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Abstract: Soil serves as a great geochemical reservoir for contaminants as well as a natural buffer for transportation of
chemical materials and elements in the atmosphere, hydrosphere and biosphere. This study aimed at evaluating the physical
and chemical parameters of soil and understanding the features of the pollution in Gifurwe mining area, Burera District of
Rwanda. The soil samples were randomly collected in seven locations of the study area. The soil samples were analyzed for
selected physico-chemical parameters: pH values, Arsenic (As), Chromium (Cr) and Lead (Pb) concentrations using standard
analytical techniques. The contamination factors and pollution load indices were calculated. The pH values of soil ranged
between 4.2 and 8.2. The results showed that the As concentrations increase up to 531 mgkg-1 downstream of the tailings dam
(farm fields) which is extremely high above the maximum concentration levels allowed by Canadian Standards (12 mgkg-1) for
industrial zones. The results also revealed that the mean concentrations of Cr and Pb in soil samples exceed the recommended
level by Germany Soil Regulation (50 mgkg-1 and 25 mgkg-1 respectively). The analysis concluded that the soil at Gifurwe
mining site is strongly polluted by Arsenic and moderately polluted by Chromium and Lead. Hence, the downstream farmland
of Gifurwe is declared as a contaminated site and prevented from other land use. Therefore, sustainable environmental
management and contamination control strategies in Gifurwe mining areas are highly recommended.
Keywords: Burera, Contamination Factor, Gifurwe, Mining Activities, Pollution Load Index

1. Introduction
In Rwanda, mining sector is one of the important
economic activities which have the potential of contributing
to economic development. But the sector is also among key
environmental pollutants at the same time [1]. The materials
gained in mining activity are among them: wolfram
(Tungsten Ore), bauxite, coal, diamonds, iron, precious
metals, lead, limestone, nickel, phosphate, rock salt, tin,
uranium, molybdenum etc. [2]. Currently, there have been
several reviews, studies and research articles providing
assessments of various kinds of soil contamination, including
urban soil contamination, agricultural soil contamination, and

soil contamination in mining areas [3].
Mining is one of the most important sources of heavy
metals in the environment. Mining and milling operations
together with grinding, concentrating ores and disposal of
tailings, along with mine and mill waste water, provide
obvious sources of environmental contamination [4].
According to the World Bank Group, environmental
impacts of such small operations have, however, varied,
depending on methods and scale of mining operation [5].
There are different activities (such as mining) that occur
within a catchment that use and affect soil and water
resources. The impacts of mining activities for instance, can
create problems for ecosystems functioning [6]. Without
proper management, active or abandoned mines and tailings
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are the source of heavy metals, which are washed out by
precipitation and can contaminate all environmental
components [7, 8].
In Rwanda, the major consequences in mining sector are
environmental degradation (soil and water contamination);
deforestation and desert formation; flooding, landslides and
storms. In these cases, human health is affected by numerous
diseases, on-site accidents and fatal injuries (health) and food
security [9].
The five stages of mining are: exploration, development,
extraction, benefication and metallurgical processing or
refining, have damaged the natural environment in different
manners, through ecological disturbance, destruction of
natural flora and fauna, air pollution, land and water
degradation, instability of soil and rock masses, landscape
degradation and/or radiation hazards [10, 11].
The large-scale mining of Wolfram and associated
minerals in Gifurwe mining sites have resulted in a high
degree of degradation of arable land, vegetation and
landscape, as well as other environmental problems such as
soil contamination [1].
Moreover, previous highest arsenic concentrations
detected in soils samples in downstream farm of Gifurwe
tailings exceeded the international guideline values.
Therefore, the downstream farmland in Cyeru river course is
considered as contaminated site, degraded land and prevented
from any other land use [12].
In this area, there is a lack of information on soil quality;
minimal analysis has been undertaken with the purpose of
assessing the impact of mining and prospecting activities on
the environment, if any. Therefore, this research intends to
evaluate the soil physicochemical parameters and assess soil
contamination in mining areas of Wolfram Mining and
Processing (WMP) in Gifurwe, Burera District of Rwanda.

2. Materials and Methods
2.1. Site Description
The study was conducted in Burera District, Gifurwe
mining areas where Wolfram Mining and Processing (WMP)
Ltd is operating. The location is situated at -10.556850 of

latitude and 290.809940 of longitude in central Rwanda. It
forms part of the North-West to South-East oriented
Bugarama-Gifurwe-Nyakabingo zones also known as the
tungsten belt. The tungsten belt comprises silica-clastic rocks
with composition ranging from black shales to quartzphyllites to quartzites, which have undergone green schist
metamorphism [13].
2.2. Sampling, Field Works and Analytical Procedure
Seven sites were chosen along Gifurwe mining area
from upstream to downstream (farm fields). The sampling
sites were coded as: E2A, D9 (2), A6_Sup and near Cyeru
River. A Global Positioning System, Garmin instrument
(GPSMAP 64) was used to locate the soil samples as the
experimental materials (Figure 1). A composite soil
sample was taken from the top 0-30cm of the soil using an
auger. After collection, soil samples were carefully
transferred to clean and dry self-sealing polyethylene bags
for transport to laboratory. The samples were dried for two
weeks, crushed using mortar and pestle then sieved at
2mm. Finally, the soil samples were stored in tightly
sealed polyethylene bags until further analysis. The
composite soil samples were at the end used for
determining the soil pH values and total heavy metals
such As, Cr and Pb concentrations. The pH values of soil
were measured using potentiometric method (ISO 10523)
by glass electrode in the suspension soil-H2O. Electrodes
of pH-meter were introduced in the supernatant and the
pH-meter gave directly the readings corresponding to the
pH values of the solution [14]. Before analysis, the
samples need required digestion. Soil was grounded in a
mortar and pestle to pass a 0.42 mm nylon mesh. Total
concentration of heavy metals was determined using Aqua
Regia (HCl-HNO3, 3:1) extraction method (3 g of soil
sample were digested for 2 hours at 180°C). The heavy
metals (As, Cr and Pb) was determined by flame atomic
absorption spectrometry (F-AAS) using SpectrAA 240FS
(Varian Inc., Mulgrave, Australia). The data were then
analyzed using Microsoft Excel 2013 to perform the means
as the analysis of quantitative approach. Different objectives
were analyzed using descriptive statistics.
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Figure 1. Key Map of the study area and localization of the soil samples in mine of Gifurwe.

2.3. Contamination Factor (CF) Assessment Method
The CF is the ratio obtained by dividing the concentration
of each metal in the soil by the baseline or background value.

The CF was calculated using the formula suggested by
Muller [15] through the following formula:

CF = (Concentration of heavy metal) / (Concentration of background)
The contamination levels may be classified based on their
intensities on a scale ranging from 1-6 (Table 1).
2.4. Pollution Load Index (PLI) Assessment Method Based
on CF
The PLI is the arithmetic mean of CF of analyzed
metals. The PLI was proposed by Tomlinson, Rahman and
Esshaimi [16] [17] and [4] respectively for detecting
pollution which permits a comparison of pollution levels
between sites and at different times. The PLI was obtained
as a concentration factor of each heavy metal with respect

(1)

to the background value in the soil. The PLI has been
determined by the calculation of the product of the n CF
as developed by Tomlinson [16] as follows:
PLI = (CF1 x CF2 x CF3 x…x CFn)1/2

(2)

Where, n is the number of metals studied (n =3) and CF
is the contamination factor calculated as described in (1).
The PLI provides a simple, but comparative means for
assessing the level of heavy metal pollution and a site
quality. The PLI was obtained as a concentration factor of
each heavy metal with respect to the background value in
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the soil. The world average concentrations of the metals
studied reported for shale [18] were used as the
background for those heavy metals. According to Angula
[19], the PLI is able to give an estimate of metal
contamination status and the necessary action that should
be taken. A PLI value of ≥ 100 indicates an immediate
intervention to ameliorate pollution; a PLI value of ≥ 50
indicates a more detailed study is needed to monitor the
site, whilst a value of < 50 indicates that drastic
rectification measures are not needed [17].
Table 1. Different contamination factor for soil.
CF value
<1
1
2
3
4
5
6

CF level
None
None to medium
Moderate
Moderately to strong
Strongly polluted
Strong to very strong
Very strong

(Source: Muller, 1969).

3. Results and Discussions
3.1. Physico-Chemical Properties of Samples in Gifurwe
Mine
The results obtained for pH and total concentration of
metals are summarized in Table 2.
The results showed that the soil pH of the study area varies
from 4.2 to 8.2. The highest pH values (8.2) was observed in
the farm fields whereas the lowest values (4.2) was found in
upstream points. With reference to soil pH interpretation
norms of Boyer [20] and Pietrowiez [21]; the soil pH of
Gifurwe mining sites varies from strongly acid to alkaline.
Moreover, pH is a measure of acidity and alkaline
conditions of a solution or water. It is used to express the
intensity of acidic or alkalinity of a water sample, which
actually indicates the concentration of hydrogen ions present
[22]. Low pH increases the solubility processes of heavy metal
compounds, which increase contamination in the environment
[6]. J. P Anderson [23] found that the degree of solubility
determines the toxicity of heavy metals and that they are more
toxic at low pH of less than 4.5 because they are more mobile.

Table 2. Summary of pH and total concentrations of As, Cr and Pb for soil samples taken at Gifurwe mine.
SN
1
2
3
4
5
6
7
CS (2007)
GSR (2012)

Sample code pH
D9 (2)_upstream
D9 (2)_downstream
E2A_upstream
E2A_downstream
A6 Sup_upstream
A6 Sup_downstream
Farm_field
-

5
6.1
4.2
6.3
5.2
6.3
8.2

As (Mg/kg)
173
527
172
490
170
497
531
12
10

Cr (Mg/kg)
130
100
129
102
127
99
109
50

Pb (Mg/kg)
48
54
49
53
48
53
56
400
25

Note: The values are in mgkg-1 unless specified; -: missing values; CS: Canadian Standards GSR: German Soil Regulation.

The level of As in Gifurwe mining sites varies from 170 to
531mgkg-1 in A6_Sup_upstream and farm fields (near Cyeru
River) in downstream zones. The As concentrations increase
up to 531mgkg-1 downstream of the tailings dam (agricultural
fields). The evidence from the test results (Table. 2) shows
that the arsenic levels in the farm field of Gifurwe mining
site were extremely high above maximum concentration
levels (12 and 10 mgkg-1) allowed by Canadian Standards
[24].
The As is an essential microelement for animals, but As is
known as a toxic element. [25, 17] As problems in soils is
primarily the result of significant anthropogenic activities
particularly industrial activities such as metallurgical and
chemical sprays. As is a priority toxic element that can cause
arsenicosis-related disease and internal cancers, even in trace
amounts [17]. The soil chemistry of arsenate (AsO43-)
resembles that of phosphate. Arsenate, however, can be
reduced to arsenite (AsO2-). Elemental As, arsine (AsH3), and
As2S3 are stable under strongly reducing conditions, but
whether they form to an appreciable extent in soils is
unknown.
Compared to the findings [12], highest concentration was
detected in Gifurwe tailing dam and downstream fields; they

are exceeding international guideline values around 50 times.
This shows that the mining site is gradually becoming
contaminated. Also, Ni, Cu, Zn and As can be possibly toxic
concentrations [25]. Though, arsenates occur in trace
quantities in soils that they probably exist only as impurities
in major soil particles and on particle surfaces rather than as
separate minerals. Arsenic problems in soils are primarily the
result of anthropogenic activities. Besides, Aluminium in
soils is closely connected to soil acidity. The acidity of acid
soils is due to the reactions of water with exchangeable Al3+
on the surface of soil particles. The strong Al-water reaction
repels H+ from the water molecules into soil solution. This
can create soil acidities as low as pH 4.5 [25, 3].
This is in congruent with results [25, 12, 26] argued that
the toxic levels of Arsenic and Lead can be found in mining
areas like in coal-fueled power plant waste. If these
contaminants enter the environment- through dust, leaching
into groundwater or from discharges into surface waters; they
can contaminate drinking water supplies, rivers, lakes,
streams and accumulate in livestock and crops.
The concentration of Cr at Gifurwe mining sites varied
from 130 to 99mgkg-1 as indicated in Table 2. The
downstream (farm fields) samples revealed high values of Cr
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compared to that of upstream. High values of Cr at Gifurwe
mine can be linked to anthropogenic sources including
mining activities. The results of this study were compared to
the findings of Rahman [17] who reported that the Cr content
of topsoil is known to increase due to pollution from various
sources and the main ones are attributable to industrial
wastes such as Cr pigment, electroplating sludge and
municipal sewage sludge, etc. Cr behavior in soil is
controlled by soil pH and redox potential, while long term
exposure to Cr can cause liver and kidney damage.
Cr is widely distributed in the Earth’s crust. The amount of
Cr decreases from the mantle through the lower to the upper
crust and from the oceanic crust to the continental crust. Cr is
geochemically close to Fe, Ni, Co, Ti, and Mn and tends to
be present in mafic minerals. Common Cr minerals are
chromite, chrome mica (fuchsite), and chrome spinel. Cr
content decreases rapidly from ultramafic to mafic, acid, and
alkaline igneous rocks. Cr is a common constituent in many
minerals and is common in abyssal rocks such as kimberlites.
Cr’s hydro and bioavailability are low. For the most part, Cr
migrates in stream water in its solid phase [27]. The toxicity
of Cr depends on its oxidation state. Hexavalent Cr is more
toxic than the trivalent form [28].
The results (Table 2) revealed that the concentration of Pb
at Gifurwe mining sites varied from 48 to 56 mgkg-1. The
highest concentration was found in farm field and it is
exceeding the tolerance limit value (25 mgkg-1) provided by
GSR [29].
Pb is in the nature found in sulphide minerals (Galena, PbS
and anglesite, PbSO4), oxide minerals and carbonate minerals
(cerrusite, PbCO3). The lead-zinc-vanadium deposit is
associated with a dolomite and limestone outcrop [30].
Therefore among heavy metals, Pb is the immobile element
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and its content in soil is closely associated with clay minerals,
Mn-oxides, Al and Fe hydroxides, and organic material [17].
Liquid effluent released from gold mines can constitute
high concentration of heavy metals such as cadmium,
arsenic, manganese, lead, antimony and organics such as
nitrates, phosphates, and sulphates just to mention a few of
the constituents [31]. Pb is a primary pollutant produced by
the combustion of leaded petrol [32]. Beryllium, cadmium,
copper, cobalt, chromium, mercury, manganese, nickel, lead,
vanadium and zinc become more soluble in acidic solution
[30].
3.2. Calculation of CF and PLI
The assessment of the contamination of Gifurwe mine soil
samples was based on CF (Equation 1). The soil was classified
as very strong contaminated with As. The results (Table 3)
revealed very high contamination factor at downstream zones of
the mine, moderately contaminated with Cr and Pb in the
upstream and downstream areas of Gifurwe mine. In addition,
the Pb shifted from medium contamination level to moderately
contamination level. The maximum values of contamination
factor denoted very strong contamination. However, the PLI of
Gifurwe mine calculated from CF shows that soils are
moderately to severely contaminated by heavy metals especially
in agricultural fields near the mining areas. The PLI values are <
50 which indicate that drastic rectification measures are needed.
Mining and subsequent ore-processing activities are always
associated with very high levels of heavy metal contamination
of the environment [33, 8]. Barkouch [34] declared that with a
value greater than 1, it indicates that the analyzed sample had a
metallic contamination caused by human activities (mining
activities).

Table 3. Average Contamination Factor (CF) and Pollution Load Index (PLI) for soil samples of Gifurwe mine.
Sampling Code
D9 (2)_upstream
D9 (2)_downstream
E2A_upstream
E2A_downstream
A6 Sup_upstream
A6 Sup_downstream
Farm_field
Average

CF As
17.3
52.7
17.2
49
17
49.7
53.1
36.57

CF Cr
2.6
2
2.58
2.04
2.54
1.98
2.18
2.27

4. Conclusions
The main purpose of this study was to assess the soil
physicochemical parameters in order to determine the soil
contamination level in mining areas of Gifurwe, Burera
district of Northern Rwanda. The pH values of soil at
Gifurwe mine vary from acid to alkaline. The results from
soil samples showed that high concentrations of heavy
metals, especially As (531mgkg-1), Cr (130 mgkg-1) and Pb
(56 mgkg-1) exceeded the standards values set by German
Soil Regulations (1999) and Canadian Standards (1997) for
soils. The variations in heavy metal concentrations in soil are
probably due to the influence of mining activities and

CF Pb
1.92
2.16
1.96
2.12
1.92
2.12
2.24
2.06

PLI
4.35
5.99
4.36
5.85
4.29
5.82
6.25
5.27

inadequate deposition of waste materials in the study area.
Moreover, based on the PLI calculated, Gifurwe mining area
is classified as very strong contaminated area with As in the
downstream zones (agricultural fields) and moderately
contaminated with Cr and Pb. Hence, appropriate monitoring
and immediate interventions are in need to minimize
pollution likelihood at Gifurwe mine.
In order to minimize and mitigate environmental issues
associated with mining activities and to protect Gifurwe mine
from further contamination, authors suggest to: (a) enhance
the management of mining activities by focusing on the
tailings management, especially at the mine sites with critical
downstream contamination; (b) design a monitoring network
to trigger preventive actions; (c) delineate severely
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contaminated fields downstream of mines with the purpose of
withdrawing those areas from any further farming for
instance plant trees and bushes and (d) conduct a
comprehensive study of stream sediments and surface water
at all mining sites.
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