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Abstract
Nine heavy metals, namely Cr, Mn, Fe, Ni, Co, Cu, Zn, Pb, and Cd, 
were analyzed from sediment samples from dams and streams around 
the old Ngwenya Iron Ore Mine using the flame atomic absorption 
spectrometry (FAAS). Both the total and the speciated fractions of 
the metals were quantified after the usual pretreatments. Dams fed by 
running water (from around the mine) contained higher heavy metal 
levels than their stagnant counterparts. Estimated contamination 
factors of the heavy metals in the water bodies around the mine are 
as follows: Cd, low; Cr and Co, moderate; Zn, considerable; Mn, Fe, 
Cu and Ni, very high. The vertical profiles showed that most of these 
heavy metals preferencially accumulate in the anoxic layer of the 
sediments. The abundance of the bioavailable portion of the heavy 
metals among the three phases varied with sites. The pollution load 
indices (PLI) showed that all the investigated water bodies around 
the mine were polluted (PLI > 1), by the heavy metals.
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I. Introduction
Acid Mine Drainage (AMD) is the acidic leachate that is produced 
when metal sulfide rocks, especially iron disulfide (pyrite), are 
exposed to attack by air and water. When pyrite is oxidized, SO4

2-, 
Fe2+ and H+ ions are produced [1-2]. The acidic effluent attacks 
other metal sulfides in the ore releasing toxic heavy metals into 
the environment [3]. AMD is rife in abandoned mines though it 
also may occur in live ones and also naturally [3]. The naturally 
occurring acidic drainage is called Acid Rock Drainage (ARD). 
ARD is formed from the oxidation of metal sulfide rocks that are 
naturally exposed to air and water. AMD production is exacerbated 
by mining. During mining, rocks that were buried in the ground get 
exposed to atmospheric attack and often ground into smaller pieces.  
The small particle size of the ore enhances AMD production. This 
industrial effluent, AMD, is transported by dissolution, leaching 
and other possible means into the aquatic environment around the 
mine. AMD polluted water becomes acidic hence it dissolves heavy 
metals from solids it comes in contact through which it becomes a 
potential contaminant to the environment [4]. 
Water is a dynamic system which contains an array of substances 
such as traces of dissolved heavy metals, organic compounds, 
suspended solids, inorganic substances, etc. These coupled with 
changes in the physico-chemical properties of the water can cause 
a variety of chemical reaction. With increase in pH of the water, 
the heavy metals precipitate out of solution settling down onto the 
bottom sediments cumulatively. Consequently, sediments usually 
give a better chemistry of an aquatic system than the overlying water. 
Sediments are also mixtures of several substances including mineral 
species and organic debris [5]. Heavy metals can be associated 
to the sediments by adsorption as carbonates, bound as iron and 
manganese oxides, complexed in natural organic matter or by direct 
precipitation into new solid matter [6-7]. 

In an aquatic system, chemical processes in the overlying water and 
in the underlying sediments are at equilibrium. This equilibrium 
is disturbed by change in physical properties of the water, such as 
pH.  When the pH of the water column increases, some dissolved 
heavy metals precipitate out of solution falling onto the sediments. 
This happens until equilibrium between the two environments is 
attained. Again when the pH of the water becomes more acidic, the 
heavy metals are leached off the sediments into aqueous solution. 
In this way, sediments are a sink and also a source of heavy metal 
contaminants [8, 9]. Heavy metal contaminants can be transported 
from sediments into biota through the food chain [9]. When heavy 
metals are in solution, they can be transported with the water thereby 
ultimately polluting the environment downstream. 
The Ngwenya Iron Ore Mine is the oldest Mine in Swaziland. 
Earlier studies have established that AMD is being produced in 
the abandoned mine [10]. Once AMD is produced, it continues 
to emanate from the mine for ages and resulting in a continuous 
pollution of the affected environment. Because the mine is located 
on top of the Ngwenya Mountain which is a source of many streams 
it is most likely that they receive AMD pollutants from the past 
mining activities. Therefore, it becomes highly important that the 
degree of heavy metal contamination is established in the sediments 
of dams and streams in the vicinity of the mine. The objective of 
this study is to carry out an evaluation of sediment pollution by 
selected heavy metals in surface water bodies in the vicinity of the 
Ngwenya Iron Ore Mine in Swaziland. This was achieved by the 
investigation of some heavy metal levels in the sediments as entities 
(total), and in their fractions i.e. speciated forms.

II. Materials and Methods

A. Description of Study Area

Fig. 1: Map of Swaziland Showing the Location of the Ngwenya 
Mine
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The Ngwenya Iron Ore Mine is dated from 43 000 B.C. and is located in the Hhohho Region of Swaziland [11]. It is in the North-
Western boarder of the country between latitude 26˚ 11’ 15” S and 26˚ 13’ 45” S and between longitude 31˚ 00’ 30” E and 31˚ 03’ 00” 
E (Fig. 1).  It is located on the Ngwenya Mountain with an altitude of 1829 m [10]. The haematite was mined by the open pit method. 
This mine was the sole producer of iron ore in Swaziland from 1964 to 1979 when it was closed down. The Ngwenya Mountain is 
a source of many rivers as shown by fig. 2. Some of these streams run straight into South Africa, then collectively with those in the 
country run into Mozambique and ultimately into the Indian Ocean. 

Fig. 2: Sampling Points ( ) in Areas Around the Ngwenya Mine

B. Sampling Design, Collection and Pretreatment
About 1 kg each of the sediment samples were collected using an auger, then extruded into clean plastic bags. These were carefully 
labelled, securely tied and put in a cooler box before transportation to the laboratory where they were kept in a chest freezer. 

C. Experimental
The sediment samples were each dried in an oven for 24 hrs at 120 0C thereafter cooled in a dessicator. Acid washed sand was used as 
a control sample in all the experiments. The cooled dried sediment samples were ground with pestle and mortar then passed through 
90 µm and 53 µm Modison Test sieves. The smallest particle size was used for analysis. A 0.500 g of each sediment sample was 
acid digested with 3 ml each of 40% HF and 55% HNO3 mixture in a 10 ml HACH digesting tube using a heating block at 105 0C. 
The supernatant obtained after 72 hours was allowed to cool. After cooling, 0.500 g of Boric acid (H3BO3) granules was added into 
each vial to react with any excess of the highly toxic HF. The samples were diluted in the ratio 1:10 with deionized water after which 
they were kept in a freezer for heavy metal analysis. The analysis of the heavy metals was carried out using FAAS with instrument 
operating parameters indicated in Table 1 below. 

Table 1: Instrument Operating Parameters Used in the Analysis of Respective Heavy Metals
Heavy metal Cr Mn Fe Ni Co Cu Zn Pb Cd
Wavelength (nm) 357.9 279.5 248.3 232.0 240.7 324.8 213.9 217.0 228.8
Slit width (nm) 0.2 0.2 0.2 0.2 0.2 0.5 1.0 1.0 0.5
Lamp Current 
(mA) 7.0 5.0 5.0 4.0 7.0 4.0 5.0 10.0 4.0
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Another 0.500 g of each sediment sample was weighed into 50 ml centrifuge tube and extracted sequentially into four fractions using 
a modified method from Tessier et al [12] as follows [13-14]: After each extraction step, the samples were centrifuged at 4000 rpm 
for 5 minutes to separate the solids from the liquid. The supernatant liquid obtained was decanted into labelled sample bottles and 
kept in the refrigerator for analysis. The residue was washed with about 20 ml of deionized water, centrifuged and the supernatant 
liquid decanted into the drain. The solid was kept for the next extraction step. The following are the extraction steps used: 

 

Fraction 1- exchangeables: add 20 ml of 0.11 M CH3COOH and 
extract for 16 hours in a shaker 

Fraction 3- Oxidisables: on washed residue from step 2, oxidise 
with 5 ml 30% H2O2 and heat in water bath then after cooling 
extract with 20 ml 1 M CH3COONH4 in a shaker. 

0.5 g of 53 µm sediment/soil sample in 50 ml centrifuge tube 

After cooling, 0.5 g H3BO3 is added, dilute with deionized water. 

Fraction 2- Reducibles: add 20 ml of fresh 0.5 M NH2OH HCl 
on washed residue from step 1 and extract for 16 hours in shaker 

Fraction 4- Residual: residue from step 3 is transferred to HACH 
tubes and acid digested with 3 ml of each of 55% HNO3 and 40% 
HF at 10 ⁰C for 72 hours 

Fig. 3: A Flow Chart of the Analytical Procedures Used for the 4-step BCR-Sequential Extraction (BCR-SE)

III. Results and Discussion

A. Total Heavy Metal Levels 
Sediments give a better chemistry for a surface water system than the top water whose chemical composition and system could change 
rapidly. Sediments are able to accumulate in layers over a period of time hence creating a better history of the  aquatic system. Table 
2 below shows the mean heavy metal levels in the sediment samples investigated per site.
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Table 2: Mean Total Concentrations of Heavy Metals (mg/kg) in Dams and River Sediments 
Site Cr Mn Fe Ni Co Cu Zn Pb Cd
Quarry Dam 0.32 0.46 13719.56 2.74 0.12 3.22 0.50 ND 0.24
Upper Dam 0.54 0.46 11902.56 8.18 0.24 0.98 1.22 ND 0.28
Down Dam 0.40 0.30 21065.56 2.98 0.22 3.28 ND ND 0.32
Hawane Dam 0.46 0.10 2692.80 4.68 0.26 34.48 0.68 ND 0.22
Ndlotane Up 0.76 0.10 9381.16 8.80 0.44 0.54 0.12 ND 0.26
Ndlotane Wetl. 0.46 0.16 6146.06 6.68 0.12 1.06 0.22 ND 0.16
Ndlotane Dow. 0.72 0.14 3521.84 7.92 0.42 2.02 0.28 ND 0.18
Mlondozi Dow 0.30 0.40 8284.10 2.74 0.26 39.90 1.28 ND 0.24
Mlondozi (2) 0.34 0.32 8411.88 2.96 0.16 15.78 0.54 ND 0.30
Mlondozi Up 0.42 0.32 10175.92 2.26 0.20 1.78 0.06 ND 0.20
Mlondozi Ctr. 0.38 0.16 7130.94 4.34 0.20 0.78 0.58 ND 0.34
New Skom Str 0.54 0.12 9437.26 4.06 0.16 5.18 1.44 ND 0.02
Stini Dolobha 0.44 0.44 15492.96 3.16 0.26 1.06 2.36 ND 0.08
Mlondozi MS 0.44 0.64 17129.20 3.32 0.24 0.66 ND ND ND
Mbuluzana Up 0.40 0.12 6348.66 2.56 0.14 0.70 0.66 ND 0.24
Mbuluzana D. 0.40 0.36 6108.66 3.32 0.22 4.88 0.48 ND 0.20
Ngwenya MS 0.46 1.50 11204.42 3.28 0.22 1.02 0.88 ND 0.24
Motjane Str 1 0.64 0.30 5332.62 9.98 0.02 0.40 0.28 ND 0.20
Motjane Str 2 0.40 0.48 8093.98 5.94 0.26 0.86 0.52 ND 0.24
Motjane Str 3 0.72 0.02 4332.16 9.36 0.36 0.92 0.36 ND 0.12
Motjane Dow. 0.70 ND 2349.96 7.28 0.20 0.36 0.12 ND ND
Ngwenya Str 0.56 ND 4011.16 7.64 0.10 0.54 0.28 ND ND
Ml.MS YBsed 0.56 0.01 6398.52 5.86 0.32 0.74 0.22 ND 0.04

ND- not detectible

The dams receiving leachate from ore dumps recorded higher 
levels of most metals in their sediments than the Quarry Dam 
which sources the heavy metals mainly from in-place geologic 
materials. This may be due to the fine particles of ore dumps 
which provide more surface area for chemical weathering to take 
place hence heavy metal ions are leached into the environment 
at a faster rate. The Upper Dam, which drains effluent from 
undisturbed mine dumps, recorded higher concentrations of 
heavy metals than the Quarry Dam (Table 2). This may be due 
to acidic effluent that contains higher levels of dissolved heavy 
metals which upon entering the water in the dam gets diluted thus 
causing precipitation to occur. The heavy metal precipitates fall 
onto the sediments hence the increase of heavy metal levels in the 
sediments. The Down Dam has highest levels of iron because it 
receives raw iron from the processing of mine dumps next to it. 
The mine dumps, which contain both haematite and pyrite, get into 
the dam by runoff. The Hawane Dam sediments contained all the 
heavy metals with the exception of Pb which was not detectible 
in all the samples. The levels recorded were higher than in the 
Quarry Dam except for Mn and Fe. In the Hawane Dam Cu, Ni 
and Co were at higher levels than in all the other dams. This 
observation confirms the fact that the mining activity is the source 
of the heavy metals. The heavy metals must have been leached, 
carried downstream and ultimately deposited in the dam. All the 
other dams have standing water so their dilution solely depends on 
rainwater whereas Hawane receives running water from a stream. 
The running water enhances dilution in the dam every time hence 
the increased precipitation of the heavy metals. Generally, Mn 

and Co are hydrophilic; hence their observed lower levels in dam 
sediments than other heavy metals. Cu and Ni recorded the highest 
levels in dam sediments which suggests that they are strongly soil 
adhesive implying that they get retarded and bind more strongly 
to the sediments.
In the Ndlotane River, most of the heavy metals investigated in 
this study recorded high concentrations in the sediments from 
upstream whilst the concentration levels of Mn, Cu and Zn were 
highest in sediments from downstream. Probably most of the heavy 
metals redissolve and get back into the water from the sediments 
hence the observed decline in concentrations along the courses 
of the river. Another contributing factor might be that most of the 
heavy metals do not accumulate on the top layer of the sediments, 
but migrate downwards hence the observed increasing levels with 
depth as shown in fig. 4. For the heavy metals having higher levels 
downstream, the reason might be that the deposition rates of these 
heavy metals onto the sediments are higher than their downward 
migration rates resulting in the net higher levels in the top layer. 
The higher levels downstream may also be attributed to changes 
in pH due either to dilution by fresh waters or buffering by bases 
along the river course which would result in precipitation of the 
heavy metals, a subsequent fall off onto the sediments and an 
increase in their concentrations therein. 
Mbuluzana upstream recorded the lowest heavy metal levels while 
the Mine Stream had the highest levels as expected. The Mine 
Stream originates directly below the ore dumps on the Ngwenya 
Mountain on top of which the mine is located. On the other hand, 
the Mbuluzana sources its water from the mountain ranges on the 
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North of the Ngwenya Mountain which are undisturbed. Hawane 
Dam recorded the highest levels of Cu followed by Mlondozi 
River. Both of these water bodies source their water directly below 
the ore dumps which further confirms the mining activity as the 
main culprit for Cu pollution in these sites. Motjane had high Cr 
levels relative to the other sites

B. Evaluation of Total Sediment Pollution
Calculation of contamination factors ( fC ) and Pollution Load 
Index (PLI) for the heavy metals in sediments were carried out as 
proposed by Hakanson[15]. Contamination factors were calculated 
using Equation 3.1 as follows:

bxf MMC /=
     (1)

Where bM  is the concentration of the target heavy metal in the 
control sample and xM  is the concentration of the heavy metal 
in the sediment sample. The contamination factor ( fC ) is defined 
using 4 categories: 1<fC  indicates low contamination, moderate 

contamination is indicated by the range 31 << fC , 63 << fC
is the range for considerable contamination and 6>fC  depicts 
very high contamination. Pollution Load Index (PLI) for each 
sample site was calculated using Equation (2) below:

  (2)
Where, fC  is the contamination factor of a particular heavy metal 
and n is the number of heavy metals investigated in a particular site. 
When PLI>1, the site is polluted but when PLI<1 it depicts that 
there is no pollution in that particular location. Table 3 shows the 
risk level of heavy metals in the sediments based on contamination 
factors and PLI. Table 3 further shows that low contamination 
factors which range from low to moderate were recorded for 
Cr, Co and Cd while Mn and Fe competed with extremely high 
contamination factors. The Pollution load Index indicates that 
all the studied water bodies around the Ngwenya Iron Ore Mine 
were polluted by heavy metals.

Table 3: Contamination Factors and Pollution Load Index of Heavy Metals in Dam and Stream Sediments.

Sample ID
fC

PLI

Cr Mn Fe Ni Co Cu Zn Cd
QD 0.80 48.20 41.92 3.94 0.58 11.18 4.78 0.81 4.47
UD 1.95 49.20 36.37 11.81 1.10 3.43 11.80 0.94 5.76
DD 1.18 32.91 64.37 4.31 1.05 11.41 NA 1.07 5.31
HD 1.82 11.64 8.23 6.75 1.21 120.03 6.59 0.72 5.18
ND.U 1.37 10.64 28.67 12.71 2.05 1.87 1.12 0.84 3.59
ND. WL 1.01 17.95 18.78 9.35 0.53 3.71 2.05 0.55 3.09
ND.D 0.95 14.96 10.76 11.44 1.99 7.02 2.62 0.62 4.08
Ml.D 0.75 42.89 25.31 3.97 1.21 138.94 12.27 0.80 6.93
Ml. (2) 0.86 34.91 25.70 4.27 0.79 54.94 5.14 0.97 5.39
Ml.U 1.06 34.91 31.10 3.26 0.90 6.23 0.67 0.64 3.12
Ml.( C) 1.17 15.96 21.79 6.28 0.90 2.73 5.59 1.15 3.66
NS Stream 1.02 12.63 28.84 5.85 0.79 18.02 13.80 0.04 3.47
SD Stream 1.10 28.26 47.34 4.55 1.21 3.66 22.65 0.30 4.60
Ml. MS 1.12 67.49 52.34 4.79 1.16 2.27 NA NA 6.07
Mb.Up 1.02 13.63 19.40 3.69 0.63 2.43 6.33 0.79 3.06
Mb. D 1.04 37.57 18.67 4.79 1.05 17.00 4.57 0.63 4.54
NG-MS 1.15 159.57 34.24 4.74 1.05 3.57 8.56 0.81 5.45
Mtj-(1) 1.63 30.92 16.30 14.42 0.06 1.41 2.64 0.68 2.54
Mtj-(2) 1.03 50.53 24.73 8.57 1.26 3.00 4.97 0.82 4.50
Mtj-(3) 1.85 2.66 13.24 13.53 1.73 3.21 3.38 0.40 3.01
Mtj-(4) 1.77 NA 7.18 10.51 0.95 1.27 1.14 NA 2.38
NG-S 1.41 NA 12.26 11.04 0.48 1.89 2.64 NA 2.77
ML-MS 
Y-Boy 1.45 2.99 19.55 8.45 1.52 2.57 2.09 0.15 2.32

ND- not detectible

Table 4 gives a summary of the mean levels and contamination factors (Cf) of the heavy metals in the sediments investigated including 
the standard deviations, ranges and state of contamination.
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Table 4: Mean Contamination Levels of the Heavy Metals in the 
Sediments
Heavy 
metal

Mean 
(mg/kg)

SD (mg/
kg)

Range (mg/
kg) Cf

Cr 1.24 0.29 0.75-1.95 moderate
Mn 31.32 21.30 0.00-159.7 very high
Fe 26.40 11.10 7.18-64.37 very high
Ni 7.52 3.18 3.26-14.42 very high
Co 1.05 0.34 0.06-2.05 moderate
Cu 18.34 22.51 1.27-138.94 very high
Zn 5.45 3.82 0.00-22.65 considerable
Cd 0.60 0.29 0.00-1.15 low

C. Depth Profile of Sediments
Sediments from Ndlotane downstream were obtained and divided 
into 5 portions of increasing depth. Fig. 4 below shows the vertical 
distribution of the respective heavy metals in the sediments. 

   

   
Fig. 4: Vertical Profile of Heavy Metal Concentrations in the 
Ndlotane Stream Sediments 

Generally most of the heavy metals (Fe, Ni, Cu, Zn, Cd) tend to 
migrate downwards, hence their increasing levels with depth. Ni 
and Fe show the same enrichment rate with depth beyond 45 cm, 
which is similar in trend to that observed by other researchers 
[16]. Cd and Zn also show similar enrichment trends, highly 
enriched in the anoxic layer and slightly in surface sediments. 
Heavy metals that show similar trends may be sharing the same 
origin or the same residence phase in the sediments. Mn, is only 
found in the top oxic layer and not detectible in the anoxic bottom 
layers. Mn is probably hydrophilic. It adheres weakly with soil. 
Cr levels staggered downwards but relatively high in the first 
anoxic layer. This most likely indicates that Cr favours reducing 
conditions in the sediments. Co was generally evenly distributed 
in the sediments and recorded the least levels of all the studied 
heavy metals. 

C. Heavy Metal Speciation
Speciation is the estimate and proportion of heavy metals present 
in different forms in sediment samples [8]. The 4 fractions in which 
the heavy metals were speciated in the sediments are described 
as follows: F1 – the exchangeable fraction or metals bound as 

carbonates, F2 – the reducible fraction or metals bound as (hydr)
oxides of Fe and Mn, F3 - the oxidisable fraction or metals bound 
as complexes with organic matter and F4 – the residual fraction 
which are metals bound to the sand nature of the sediments. The 
heavy metal speciation ratios from dam sediments are illustrated 
in fig. 5. The heavy metal partitioning in the sediments differ with 
sampling sites. In the Hawane Dam, Co, Cu and Zn levels are 
higher in the reducible phase than in the residual. This may be due 
to the high levels of Fe and Mn in the dam which trap these heavy 
metals in their oxides [17]. The sediments were also sampled near 
the surface where the environment is oxidizing hence the observed 
stability of heavy metals as oxides [16]. Mn is the most readily 
available for uptake by biota as shown by its high proportions in 
the exchangeable phase. This result agrees with findings from 
other similar studies [8]. In all the dams, Fe is predominant in 
the residual fraction. Similar results were reported by Korfali 
and Jurdi [8]. In the Upper and Down Dams, Mn, Ni, Co and 
Cu are the most prone to contaminate the environment as they 
have higher levels bound as carbonates. In the Upper Dam there 
was more organic matter than in the Down Dam thus there were 
more heavy metals found in the oxidisable phase of the heavy 
metals in the Upper Dam. The Quarry Dam had more metals in 
the residual fraction of the heavy metals in it. This is expected 
because the dam receives raw mine dumps by runoff. The residual 
fraction comprises of metals that are bound to the mineral nature 
of the sediments [8]. The three heavy metals that do not conform 
are: Mn which is highest in the oxidisable fraction, Ni which is 
highest in the exchangeable portion and Co which is highest in 
the reducible phase.

Fig. 5: Heavy Metal Percentage Fractions in Dam Sediments

In all the rivers, the heavy metal levels were generally highest 
in the residual fraction as observed in dams (Table 5). In the 
bioavailable part, the metals were mostly found in the easily 
reducible phase, that is, bioavailable heavy metals usually reside 
as oxides or hydroxides as observed also by other workers [13, 
14]. Mn is an odd one out as it usually resides predominantly in 
the exchangeable phase, hence it is the most mobile of all the 
heavy metals studied. It must be a pestilent pollutant to biota. 
This observation agrees with that obtained from evaluation of 
sediment pollution in which Mn was shown to have very high 
contamination factor (Table 4).
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Table 5 Mean fractional levels (mg/kg) in heavy metals in samples from various sites
  Cr Mn Fe Ni Co Cu Zn Pb Cd

Ndlotane

F1 ND 6.73 1.81 0.59 0.14 0.12 0.03 ND 0.02
F2 1.40 3.26 21.73 11.78 0.42 0.11 0.24 ND 0.05
F3 5.93 0.41 2.76 0.72 0.25 0.07 ND ND 0.03
F4 6.93 0.00 2742.67 2.93 ND 0.22 0.10 ND 0.05

Dams

F1 ND 15.64 6.15 0.78 0.52 0.14 ND ND ND
F2 1.03 5.60 25.20 0.16 0.45 0.07 0.11 ND 0.02
F3 0.18 7.13 3.50 0.28 0.27 0.06 0.07 ND 0.04
F4 1.80 0.02 6349.69 0.47 ND 0.12 0.13 ND 0.05

Hawane

F1 ND 1.63 7.96 0.11 0.18 0.15 ND ND 0.02
F2 1.98 0.23 26.32 ND 0.42 0.22 0.20 ND 0.03
F3 3.38 ND 4.09 ND 0.17 ND ND ND 0.05
F4 3.63 ND 1815.46 3.08 ND 0.21 0.13 ND 0.06

Mlondozi

F1 ND 9.87 2.44 0.21 0.10 0.10 0.02 ND 0.02
F2 1.05 8.70 21.07 0.00 0.44 0.15 0.06 ND 0.02
F3 0.33 0.84 0.25 ND 0.18 ND 0.01 ND 0.04
F4 3.38 0.02 4324.38 1.20 0.01 0.17 0.20 ND 0.06

Mbuluzana

F1 ND 14.23 3.48 0.56 0.52 0.11 0.00 ND 0.04
F2 1.62 7.52 24.60 0.09 0.52 0.22 0.17 ND 0.07
F3 1.27 1.88 3.07 0.37 0.28 0.01 ND ND 0.03
F4 4.71 0.04 4524.88 0.91 ND 0.33 0.24 ND 0.11

Motjane

F1 ND 9.88 5.65 0.65 0.45 0.14 ND ND 0.01
F2 1.42 2.05 14.61 0.12 0.31 0.18 0.15 ND 0.04
F3 5.52 0.36 2.71 0.58 0.17 0.07 0.02 ND 0.02
F4 7.13 0.01 2098.69 3.14 ND 0.19 0.11 ND 0.08

ND- not detectible

IV. Conclusion
Heavy metals are deposited more in dams fed by running water 
due to continual dilution experienced by the water body than in 
dams with stagnant water where dilution is minimal. The water 
bodies around Ngwenya mine are contaminated by heavy metals 
at varying degrees as shown by the contamination factors. The 
Pollution load Indices (PLI) show that all the studied water bodies 
around the Ngwenya mine are polluted by the heavy metals. Most 
of the studied heavy metals favour residence in the anoxic layer 
of sediments. They tend to migrate downwards to bottom layers 
of the sediments. Fe is predominantly bound to the mineral nature 
of sediments. The abundance of the bioavailable portion of the 
heavy metals among the three phases varied with sites. These 
were determined by the composition of the sediments, such as; 
sediments with higher organic matter content were depicted by 
higher heavy metal content in the oxidisable phase. 
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