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Heavy metal in irrigation water can be absorbed by crops, resulting in their accumulation
in edible plant portions. These metals can be ingested through foods produced with
contaminated water, which can result in organ damage, concerns with child development,
neurological illnesses, and even cancer. This study, therefore, focuses on the estimation
of Pb, Cr, Mn, and Cd in irrigation water along with their pollution assessments. Pb, Cr,
Mn, and Cd concentrations were found in the range of 0.0211-0.2104, 0.00105-0.00937,
0.0913-0.3701, and 0.0004-0.0222 mg/L, respectively. This study found that 80% of
samples for Mn and 55% for Cd exceeded the permissible limit recommended by the
Food and Agricultural Organization. Pollution assessments were carried out using the
enrichment factor, geoaccumulation index, contamination factor, and modified degree of
contamination. This study also revealed that the geoaccumulation index and
contamination factor indicated higher levels of Mn and Cd contamination. The
government and organizations should establish stringent heavy metals regulations,
regular monitoring, public awareness, and robust wastewater management to prevent
contamination. However, due to limited metals and samples, further studies with a large
number of heavy metals and samples are essential to a more profound understanding of

sources, distribution, health impacts, and effective mitigation strategies.

1. INTRODUCTION

Irrigation water may be defined as water that is used in
agricultural land to produce crops and sustain livestock’s.
Irrigation water sources in Bangladesh are contaminated with
heavy metals due to both industrial discharges and agricultural
runoff. Water samples collected from irrigation canals and
sources near industrial areas and intensive agricultural regions
may exhibit higher concentrations of heavy metals.

Bangladesh is a riverine country with rich natural resources,
including several long-lived rivers besides reservoirs, tank
estuaries and lakes, swamps, and paddy fields. The water from
these sources is used for drinking, bathing, sanitation,
generating electricity, and irrigation. Agriculture is the most
crucial water-using sector. The water used in irrigation can
easily affect crops and crop growth. Crop growth in soil
irrigated with poor-quality water decreases due to increased
osmotic stress and poor physical structure of highly dispersed
sodic soils. The degree of harmful effect varies on the crop
variety, stages of growth and development, as well as
management practices of the crops.

Tchounwou et al. [1] defined heavy metals as metallic
elements with a relatively high density compared to water.
With the assumption that heaviness and toxicity are
interrelated, heavy metals also include metalloids, such as
arsenic, that can induce toxicity at a low level of exposure [2].
Wastewaters are contaminated with trace elements such as
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lead (Pb), copper (Cu), zinc (Zn), boron (B), cobalt (Co),
chromium (Cr), arsenic (As), molybdenum (Mo), and
manganese (Mn). Many are non-essential and become toxic to
plants, animals, and humans if they exceed a certain
concentration level [3]. Vegetables irrigated with heavy metal-
contaminated water can lead to serious health hazards to the
specific community and animals [4]. Heavy metals can enter a
water supply through industrial and consumer wastes or even
from acidic rain breaking down soils and releasing heavy
metals into streams, lakes, rivers, and groundwater [5]. The
harmful effects of heavy metals on humans depend on their
dosage, rate of emission, and period of exposure. Because of
their ubiquitous exposure, cadmium (Cd), lead (Pb),
manganese (Mn), and mercury (Hg) have received much
attention in recent days [6]. Lead can cause hypertension and
affect blood vessels. Lead-blocked blood vessels lead to
immediate heart attack and death. Increasing blood lead levels
significantly correlated with increased cardiovascular
morbidity and mortality [7]. Chronic and acute both types of
lead poisoning can cause cardiac dysfunction and vascular
damage [8]. Hexavalentchromium [Cr (VI)] is a toxic
industrial pollutant that is classified as a human carcinogen by
several regulatory and non-regulatory agencies [9]. Cr (VI)-
containing compounds is known to cause multiorgan toxicity
such as renal damage, allergy, asthma, and cancer of the
respiratory tract in humans [10, 11]. Overexposure to Mn can
cause adverse health risks, including Parkinson's disease,
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Huntington's disease, cardiovascular disease, hyperkeratosis,
diabetes mellitus, pigmentation changes, Alzheimer's disease,
kidney, liver, respiratory, and neurological disorders [12-14].

Exposure to Cd compounds may create serious health
problems, including kidney damage [15], effect on
reproductive biology [16], osteotoxicity [17], carcinogenesis
[18], and cardiovascular abnormality [19]. In addition, Cd
acute exposures may lead to inflammation followed by cough,
dryness, nose and throat irritation, headache, dizziness, chest
pain, pneumonitis, and pulmonary edema [20, 21].

Rajshahi is a major city in Bangladesh and is located on the
north bank of the Padma River. There are also some industries
located in Rajshahi City and around Rajshahi. Investigations
are being carried out in different locations of Bangladesh by
different researchers to determine the extent of heavy metals
pollution in Midstream of the river, surface water,
groundwater, coal mine area water, soil, and sediments [22-
26]. Generally, the concentration of heavy metals in water is
typically low, but due to human activity, the concentrations of
these metals are increase over time. Water used for irrigation
in Rajshahi mainly came from the Padma River, groundwater,
and surface water. However, the possibility of heavy metal
contamination in irrigation water is not negligible. Several
previous studies indicated that irrigation water could be a
pathway of heavy metal contamination [27-29]. Also, we
predict that irrigation water nearby Rajshahi City may lead to
metal contamination due to industrialization and different
human activities. Some of the industries present in Rajshahi
City that could potentially contribute to heavy metal pollution
such as battery manufacturing and recycling, automobile
repair and maintenance, tanneries and leather processing,
metal processing and fabrication, ceramics and pottery, textile
and garment manufacturing, pharmaceutical manufacturing,
electronic waste recycling, paint and coating manufacturing,
small-scale metal and craft industries. Agricultural chemicals,
fertilizers, and pesticides used for crop production may also
involve heavy metal-containing compounds that can leach into
the soil and water. As heavy metals have carcinogenic and
non-carcinogenic toxic effects on the human body, it is crucial
to determine the pollution level of heavy metals in irrigation
water. It is also essential to analyze how metal concentrations
change in a study area with time. Based on the literature review,
it is hypothesized that industrial activities such as textile and
leather processing, metal fabrication, and pharmaceutical
manufacturing, as well as inadequate waste management
practices in industries like ceramics, battery manufacturing,
and electronic waste recycling, result in heavy metal pollution
in local water bodies in Rajshahi City. It is expected that
irrigation water samples collected from areas proximate to
these industries will show higher concentrations of heavy
metals, such as Pb, Cr, Mn, and Cd.

No previous studies were found in the literature on the
heavy metal levels in this study's selected area. Hence, the
current research would represent the pollution level of selected
heavy metals in irrigation water of studied areas, and it would
aid in comparing the results over time and with other research.
Hence, a systematic study is required in order to determine the
pollution level around Rajshahi City areas.

Therefore, the main objective of this study was to determine
the levels of four heavy metals (i.e., Pb, Cr, Mn, and Cd) in the
irrigation water used in different places of Rajshahi City in
Bangladesh. In addition, some of the factors, such as the
enrichment factor, contamination factor, geological index, and
modified degree of contamination, were also studied for
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complete pollution assessments. Through statistical analysis
and data interpretation, it anticipates identifying hotspots of
heavy metal contamination where concentrations exceed
acceptable regulatory limits. This information can serve as a
basis for policy recommendations and the prioritization of
clean-up initiatives.

2. MATERIALS AND METHODS
2.1 Date and location of the research

The samples were collected between April 2021 and May
2021 from the Rajshahi City Corporation areas of Bangladesh.
Sample analysis was conducted in June 2021 at the Central
Science Laboratory of the University of Rajshahi, Rajshahi,
Bangladesh.

2.2 Study area

Rajshahi is a metropolitan city and a major urban,
commercial and educational center in Bangladesh. It is also the
administrative seat of the eponymous division and district,
located on the north bank of the Padma River, near the
Bangladesh-India border [30]. Rajshahi City Corporation area
is 95.56 sq km, located between 24<20' and 24<24' north
latitudes and between 88<32' and 88 40" east longitudes. It is
bounded by Paba Upazila in all sides [31]. The irrigation water
samples were collected from different locations in the
Rajshahi City Corporation area of Bangladesh (Figure 1).
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Figure 1. Location of the research area

2.3 Collection of water samples

Water samples were collected directly from the field from
twenty (20) different sites of Rajshahi City Corporation areas
(Figure 1). Three samples (n=3) were collected from each site
for the determination of the standard deviation. A total of 60
samples were collected from 20 sites. The samples were
collected randomly from wards 2, 14, 17, 26, 29, and 30 of the
Rajshahi City Corporation, where cultivation is more. The



sample identification number and sample collection locations
are given in Table 1. Water samples (400ml) were collected
from the field with a standard dipper in triplicate portions and
put into a clean glass beaker without filtering. Samples were
analyzed for pH immediately after collection by handheld pH
meter (Hanna HI19811-51). The samples were acidified with
concentrated hydrochloric acid (HCI) and concentrated nitric
acid (HNOs) to a pH ranging between 1.5 and 2.0 for the
determination of heavy metals [22, 32]. Each portion of the
water sample was transferred into clean plastic bottles and
labeled. All the samples were stored in ice-packed coolers. The
samples were brought to the laboratory using a typical easy
bike. The temperature of all the stored samples was maintained
at 0-4<C until analysis. The samples were processed for
analysis within 1 to 3 days after collection.

Table 1. Sample identification number and sample
collection locations

Ide?lzt‘iltl;galliion Geographic Ward Number of
Number Location Rajshahi City
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2.4 Sample preparation

Irrigation water samples were prepared for analysis by
adopting the method described in the literature [33-35]. First,
100 ml of each water sample was taken in pyrex beakers,
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followed by adding 10 ml of concentrated HNOs. On a hot plate,
all the samples were boiled slowly and then evaporated to the
lowest possible volume (about 20 ml). The beakers were
allowed to cool, and 5 ml of concentrated HNO3; was added.
The heating continued at 85 °C with another 5 ml concentrated
HNO; until the digested solution was clear and light-colored.
The samples were evaporated again to dryness (but not baked)
and the beakers were cooled, followed by adding 5 ml of HCI
solution (1:1 v/v). The solutions were warmed, and 5 ml of 5
M NaOH was added and filtered through Whatman No. 42
filter paper. The filtrates were transferred to 100 ml volumetric
flasks and diluted to the mark with de-ionized water. These
solutions were then used for the elemental analysis.

2.5 Analysis of elements

The concentration of Pb, Cr, Mn, and Cd in the filtrate
samples was estimated by using an atomic absorption
spectrophotometer (SHIMADZU AA-6800) at the Central
Science Laboratory of the University of Rajshahi, Bangladesh.
The instrument was fitted with a specific lamp of a particular
metal. The AAS was calibrated using manually made standard
solutions of the relevant heavy metals and drift blanks.
Standard stock solutions of 1000 mg/L for all the metals were
purchased from Kanto Chemical Co. Inc, Tokyo, Japan. These
solutions were diluted to the desired concentrations to
calibrate the instrument. Data were analyzed by IBM® SPSS®
Statistics of version 17.0 for Windows®. Results are presented
as mean=Standard Deviations (SD).

2.6 Pollution assessment

The pollution assessment program is a module for
monitoring and preventing pollution that can be used to assess
the environmental impact of chemicals and industrial
processes. Assessment is intended to provide information to
all parties concerned so that the best possible decisions are
made. The assessment of heavy metal pollution was derived
using the enrichment factor (EF), geoaccumulation index (lgeo),
contamination factor (CF), and modified degree of
contamination (MDC) were used. These parameters are widely
used to assess the pollution level for heavy metal
contamination. Some industries and industrial activities in
Rajshahi City release heavy metals into the environment,
which may cause heavy metal pollution in irrigation water.
Because of this, these parameters were chosen for the pollution
assessment of this study.

2.6.1 Enrichment factor (EF)

The EF was first carried out by Buat-Menard and Chesselet
[36]. It is a useful tool for assessing the magnitude of
contamination and distinguishing the sources (anthropogenic
or natural sources) of heavy metals calculated in soil and street
dust [37]. Recently, the EF value has been broadly used to
evaluate the contamination status of heavy metals in
environmental samples [37-40]. Based on Buat-Menard and
Chesselet [36], the EF Eq. (1) is given below:

Cx )
o 1
Creference sampte

Cx
Creference

EF = 1)

)background

where, EF is the enrichment factor, (Cy/Cyreference)sampie 1S
the ratio of metal and reference element (Mn) concentrations



in the irrigation water, and (Cy/Cyeference)backgrouna 1S the
ratio of the metal and reference element (Mn) concentrations
in the background data (subsurface water) of the study area.
The elements Fe [41], Al [42], and Mn [43, 44] are common
references when computing the EFs of toxic metals in
environmental samples. In this study, Mn was selected to
represent the reference element. the factor is summarized in
Table 2 [36, 40].

2.6.2 Geoaccumulation index (lgeo)

The lgeo Was calculated using Eg. (2), as initially proposed
by Muller [45]. This index has been widely used to assess the
contamination levels by heavy metals, as found in the
literature [37, 40, 46, 47].

Cr
lgeo =In e 5 @)
where, Cy, is the measured concentration of metal and B, is the
geochemical background concentration of the corresponding
metal of the average continental shale. In this study, the
average values of soil samples of the study regions are taken
as a reference point and considered as B, values [48]. A factor
of 1.5 is used to include a possible variation of background
values due to lithogenic effects and an index of enrichment
[45]. The contamination levels based on Iy, are summarized
in Table 2 [40, 45].

Table 2. The EF model for heavy metals contamination [36,
40] and contamination level based on lgeo [40, 45]

EF |geo
EF Water Class Value Water Quality
Values Quality
EE<1 _No 0 lgeo<O Uncontaminated
enrichment
. 1 O<lgeo<l  Uncontaminated
Minor
I<EF<3 - to moderately
enrichment .
contaminated
3<EF<5 M(_)derate 2 1<lgeo<2 Moder_ately
enrichment contaminated
< Moderately 3 2<lge0<3 Moderately to
> severe heavily
EF<10 enrichment contaminated
10< EF< Severe 4 3<lgeo<4 Heavily
25 enrichment contaminated
25< EF< Very 5 4<lge0<5 Heavily to
50 severe extremely
enrichment contaminated
Extremely 6 5<lgeo Extremely
EF>50 severe contaminated
enrichment

2.6.3 Contamination factor (CF)

The CF was first proposed by Hakanson [49], and recently,
it has been widely used to determine the contamination level
of heavy metals in environmental samples [37, 50-52]. CF was
calculated by using Eq. (3) based on Hakanson [49].

Csample

CF = 3)

Cbacground

where, Csmple and Chackground, respectively, refer to the
concentration of a pollutant in the samples (collected directly
from the field) and the background (subsurface water) of the
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study area. The CF model for heavy metals contamination is
given in Table 3 [37, 49].

2.6.4 Modified degree of contamination (MDC)

The MDC is also used for the determination of the
contamination status of heavy metals in the environmental
samples. MDC was calculated according to the following
formula [53, 54].

. CF;

MDC = (4)

where, MDC is the modified degree of contamination, n is the
number of analyzed elements, and i is i element. The MDC

model for heavy metals contamination is summarized in Table
3[53, 54].

Table 3. The CF [37, 49] and MDC [53, 54] model for heavy
metals contamination

CF MDC
CF e . .
Values Classification MDC Values Water Quality
Nil to low degree
Cr<1 Low MDC<15 of contamination
ISCF< Moderate  1.5<Mpc<p oW degree of
3 contamination
3= CF< Considerable  2<MDC<4 Moderate d egree
6 of contamination
. High degree of
CF>6 Very High 4<MDC<8 contamination
8<MDC<16 Very hlgh_deg_ree
of contamination
Extremely high
16<MDC<32 degree of
contamination
MDC>32 Ultra-high degree

of contamination

3. RESULTS AND DISCUSSION
3.1 Heavy metals

The concentration of selected heavy metals (Pb, Cr, Mn, and
Cd) in irrigation water samples were studied through AAS as
shown in Table 4. The concentrations were taken as
milligrams of total metal per liter of the water samples. In
addition, minimum values (Min), maximum values (Max),
average values, standard deviations (SD), and percentage
relative standard deviations (%RSD) were also calculated for
all samples, which are given in Table 4.

Lead is a toxic element that is vastly used in different
electronic devices. It is also responsible for health problems,
including behavioral changes, pedagogical disabilities,
seizures, and subsequent demise. The high toxicity of Pb could
lead to renal abnormalities and neurological disorders. It is
reported by most physicians that acute Pb toxicity might lead
to anemia that could subsequently consequence in heme
inhibition as well as erythrocytes destruction [55]. In the
environment, the possible sources of Pb could be runoffs from
large and uncontrolled dumpsites of Pb-containing wastes [56],
hills surrounding the dams, atmospheric deposition [57], roads
[58] and mechanic workshops [59]. Lead is also the main
constituent of lead-acid batteries and tires and can leach and
end up in soil [60]. In this study, Pb was found in the range of



0.0211-0.2104 mg/L, with an average value of 0.0895 mg/L.
The maximum allowable limit (MAL) of lead in irrigation
water recommended by the Food and Agricultural
Organization (FAO) is 5 mg/L [61]. Another study by Gupta
et al. [62] found that Pb concentration was highest than MAL
in both untreated (0.0-7.5 mg/L) and treated (0.4-6.8 mg/L)
wastewater used for irrigation in areas of Titagarh, West
Bengal, India. Abd EI-Mageed et al. [63] studied the chemical
composition of heavy metal-contaminated irrigation water
and found that Pb levels ranged between 7.1 and 8.0 mg/L,
which were higher than the MAL standard. On the other hand,
Tarekegn and Weldekidan [64] revealed that the amount of Pb
was 3.23 mg/L (average value) in the irrigation water collected
from the Akaki River, Addis Ababa, Ethiopia. The value was
found to be lower than the MAL set by FAO. Similarly,
Ngweme et al. [65] investigated irrigation water in peri-urban
areas in Kinshasa, Democratic Republic of the Congo. They
found that the Pb concentration was lower than the MAL of 5
mg/L. Ahmed et al. [66] and Sagagi et al. [67] found Pb in
irrigation water 2.04 mg/L and 0.313 mg/L, respectively,
which does not exceed the MAL as set by FAO. The mean
concentrations of Pb were found below the MAL of 5 mg/L by
Abuzaid et al. [68]. So, in the present study, it is revealed that
the Pb level was found below the permissible limits of FAO
for irrigation water.

Table 4. The concentration of metals in irrigation water (mg/L)

Samples
Sa||\l'nple Collection Pb Cr Mn Cd
0. .
Location
Wi Wardno.2 0.0421 0.00421 0.1826 0.0165 +
(n=3) +0.002 +0.02 +0.00 0.002
Wa Wardno.2 0.0211 0.00211 0.2245 0.0095 +
(n=3) +0.001 +0.02 =+0.01 0.000
Ws Wardno.2 0.1473 0.00316 0.2097 0.0080 %+
(n=3) +0.001 +0.03 +0.01 0.001
Wa Ward no. 0.0421 0.00526 0.0913 0.0222 =
14 (n=3) +0.001 +0.03 +0.00 0.000
Ws Ward no. 0.1683  0.00737 0.2073 0.0076 +
14 (n=3) +0.003 +0.01 =+0.00 0.002
Wi Ward no. 0.0632 0.00316 0.2344 0.0089 +
14 (n=3) +0.001 +0.03 +0.00 0.001
W- Ward no. 0.0421 0.00211 0.2394 0.0120 =
17 (n=3) +0.002 +0.03 +0.00 0.000
Ws Ward no. 0.0421 0.00105 0.2492 0.0042 =
17 (n=3) +0.001 +0.02 =+0.02 0.001
Wo Ward no. 0.0211 0.00316 0.1307 0.0217 =
18 (n=3) +0.003 +0.01 =+0.01 0.003
Wio Ward no. 0.0632 0.00737 0.1801 0.0182 =
18 (n=3) +0.001 +0.01 +0.00 0.001
Wt Ward no. 0.1473 0.00316 0.2344 0.0080 +
18 (n=3) +0.001 +0.02 =+0.00 0.001
Wi Ward no. 0.1053 0.00937 0.2985 0.0165 +
18 (n=3) +0.001 +0.01 =+0.01 0.002
Wis Ward no. 0.0632 0.00832 0.3108 0.0132 =
26 (n=3) +0.002 +0.03 +0.01 0.001
W Ward no. 0.0211 0.00421 0.3084 0.0004 =
26 (n=3) +0.002 +0.01 =+0.02 0.001
Wis Ward no. 0.1263 0.00105 0.3380 0.0213 +
26 (n=3) +0.001 +0.02 =+0.00 0.000
Wis Ward no. 0.0211 0.00737 0.3084 0.0186 =
26 (n=3) +0.003 +0.02 +0.00 0.003
Wi Ward no. 0.2104 0.00421 0.3158 0.0184 =
26 (n=3) +0.001 +0.03 =+0.00 0.001
Wis Ward no. 0.1263 0.00737 0.3429 0.0089 +
29 (n=3) +0.002 +0.01 =+0.00 0.001
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Wis Ward no. 0.1894 0.00105 0.3627 0.0017 =
29 (n=3) +0.001  +0.01 +0.01 0.002

Wao Ward no. 0.1263  0.00211 0.3701 0.0160 =
29 (n=3) +0.001  +0.03 +0.01 0.001
Min 0.0211 0.0011 0.0913  0.0004
Max 0.2104 0.0094 0.3701  0.0222
Average 0.0895 0.0044 0.2570  0.0126
SD 0.06138 0.0026  0.0772  0.0066
%RSD 68.605 60.402  30.049 52.714

MAL 5 0.1 0.2 0.01
MAL: Maximum allowable limit of trace elements in irrigation water as set
by FAO [61].

Cr provokes several deleterious effects in physiological,
morphological, and biochemical processes inside plants. It
induces phytotoxicity by interfering with plant growth,
nutrient uptake, and photosynthesis, inducing the enhanced
generation of reactive oxygen species, causing lipid
peroxidation, and altering antioxidant activities [69]. The Cr
concentration in the collected samples ranged from 0.00105
mg/L to 0.00937 mg/L, with an average value of 0.0044 mg/L.
As set by FAO, the MAL of Cr in irrigation water is 0.1 mg/L
[61]. All the water samples contain a lower amount of Cr than
the MAL. These values can be compared with other researches.
The average concentrations of Cr in irrigation water were
found to be 0.45 mg/L by Ahmed et al. [66], while Faouzi et
al. [70] found 0.054 mg/L and 0.366 mg/L in winter and
summer, respectively. All these reported values are higher
than the MAL values. Arefin et al. [71] investigated the
surface water used for irrigation of the Turag River in
Bangladesh and found Cr concentration was higher than the
MAL of 0.1 mg/L. However, our study indicates that Cr does
not pose significant contamination in the selected study areas.

Manganese is known as a micronutrient that is essential in
almost all living organisms and acts as an enzyme cofactor or
a catalytic metal [72]. Furthermore, high concentrations of Mn
toxicity can result in hepatic cirrhosis, polycythemia, dystonia,
and Parkinson's disease [73]. In this study, the level of Mn in
the collected samples was varied from 0.0913 mg/L to 0.3701
mg/L, with an average value of 0.2570 mg/L. As set by FAO,
the MAL of manganese in irrigation water is 0.2 mg/L [61].
Mn concentrations for four samples were found below the
MAL,; the rest have a higher value of 0.2 mg/L. On the other
hand, Sagagi et al. [67] reported Mn concentrations of 0.239
to 0.251 mg/L in irrigation water samples. These values were
marginally higher than the MAL [61]. Maleki et al. [74]
studied irrigation water at peri-urban sites in Sanandaj, Iran,
and found that Mn concentration was lower than the MAL set
by FAO. Mn concentrations in all irrigation water samples
surpassed the MAL of 0.2 mg/L [68]. Arefin et al. [71] found
lowest Mn concentration of the samples is 0.35 mg/L which
exceeds the MAL of 0.2 mg/L, so all samples were higher than
the limit. Hence, our study indicates that Mn concentration
levels are higher than in other studies and MAL. Therefore,
Mn can cause a significant impact in the study areas unless
further action is taken.

Cadmium is a potential carcinogen [72], and Cd-rich
wastewaters result in serious human health problems [67]. The
"Itai-itai" disease was the earliest case of Cd toxicity which
was first reported in the 1970s [75]. The concentration level of
Cd lies in the range of 0.0004 mg/L to 0.0222 mg/L, with an
average value of 0.0126 mg/L. The MAL of cadmium in
irrigation water by FAO is 0.01 mg/L [61]. In this study, 55%
of irrigation water samples exceeded the MAL set by FAO.
Tarekegn and Weldekidan [64] found Cd between 0.03 and 0.4



mg/L with an average value of 0.1566 mg/L, which is
remarkably higher than the MAL of FAO. Other researchers
recorded Cd concentrations in irrigation water and found them
lower than the MAL recommended by FAO [65, 67, 74]. So,
we can postulate a similar conclusion, likewise Mn
concentration.

3.2 Pollution assessment

The indices viz. EF, lgo, CF, and MDC were used for the
pollution assessment of the irrigation water in the study area.
The calculated values of the EF and lgo in irrigation water
from different locations of Rajshahi are tabulated in Table 5
and Table 6 respectively. The calculated CF and MDC values
are given in Table 7. From this study, it can be revealed that
the EF values of Pb and Cr were below 1.0, which indicates no
enrichment, according to Table 2. The EF values for Cd were
between 1.0 and 3.0 for several samples, which shows minor
enrichment. However, the EF value is greater than 3.0 for a
single sample, which denotes moderate enrichment of
contamination. According to Sutherland [76], as the EF values
increases, the contribution of the anthropogenic origins also
increases. Withanachchi et al. [77] studied the downstream
areas of the Mashavera River and Poladauri River and showed
considerable anthropogenic enrichment for Cd and some Pb
enrichment in downstream irrigation canals. Alnuwaiser [38]
studied EF values of heavy metals in wastewater-treated basin
soil and found that soil samples reflect anthropogenic effects.
Liu et al. [78], recorded EF > 1.0 of heavy metals in
agricultural soils with sewage irrigation, indicating that the
concentration of each metal in the soils tended to increase. In
the Hengshui Lake of China, Cd was moderately enriched,
while Pb showed light enrichment by Liu et al. [39].

Table 5. The EF in irrigation water

EF
Sample No. Pb Cr Cd
W1 0.0092 0.0461 1.8072
W> 0.0038 0.0188 0.8463
W3 0.0281 0.0301 0.7630
W4 0.0184 0.1152 4,8631
W5 0.0325 0.0711 0.7332
Ws 0.0108 0.0270 0.7594
W7 0.0070 0.0176 1.0025
Ws 0.0068 0.0084 0.3371
Wy 0.0065 0.0484 3.3206
W10 0.0140 0.0818 2.0211
W11 0.0251 0.0270 0.6826
Wi 0.0141 0.0628 1.1055
Wis 0.0081 0.0535 0.8494
W14 0.0027 0.0273 0.0259
Wis 0.0149 0.0062 1.2604
Wi 0.0027 0.0478 1.2062
W17 0.0266 0.0267 1.1653
Wis 0.0147 0.0430 0.5191
W19 0.0209 0.0058 0.0937
Wao 0.0137 0.0114 0.8646
Min 0.0027 0.0058 0.0259
Max 0.0325 0.1152 4.8631
Average 0.0140 0.0388 1.2113

Using the Muller [45] scale, the lgeo for Pb and Cr was less
than 0, which demonstrated that the samples were
uncontaminated, based on Table 2. Some values for Mn and
Cd were between 0 and 1.0, which indicates an
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uncontaminated to moderately contaminated range. Hossain et
al. [46], studied lgeo value for Pb and Cr in the Sangu River
estuary, Chattogram, Bangladesh, and found that the studied
area was unpolluted by these metals. The process of lgeo
calculation that integrates the logarithmic function and a
background multiplication factor of 1.5, somewhat that is quite
separate from other pollution calculation methods discussed in
this study [47].

The CF values of Pb and Cr were less than 1.0, which is
considered low contamination by Table 3. However, for Mn
and Cd, maximum CF values were between 1.0 and 3.0, which
denotes moderate contamination. Hasan et al. [51] found very
high contamination for Mn, whereas considerable
contamination was observed for Pb in the surface water of the
Bay of Bengal coast. Esmaeilzadeh et al. [50] found CF for Cr
and Mn at 1.0 > CF > 3.0, reflecting moderate pollution in the
studied area. Several previous types of the research reported
that using fertilizers and fungicides in agricultural lands and
rice farms was the primary origin of many heavy metals in the
Anzali Wetland [52].

Table 6. The lgeo in irrigation water

Sample lgeo
No. Pb Cr Mn Cd
Wi -5.1826 -3.5732 -0.4965 0.0953
W> -5.8734 -4.2639 -0.2899 -0.4568
W3 -3.9302 -3.8601 -0.3581 -0.6286
W4 -5.1826 -3.3505 -1.1896 0.3920
Ws -3.7969 -3.0132 -0.3696 -0.6799
Ws -4.7764 -3.8601 -0.2468 -0.5220
W7 -5.1826 -4.2639 -0.2256 -0.2231
W -5.1826 -4.9618 -0.1855 -1.2730
Wo -5.8734 -3.8601 -0.8309 0.3693
W10 -4.7764 -3.0132 -0.5103 0.1934
W1 -3.9302 -3.8601 -0.2468 -0.6286
Wi -4.2658 -2.7731 -0.0050 0.0953
W13 -4.7764 -2.8920 0.0354 -0.1278
W1 -5.8734 -3.5732 0.0276 -3.6243
Wis -4.0840 -4,9618 0.1193 0.3507
Wie -5.8734 -3.0132 0.0276 0.2151
W17 -3.5736 -3.5732 0.0513 0.2043
Wig -4.0840 -3.0132 0.1337 -0.5220
W9 -3.6788 -4.9618 0.1898 -2.1774
Wao -4.0840 -4.2639 0.2100 0.0645
Min -5.8734 -4,9618 -1.1896 -3.6243
Max -3.5736 -2.7731 0.2100 0.3920

Average -4.6990 -3.7453 -0.2080 -0.4442

The MDC was used to describe the extent of contamination
of a metal contaminant [79, 80]. The MDC value for all
samples was found below 1.5, demonstrating nil to the lower
degree of contamination following Table 3. Devanesan et al.
[81] found a moderate degree of contamination of Pb, whereas
Mn and Cr show a high degree of contamination. MDC values
for Mn were found between 0.6 and 2.1, indicating a moderate
degree of contamination. For Cr, the value was found below
2.0, demonstrating nil to the low degree of contamination [82].

This study highlights the significant impact of heavy metal
pollution on the local environment and public health. This
contamination could negatively affect crop quality and
vegetation, leading to bioaccumulation and biomagnification,
which can harm wildlife, organisms, and human health.
Elevated heavy metal contamination levels in food can pose
direct risks to human health, especially if people consume
contaminated crops and food. Heavy metal contamination may



lead to respiratory problems, skin disorders, and chronic
diseases in individuals living near contaminated areas [29]. To
reduce the risk of exposure to heavy metals, environmental
remediation efforts should be initiated. Methods for removing
heavy metals from water include membrane filtration,
adsorption, chemical precipitation, solvent extraction, ion
exchange, reverse osmosis, and electrochemical treatment.
Soil treatment can be achieved using physical and chemical
treatments such as soil washing, electro-kinetic remediation,
and phytoremediation techniques, including
phytovolatilization, phytostabilization, phytoextraction, and
phytofiltration. Communities should be informed about
potential risks and encouraged to take preventive measures,
such as proper waste management. In order to develop targeted
health interventions, more investigation is required to identify
the sources of contamination, put pollution controls in place,
and study the impact of specific metal contaminants on local
populations' health.

Table 7. The CF and MDC in irrigation water

Sample CF
No. Pb Cr Mn Cd MDC
W1 0.00842 0.0421 0.913 1.65 0.65338
W2 0.00422 0.0211 1.1225 0.95 0.524455
W3 0.02946 0.0316 1.0485 0.8 0.47739
W4 0.00842 0.0526 0.4565 2.22 0.68438
Ws 0.03366 0.0737 1.0365 0.76  0.475965
Ws 0.01264 0.0316 1.172 0.89 0.52656
W7 0.00842 0.0211 1.197 1.2 0.60663
Ws 0.00842 0.0105 1.246 0.42 0.42123
Wo 0.00422 0.0316 0.6535 2.17 0.71483
Wio 0.01264 0.0737 0.9005 1.82 0.70171
Wu 0.02946 0.0316 1.172 0.8 0.508265
Wi 0.02106 0.0937 1.4925 1.65 0.814315
Wis 0.01264 0.0832 1.554 1.32 0.74246
Wag 0.00422 0.0421 1.542 0.04 0.40708
Wis 0.02526 0.0105 1.69 2.13 0.96394
Wis 0.00422 0.0737 1.542 1.86 0.86998
Wiz 0.04208 0.0421 1579 1.84 0.875795
Wig 0.02526 0.0737 1.7145 0.89 0.675865
Wig 0.03788 0.0105 1.8135 0.17 0.50797
Wo2o 0.02526 0.0211 1.8505 1.6 0.874215
Min 0.0042 0.0105 0.4565 0.0400 0.4071
Max 0.0421 0.0937 1.8505 2.2200 0.9639

Average 0.0179 0.0436 1.2848 1.2590 0.6513

4. CONCLUSIONS

This study aimed to determine the concentration levels of
heavy metals (Pb, Cr, Mn, and Cd) in the irrigation water used
in different places of Rajshahi City Corporation of Bangladesh
along with the pollution assessments. The present findings
provided additional data on heavy metal pollution and can help
in the risk assessment of consumer exposure to heavy metal
contamination. The heavy metals concentration in the studied
irrigation water samples was compared with the permissible
guidelines required for safe irrigation water to produce healthy
food. Based on the result, Mn was high from the studied
irrigation water, whereas Cr was found with a low value. The
results revealed that Mn exceeded the permissible limit set by
FAO in most cases, and few cases, there was some deviation
for Cd with the permissible limit. The average concentration
of heavy metals, measured in irrigation water, lies in the
increasing order of Cr (0.0044) < Cd (0.0126) < Pb (0.0895) <
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Mn (0.2570). Crops can absorb these metals from irrigation
water and soil, affecting growth and nutrient absorption and
reducing yields and quality. Consuming contaminated crops
containing heavy metals may damage vital organs and cause
chronic health issues. Preventive measures involve water
management, soil testing, and consumer awareness for safer
produce consumption. This study could suggest that further
research is needed with a huge number of samples and heavy
metals to determine the possible sources of heavy metal
contamination in irrigation water in the studied area
considering local geology, industrial activities, and
agricultural practices and should take proper action. This study
will, therefore, be helpful to take further steps by the relevant
stockholders.
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ABBREVIATIONS

Pb lead

Cr chromium

Mn manganese

Cd cadmium

AAS atomic absorption spectroscopy
FAO Food and Agricultural Organization
MAL maximum allowable limit

EF enrichment factor

lgeo geoaccumulation index

CF contamination factor

MDC modified degree of contamination
Min minimum values

Max maximum values

SD standard deviations

%RSD percentage relative standard deviations





