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Abstract: Currently, a total of about 15,000 tons/day of waste is generated in the entire Dhaka city
with an average per capita waste generation of 0.641 kg/day. Only 37% of this waste is collected and
dumped into the two sanitary landfill sites, which is the only waste management system in Dhaka. To
investigate the impact of landfill leachate of Amin Bazar landfill on the environmental compartments,
a total of 14 composite samples (two leachates, three surface water, three groundwater, three soil, and
three plants) were collected and analyzed for physicochemical parameters and heavy metal(loid)s
concentration. Based on the result of physicochemical parameters, all results were found higher in the
leachate samples than the permissible limit. The heavy metal(loid)s in leachate samples have a value
of high levels of contamination. Surface water, groundwater, soil, and vegetation are all polluted
as a result of high levels of metal contamination. Although the Water Quality Index values of the
samples based on heavy metal(loid)s concentrations were within the acceptable range, heavy metal
concentrations in the soil and plants were quite high. The concentrations of lead (Pb—8 mg/kg),
cadmium (Cd—0.4 mg/kg), chromium (Cr—2.26 mg/kg), and cobalt (Co—1.72 mg/kg) in all plant
samples were found to be higher than the allowable limit. The individual concentration of arsenic
(As—0.021 mg/L) in the leachate was higher than the maximum allowed limit. Inverse Distance
Weighted analysis through ArcGIS showed that landfill leachate has the maximum probability of
contaminating the surrounding environment with heavy metal(loid)s. Results showed that samples
collected near the landfill have higher concentrations of heavy metal(loid)s than others, which estab-
lishes the contribution of landfill leachate in contaminating the environment with heavy metal(loid)s.
The improper leachate management of landfill has a high impact on the environment.

Keywords: landfill leachate; heavy metal pollution; surface water; groundwater; soil; plants

1. Introduction

Landfill leachate is the liquid residuals of a landfill resulting from a combination of
the physical, chemical, and biological processes that transfer pollutants from the waste
materials [1]. Landfill leachate pollution creates alarming stress for developing countries
due to rapid and improper urbanization and industrialization.

The capital of Bangladesh, Dhaka, is one of the most populous cities in the world with
a total of about 15,000 tons per day of waste generation, and it is increasing rapidly [2,3].
The average per capita waste generation of Dhaka North City Corporation (DNCC) is 0.641
Kg/day [4]. Only 37% of this total waste is collected and dumped into the Amin Bazar and
Matuail sanitary landfill sites, which is the only solid waste management system currently
running in Dhaka [5]. The waste management system of Dhaka city had been working on
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its improvement with the technical aid of the Japan International Cooperation Agency since
2000 [6]. Leachate collection and gas venting systems, improved surface drainage, daily
covering of waste disposal facilities, slope reformation, working roadways, weighbridge
operation, and car washing facilities are all included in the Matuail and Amin Bazar sanitary
landfill project [7]. Waste dumped in this process undergoes slow anaerobic decomposition
for 30 to 50 years, which produces a considerable amount of leachate along with heavy
metals and the hazardous chemical compounds, which can seep from the landfill and
contaminate the nearby water body along with the groundwater through percolation, soil,
and plants through bioaccumulation [8].

Landfill leachate is an unavoidable substance, and the management of leachate is one
of the major difficulties [9]. Leachate has a negative impact on groundwater, surface water,
soil, and plants [10,11]. Landfill leachate alters the physicochemical parameters and heavy
metal concentration in surface water, groundwater, soil, and plants [8,12]. Therefore, faulty
management of landfill leachate could have an adverse effect on the environment as well as
human health. Water samples with lower depth (30 ft) and distance (1 km) from the landfill
had greater concentrations of chemical oxygen demand (COD), chloride (Cl-), sodium
(Na), and potassium (K) which were (128 mg/L), (115 mg/L), (98 mg/L), and (42.2 mg/L),
respectively, in the Chandigarh, Mohali, and Panchkula landfill sites in India [10]. Leachate
from the Matuail landfill site has a high concentration of total dissolved solids (734 mg/L),
COD (1631 mg/L), ammonium (1253 mg/L), hydrogen carbonate (27,962 mg/L), and some
heavy metals such as Ni (1.05 mg/L) and Cr (0.74 mg/L), and it has a significant potential
for polluting groundwater and surface water [8]. Haque et al. [5] conducted a study on
the Aminbazar landfill area on seasonal effects on heavy metal concentration in leachate
and converted soil, which is our study area. Kamal et al. [2] conducted a study in the same
area on the bioaccumulation of trace metals in plants. Both of these studies found high
concentrations of heavy metals in soil and plants which are considered to be polluted.

Altering the natural quality of soil, surface water, and groundwater has a major impact
on the environment as well as on human health [9,13,14]. Therefore, leachate pollution is
an alarming concern for the environment and has become one of the major concerns for
the current age. Leachate is an unavoidable substance of a landfill, but its impact on the
environment can be avoided. The assessment of possible risks from the landfill leachate is
crucial for sustainable environmental management [15]. The study on all four components
of the environment (surface water, groundwater, soil, and plants) is essential to understand
the impact of landfill leachate on the environment. Thus, this study aims to investigate
the environmental impact occurring from the landfill leachate by analyzing some physical
and chemical parameters such as electrical conductivity (EC), total dissolved solids (TDS),
dissolved oxygen (DO), pH, turbidity, salinity, temperature, total hardness, lead (Pb), nickel
(Ni), chromium (Cr), cadmium (Cd), cobalt (Co), and arsenic (As) in leachate, surface water
(SW), groundwater (GW), surrounding soil, and plants. To determine the contribution
of landfill leachate in heavy metal(loid)s concentration in soil, water, and plants, Inverse
Distance Weighted (IDW) analysis in GIS was performed.

2. Materials and Methods
2.1. Study Area

Our study area, the sanitary landfill at Amin Bazar, is located at Savar Upazilla in
Dhaka, Bangladesh, near the low-lying floodplain of the Karnatali River. The landfill
lies between the latitude 23◦48′0.86′′ and 23◦47′44.33′′ N, and longitude 90◦17′51.03′′ and
90◦18′12.03′′ E. Since 2007, the location has been used as a dumpsite, with the first phase of
its operation being an open dumpsite (Figure 1). Currently, this facility is a semi-aerobic
sanitary landfill site with a total size of roughly 20.23 hectares that operates with the fast
breakdown of wastes. Between June and October of the year, the region is submerged
during every rainstorm [16].
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Figure 1. Satellite map of the study area.

2.2. Sample Collection

To collect the samples, the study area was selected within a 1 km of radius from
the center of the landfill. A total of 42 samples were collected from the landfill site of
Amin Bazar and the surrounding area within a radius of 1 Km following Ahsan et al. [17]
and Siddique et al. [18]. A total of 5 types of samples were collected from the study area
which includes 2 leachate samples, 3 surface water samples, 3 groundwater samples, 3 soil
samples, and 3 plant samples. The details of the collected plant samples are given in Table 1.

For each type of sample, triplicate samples (n = 3) were collected to obtain a total
of 42 samples (14 × 3 = 42). However, the collected triplicate samples from each type of
sample of the study area were mixed together and homogenized well to obtain a total
of 14 composite samples (42/3 = 14) from the study area. The samples were collected
randomly from different locations within the study region, which can be addressed as
cluster area sampling (Figure 2).

2.3. Sample Preparation

For the preparation of leachate, surface water, and groundwater samples, 50 mL of
each liquid sample was taken into a 250 mL beaker, and 2–3 mL of concentrated nitric acid
(HNO3, 65%) was added into it [17,18]. The mixture was then heated at 90 ◦C in a hot
plate until the volume of the solution reach around 3 to 5 mL after evaporation. After that,
the solution was cooled and filtered into a volumetric flask with Whatman 42 filter paper
rinsing the sample beaker with deionized water to make the final solution volume of 50 mL.
The collected soil and plant samples were dried at 60 ◦C in an oven for 24 h. After that,
samples were grounded to powder using a hand grinder and stored in a zip-lock plastic
bag. The digestion of the soil sample was performed following Siddique et al. [18] and
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Hasan et al. [19]. About 5 gm of powdered sample was taken into a 250 mL beaker and
10 mL of conc. HNO3 and 5 mL of conc. HClO4 was added to it. The mixture was then
heated in a hot plate at 90 ◦C for 3–4 h. The solution becomes almost transparent, and then,
it was cooled and filtered into a 50 mL volumetric flask as mentioned above. The plant
samples were prepared following Nasrin et al. [20]. In summary, a muffle furnace was
used to gradually heat 5 g of powdered plant sample to 600 ◦C, and that temperature was
maintained for 6 h. Then, the ash sample was treated with concentrated HNO3 and HClO4
(ratio: 2:1) and boiled on a hot plate at approximately 150 ◦C to produce a colorless clear
solution after cooling. In a volumetric flask, the solution was prepared to a final volume of
50 mL using deionized water. Until analysis in the lab, the entire prepared sample solution
was stored in plastic bottles at 4 ◦C.

Table 1. Details of collected samples.

Sample Sample Type
Location

Details of Sample
Latitude Longitude

01 Untreated leachate 23◦47′51.842′′ 90◦17′52.571′′ Collected from the leachate pond.

02 Treated leachate 23◦47′51.842′′ 90◦17′52.576′′ Collected from the leachate pond.

03-01 Surface water 23◦47′39.361′′ 90◦17′47.176′′ Collected from the open lake exposed to
the landfill at a depth of 50 cm.

03-02 Surface water 23◦47′34.842′′ 90◦18′01.633′′ Collected from a pond at a depth of 50 cm.

03-03 Surface water 23◦47′33.541′′ 90◦18′13.691′′ Collected from a pond at a depth of 50 cm.

04-01 Groundwater 23◦47′39.947′′ 90◦17′44.797′′ At a depth of 70 ft (21.3 m).

04-02 Groundwater 23◦47′33.844′′ 90◦18′07.443′′ At a depth of 280 ft (85.3 m).

04-03 Groundwater 23◦47′42.151′′ 90◦18′15.884′′ At a depth of 400 ft (121.9 m).

05-01 Soil 23◦47′39.947′′ 90◦17′44.797′′ Collected from 10 cm beneath the surface.

05-02 Soil 23◦47′33.547′′ 90◦18′13.691′′ Collected from 10 cm beneath the surface.

05-03 Soil 23◦47′42.153′′ 90◦18′15.882′′ Collected from 10 cm beneath the surface.

06-01 Plant 23◦47′39.947′′ 90◦17′44.797′′

1. Artocarpus heterophyllus (Jackfruit),
collected raw leaves from the plant.

2. Carica papaya (Papaya plant),
collected raw leaves from the plant.

3. Musa acuminate (Banana plant),
collected raw leaves from the plant.

06-02 Plant 23◦47′34.845′′ 90◦18′01.631′′

1. Ipomoea aquatica (Water spinach)
collected raw leaves from the plants.

2. Ocimum tenuiflorum (Tulsi) collected
raw leaves from the plants.

06-03 Plant 23◦47′33.545′′ 90◦18′13.694′′
1. Ocimum tenuiflorum (Tulsi) collected

raw leaves from the plants.
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Figure 2. Sampling locations of the study area.

2.4. Sample Analysis

All samples were analyzed following the methods described by American Public
Health Association [21] along with the in-house laboratory methods. Physiochemical pa-
rameters of water samples such as temperature, electrical conductivity (EC), total dissolved
solids (TDS), pH, salinity, and dissolved oxygen (DO) were measured in the field using
a multi-parameter meter (Hanna HI-9829). Total hardness (TH) was measured by the
conventional titration method. The concentrations of several trace metal(loid)s such as
Co, Cd, Ni, Pb, As, and Cr was measured using an Atomic Absorption Spectrophotometer
(AAS) (Model: AA240FS, Varian, Agilent, Victoria, Australia; Software: SpectrAA version
5.1). The details of the analytical procedure and quality control to produce reliable data
in AAS are reported earlier [17–19]. In brief, the concentration of trace metal(loid)s was
measured against a prepared calibration curve using certified reference materials (CRM,
Fluka Analytical, Sigma-Aldrich, Darmstadt, Germany) for individual elements. The ac-
curacy and precision of the analysis were checked through triplicate analysis of the CRM
and samples. To ensure further analytical quality, the CRM, method blank, and sample
blank were analyzed sequentially. The detection limit for the analyzed trace metal(loid)s
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viz., Co, Cd, Ni, Pb, As, and Cr were 2.13, 0.29, 2.17, 1.20, 0.16, and 0.41 ppb, respectively.
The spike recovery in the analysis was within 94–104%. All samples, standards, and blanks
were measured three times, and mean results were taken into consideration.

2.5. Statistical Analysis and Spatial Distribution of Metal(loid)s

The results of metal(loid)s concentrations were analyzed statistically for principal
component and Pearson’s correlation analysis using SPSS software (version 25) to identify
the source of pollutants through their associations. Inverse Distance Weighted (IDW)
through ArcGIS has been performed to identify the spatial distribution of the elemental
concentration [22]. IDW is an interpolation tool of ArcGIS which is used for a better
understanding of the surface grid and predicting the values of cells at locations that lack
sampled points. ArcMap 10.3 has been used to analyze the spatial distribution.

2.6. Indices for Water Quality, Pollution, and Feasibility Assessment

There are several indices that are widely used in different water research (surface water,
groundwater, drinking water) to assess the water quality, water suitability, and pollution
degree to various extents [23–27]. In this work, the water quality index (WQI) [28], degree
of contamination (CD) [29], heavy metals evaluation index (HEI) [30], and heavy metal
pollution index (HPI) [31,32] were used to evaluate the water quality and the level of water
pollution in the study area. The indices were calculated using the following equations.

WQI = ∑[

(
W

∑ Wi

)
×

(
Ci
Si
× 100

)
] (1)

CD = ∑n
i=1 Cn (2)

HEI = ∑n
i=1

Mi
Si

(3)

HPI = ∑ WiQi
∑ Wi

(4)

Here, assigned weights were according to their relative significance (W), relative
weight (Wi), the concentration of each variable (Ci), standard values (Si), contamination
factor (Cn), measured value (Mi), and Sub-index (Qi). The required parameters for the
calculation methods of various indices are given in Table 2.

Table 2. Several standard values used to calculate different indices of water.

MAC
(µg/L)

CNi
(µg/L)

Ii
(µg/L)

Si
(µg/L)

Wi
(µg/L) References

Pb 10 1.5 10 50 0.02 [33,34]
Cd 3 3 3 5 0.20 [34,35]
Cr 50 50 50 100 0.01 [34,36]
Co 1000 1000 50 100 0.01 [34,36]
Ni 70 20 20 70 0.01 [33,37,38]
As 10 10 10 50 0.02 [33,35]

Note. Maximum admissible concentration (MAC), Upper permissible concentration (CNi), Ideal concentration
value for the ith parameter (Ii), Standard concentration value for the ith parameter (Si), and Unit weight (Wi).

3. Results and Discussion
3.1. Physicochemical Characterization of Leachate and Water Samples

The results of the physicochemical parameters of leachate, surface water, and groundwater
samples of the study area are summarized in Table 3. The pH values of all samples are found
within the standard limit. The mean pH value found in the leachate sample was 7.85, which
refers to a mature landfill leachate based on the study of Tchobanoglous et al. (1993) [39]. The
study showed that the pH value for new landfills normally varies from 4.5 to 7.5, and for
mature landfills, it varies from 6.6 to 7.5. It is important to note that landfill leachate may
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raise the pH of drinking water and may help in producing trihalomethane (THM), which is
a chemical that is hazardous to humans [40]. The DO level in leachate samples is found to
be very low, suggesting a significant link with EC, which also shown to be at high levels in
landfill leachates, reflecting a high presence of inorganic components [13]. However, in the
water samples, the level of DO is found within the standard limit. The mean turbidity of
groundwater samples was found far lower than the leachate and surface water, which is
plausible. The salinity of the leachate sample was extremely higher than the surface water
and groundwater. This highly saline leachate can contribute to increasing the salinity of
surface water and groundwater. This is corroborated by the discharge of domestic waste
in landfill. The mean TDS and EC values of the leachate samples are found to be much
higher than the water samples for which the values are within the standard limit. Extremely
high conductivity values are caused by an abundance of cations and anions. The intensity
and overall pollutant load of the leachate are further reflected in the total mineral content.
The leachate contains salt because it contains potassium, sodium, chloride, nitrate, sulfate,
ammonia, and other chemicals [13]. The mean temperature of leachate, surface water, and
groundwater was 33.12, 28.87, and 28.8 ◦C, which was higher than the recommended value
of EU. The mean values of the total hardness of leachate are also found to be much higher
than the surface and groundwater. The total hardness of all the samples was found to be
more than the permissible limit recommended by the ECR and WHO [35,38].

Table 3. Physicochemical parameters of leachate and water samples.

Sample
ID

Sample
Type pH DO

(mg/L)
Turbidity

(FNU)
Salinity
(mg/L)

TDS
(mg/L)

EC
(µS/cm)

Temperature
(◦C)

TH
(mg/L)

01 Leachate 7.85 1.47 6.58 10.4 5847 11,694 33.87 2805.6
02 Leachate 7.85 1.26 3.19 19.9 2980 5960 32.38 1132.3

Mean 7.85 1.36 4.88 15.2 4413.5 8827 33.12 1968.9
SD 0.00 0.15 2.40 6.72 2027.3 4054.6 1.05 836.7

03-01 SW 7.85 15.5 0.37 19.7 385 770 31.38 501
03-02 SW 7.05 3.50 7.30 0.22 231 458 27.63 498
03-03 SW 7.11 4.20 3.40 0.17 182 370 27.62 492

Mean 7.33 7.73 3.69 6.70 266 532.7 28.87 497
SD 0.44 5.49 3.47 11.3 105.9 210.2 2.16 3.74

04-01 GW 7.38 15.3 0.14 1.01 149 297 30.85 330
04-02 GW 7.30 4.50 0.40 0.16 171 342 27.74 288
04-03 GW 7.08 4.60 2.10 0.31 326 653 27.82 316

Mean 7.25 8.13 0.88 0.49 215.3 430.7 28.80 311.5
SD 0.15 5.06 1.06 0.45 96.47 193.9 1.77 17.6

ECR, 1997 [28] 6.5–8.5 6 10 - 1000 350 20–30 -
WHO, 2017 [30] 6.5–8.0 4–6 5 - 500 250 - -

Note. SD = Standard Deviation.

3.2. Concentration of Metal(loid)s in Leachate, Water, Soil, and Plants Samples

The results of heavy metal(loid)s concentration of leachate, surface water, and ground-
water samples of the study area are summarized in Supplementary Table S1. The mean con-
centration of Pb in leachate, surface water, groundwater, soil, and plants were 0.05 mg/L,
0.01 mg/L, 0.003 mg/L, 16 mg/kg, and 8 mg/kg, respectively. The concentration of
Pb found in previous studies on various landfills’ leachate was ranging from 0.01 to
0.45 mg/L [41]. Alam et al. (2020) detected a high concentration of Pb in surface water,
ground water and soil around a landfill site in Sylhet, Bangladesh [42]. Although the
usefulness of lead in human physiology is unknown [43], prolonged exposure at high levels
could harm vital organs and systems such as the nervous, digestive, hematopoietic, car-
diovascular, reproductive, and immune systems, as well as the skeleton and kidneys [44].
In contrast, the mean concentration of Cd was 0.003 mg/L, 0.002 mg/L, 0.002 mg/L,
0.11 mg/kg, and 0.4 mg/kg, respectively. The concentration of Pb and Cd in plants was
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higher than the maximum permissible limit set by the WHO but in the water and soil, the
concentration was within the standard limits. The mean concentration of Cr in leachate,
surface water, groundwater, soil, and plants were 0.0179 mg/L, 0.044 mg/L, 0.0052 mg/L,
47.73 mg/kg, and 2.26 mg/kg, respectively. These trace elements are considered as po-
tentially harmful pollutants. Because they may make strong metallic bonds with several
functional macromolecules at once, leading to clump development, they can interfere with
a cell’s basic functioning in a biological system. Pb is harmful even at low doses and
can induce anemia, brain damage, anorexia, mental deficit, vomiting, and even death in
people [13]. The Co concentrations in all these samples were 0.057 mg/L, 0.022 mg/L,
0.0096 mg/L, 9.808 mg/kg, and 1.725 mg/kg, respectively. The concentration of Cr and Co
were higher than the maximum permissible limit in plant samples set by the WHO, but in
the water and soil samples, the concentration was within the limits. The Cr concentration
detected in previous studies on various landfills ranged from 0.005 to 2 mg/L [41]. Since Cr
does not significantly affect plant metabolism, growth, or productivity, it is found that Cr
accumulation in plants is highly toxic [45]. Long-term Cr accumulation in the soil lowers
agricultural production and crop quality [46]. The mean concentration of Ni in leachate,
surface water, groundwater, soil, and plants was 0.16 mg/L, 0.053 mg/L, 0.0463 mg/L,
28.98 mg/kg, and 4.76 mg/kg, respectively. In contrast, the concentration of As in all
these samples was 0.0129 mg/L, 0.0047 mg/L, 0.0025 mg/L, 1.6 mg/kg, and 0.382 mg/kg,
respectively. The leaching of As, Cr, and Cu from wood wastes such as building and
demolition projects, utility poles, furniture, landscape structures, and wood products in-
dustries, which is often treated with chromated copper arsenate (CCA) preservatives, may
result in higher metal levels in wood [47]. The Ni concentration in leachate was above the
maximum permissible limit, but in the rest of the samples, the concentration was within
the permissible limit. On the other hand, the concentrations of As were slightly above the
permissible limit in the leachate. The concentration of As in treated leachate was found
higher than in untreated leachate. This may be occurring because of the aerobic treatment
of leachate, which may result in oxidative dissolution [48]. The concentration of all the
analyzed heavy metal(loid)s has been graphically represented in Figure 3.

3.3. Principal Component Analysis

The principal components that have the maximum probability of polluting the en-
vironment by being present were analyzed by principal component analysis (PCA). The
PCA extracted two controlling factors from the analytical data set of heavy metal(loid)s
concentration with eigenvalues >1 (Figure 4). The extracted two factors contain about 95%
of the total variance, which is explained by whole factors. Component 1 (PC1) comprises
about 78% of the total variance with strong positive loadings of the factors due to lead (Pb)
only. PC2 accounted for 17% of the total variance, which represented the strong positive
loading of Cadmium (Cd). Therefore, analyzing these two components will be enough to
acquire 95% of all these metals’ analyses.

3.4. Pearson’s Correlation Analysis

According to the correlation matrix of physicochemical parameters of leachate, sur-
face water, and groundwater in Table 4, the pH has the maximum positive proportional
relation with all the other parameters, except for turbidity. In contrast, DO has an inversely
proportional relation among turbidity, TDS, EC, and TH.
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Figure 3. Heavy metal(loid)s concentration in (a) leachate, (b) surface water, (c) groundwater, (d) soil,
and (e) plant sample.
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Figure 4. Principal component analysis of the analyzed heavy metal concentration by (a) scree plot
and (b) component plot.

Table 4. Pearson’s correlation matrix among the physicochemical parameters of leachate, surface
water, and groundwater.

Parameters pH DO Turbidity Salinity TDS EC Temperature TH

pH 1
DO 0.125 1

Turbidity −0.069 −0.667 1
Salinity 0.906 0.107 −0.058 1

TDS 0.672 −0.479 0.520 0.473 1
EC 0.672 −0.479 0.520 0.473 1 1

Temperature 0.922 0.089 0.100 0.753 0.797 0.797 1
TH 0.613 −0.437 0.583 0.393 0.980 0.980 0.756 1

Note. Bold values refer to significant correlation.

According to Pearson’s correlation matrix of heavy metal(loid)s concentration (Table 5),
Pb has a positive proportional relation with all the other parameters. On the other hand,
Cd does not comply with any positive proportional relation with other metals except for
Pb. This also complies with the PCA result where Pb is the first component comprising
78% of total variance, as it has the maximum positive correlation with all the other metals
except Cd, which as a result becomes the second component of PCA.
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Table 5. Pearson’s correlation among the heavy metal(loid)s.

Parameters Pb Cd Cr Co Ni As

Pb 1
Cd 0.533 1
Cr 0.858 0.146 1
Co 0.831 0.188 0.823 1
Ni 0.861 0.180 0.854 0.995 1
As 0.830 0.178 0.822 0.978 0.983 1

Note. Bold values refer to significant correlation.

3.5. Water Quality and Pollution Assessment

According to the determined values listed in Table 6, the WQI value of leachate is
higher than that of both surface and groundwater. Although the WQI of leachate shows
that they are of good quality, the CD value of leachate shows that the leachate is heavily
contaminated. The obtained value of WQI of the leachate sample was 50.01, which is not in
the excellent range [49,50], and the CD value of treated leachate was 4.663, which denoted
that the leachate was heavily contaminated according to the pollution level [29].

Table 6. Water quality index (WQI) and pollution indices including degree of contamination (CD),
heavy metals evaluation index (HEI), and heavy metal pollution index (HPI) for leachate, surface
water (SW), and groundwater (GW).

Sample ID Sample
Types WQI CD HEI HPI

01 Leachate
untreated 50.01 3.317 9.317 16.445

02 Leachate
treated 28.41 4.663 10.663 −5.159

Mean 39.21 3.990 9.990 5.643

03-01 SW 43.63 −2.061 3.938 10.059
03-02 SW 25.33 0.162 6.162 −8.232
03-03 SW 17.82 −4.075 1.924 −15.750

Mean 23.56 −2.204 3.795 −10.002

04-01 GW 29.15 −2.966 3.033 −4.421
04-02 GW 31.41 −3.878 2.121 −2.158
04-03 GW 33.25 −3.980 2.019 −0.312

Mean 21.89 −4.008 1.991 −11.677

3.6. Spatial Comparison of Heavy Metal(loid)s Concentration and Distance from Landfill Site

As the results revealed, landfill leachate has the maximum concentration of the an-
alyzed heavy metal(loid)s than other water samples. Water, soil, and plant samples also
have a higher concentration of contaminants than the permissible limit. It was essential to
analyze whether the surrounding environment had been contaminated because of the land-
fill leachate or if there were other reasons. According to the IDW analysis, sample 03-01 of
surface water was the closest to the leachate pond, which was followed by sample 03-02 and
sample 03-03. The cadmium concentration in sample 03-01 was the highest (0.004 mg/L),
which was followed by sample 03-02 (0.002 mg/L) and sample 03-03 (0.0016 mg/L). There-
fore, the Cd concentration in the surface water is inversely proportional to the distance
from the landfill site. The smaller the distance, the higher the concentration. The same
goes for Ni in surface water, as shown in Figure 5. In Figure 5, the color from green to
red denotes the concentration from lower to higher. The concentration of Ni and As in
groundwater is highest in samples 04-01, which was at the nearest distance from the landfill
site. In Figure 5, the color from blue to red denotes the lower to higher concentration of Ni
and As in groundwater.
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Figure 5. IDW of (a) Cd and Ni concentration in surface water and (b) Ni and As concentration in groundwater.

The same goes for the Pb and Cd in the soil and plant samples (Figure 6). The
concentration of Pb, Cd, and Ni shows the most acceptable result based on IDW. Sample 06-
01 and sample 06-03 were closer to the landfill site and sample 06-02 was farther. Therefore,
the concentration of all these heavy metal(loid)s was higher in samples 06-01 and 06-03.
More GIS analysis of soil and plant has been added in Supplementary Figure S1.
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Figure 6. IWD of (a) Pb and Cd concentration in soil samples and (b) Ni and Cd concentration in
plant samples.

4. Conclusions

This study has been conducted focusing on the impacts of Amin Bazar landfill, Dhaka,
Bangladesh on the surrounding environment. To assess the impact of landfill leachate on
the quality of the environmental compartments, physical and chemical characterization
of the leachate and its surrounding environmental samples including the surface water,
groundwater, soil, and plants were carried out. From the investigations, it can be concluded
that the leachate (both treated and untreated) from the landfill site has a higher degree
of contamination with respect to the analyzed parameters, which contribute to the sur-
rounding environmental components including the surface water, groundwater, soil, and
plants by polluting them adversely. Although the WQI of the samples based on the heavy
metal(loid)s concentration was found within the standard limit, the concentration of heavy
metal(loid)s in the soil and plants was found to be very high. This indicates a considerable
deposition and accumulation of heavy metal(loid)s in soil and plants, respectively. Thus,
all the plant samples have been found to accumulate with a higher concentration of Pb, Cd,
Cr, and Co than the permissible limit. Again, the individual concentration of As was higher
than the maximum permissible limit in the leachate. According to the Inverse Distance
Weighted (IDW) analysis, landfill leachate has the maximum probability to contaminate the
surrounding environment with heavy metal(loid)s. The results of this study support the
need for continuous monitoring of the environmental components around the Amin Bazar
landfill along with the landfill management system. The investigation also showed that
despite being treated with conventional aeration, the quality of the leachate sample in this
area does not meet Bangladesh’s inland surface water quality criteria. As a result, mitiga-
tion measures are critical for preventing soil and water contamination. Solid waste should
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be converted to reusable items by solid waste adjustment and cementing for cost-effective
management. The findings of this flow study can be used to supplement the next stage of
research, which will investigate the feasibility of getting involved in the development of a
waste management system as well as ensuring ideal environmental standards for municipal
solid waste and balancing environmental quality.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/soilsystems6040090/s1, Table S1: Heavy metal(loid)s concentration
in all samples; Figure S1: IWD of (a) Cr concentration in soil samples and (b) Pb concentration in
plant samples.
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