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Introduction
Waste generation has been increasing over the years
- increasing population,
- urbanisation,
- new technologies,
- growing industries

Many countries in various parts of the world are struggling with waste management
- Presence of toxic components.

Landfilling especially open dump landfilling is the cheapest and most widely used waste
disposal management in many countries.

Issues associated with landfills

- large space requirement,

- leachate generation,

- biogas generation and

- bad odour as well as air pollution leading to sanitary issues.



Introduction
Developed and developing countries use engineered landfills which are more sustainable and
have less impact on the environment during the early stages.

- aging of these landfills normally leads to severe environmental consequences, similar to
uncontrolled landfills.

Closed and abundant landfills have a negative effect on the environment.

Open landfills are not regulated and often lack planning hence, susceptibility to:

- uncontrolled burning, _ _ _ _ -
It is also important to know the fate of toxic pollutants in landfill sites.

- Scavengers, - : _ . . _

i This will help determine the most suitable treatment required especially in
- disease vectors and landfills that have been operating for many years without the consideration
- toxic elements. of pollutant migration into the environment.

Thus, constant monitoring of landfills is required. Moreover, the removal and management of
toxic elements in landfills is crucial.

Toxic elements (Cd, Cu, As and Pb) normally detected in landfill sites



Introduction

Mining has been the backbone of the economies of many countries for many years.
Acid mine drainage

Transport to waterbodies

Waste contains
different toxic
elements
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- Cancer

- Organs failure
- Brain damage
- Birth defects



Study area

Johannesburg, Gauteng province, South Africa.

@ Surface waterbodies

@ Mine dumps
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* The Marie-Louise landfill site which is surrounded by gold mine dumps 6



This study is aimed at evaluating the movement of Cd?* and Pb?* from
landfill and mine dump sites to waterbodies.

Objectives

* Ascertain contaminants and develop a predictive model based on the analytical data

* Establishing the distribution and behaviour of the contaminants through speciation
and reaction transport models

* Determine the safety of groundwater and surface water in the vicinity of landfill and
mine dump sites.



Methodology

Mine dump site A Mine dump site B Solid sampIeS collected
- from mine dump and
landfill sites

Liquid samples from the
Fleurhof dam, Florida Lake,
and ponds around the study

area were also collected

[

0.5 g of the solid samples
were added to 6 mL HNO,,

3 mL HF, 3 mL H,0, and 2 The samples were
mL HCI centrifuged and
filtered

Digested using a microwave

!

Analyzed with inductively coupled plasma
optical emission spectroscopy (ICP-OES)




Stepwise adopted methodology for the model set-up
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Methodology

The migration of Pb?* and Cd?* from the landfill
& MODFLOW 2005 computer code was used to
and mine dumps to groundwater and surface . :
. . : develop a numerical representation of the
waterbodies was simulated using MODFLOW ) : :
: : hydrogeologic environment of the study site.
numerical modelling.
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Results

Hydraulic heads of the study area
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The concentrations of the elements from the mining dump sites and landfills.

Different dissolved elements including Fe?*, K*, SO,%, ClI, NO;', Mg?*, Mn?*, Zn?*, Cu?* and
Na* were detected in mine dumps and landfill site.

Element Dump sitel Dumpsite2 Dumpsite3 Dumpsite4 Dumpsite5 Landfill Permissible limits in
drinking water (WHO)
Arsenic 3.10 2.15 5.03 0.52 1.18 2.87 0.01
(mg/L)
Chromium 11.64 5.59 7.14 2.11 7.42 3.5 0.05
(mg/L)
Uranium 0.728 0.7 0.98 0.27 1.12 0.98 0.015
(mg/L)
Cadmium 0.28 1.21 0.66 0.24 0.52 1.24 0.003
(mg/L)
Lead 0.44 2.1 0.32 0.03 0.12 0.62 0.01
(mg/L)

The speciation of the elements in waterbodies and the landfill leachate was determined using PHREEQC geochemical code. To do
this, conditions such as pH, concentration of cations and anions, pe, temperature, density and redox were specified.



These elements are usually found in trace concentrations in aquatic environments and pose a great
concern to human health

Some areas rely on borehole water which has not undergone any form of treatment
Drinking

Domestic purposes (e.g. washing and bathing)

Agriculture
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Results

The (a) horizontal and (b) vertical transport of Cd?*in the study area
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The (a) horizontal and (b) vertical transport of Pb2*in the study area
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Pollutant concentration in waterbodies with respect to time
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Conclusions

Waterbodies in the vicinity of the Marie-Louise landfill site and mine dumps were contaminated by toxic elements (incl.
Pb2*and Cd?*) which can travel to waterbodies in the study area,
- leading to concentrations which are above the threshold limits as set by the World Health Organisation (WHO).

The modelling results indicated that the transport of elements will continue if not prevented.

This means that local residents depending on the waterbodies for different purposes are prone to negative side effects as a
result of the high concentrations of elements, some of which are toxic in very low concentrations.

Other elements such as Fe?*, K*, SO,%, CI, NO;', Mg?*, Mn?*, Zn?*, Cu?* and Na* were also found to be in high concentrations
in the waterbodies as a result of the mine dumps.

MODFLOW-MT3DMS can be used to simulate the transport of contaminants from their sources. This is important for
determining the role of mine dumps and landfill sites on the environment.

Moreover, future prediction of the level of transport of the contaminants using MODFLOW-MT3DMS will help with
identifying areas that require urgent remediation strategies.

Determine the rate of

: - transport of pollutants in
Future studies [Z=zE0)
different seasons
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