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Keywords: Considering the importance of water resources in the critical situation of Iran, it is

Groundwater Pollution, necessary to carry out serious research to protect the existing resources. This research
Landfill, Heavy metals,

MT3DMS, MODFLOW. is a case study to simulate the process of leakage and transfer of leachate from landfill
to groundwater and the spread and migration of four heavy metals (lead, iron, zinc
and cadmium) in the unconfined alluvial aquifer of Babolsar city. The 5 ha landfill
investigated in this study receives 150 tons of solid waste per day from Babolsar city.
Infiltration and transfer of leachate to this aquifer is simulated using finite difference
techniqgue and MODFLOW, MT3DMS codes in GMS software. After the
implementation and calibration of the quantitative model, the qualitative model was
implemented for four heavy metals (lead, iron, zinc and cadmium). By applying the
processes of convection, hydrodynamic dispersion and absorption, the natural
cleaning potential of each element was investigated and the qualitative model of
pollutant transport was calibrated and the amount and rate of absorption in the studied
range were determined for each element. Based on the simulation results, the
structure and geological material have had the greatest impact on the transfer of
leachate from municipal solid waste in the traditional landfill in Babolsar. Due to
their low permeability and high capacity to absorb contaminants, clay and organic
matter in the soil of the studied area have prevented the transmission and spread of
pollution plume in the alluvial aquifer of Babolsar. In order to predict the potential
of natural cleaning of the aquifer in the coming years and determine the fate of these
elements, the graph of changes in the concentration of these elements until they reach
the standard allowed concentration was drawn with respect to time and the equation
for each element was determined. The cleaning equations obtained from the
qualitative model are a suitable tool for predicting the development of the pollution
plume in the aquifer and determining the natural changes in the concentration of these
elements with time for the optimal management of the aquifer in the hands of experts.

Introduction agricultural wastes and effluents is a serious
Pollution of ground and surface water problem in most parts of the world, especially
resources through industrial, urban and in developing countries (Todd and Mays,
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2005). In our country, Iran, there are serious
problems in the field of environmental
pollutants, and the statistics provided by the
relevant organizations are worrying in this
regard. One of the important types of
pollutants in our country's environment are
potentially toxic elements and heavy metals
that will have irreparable effects on
groundwater resources in the long run. Heavy
metals are of anthropogenic or terrestrial
origin, or both. These potentially toxic
elements present in wastes and effluents are
finally concentrated in the environment and
are absorbed by the human body based on the
cumulative factor, leaving dangerous effects.
The increasing production of waste in the
country as well as the lack of proper waste
disposal systems has led to the open disposal
of waste in most of the country's plains.

In recent years, one of the most important
and efficient tools for managing groundwater
resources is the flow and pollution transfer
models of aquifers, which have attracted the
attention of many researchers due to saving
time and money (Banejad et al., 2013).

Many studies have been conducted on the
issue of pollution transfer from landfills and
landfills (Han et al., 2014; Powell et al., 2015).
Rojas (2004) conducted a study to determine
the potential of groundwater pollution by
leachate released from a 22-hectare landfill in
Manila, Philippines, and modeled
groundwater flow and pollution transfer using
the FEMWATER module available in GMS.
By using VISUAL HELP software, this
researcher also determined the rate of leachate
produced from this landfill site and the extent
of its infiltration into the subsurface areas, and
based on the results of the modeling, predicted
the transfer of pollution for a non-reactive
compound over a 50-year period. He also
concluded that pollution of 150 and 250
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mag/liter will occur in the next 5 and 10 years,
respectively, in the groundwater resources of
the Manila landfill area. Tauhid-Ur-Rahman
(2009) modeled the transfer of pollution from
a landfill in Uganda using FEMLAB software
and concluded that the plume of pollution
reaches the groundwater after 40 hours from
the production site. Rouholahnejad and
Sadrnejad (2009) modeled the landfill in the
coastal area of Lebanon using FDM and FVM
methods and also VISUAL HELP software to
show that the leachate concentration meters
even they will not reach the downstream areas
in the next 75 years.

Zogi and Ghavidel (2011) used the HELP
model to estimate the amount of leachate
produced by landfills in Semnan city and
concluded that rainfall, evaporation and
transpiration have the greatest effect on the
increase and decrease of production,
respectively. Khanlari et al. (2013) studied the
impact of leachate from the Hamedan landfill
on groundwater and concluded that the
geological and hydrogeological conditions of
the landfill play an important role in the spread
of pollution, and the amount of pollution in the
surface aquifer is higher than in the deep
aquifer. Motazeri (2013) modeled the
pollution of groundwater sources and soil
around the landfill in Shahrood city and
concluded that the main factor of leachate
transfer to the water table is the high
permeability of the soil. Nakhaei et al. (2015)
using HYDRUS and VISUAL HELP
software, modeled the transfer of pollution
caused by the leachate leakage of the Rasht
landfill and concluded that in a period of 50
years, due to the insignificant concentration of
infiltrated leachate and the high density of the
layer at a depth of 40 meters, the transfer of
pollution to the groundwater is prevented and
the transfer of pollution takes place only in the
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upper sedimentary parts. Kakaei and Riyahi
Bakhtiari (2016) investigated the risk of
leachate containing heavy metals from
hazardous waste entering the groundwater in
the Hamadan landfill using the IWEM model
and concluded that it is necessary to determine
the type of cover in order to prevent leachate
from entering the groundwater. Baghvand et
al. (2016) in a study to investigate the
pollution of groundwater resources around the
landfill of Takestan city, reached the
conclusion that leachate leakage has changed
the quality of groundwater resources near the
landfill of Takestan. Taheri Tizro et al.
(2018), conducted a study on the modeling of
leachate transfer from landfill to deep aquifer
located in Dasht Bahar and concluded that the
geological condition of the landfill area has the
greatest impact to the transfer of leachate
pollution to the groundwater and in this plain
so that the existence of a conglomerate layer
has prevented the transfer of pollution to the
groundwater. Ranjbar and Pirzadeh (2022)
investigated the quantitative and qualitative
condition of Dasht-e-Heng with MODFLOW
and MT3DMS modeling. They showed that
the reason for the increase in TDS of water
from the center of the plain to the south of the
aquifer is the structure and the type of
formation, absorption wells and agricultural
land use.

In this research, the study case is the
Babolsar landfill, which is located in
residential and coastal lands and is not
designed according to sanitary and
engineering principles. Also, in this place, the
covering of the wastes and their compaction
with sediments in order to reduce washing by
rainwater and the penetration of leachate into
the lower layers is not done properly, therefore
this area is prone to groundwater pollution.
Considering that no study has been done so far
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to check the quality of groundwater in the
Babolsar landfill area, in this research the
potential of the Babolsar landfill in
transferring heavy metals to the groundwater
resources has been investigated using
quantitative and qualitative modeling.
Material and methods
Case study

The studied area is part of the Babol-Amol
plain of the Mazandaran study area. The study
area is about 250 square kilometers. The
Babolsar landfill with an area of 5 square
kilometers is located in the northwestern part
of the study area. This region is bounded by
the Caspian Sea from the north, the Alborz
Mountains from the south, the Qaimshahr-
Joibar area from the east, and the Noor-
Nowshahr area from the west. The most
important surface streams in this area are the
Babol and the Shazdeh rivers, which enter the
plain from the heights of Alborz, flow along
the plain and finally join the Caspian Sea. The
water of these rivers is used for agriculture in
the surrounding villages (Yamani et al., 2006).
There are no outcrops of geological
formations in the Babol-Amol area except for
discontinuous Quaternary alluvial sediments.
Designing numerical model of the case
study

In this research, flow and transfer modeling
was done using the Mudflow and MT3DMS
model (Anderson and Woessner, 1992). The
modeling area is 250 square kilometers. The
northern border is considered as a hydraulic
border with a constant head boundary, and the
western, eastern and southern borders of the
plain are considered as borders with a variable
head. The grid of this conceptual model is
covered by 32 rows and 47 columns,
considering the dimensions of 500 x 500
meters. The map of the bedrock and
topography was also entered into the model. In
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order to run the model, the initial conditions of
the model (initial hydraulic load of the cells)
must be determined. To calculate the steady
state initial hydraulic head, the May 2012
equipotential map was used, and the hydraulic
head was interpolated for all the cells of the
study area and entered into the steady state
flow model. In the unsteady state, water level
information for each month was entered into
the flow model in the same way. After all the
data required by Mudflow (initial conditions,
boundary conditions, level of the roof and
bottom of the aquifer, feeding and discharging
factors of the aquifer) were entered into the
model, the model was ready to run. Calibration
is done in steady and unsteady state in order to
optimize the aquifer parameters (hydraulic
conductivity and specific yield).

Designing qualitative model of the case
study

In this research, in order to simulate the
contamination of groundwater with heavy
metals (cadmium, iron, lead and zinc) in
Babolsar landfill site, 8 sampling wells have
been used. The concentration of each of these
elements in groundwater samples has been
measured in one period (September 1400).
Since the Babolsar aquifer flow model was set
for the year 2012 and the sampling of heavy
metals was for the year 2021, first the
guantitative model was updated for the year
2021 and then the results of qualitative
sampling for heavy metals from September
2021 for 4 months were considered to build the
qualitative model of the aquifer.

In this study, the advection is applied by the
Third order TVD scheme (Ultimate) method.
Dispersion is applied to the qualitative model
based on empirical relationships and using the
type of granularity and the hydraulic
conductivity value estimated in the flow
model section. Due to the clay texture of the
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soil of the study area and the presence of
organic carbon in the soil, the absorption effect
has been applied in the pollution model.
Considering that the main source of heavy
metals in the study area is the Babolsar
landfill, this 5 ha area was considered as the
source of pollution injection. Also, the
concentration of heavy metals in the leachate
samples obtained from the bottom of the
landfill was considered as the initial
concentration and was applied to the
gualitative model of the plain from the Basic
Transport Package menu and the Starting
Concentration section. In this research, the
pollution model was first implemented for
each heavy metal (cadmium, iron, lead and
zinc) and then by considering the delay factor
and absorption factor, the pollution model was
recalibrated for each element.

In order to predict the fate of each heavy
metal in the study area in the coming years and
to determine the self-remediation potential of
the aquifer, the qualitative model of the plain
for each element with an initial concentration
of 2000 mg/L and the absorption rate obtained
from the calibration was carried out and the
graph of changes in the concentration of these
elements with respect to the time to the point
of reaching the permissible concentration was
drawn and the purification equation for each
element was obtained.

Results and Discussion

The potential of heavy metals transfer in
groundwater resources of the landfill area of
Babolsar city and the potential of its natural
cleaning in the aquifer were simulated.
Considering the loess of the soil texture of the
study area and the presence of abundant clay
and organic carbon in the soil of the area, apart
from the processes of convection and
hydrodynamic dispersion, the most important
physical and chemical process effective in
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cleaning the aquifer is the process of surface
absorption. The changes in the relative
concentration of each heavy metal until
reaching the permitted standard concentration
were simulated and plotted against time, and
the equation for the purification of each
element was determined, and these equations
can be a simple tool for predicting the natural
changes in the concentration of these elements
with time in the hands of experts. Based on the
cleaning equations obtained from the
gualitative simulation of the Babolsar aquifer,
the time required for the complete natural
removal of elements such as lead, iron, zinc
and cadmium in the landfill area will be
equivalent to 15, 21, 27 and 50 months,
respectively. Based on the results of the
simulation of heavy metal pollution
investigated in the study area and the
maximum allowed standard concentration, 4
km for drinking and to 2 km for agricultural
use from the center of the landfill are
unsuitable.

Conclusions

Considering the soil texture of the study
area and the presence of clay and organic
carbon in it, the most important chemical and
physical reaction in the aquifer is related to
surface absorption.

It seems that elements such as lead, zinc,
iron and cadmium are absorbed by clay
minerals and organic carbon in the
environment, and some iron is deposited in the
form of iron and aluminum oxides.

Among the simulated elements, cadmium
has the lowest absorption and lead has the
highest absorption in the studied range.
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Table 3. The amount and absorption rate of heavy metals in the soil of the Babolsar landfill and water resource quality
standards
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