingestion (mg kg'day™), C =
mean concentration of heavy metal in water (mgL™), DI
= Daily intake (Ld™), AF = Absorption factor, EF =
exposure frequency (days year), ED = exposure
duration (years), BW = average body weight over the
exposure period (kg), and AT = average time period of
exposure (days), ET = exposure time (hour day™), SA =
surface area of contact (cm™), Kp = dermal permeability
coefficient (cm h™®), CF = unit conversion factor (L cm™).
Table 4 presents the input presumptions used for
exposure assessment of heavy metals through ingestion
and dermal adsorption of waters.
In this study, hazard quotients (HQ) and hazard index
(HI) were calculated considering adult peoples as target
group. The HQ of heavy metal through drinking and
dermal adsorption of waters to the inhabitants of the area
was determined using the equations (viii) and (ix),
respectively:

HQ ingestion = AD lingestion / RfDingestion --------- (viii)

HQ dermai = ADldermat / RfDgermal..................... (ix)
HI is the sum of all potential non-carcinogenic health
risks resulting from heavy metals found in waters. In this
study, the HI for the elements of Pb, Cd, Cr, Cu, Mn, Ni,
Zn, and Fe through ingestion and dermal adsorption was
calculated using the equations (x) and (xi), respectively
(USEPA, 2018).

H1ingestion = 2 HQ ingestion.............ccccoovvvvvcciei. ()

Hl dermar - = 2 HQ dermal.....oooooooooooovcccoeol (xi)
If HI > 1.0, there is a greater chance of non-carcinogenic
health effects, and the chance increases with HI. When
HI < 1.0, it is unlikely that the exposed populations will
suffer hazardous health effects (Ahmed et al. 2019;
Mohammaodi et al. 2019).

Table 4: Input presumptions used for exposure assessment of heavy metals through ingestion and dermal adsorption of

waters

Parameters Unit Value

References

Ingestion Dermal adsorption

Average daily intake (ADI) L day™ 2.2 -

Average body weight (BW) Kg 60 60
Skin surface area (SA) cm? -- 18000
Average time (AT) Day 2550 10950
Exposure time (ET) hour/event 0.58

Exposure frequency (EF) Day year‘1 365 350
Exposure duration (ED) Year 71.8 30

Permeability coefficient (Kp) cm hour™

Mohammadi et al. 2019

BBS, 2015

USEPA, 2018

USEPA, 2018; Wahab et al . 2020
USEPA, 2004

Wahab et al. 2020; USEPA, 2004
BBS, 2015 ; USEPA, 2004

Cd, Cr, Fe, Mn and Cu = 0.001; USEPA, 2004

Pb =0.0001 and Zn = 0.0006

Conversion factor (CF) Lcm? 0.001
Absorption factor (AF) - 0.001 0.001

USEPA, 2004
Wabhab et al . 2020; USEPA, 2004
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Assessment of carcinogenic health risk

The potential carcinogenic risk level posed by
carcinogen chemical pollutants (CR) was computed by
the equation (xii) (USEPA, 2010):

CR=ADIX CSF...oeoveeeeeeeeeeee. (xii)

where, CR =Carcinogenic risk posed by heavy metals,
CSF = Cancer slope factor (mg kg™*day™). In this study,
CR was calculated for Pb, Cr, Cd. When CR < 10°°,
indicating the negligible carcinogenic risk, CR >107*,
indicating significant risk of cancer in human beings,
and when 10 ® <CR < 10 *, indicating an acceptable risk
to human beings (Mohammadi et al. 2019; USEPA,
2018; Hadzi et al. 2015).

Results and Discussion

Physical characteristics of water in Sangu and
Matamuhuri river

The seasonal variation of physical characteristics of
water in the upstream of Sangu river including
temperature, EC, turbidity, TDS and TSS during the
period of October, 2022 - September, 2023 is shown in
Figure 2(a-e). The mean water temperature in pre-
monsoon, monsoon and post-monsoon season were
recorded 26.62 (+1.18) 'C, 24.33(+1.59) 'C and
21.33(+0.31) C, respectively (Figure 2a). The highest
temperature (30.9 °C) was found in the pre-monsoon
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S1 S2 S3 S4 S5

Sampling location

N w
o o
1

Temperature (°C)
=
o o

6 -
a (c) ~
2 4 . .
=
5 27
=
5 0-
= S1 S2 S3 sS4 S5
Sampling location
1204 ©
-
gw 80 I I 2
@ 40 i . I iI
'_
0
s1 S2 S3 S4 S5

Sampling location

Physico-chemical characteristics and heavy metal contamination of water in Sangu-Matamuhuri river

season at Sangu Bridge (S1) and the lowest (19.7 °C)
was observed in post-monsoon season at Boroitoli (S5).
The mean EC contents were recorded 310.1+14.49
uS/em, 210.73£13.61 puS/cm and 186.44+5.63 uS/cm in
pre-monsoon, monsoon and post-monsoon seasons,
respectively. The highest EC was found 324.5 ps/cm in
pre-monsoon season at Milonchari (S4) and lowest was
177.42 uS/cm in post-monsoon season at near Helipad
Point (Figure 2b). The mean values of turbidity ranged
from 3.30 mg/L to 4.89 mg/L in pre-monsoon season,
3.63 mg/L to 4.26 mg/L in monsoon season and 4.43
mg/L to 4.67 mg/L in post-monsoon season, respectively.
The highest turbidity was observed in pre monsoon
season at Kya Ching Ghata Point (March, 2023) while
the lowest in same season at Boroitoli (May 2023)
(Figure 2c). The mean TDS contents were found
150.7945.12 mg/L, 104.47+6.09 mg/L and 101.47+3.77
mg/L in pre-monsoon, monsoon and post-monsoon
season, respectively (Figure 2d). The highest TDS was
observed in pre monsoon season at Kya Ching Ghata
Point (S2) (Feb, 2023) while the lowest in monsoon
season at Sangu Bridge Point (August 2023) (Figure 2d).
The mean TSS concentrations were found 18.65+£1.18
mg/L, 63.65+17.17mg/L and 66.45+17.33 mg/L in pre-
monsoon, monsoon and  post-monsoon  seasons,
respectively. The highest TSS was observed in post
monsoon season at Sangu Bridge Point (S1) (October,
2022) while the lowest in monsoon season at Milonchari

Point  (S4)  (February, 2023) (Figure  2e).
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Figure 2. Seasonal variation of physical characteristics of water in the upstream of Sangu river: (a) temperature, (b) EC, (c)

turbidity, (d) TDS and (e) TSS; vertical bars indicate SD.
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Figure 3. Seasonal variation of physical characteristics of water in the upstream of Matamuhuri river: (a) temperature, (b)

EC, (c) turbidity, (d) TDS, (e) TSS; vertical bars indicate SD.

The seasonal variation of physical characteristics of
water in the upstream of Matamuhuri rivers including
temperature, EC, turbidity, TDS and TSS during the
period of October 2022 - September 2023 is shown in
Figure 3(a-e). The mean water temperature in pre-
monsoon, monsoon and post-monsoon season was
recorded 26.85(x1.19) °C, 24.62 (£0.95) °C and 21.98
(£0.21) °C, respectively (Figure 3a). The highest
temperature (31°C) was found in the pre-monsoon
season at Matamuhuri Bridge (M1) and the lowest (20°C)
was observed in post-monsoon season at Choto Bamu
(M4). The mean EC contents were recorded 275.09+7.53
puS/cm, 310.36+14.18 puS/cm and 203.55+4.7 uS/cm in
pre-monsoon, monsoon and post-monsoon  seasons,
respectively (Figure 3b). The highest EC was found
335.9 ps/cm in monsoon season at Matamuhuri Bridge
Point and the lowest was observed 195.9 uS/cm in the
post-monsoon season at Merakhola Point. The mean
values of turbidity of Matamuhuri river ranged from 6.18
mg/L to 8.94 mg/L in pre-monsoon season, 5.12 mg/L to
6.84 mg/L in monsoon season and 8.28 mg/L to 9.0
mg/L in post-monsoon season. The highest turbidity was
observed 18.86 mg/L in post monsoon season at
Matamuhuri Bridge Point (October, 2023) while the
lowest 33.05 mg/L in same season at Choto Bamu (May,
2023) (Figure 3c). The mean TDS contents were found
120.32+4.73 mg/L, 136.09+10.46 mg/L and 91.07+1.26
mg/L in pre-monsoon, monsoon and post-monsoon
season, respectively. The highest

TDS (280 mg/L) was observed in monsoon season at
Matamuhuri Bridge Point (July, 2023) while the lowest
54.30 mg/L in same season at same point (September,
2023) (Figure 2d). The mean TSS concentrations in
Matamuhuri  river were found 8.10+0.81 mg/L,
48.77+18.96 mg/L and 53.89+0.80 mg/L in pre-monsoon,
monsoon and post-monsoon seasons, respectively
(Figure 3e). The highest TSS (251 mg/L) was observed
in monsoon season at Matamuhuri Bridge Point (July,
2023) while the lowest (4.00 mg/L) in pre-season at
same point (March, 2023) (Figure 3e).

The water quality parameters are compared with water
quality standards (DoE, 2023) for inland surface water
used for fisheries, recreational activity, irrigation and
drinking purposes as per ECR (2023) (Table 5). The
standard requirements for temperature are 20-30°C for
fish culture and 20-30°C for drinking water (ECR, 2023).
The observed values of temperature were found within
the acceptable limit standard suggested by DoE (2023)
(Table 5). In a study carried out by Begum et al. (2020),
water temperature was recorded from 25.47°C to 30.8°C
in the Sangu river estuary. Das (2005) found the range of
water temperature at Bakkhali (near to Matamuhuri river)
from 23°C to 30°C. Hasan (2013) recorded the water
temperature range at Karnafully river estuary from 25°C
to 31°C. Thus, the water temperature in the Sangu and
Matamuhuri river coincided with these findings.
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Table 5: Standards for inland surface water usable for different purposes and observed physical and chemical

characteristics of Sangu and Matamuhuri rivers (ECR, 2023)

Parameters Unit Standards for Inland surface water

Observed mean value

Water usable Water usable for Water usable for Drinking ~ Sangu river Matamuhuri

for fisheries irrigation purpose

recreational activity water

Temperature °C 20-30 - - 20-30 25.3 25.5
pH 9.00 6.5-8.5 6.5-8.5 6.5-8.5 7.99 8.0675
EC uS/cm 800-1000 2250 - 250 312 288.5625
Chloride mg/L - - - 150-600 64.435 76.05
Turbidity NTU - - - 5 4.835 8.94
DO mg/L 5 or more - 5 or more 6 or more 3.81 6.245
TDS mg/L 1000 1000 - 1000 145.475 125.97
TSS mg/L - - - 10 20.5 9.5
BOD mg/L 6 or less 12 or less 3 or less 2 or less 3.0375 3.6
COD mg/L - 100 10 11.5875 12.0625

For inland surface water the EC contents were found
from 800 to 1000 pS/cm, which is good for aquatic
environment, 250 uS/cm for drinking water, and 2250
uS/cm for irrigation purposes (ECR, 2023). From the
results it was found that the EC in water of Sangu and
Matamuhuri river was comparatively lower than the
standard in post-monsoon season which might be due to
the lack of carbonate minerals dissolution, and release of
wastewater, runoff from agricultural field and urban area.
In case of Sangu river, the EC was higher in pre-
monsoon season than the monsoon and post-monsoon
seasons whereas in case of Matamuhuri river, the EC
was higher in pre-monsoon and monsoon seasons than
the post-monsoon season. However, in both the rivers
water was found not suitable for drinking as there is
organic pollution and too much suspended clay material.
But it is also found that EC value is suitable for aquatic
organisms and also for irrigation purposes in both the
rivers as per standard suggested by DoE (2023). As per
the Environmental Conservation Rules (2023), the
acceptable limit for turbidity is 5 mg/L for drinking. It
was found that in case of Sangu river turbidity level was
found suitable for drinking purposes but in case of
Matamuhuri river turbidity level was >5 mg/L in all
seasons, and hence, not suitable for drinking purpose
(Table 5). The mean turbidity of Karnafully River was
found 31 mg/L, ranging from 14 to 50.1 mg/L (Sarwar et
al. 2010). High turbidity levels can harm aquatic life and
stream health (Ahmed and Alam, 2021).

The standard level of TDS in surface water for drinking,
aquatic lives and irrigation purposes are 1000.00 mg/L
(Table 5) (ECR, 2023) and the results depict that TDS of
Sangu river ranged from 145.225 mg/L to 157.725 mg/L
in pre-monsoon season whereas in monsoon and post-
monsoon seasons ranged from 93.77 mg/L to 110.625
mg/L and 95.35 mg/L to 106.67 mg/L, respectively. In
case of Matamuhuri river TDS ranged from 115.23 mg/L
to 125.97 mg/L in pre-monsoon season whereas in
monsoon and post-monsoon seasons TDS ranged from
122.16 mg/L to 149.34 mg/L and from 90.03 mg/L to
92.56 mg/L, respectively. It is found that TDS value was
suitable for fish production and irrigation purposes.

According to ECR (2023) Bangladesh Standard for TSS
in terms of drinking water is 10 mg/L. TSS values in this
study were found high in the monsoon and post-
monsoon seasons but low in the pre-monsoon in both
Sangu and Matamuhuri rivers. High concentrations of
suspended solids can harm stream health and aquatic life
(Ahmed and Alam, 2021).

Chemical characteristics of water in Sangu and
Matamuhuri river

The seasonal variation of chemical characteristics of
water in the upstream of Sangu rivers such as pH, DO,
BOD, COD and chloride, during the period of October,
2022 — September, 2023 is shown in Figure 5. The
average pH in the water of Sangu river was found
7.90+0.135, 7.80+0.093 and 6.24+0.11 in pre-monsoon,
monsoon and post-monsoon, respectively. The highest
pH value was observed in pre-monsoon season at Kya
Ching Ghata Point while the lowest in post-monsoon
(Figure 4a). The mean DO level in pre-monsoon,
monsoon and post-monsoon season were 4.10+0.36,
5.3320.239 and 5.01+1.36 mg/L, respectively (Figure
4b). The highest DO was observed in pre-monsoon
season at Kya Ching Ghata Point while the lowest in
monsoon season at Sangu Bridge Point (Figure 4b). The
mean BOD level was found 2.89+0.12 mg/L, 1.98+0.11
mg/L, and 2.35+0.074 mg/L in pre-monsoon, monsoon
and post-monsoon, respectively. The highest BOD was
observed in pre-monsoon season at Sangu Bridge Point
while the lowest in monsoon season at Boroitali point
(Figure 4c). The mean COD levels were 17.67+0.74
mg/L, 12.06£0.65 mg/L and 13.41+0.37 mg/L in pre-
monsoon, monsoon and  post-monsoon  season,
respectively (Figure 4d). The highest COD was observed
in monsoon season at Boroitali Point while the lowest in
post-monsoon season at Milonchari Point (Figure 4d).
The mean chloride contents in pre-monsoon, monsoon
and post-monsoon were 66.46+2.88 mg/L, 62.05+3.16
mg/L and 52.69+3.18 mg/L, respectively (Figure 4e).
The highest chloride content was observed in pre-
monsoon at near Helipad Point while the lowest in post-
monsoon season at Sangu Bridge Point (Figure 4e).
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Figure 4. Seasonal variation of chemical characteristics of water in the upstream of Sangu river: (a) pH, (b) DO, (c) BOD,

(d) COD and (e) Chloride; vertical bars indicate standard deviation.
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BOD, (d) COD and (e) Chloride; Vertical bars indicate standard deviation.
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The seasonal variation of chemical characteristics of
water in the upstream of Matamuhuri rivers such as pH,
DO, BOD, COD and chloride, during the period of
October, 2022 — September, 2023 is shown in Figure 5.
The mean water pH was found 7.99+0.05, 8.00+£0.40 and
6.42+0.035 in pre-monsoon, monsoon and post-monsoon,
respectively. The highest water pH was observed in pre-
monsoon season at Matamuhuri Bridge Point (April,
2023) while the lowest in pre-monsoon season at same
point (March 2023) (Figure 5a). The mean DO level in
pre-monsoon, monsoon and post-monsoon season were
6.31+0.22, 4.60+£0.49 and 7.51+0.10 mg/L, respectively
(Figure 5b). The highest DO was observed in post-
monsoon season at Merakhola while the lowest (4.00
mg/L) in monsoon season at Bilchari Point (Figure 5b).
The mean BOD level was found 3.51+0.15 mg/L,
1.98+0.31 mg/L, and 2.85+0.034 mg/L in pre-monsoon,
monsoon and post-monsoon, respectively. The highest
BOD was observed in pre-monsoon season at Choto
Bamu Point while the lowest in monsoon season at
Matamuhuri Bridge Point (Figure 5c¢).

The mean COD levels were 12.08+0.48 mg/L,
11.91+0.29 mg/L and 12.49+0.29 mg/L in pre-monsoon,
monsoon and post-monsoon, respectively (Figure 5d).
The highest COD was observed in monsoon season at
Merakhola point while the lowest in pre-monsoon season
at Bamu Bilchari Point (Figure 5d). The mean chloride
contents were 74.16+£1.51 mg/L, 92.84+2.24 mg/L and
60.37+1.37 mg/L in pre-monsoon, monsoon and post-
monsoon, respectively (Figure 5e). The highest chloride
content was observed in monsoon season at Matamuhuri
Bridge Point while the lowest in monsoon season at
Bilchari Point (Figure 5e).

The pH values of all sampling locations were found to
be within the standard limit of 6.5 to 8.5 (ECR, 2023).
DO level varied from 3.77 mg/L to 6.67 mg/L in case of
Sangu and 4.62 to 7.5 mg/L in case of Matamuhuri river
(Table 5). Islam (2012) recorded the Sangu river
estuary's DO content as 4.67 mg/L to 8.5 mg/L. The
standard limit of DO as suggested by ECR (2023) is 5
mg/L or more for fish culture and for recreational
purposes, 6 mg/L or more for drinking. It was found that
DO level was suitable for fish production and
recreational purposes. According to WHO (2006), the
acceptable threshold of chloride in drinking water is 250
mg/L and according to ECR (2023) of Bangladesh
standard, the acceptable limit is 150 mg/L to 600 mg/L
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(Table 5). It was found that chloride content was below
the acceptable threshold of DoE standard (2023) for
drinking water, hence not suitable for drinking purposes.
According to Environmental Conservation Rules (2023),
the standards of BOD are 6 of less mg/L for fish culture,
2.0 or less mg/L for drinking water, 12 or less for
irrigation purposes and 3 mg/L or less for recreational
activity. It was found that, BOD level was not suitable
for drinking purposes but suitable for fish cultivation,
irrigation and recreational purposes. The higher BOD of
the river is the result of pollution from various sources.
The high value of BOD also suggests that there are too
many microorganisms in the water, which consumes the
oxygen to degrade organic waste materials in the river
(Mustari and Afsana, 2021). During the study period,
COD values were found higher in the pre-monsoon and
post monsoon season compared to the monsoon season
in both the rivers. COD value was found above from its
acceptance limit of 10 mg/L according to ECR (2023).
So, the river water is not suitable for drinking, but
suitable for aquatic lives and agricultural activities.

Water quality index

In order to calculate the water quality index (WQI) of
the Sangu and Matamuhuri River, the physical and
chemical parameters including pH, EC, Turbidity, DO,
TDS, TSS, BOD, COD and chloride were selected.
Figure 6 shows the seasonal (Pre-monsoon, Monsoon,
Post-monsoon) variation of WQI of Sangu and
Matamuhuri river during October, 2022 - September
2023.

The calculated values of WQI at studied site of Sangu
river were found >100 during three seasons, and hence
indicate unsuitable for drinking. In case of Sangu river,
the highest WQI was observed at Sangu Bridge Point
(S1) during post-monsoon whereas the lowest at
Milonchari Point (S4) in pre-monsoon season. In case of
Matamuhuri river, the highest WQI was observed during
pre-monsoon season at Matamuhuri Bridge Point (M1)
whereas the lowest in monsoon season at Choto Bamu
Point (M4). The sequence of seasonal water quality
index (WQI) during the study period was Pre-monsoon>
Monsoon > Post-monsoon in case of Sangu river and in
case of Matamuhuri river WQI showed the patterns as
monsoon > post-monsoon > pre-monsoon. From the
analysis it was observed that the water of both rivers was
not suitable for drinking in pre-monsoon, monsoon and
post-monsoon seasons

200 4 (b)

M5  Overall
Stations of Matamuhuri river

M1 M2 M3 M4

Figure 6. Seasonal variation of WQI of Sangu (a) and Matamuhuri (b) rivers during the study period; vertical bars indicate

SD.
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Concentration of heavy metals in water sample

The concentration of heavy metals along with the
recommended standards of DoE (2023), USEPA (2018),
WHO (2017) and FAO (1984) have been summarized in
Figure 7 and Table 6. In case of Sangu river, the average
concentration of Fe, Zi, Mn were 0.42 mg/L, 0.039 mg/L
and 0.042 mg/L, average concentration of Pb, Cr, Ni, Cu
were 0.016 mg/L, 0.011 mg/L, 0.013 mg/L, 0.008 mg/L

and Hg, Se, Co, Cd, and Be were 0.00097 mg/l, 0.00018
mg/L, 0.00043 mg/L, 0.000084 mg/L, 0.000035 mg/L,
respectively (Table 6). In case of Matamuhuri rivers, the
average concentration of Fe, Zi, Mn were 0.92 mg/L,
0.039 mg/L, 0.078 mg/L, respectively. The average
concentration of Pb, Cr, Ni, Cu were 0.039 mg/L, 0.016
mg/L, 0.013 mg/L, 0.01 mg/L, and Hg, Se, Co, Cd, and
Be were 0.0005 mg/L, 0.0002 mg/L, 0.000136 mg/L,
0.00013 mg/L, 0.00011 mg/L, respectively (Table 6).

Table 6: Comparison of mean concentration of heavy metals in water of Sangu-Matamuhuri rivers with different standards

of surface water

Study site / Standard Mean concentration (mg/L) of heavy metals

Pb Cr Cu Mn Ni Zn Fe Se Be Cd Co Hg
Sangu river (In this study) 0.0160 0.0110 0.0080 0.0420 0.0130 0.0390 0.4200 0.0002 0.0000 0.0001 0.0004 0.0010
Matamuhuri river (In this study) 0.0390 0.0160 0.0107 0.0779 0.0128 0.0386 0.9182 0.0002 0.0001 0.0001 0.0001 0.0005
DoE (2023) - Drinking
water standard 0.0100 0.0500 1.5000 0.4000 0.0500 5.0000 0.31 0.0100 0.0050 0.0030 0.0500 0.0010
USEPA (2018) - Drinking
water standard 0.0150 0.1000 1.3000 1.6000 - 5.0000 0.3000 - - 0.0050 - -
WHO (2017) - Drinking
water standard 0.0100 0.0500 2.0000 0.4000 - - - - 0.0030 - -
DoE (2008) - Irrigation
water standard 0.1000 1.0000 3.0000 5.0000 - 10.0000 2.0000 - 0.5000 - -
FAQO (1984) - Irrigation
water standard 5.0000 0.1000 0.2000 0.2000 2.0000 5.0000 0.0100 - -
Except Fe and Pb, the amount of all other heavy metals accumulation in  water if subjected to human

in Sangu and Matamuhuri river water were found much
lower than the limit for drinking endorsed by DoE
(2023), USEPA (2018), and WHO (2017) (Table 6). The
sources of the higher amount of Fe and Pb in both rivers
are likely natural (rocks and minerals deteriorating due
to weathering, wind, and waves) or man-made (stone
queries, urban and agricultural activities). Excess iron

consumption may pose a risk to human health (Stevens,
1990). The order of mean concentration of heavy metals
in the water of Sangu river was found to be Fe> Mn >
Zn> Pb > Cr > Ni>Cu>Hg> Co> Se> Cd>Be in
September, 2023 whereas for the Matamuhuri river, it
was found to be Fe> Mn> Pb>Zn> Cr> Ni> Cu> Hg>
Co> Se> Cd>Be during September, 2023 (Table 6). The
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reason behind the presence of heavy metals at relatively
high level in Sangu and Matamuhuri river may be the
weathering of rocks through natural process or stone
queries, urban and agricultural activities including
disposal of wastes, excessive use of fertilizers and metal
based pesticides.

Heavy metal pollution

Contamination factor and Pollution load index

Metal pollution index (MPI) was calculated using
equations (iv) and (v) and depicted in Table 7. In case of
Sangu river, the values of contamination factor (CF) for
all metals except Pb were detected <1 which is a sign of
low level of contamination. Pb was detected as >1 at S1,
S2 and S4 points which showed moderate contamination.
MPI for all sampling locations were ranged from 0.037
to 0.058 and the mean PLI was 0.055. In all sites, PLI
were <1 (Table 7) which indicates that the Sangu River

Physico-chemical characteristics and heavy metal contamination of water in Sangu-Matamuhuri river

of contamination factor for all metals except Pb were
detected <1 which is a sign of low level of
contamination. Pb was detected as >1 at M1 and M5
points which showed moderate contamination. The mean
PLI was 0.084. In all sites, PLI were <1 (Table 7) which
suggests that the Matamuhuri river is not polluted by the
studied heavy metals. MPI for water samples of
Matamuhuri river was higher than that of Sangu river.

Health risk

The USEPA (2004) protocol was followed for
assessment of the non-carcinogenic and carcinogenic
health risks through ingestion and dermal exposure of
water in this study. Table 8 presents the estimated
average daily metal ingestion (ADI) resulting from oral
and dermal exposure of waters of Sangu and
Matamuhuri rivers in Bangladesh along with the upper
tolerable intake level (UTIL), oral and dermal reference

is not polluted. In case of Matamuhuri river, the values doses (RfD), and cancer slope factor (CSF).

Table 7: Contamination factors (CF) and Pollution load index (PLI) of heavy metals in Sangu and Matamuhuri river

Study rivers CF values of heavy metals PLI Degree of pollution
Sangu river Pb Cd Co Cr Cu Mn

1.613 0.028 0.009 0.227 0.005 0.105

Ni Zn Fe Hg Se Be 0.055 Not impacted

0.264 0.008 0.421 0.975 0.018 0.001
Matamuhuri river Pb Cd Co Cr Cu Mn

3.902 0.044 0.027 0.326 0.007 0.195 0.084 Not impacted

Ni Zn Fe Hg Se Be

0.256 0.008 0.918 0.515 0.020 0.003

Table 8: Estimated average daily metal ingestion (ADI) due to oral and dermal exposure of waters of Sangu and
Matamuhuri river, Bandarban, Bangladesh in September, 2023

Parameters Pb Cd Cr Cu Mn Ni > =
ADI jpgestion (Mg kg day™ ') 6.07x107  3.16x10°  4.26x107 3.05x10™° 158x10°  4.97x107 1.46x10° 1.58x10°
for Sangu

ADI jygestion (Mg kg day™ ') 1.47x10°
for Matamuhuri

5.00x10°  6.13x107  4.01x107 2.93x10°  4.81x107 1.45x10° 3.45x10°

ADlgoma (Mg kg™ 'day™)  1.12x10"°  585x10™ 7.9x10™ 5.65x10™° 2.03x10°  1.84x10™° 1.63x10° 2.93x10°
for Sangu

ADlgorma (Mg kg™ 'day™")  2.72x10"°  9.27x10™ 1.14x10° 7.44x10"° 543x10°  1.78x10™° 1.62x10° 6.40x10°
for Matamuhuri

UTIL (mg day ~'person ') 0.24° 0.064° Ne" 10" 11" 40" 45"
RfDjngestion (MY kg 'day ') 0.0035° 0.001" 0.003° 0.04" 0.014" 0.02 0.3 0.7
RfDgema(Mg kg™ 'day!)  0.00042°  0.000025° 0.000015° 0.012° 0.0008 00054  0.06° 0.3
CSF(mg kg 'day ") 0.0085 15 0.42° 0.84

a = OEHHA, 2019; b = Khalili et al. (2019); ¢ = Tripathee et al. (2016); d = Khan et al. (2008); e = IRIS (1987); f =
USEPA (2010); g = Garcia-Rico et al. (2007); h = FDA, (2001)

for Pb, Cd, Cr, Cu, Mn, Ni, Zn, and Fe respectively
(Table 8). While in case of Matamuhuri river, the
calculated ADljygesion Values were 1.47x10°, 5.0x107,
6.13x107, 4.01x107, 2.93x10°, 4.81x107, 1.45x10 *,
and 3.45x10° mg kgday™ for Pb, Cd, Cr, Cu, Mn, Ni,
Zn and Fe, respectively (Table 8). Hence, the order of
heavy metals in respect of the calculated mean ADI
ingestion Values for an adult human was Cd > Cu > Cr > Ni

Non-carcinogenic risk

Considering adult population as target group and on the
basis of HQ and HI, the potential non-carcinogenic
health risk through ingestion and dermal exposure of
waters were calculated. In case of Sangu river, the
calculated ADljygesiion Values obtained from this study
were 6.07x107, 3.16x10°, 4.26x107, 3.05x10”,
1.58x107°, 4.97x107, 1.46x10° & 1.58x10° mg kg *day™

Int. J. Innov. Res. 9(1):1-17, 2024
© 2024 The Innovative Research Syndicate 12



Rudra & Alam

> Pb> Zn > Mn>Fe for Sangu and for Matamuhuri ADI
ingestion Was Cd > Cu > Ni > Cr > Zn> Pb > Mn>Fe (Table
8).

In case of Sangu river, the mean calculated HQjngestion
values for Pb, Cd, Cr, Cu, Mn, Ni, Zn and Fe were
1.73x10™, 3.16x10°, 1.42x10™, 7.63x10°1.13x10%,
2.48x10°, 4.88x10° and 2.26x10° mg kg'day?,
respectively (Table 9). The calculated HQjngestion Values
for all metals were <1.0, indicating that those metals
were within a permissible limit of non-carcinogenic
harmful health risk in all locations of Sangu river. In
case of Matamuhuri river, the mean calculated HQingestion
values for Pb, Cd, Cr, Cu, Mn, Ni, Zn, and Fe were
4.2x10™, 5.0x10°®, 1.0x10°, 2.0x10™, 2.4x10°®, 4.85x 10"
® 4.93x10° and 9.26x10™* mg kg'day™, respectively
(Table 9). The calculated HQjngestion Values for all metals
were <1.0, indicating that those metals were within a
permissible limit of non-carcinogenic risk to human
health in all locations of Matamuhuri river. In order to
determine the total potential non-carcinogenic risks on
human health caused by all studied heavy metals found
in Sangu and Matamuhuri river, the Hlingesion Value was

Physico-chemical characteristics and heavy metal contamination of water in Sangu-Matamuhuri river

calculated. The calculated mean values of Hliygestion TOr
Sangu and Matamuhuri river were found 4.9 x10™ and
9.26x10", respectively and < 1, suggesting that there are
no possible non-carcinogenic health risks to the
inhabitants of those locations of the study area.

Table 10 presents the calculated hazard quotients (HQ
dermal) and hazard index (HI dermal) values as a result
of dermal exposure of heavy metals in water samples
collected from Sangu and Matamuhuri rivers. According
to the mean HQgema Values it can be simplified that the
contribution of heavy metals to the non- carcinogenic
risk to human health was in the order of Zn > Ni > Cu >
Fe > Cd > Pb > Mn. Like the estimated HQ igestion Values,
the calculated HQ dermal values for all metals were <1.0
indicating that all of these metals were within an
acceptable limit of non-carcinogenic risk to human
health in all locations of Sangu and Matamuhuri rivers.
The calculated mean value of HI gma Was found 5.70
x10° for Sangu and 8.39x10™ for Matamuhuri river.
The observed HI dermal values for all water samples
were <1.0, suggesting that there is no possible non-
carcinogenic health risks to the inhabitants of the study
area.

Table 9: Calculated hazard quotients (HQingestion) and hazard index (Hlingestion) Values due to oral exposure of heavy metals
in water samples collected from the study area of Sangu and Matamubhuri rivers of Bangladesh in September, 2023

Study site Hazard quotients (HQ ingestion ) Values HI ingestion Values
Pb Cd Cr Cu Ni Zn Fe

Sangu 1.73x10™* 3.16x10° 1.42x10™ 7.63x10° 1.13x10* 2.48x10° 4.88x10° 2.26x10° 4.91x10™

Matamuhuri  4.19x10™ 5x10°® 2.04x10* 1.0x10°  2.09x10* 2.41x10° 4.85x10° 4.93x10° 9.26x10™

Table 10: Calculated hazard quotients (HQ dermal) and hazard index (HI dermal) values due to dermal exposure of heavy
metals in water samples collected from Sangu and Matamuhuri rivers of Bangladesh in September, 2023

Study site Hazard quotients (HQ germal ) Values HI germal Values
Pb Cd Cr Cu Ni Zn Fe

Sangu 2.68x107 2.34x107 5.27x10° 4.70x10® 3.66x10° 3.41x10® 2.71x10® 9.77x10® 5.70x10°

Matamuhuri  1.73x10* 1.73x10°  1.73x10° 1.73x10”7 6.79x10° 3.3x10° 2.7x10°  2.13x107 8.39x10°

Table 11: Estimated cancer risk (CR) values caused by oral and dermal exposure of toxic heavy metals in water samples
collected from Sangu and Matamuhuri rivers of Bangladesh in September, 2023

Water source CR values SCR values
Pb Cd Cr
Ingestion  Dermal Ingestion Dermal Ingestion Dermal
Sangu 5.15x10°  1.32x10° 4.74x10® 3.9x10™ 1.79x107 1.88x10° 2.47x10”’
Matamuhuri 1.25x10°  3.2x10°  7.50x10°  6.18x10™° 2.58x107 2.71x10° 3.8x10”’

Carcinogenic risk

Exposure to Pb, Cd, and Cr in water could increase a
person's risk of developing cancer (Zakir et al. 2020).
Moreover, out of 12 metals studied, only three heavy
metals have CSF values as mentioned by OEHHA
(2019). The estimated cancer risks resulting from these
toxic metals through ingestion and dermal exposure to
the inhabitants of the study area are presented in Table
11. The results revealed that in case of Sangu river, the

estimated mean CR values for Pb, Cd and Cr were
5.15x10°, 4.74 x10® and 1.79x107 for ingestion and
1.32x10°%, 3.9 x10™**, and 1.88x10°° for dermal exposure,
respectively. In case of Matamuhuri river, the estimated
mean CR values for Ph, Cd, and Cr were 1.25x10®, 7.5
x10® and 2.58x10” for ingestion and 3.2x10°, 6.18
x10", and 2.71x10° for dermal exposure, respectively
(Table 11).
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In case of both Sangu and Matamuhuri rivers, the
calculated mean CR values for Pb, Cd and Cr were
found < 1 for ingestion and dermal exposure. As per the
USEPA (2018), cancer risks with a value < 1 is
considered insignificant. Therefore, it may be concluded
that there is very little chance of developing cancer from
Pb, Cd, and Cr in water as a result of both oral and
dermal exposures from all locations of the study area.

Conclusion

Sangu and Matamuhuri rivers are the lifeline of
Bandarban’s population as well as perennial source of
beauty for its waters, streams and beautiful hills of both
sides. From the evaluated physical and chemical
characteristics of water, it can be concluded that the
Sangu and Matamuhuri river were not in good condition.
DO value was found less than standard in Sangu river.
The EC contents of Sangu and Matamuhuri river were
found lower than the standard in all the seasons. Low
TDS level was found in both rivers. The variation of
turbidity level was found in both the rivers. Low
concentration of TSS level was found in water. The
chloride content also found less than the standard.
Investigation of concentration of heavy metals showed
that the Fc and Pb concentrations in water of both the

rivers were found somewhat higher than acceptable limit.

So, based on these heavy metal concentrations, the water
of both Sangu and Matamuhuri river were found not
threatened for environmental pollution. Measured water
quality index displayed higher rating (WQE>100)
indicates unsuitable for drinking purposes in pre-
monsoon, monsoon and  post-monsoon  seasons.
Assessment of heavy metal pollution through
contaminating factor and PLI revealed low
contamination and MPI values were observed 0.055 for
Sangu and 0.084 for Matamuhuri river which indicates
that both rivers are not polluted yet. Non-carcinogenic
and carcinogenic health risks assessment through
ingestion and dermal exposure of water were performed
with HQ, HI and CR indexes. Results indicated that
metal contamination in surface water of Sangu and
Matamuhuri river carries no risk for local people
presently. However, it is notable that huge agricultural
activities beside the river, frequent flash flood and land
slide in pre-monsoon and monsoon seasons, heavy soil
erosion during heavy rain all resulting from land use
land cover change activities, induced water quality
deterioration in Sangu and Matamuhuri river. Further
studies are required to identify the effect of various types
of points and non-point sources of pollution in Sangu
and Matamuhuri rivers.

Acknowledgement

The authors are grateful to Bangladesh Forest
Department, Ministry of Environment, Forests and
Climate change; Department of Environmental Sciences,
Jahangirnagar university for their all-out support to carry
out field studies; and also thankful to BCSIR and DoE,
Bangladesh, for providing laboratory facilities.

Physico-chemical characteristics and heavy metal contamination of water in Sangu-Matamuhuri river

References

Adamu CI, Nganje TN, Edet A (2015) Heavy metal
contamination and health risk assessment  associated
with abandoned barite mines in Cross River State,
Southeastern  Nigeria.  Journal  ofEnvironmental
Nanotechnology, Monitoring & Management, 3:10-21.

Ahmed F, Alam AKMR (2021) Temporal Variation of
Physical and Chemical Characteristics of ~ Water  in
Buriganga River. International Journal of Science and
Research (IJSR), 10(2). www.ijsr.net

Ahmed AS, Sultana S, Habib A, Ullah H, Musa N,
Hossain MB, Sarker MSI (2019)  Bioaccumulation of
heavy metals in some commercially important fishes
from a tropical river estuary  suggests  higher
potential health risk in children than adults. PLoS ONE,
14(10):0219336.https://doi.org/10.1371/journal.pone.021
9336.

Ahmed R, Stacey N (2016) Forest and agrarian change
in the Chittagong Hill Tracts region of Bangladesh.
In E.L. Deakin, M. Kshatriya, T.C.H. Sunderland (eds.).
Agrarian change in tropical landscapes, 190-233. Bogor,
Indonesia: Center for International Forestry Research
(CIFOR).

APHA (American Public Health Association) (2023)
Standard Methods for the Examination of ~ Water and
Wastewater, 24th Edition, by William C. Lipps (Editor),
Ellen Burton Braun-Howland (Editor),Terry E. Baxter
(Editor) Washington, USA.

BBS (Bangladesh Bureau of Statistics) (2015) Health
and Morbidity Status Survey- 2014. Statistics and
Informatics Division, Ministry of Planning. Govt. of the
People’s Republic of Bangladesh. www.bbs.gov.bd.

Bhuiyan MAH, Dampare SB, Islam MA, Suzuki S (2015)
Source apportionment and pollution evaluation of heavy
metals in water and sediments of Buriganga River,
Bangladesh using multivariate analysis and pollution
evaluation  indices.  Environmental =~ Monitoring
Assessment 187:4075.

Begum P, Shamsuzzaman MM, Mitu SJ, and Ahamed S
(2020) Temporal variations of micro benthic assemblage
in the Sangu River Estuary, Bangladesh. International
Journal of Marine Science, 10(7): 1-14. doi:10.5376/
ijms.2020.10.0007.

Chakraborty C, Hug MM, Ahmed S, Tabassum T, Miah
MR (2013) Analysis of the causes and impacts  of
water pollution of Buriganga River: A critical study.
International Journal of  Scientificand  Technology
Research, 2(9):245-252.

Chatterjee C, Raziuddin, M (2002) Determination of
water quality index (WQI) of a degraded river in
Asansol Industrial area, Ranigonj, Burdwan, West

Int. J. Innov. Res. 9(1):1-17, 2024
© 2024 The Innovative Research Syndicate

14


https://doi.org/10.1371/journal.pone.0219336
https://doi.org/10.1371/journal.pone.0219336
http://www.bbs.gov.bd/

Rudra & Alam

Bangal. Nature Environment and Polution  Technology,
1:181-189.

Das NG (2005) Livelihood and Resource Assessment for
Aquaculture Development in Waterlogged Paddy lands:
Remote Sensing, GIS and Participatory Appraisal, A
joint Application of GOB- DANIDA and IMS, CU, 122.

Dey S, Das J, Manchur MA (2015) Studies on Heavy
Metal Pollution of Karnaphuli River, Chittagong,
Bangladesh, I0SR Journal of Environmental Science,
Toxicology and Food Technology (IOSR-JESTFT).
e-ISSN: 2319-2402, p- ISSN: 2319-2399. 9(8):79-83.
www.iosrjournals.org

DoE (Department of Environment) (2008) Guide for
Assessment of Effluent Treatment Plants, 1% ed.
Published by the Department of Environment (DoE)
with support from the Bangladesh Environmental Instit
utional Strengthening Project, Ministry of Environment
and Forest, Dhaka, Bangladesh.

DoE (Department of Environment) (2017) Surface and
Groundwater water quality Report 2016, Ministry of
Environment, Forests and Climate Change, Government
of Bangladesh.

DoE (Department of Environment) (2018) Surface and
Groundwater water quality Report, Ministry of Environ-
ment, Forests and Climate Change, Government of
Bangladesh.

DoE (Department of Environment) (2023) Surface and
Groundwater water quality Report, Ministry of
Environment, Forests and Climate Change, Government
of Bangladesh

ECR (2023) Government of the People’s Republic of
Bangladesh. Ministry of Environment and  Forest,
Department of Environment, Dhaka, Bangladesh, pp.
3061-3065.

FAO (1984) Trace elements in agriculture. FAO Soils
Bulletin (Draft), Soil Resources, = Management and
Conservation Service. FAO, Rome. p 68.

FDA (2001) Dietary Reference Intakes for Vitamin A,
Vitamin K, Arsenic, Boron, Chromium, Copper,
lodine, Iron, Manganese, Molybdenum, Nickel, Silicon,
Vanadium, and Zinc. Report of the Panel on
Micronutrients. National Academy Press, Washington,
DC, Food and Drug Administration. Dietary
supplements. Center for Food Safety and Applied
Nutrition.

Garcia-Rico L, Leyva-Perez J, Jara-Marini ME (2007)
Content and daily intake of copper, zinc, lead, cadm
ium, and mercury from dietary supplements in Mexico.
Food and Chemical Toxicology 45:1599-1605. doi:
10.1016/j.fct.2007.02.027

Physico-chemical characteristics and heavy metal contamination of water in Sangu-Matamuhuri river

Gupta GS (2017) Laboratory Scale Microbial Food
Chain to Study Bioaccumulation, Bio magnification, and
Eco toxicity of Cadmium Telluride Quantum Dots.
Environment Science and Technology, 51 (3):1695-1706.

Hadzi GY, Essumang DK, Adjei JK (2015) Distribution
and Risk Assessment of Heavy Metals in  Surface
Water from Pristine Environments and Major Mining
Areas in Ghana. Journal of Health and Pollution, 5(9):
86-99. DOI: 10.5696/2156-9614-5-9.86

Hossain MS (2001) Biological aspects of the coastal and
marine environment of Bangladesh. Ocean and Coastal
Management, 44(3-4):261-282. https://doi.org/10.1016/
S0964- 5691(01)00049-7

Hossain MN, Rahaman A, Hasan MJ, Uddin MM,
Khatun N, Shamsuddin SM (2020) Comparative
seasonal assessment of pollution and health risks
associated with heavy metals in water, sediment
and Fish of Buriganga and Turag River in Dhaka City,
Bangladesh. SN Applied  Sciences,3:509. https://doi.org
/10.1007/s42452-021-04464-0

Hossain MS, Ahmed MK, Liyana E, Hossain MS, Jolly
YN, Kabir MJ, Akter S, Rahman MS (2021) A case
study on metal contamination in water and sediment near
a coal thermal power plant on the eastern coast of
Bangladesh.Environment, 8:108. https://doi.org/10.3390/
environments810 0108

Hulya B (2009) Utilization of the water quality index
method as a classification tool. Environmental
Monitoring and Assessment, 167:115-124.

IRIS (1987) Chemical Assessment Summary (Chromium
VI; CASRN 18540-29-9). National Center for Environ
mental Assessment, Integrated Risk Information System.
U.S. Environmental Protection Agency, p. 33.

Islam J (2012) Seasonal variation of fish assemblage in
Sangu river estuary, Chittagong,  Bangladesh,  M.S.
Thesis, Institute of Marine Sciences and Fisheries,
University of Chittagong, Bangladesh.

Islam MS, Ahmed MK, Raknuzzaman M, Habibullah-
Al-Mamun M, Islam MK (2015) Heavy metal
pollution in surface water and sediment: A preliminary
assessment of an urban River in  a developing country.
Ecological Indicators, 48:282-291.

Islam MA, Das B, Quraishi SB, Khan R, Naher K,
Hossain SM, Karmaker S, Latif SA, Hossen MB (2020)
Heavy metal contamination and ecological risk
assessment in water and sediments of the Halda river,
Bangladesh: a natural fish breeding ground. Marine
Pollution ~ Bulletin ~ 160:111649.  https://doi.org/
10.1016/j.marpolbul.2020.111649

Jamil T, Lias K, Norsila D, Syafina NS (2014)
Assessment of heavy metal contamination in squid

Int. J. Innov. Res. 9(1):1-17, 2024
© 2024 The Innovative Research Syndicate

15


http://www.iosrjournals.org/
https://doi.org/10.1016/%20S0964-%095691(01)00049-7
https://doi.org/10.1016/%20S0964-%095691(01)00049-7
https://doi.org/10.3390/%20environments810
https://doi.org/10.3390/%20environments810

Rudra & Alam

(Loligo spp) tissue of Kedah-Perlis waters. Malaysian
Journal of Analytical Science, 18:195-203.

Khan MAA, Haque SMS (2003) Features and
Characteristics of Bangladesh Watershed. B. Sc (Hons)
Project paper, Institute of Forestry and Environmental
Sciences, University of Chittagong, Chittagong,
Bangladesh. p. 51.

Khan S, Cao Q, Zheng YM, Huang YZ, Zhu YG (2008)
Health risks of heavy metals in contaminated soils and
food crops irrigated with wastewater in Beijing, China.
Environmental  Pollution,152:686-692. doi: 10.1016/
j-envpol.2007.06.056.

Khalili F, Mahvi AH, Nasseri S, Yunesian M, Yaseri M,
Djahed B (2019) Health risk assessment of dermal
exposure to heavy metals content of chemical hair dyes.
Iranian Journal of Public Health, 48 (5):902-911.

Lim HS, Lee JS, Chon HT, Sager H (2008) Heavy Metal
Contamination and Health Risk Assessment in the Vici
nity of Abandoned Songcheon Au-Ag Mine in Korea.
Journal of Geochemical Exploration, 96:223-230.
https://doi.org/10.1016/j.gexplo.2007.04.008

Mehnaz M, Jolly YN, Alam AKMR, Kabir J, Akter S,
Mamun KM, Rahman A, Islam MM (2023) Prediction
of Hazardous Effect of Heavy Metals of Point-Source
Wastewater on Fish (Anabas cobojius)and Human
Health, Biological Trace Element Research, 201:3031-
3049, https://doi.org/10.1007/s12011-022-03378-1

Mohammadi AA, Zarei A, Majidi S, Ghaderpoury A,
Hashempour Y, Saghi MH, Alinejad A, Yousefi M,
Hosseingholizadeh N,  Ghaderpoori M  (2019)
Carcinogenic and non-carcinogenic  health  risk
assessment of heavy metals in drinking water of
Khorramabad, Iran. MethodsX 6, 1642-1651.doi:
10.1016 /j.mex.2019. 07.017

Mondol MN, Chamon AS, Faiz B, Elahi SF (2011)
Seasonal variation of heavy metal concentration in water
and plant samples around Tejgaon industrial area of
Bangladesh. Journal of Bangladesh Academy of Sciences,
35(1):19-41.

Mul M, Obuobie E, Appoh R, Kankam K, Bekoe-obeng
E, Amisigo B, Mccartney M (2015) Water resources
assessment of the Volta River Basin, Colombo, Sri
Lanka: International Water Management Institute
(IWMI). IWMI Working Paper 166. doi: http://dx.doi.
org /10 .5337/2015. 220.

Mustari F, Afsana S (2021) Water Quality Assessment
of the Buriganga River, Dhaka, Bangladesh. Journal
of Environment and Earth Science, www.iiste.org. ISSN
2224- 3216 (Paper) ISSN 2225-0948 (Online), 11(2).
DOI: 10.7176/JEES/11-2-09.

Physico-chemical characteristics and heavy metal contamination of water in Sangu-Matamuhuri river

Nabeela F, Azizullah A, Bibi R, Uzma S, Murad W,
Shakir SK, Ullah W, Qasim M, Héader DP  (2014)
Microbial contamination of drinking water in Pakistan—
a review. Environmental Science and Pollution
Research, 21:13929-13942, DOl 10.1007/s11356-014-
3348-z

OEHHA (2019) California Office of Environmental
Health Hazard Assessment (OEHHA).Technical Support
Document for Cancer Potency Factors 2009, Appendix
A: Hot Spots Unit Risk and Cancer Potency Values.
Updated May 2019.

Rakiba K, Ferdoushi Z (2013) Physico-chemical
properties of Dhepa River in Dinajpur District of
Bangladesh. Journal of Environmental Sciences and
Natural Resources, 6(1): 59-67 2013, DOI:
http://dx.doi.org/10.3329/jesnr.v6i1.22041

Rasul, G., Thapa, G.B., Zoebisch, M.A., 2004.
Determinants of land-use changes in the Chittagong Hill
Tracts of Bangladesh. Appl. Geogr., 24(3), 217-240.
https://doi.org/10. 1016/j.apgeog.200 4.03.004.

Rudra AK, Alam AKMR (2023) Streamflow
Characteristics of Sangu-Matamuhuri Watershed in
theSoutheastern Part of Bangladesh. Heliyon Journal.
http://dx.doi.org/10.2139/ssrn.4298217.

Santos V, Laurent F, Abe C, Messner F (2018)
Hydrologic Response to Land Use Change in a Large
Basin in Eastern Amazon. Water, MDPI, 10 (4):429.
10.3390/w10040429Halshs-01758828

Sarwar MI, Majumdar AK, Islam MN (2010) Water
Quality Parameters: A Case Study of Karnafully River
Chittagong, Bangladesh, Bangladesh Journal of
Scientific and Industrial ~Research,45(2):177-181,
2010. www.banglajol.info

Stevens RG (1990) Iron and the risk of cancer. Medical
Oncology and Tumor Pharmacotheraphy, 7:177-181.

The Daily Star (2018) A Daily Newspaper of
Bangladesh. Published and edited by Mahfuz Anam on

behalf of Media world at 64-65, Kazi Nazrul Islam
Avenue, Dhaka-1215

Tripathee L, Kang S, Sharma CM, Rupakheti D, Paudyal
R, Huang J, Sillanp&d M (2016)  Preliminary  health
risk assessment of potentially toxic metals in surface
water of the Himalayan rivers, Nepal. Bulletin of
Environmental Contamination and Toxicology, 97:855—
862. doi: 10.1007/s00128-016-1945-x.

Tyagi S, Sharma B, Singh P, Dobhal R (2013) Water
quality assessment in terms of water quality index.
American Journal of Water Resources, 1 (3):34-38

United States Environmental Protection Agency
(USEPA) (2004) Risk Assessment Guidance for

Int. J. Innov. Res. 9(1):1-17, 2024
© 2024 The Innovative Research Syndicate

16


https://doi.org/10.1016/j.gexplo.2007.04.008
https://doi.org/10.1007/s12011-022-03378-1
http://dx.doi/
http://dx.doi.org/10.5337/
http://www.iiste.org/
http://dx.doi.org/10.3329/jesnr.v6i1.22041
https://doi.org/10.%201016/j.apgeog.200%204.03
http://dx.doi.org/10.2139/ssrn.4298217
http://www.banglajol.info/

Rudra & Alam Physico-chemical characteristics and heavy metal contamination of water in Sangu-Matamuhuri river

Superfund, Vol. 1, Human Health Evaluation Manual
(Part A), Washington, DC.

United States Environmental Protection Agency
(USEPA) (2010) Human health risk assessment: Risk-
Based Concentration Table.http://www.epa.gov/reg3
hwmd/risk/human/rb-concentration_table/Generic_
Tables/.

USEPA (2018) 2018 Edition of the Drinking Water
Standards and Health Advisories. Office of Water, U.S.
Environmental Protection Agency, Washington, DC
EPA 822-F-18-001.

Wahab MIA, Razak WMAA, Sahani M, Khan MF (2020)
Characteristics and health effect of heavy metals on
non-exhaust road dusts in Kuala Lumpur. Science of The
Total  Environment, 703,  135535. https://doi.org/
10.1016/j.scitotenv.2019.135535

Wolf RE, and Adams M (2015) Multi-elemental analysis
of aqueous geochemical samples by quadrupole
inductively coupled plasma-mass spectrometry (ICP-
MS): U.S. Geological Survey Open-File Report 2015-
1010,p.34, http://dx.doi.org/10.3133/0fr20151010.

WHO (World Health Organization) (2006) Guidelines
for drinking-water quality [electronic  resource]:
incorporating first addendum. Vol. 1, Recommendations.
3rd ed.

WHO (World Health Organization) (2017) Guidelines
for  Drinking-Water ~ Quality:  Fourth  Edition,
Incorporating the First Addendum. World Health
Organizations BY-NC-SA 3.0 IGO, Geneva, Licence.

Zakir HK, Sharmin S, Akter A, Rahman MS (2020)
Assessment of health risk of heavy metals and  water
quality indices for irrigation and drinking suitability of
waters: a case study of Jamalpur ~ Sadar area. Environ
mental Advances 2 (2020) 100005, https://doi.
0rg/10.1016/j.envadv.2020.100005

I ——
Int. J. Innov. Res. 9(1):1-17, 2024
© 2024 The Innovative Research Syndicate 17


http://www.epa.gov/reg3%20hwmd/risk/human/rb-
http://www.epa.gov/reg3%20hwmd/risk/human/rb-
https://doi.org/%2010.1016/j.scitotenv.2019.135535
https://doi.org/%2010.1016/j.scitotenv.2019.135535
http://dx.doi.org/10.3133/ofr20151010

