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a b s t r a c t

The potential metal retention by sediments along the Mooi River and connected streams in the vicin-
ity of Potchefstroom, South Africa, was evaluated using the four-stage sequential extraction proce-
dure. The sediments were characterized using XRD, XRF and FTIR techniques. The physico-chemical 
parameters and heavy metals content of water were also measured to evaluate their impact on water 
quality and fitness for human consumption. The highest percentages of Fe, total Cr and Mg (83.46, 
27.43, and 88.83%, respectively) were predominantly associated with the residual fraction of the sedi-
ments. Elements such as Ca and Mn were mostly bound to the exchangeable fraction of the sediments. 
Association of Fe, total Cr and Mg with the residual fraction as predicted by speciation calculations 
suggests that these metals are strongly bound to the sediments and therefore less susceptible to cause 
pollution. The mobility order of the heavy metals in the sediments samples was Ca > Mn > Mg > Fe 
> Cr. For the first time the implication of organic matter in the sediments along the Mooi River on 
the retention of metals was investigated and it was found that organic matter occurring in various 
concentrations in these sediments, contained binding groups such as C–O, C–C=C, O–H and =C–H 
much likely to contribute to the retention of metals in the exchangeable fraction of the sediments. The 
amount of inorganic pollutants in water was found to basically decrease moving downstream, but the 
water quality remained unfit for human consumption at most of the sampling points. 
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1. Introduction

The contamination of rivers by heavy metals is a world-
wide problem [1]. Heavy metals are carried through the 
rivers and streams in different forms including dissolved 
species or as part of the suspended sediments [2] which 
contaminate the aquatic environment causing instability 
of the ecosystem due to their toxicity [3]. Some metals are 
essential to living organisms when available in small quan-
tities, but they become toxic at higher concentrations [4] and 
thus leading to reduced quality of water, making it unfit for 

various uses [5]. The water quality is defined in terms of the 
chemical, physical and biological parameters that include 
the temperature, pH, rainfall, salinity, electrical conductiv-
ity, redox potential, dissolved oxygen and carbon dioxide 
[6]. The quality of water can also be reduced by the local 
geology; however, human practices have a much larger 
influence in the reduction of water quality [7]. For example, 
anthropogenic activities such as mining activities, indus-
trial wastewater, domestic sewage, operation of wastewater 
treatment plant and agricultural practices are among the 
most vital sources of heavy metals found in the aquatic envi-
ronment [8]. Heavy metals are among the major pollutants 
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of the aquatic environment as they can be potentially detri-
mental to human health [9], and the situation is exacerbated 
because they are persistent and bio-accumulative in nature 
[10]. These heavy metals can be dispersed and accumulated 
in plants and animals [11], thus entering the food web [12]. 
The developing countries are affected the most by this metal 
pollution due to the poor management of their environ-
ment as well as incapacity to afford the operating costs of 
pollution treatments facilities [13]. When entering into the 
aquatic environment, metals are partitioned between the 
water column and sediments [14]. In the sediments, they are 
further partitioned into different phases including carbon-
ates, oxides, hydroxides and sulphides [15]. 

The metal distribution, mobility and their availabil-
ity in the environment do not necessarily depend on their 
total concentration but on the physical-chemical forms in 
which they are partitioned and this can be studied through 
sequential extraction and speciation techniques [16,17]. To 
determine the partitioning of heavy metals, various meth-
ods involving both the single and sequential extraction 
schemes have been employed for the past decades [8]. In 
this study, a four-stage sequential extraction procedure pro-
posed by the European Communities Bureau of References 
(BCR) was employed. This method has been successfully 
used by other researchers [10,18].

The high concentration of heavy metals found in the 
Mooi River at Potchefstroom has been reported to be mainly 
influenced by the gold mining activities in the vicinity of the 
Wonderfonteinspruit [19,20]. However, the degradation of 
the water quality in the Mooi River as it flows through the 
city of Potchefstroom is also exacerbated by effluents from 
the municipality’s waste water treatment works and some 
major industries [21]. Due to this concern, many studies 
have been conducted in the catchment of Wonderfontein-
spruit (WFS) to determine the level of heavy metals in sur-
face water and sediments [22–25]. However, to the best of 
our knowledge, no study has so far investigated the typical 
binding groups contributing to the retention of metals in the 
sediments along the Mooi River. The objectives of this study 
were: (i) to investigate the distributions of the selected met-
als in different fractions of the sediments collected from the 
Mooi River and connected streams using the BCR extraction 
procedure, (ii) to characterise the sediment samples using 
XRD, XRF and FTIR spectroscopy, (iii) to determine the 
organic groups in the sediment which are likely to bind to 
metals in solution, and (iv) to assess the quality of water.

1.1. Study area

The Mooi River originates from a large catchment area 
from the Bovenste Oog spring as well as the inflow of the 
Wonderfonteinspruit and the confluence with Loopspruit, 
south of Potchefstroom [18]. The study area is between 
the latitudes 26°22’ and 26°54’ and longitudes 27°5’ and 
27°57’ (Table 1). The average temperature of the study 
area is 16.9°C, and the mean annual precipitation of 663.5 
mm with a reported mean annual run-off into streams of 
29.5 mm [26]. The Mooi River catchment includes several 
reservoirs, the largest of which are the Klerkskraal Dam 
(8 million m3), Boskop Dam (21 million m3) and Potchef-
stroom Dam (2 million m3) [27]. The Klerkskraal, Boskop, 
and Potchefstroom Dams supply domestic and industrial 

water to Potchefstroom through the Mooi River State Water 
Scheme [18]. These dams are also used for irrigation pur-
poses in Potchefstroom and the vicinity [28]. Geologically, 
the Mooi River is partly located on a dolomite rock system 
which covers almost 75% of the area [27]. 

2. Methodology

2.1. Sampling

A total of 9 sampling sites were selected along the Mooi 
River, karst spring and a mine canal to investigate the con-
tamination of sediments and water by metals (Fig. 2). The 
coordinates of the sampling points are presented in Table 1. 
Sampling point 1 is the Driefontein mine canal connected 
to the Mooi River, sample 2 (connected to the karst spring) 
and 3 are streams forming part of the Mooi River systerm. 
Samples 4 and 5 are located within the Boskop and Potchef-
stroom Dams, respectively; both dams are situated along 
the Mooi River. Sampling points 6–9 are located along the 
Mooi River. These sampling points received effluents from 
anthropogenic sources such as mining activities (Fig. 1). 
The positions of the collection points were determined by 
personnel from the Department of Water and Sanitation 
located at Boskop Dam; these points are mapped for routine 
monitoring of pollution problems in the area.

The selected samples (collected once) were assessed for 
their metal retention potential. Sediment samples were col-
lected inside of the Mooi River and connected streams (few 
metres away from the bank) and the depth varied from 0 
to 5 cm using a grab sampler. A sub-sampling of the sed-
iments was done by taking the upper 5 cm of the sample 
from the grab and then stored in clean plastic bags that was 
quickly tighten to avoid oxygen penetration (preserve bio-
logical or chemical equilibria). Sediment samples were then 
kept at 4ºC prior to the analysis. A large amount of sediment 
samples was collected (about 3 to 4 kg) at each site in order 
to have enough samples for experiments such as sequen-
tial extraction, mineralogical and chemical compositions, 
total organic carbon and identification of functional groups 

Table 1
Sampling point description and coordinates

Sample 
number

Description Location

S E

1
Driefontein mine 
canal

26°22’30.71” 27°19’57.34”

2 Turffontein eye 26°24’51.04” 27°10’13.32”

3
Gerhardminebron 
eye

26°28’47.61”  27° 9’5.70”

4 Boskop Dam 26°33’56.0” 27°07’13.7”

5 Potchefstroom Dam 26°39’55.67” 27° 5’34.14”

6 Mooi River 26°40’55.6” 27°05’53.8”

7 Mooi River 26°42’04.1” 27°06’22.6”

8 Mooi River 26°42’34.1” 27°06’20.2’

9 Mooi River 26°52’49.8” 26°57’51.4”
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using Fourier transform infrared spectroscopy (FTIR). 
Water samples were collected in 500 mL according to 
accepted methods [29]. Before use, the bottles were washed 
with deionised water and then rinsed with the water of the 
sampling site during sampling. The water samples were 
collected at the surface of the streams, using 500 mL poly-
ethylene bottles that were rinsed with river water and then 
deep at the subsurface with the mouth of the bottle facing 
the direction of water flow. However, at the dams, samples 
were collected few metres from the Dam wall at the depth 
varied from ±1 to 2 m using a depth-sampler. Immedi-
ately after water sampling, the following physico-chemical 
parameters were measured using appropriate probes and 
meters (Hanna Instrument Inc, USA): temperature (°C), pH, 
electrical conductivity (mS/cm), dissolved oxygen (mg/L) 
and redox potential (mV). The pH meter was calibrated 
before analysis in the field, using reference buffer solutions. 
The samples were then stored in cooler boxes filled with ice 
to ensure proper preservation during transportation to the 
laboratory where further analyses were done. 

2.2. Experimental protocol

Sediment samples were dried at 50ºC in an oven, 
ground using a mortar and pestle and sieved to particle 

sizes of <63 µm, which corresponds to the size fraction used 
in previous studies focusing on the analysis of heavy metals 
from sediments [30,31]. The sequential extraction of heavy 
metals was performed using the BCR sequential extraction 
method. The mineralogical composition and major compo-
nents of metals were determined using XRD and XRF while 
the total organic carbon was determined by using the Wak-
ley Balk titration method. The functional groups in the sed-
iments were identified using FTIR spectroscopy (Thermo 
Scientific, France). The total analysis of heavy metals con-
tent in sediment samples was conducted using ICP-OES 
(Agilent Technologies, USA).

The alkalinity (as HCO3
– and CO3

2–) was measured 
through titration with 0.1 M H2SO4. The concentrations 
of SO4

2–, NO3
–, and CN– in water samples were measured 

using a COD and Multiparameter Bench Photometer HI 
83099 (Hanna Instruments Inc., USA). The concentration 
of Cl– in water samples was measured through titration 
with a silver nitrate and potassium dichromate solution. 
The heavy metals concentrations (Fe, Ca, Mn, Mg, and 
total Cr) were measured using ICP-OES. Organic carbon 
content was determined according to the method reported 
by Avramidis et al. [32]. The BCR sequential extraction 
was conducted according to the procedure described in 
Fig. 3.

Fig. 1. The study area in the North West Province of South Africa (the Mooirivierloop is now known as the Wonderfonteinspruit).



A. Manyatshe et al. / Desalination and Water Treatment 66 (2017) 346–357 349

2.3. Reagents

Sequential extraction: high quality reagents of analyt-
ical grade and deionised water, supplied by Oasis Water 
(Potchefstroom, South Africa), were used for all the prepa-
rations and analyses. Diluted standard solutions were pre-
pared from the stock standard solutions. A working solution 
of 0.11 M acetic acid, 0.1 M NH2OH · HCl (adjusted to pH 
2 with 2 M nitric acid), 8.8 M hydrogen peroxide (pH of 
2–3), 1.0 M ammonium acetate (adjusted to pH 2 by adding 
a concentrated HNO3) and aqua regia (HNO3 + 3HCl) were 
prepared using distilled water.

For the quantification of organic carbon, diluted stan-
dard solutions were also prepared from the stock standard 
solutions. Therefore, solutions of 1.0 M potassium dichro-
mate (dried at 105°C), sulphuric acid 98%, 0.4 M ferrous 
sulphate and ferroin indicator were prepared using the 
deionised water. 

To assess the quality of water, specific test kits were 
used to measure the level of sulphate, nitrate and cyanide 
in water. About 20 % nitric acid was used to dilute the water 
samples prior to the analysis of heavy metals by the ICP-
OES instrument. 

2.4. Fourier transform infrared spectroscopy (FTIR) method

The binding groups in the sediment samples collected 
from the Mooi River network and connected streams were 
identified using FTIR spectroscopy (Thermo Scientific 
Nicolet iS10 FTIR Spectrometer, France). The FTIR spectra 

were collected within the wavenumber range between 400 
and 400 cm–1 using the potassium bromide (KBr) pellet tech-
nique.

2.5. Sequential extraction method

To evaluate the binding forms of heavy metals in the 
sediment samples, the BCR sequential extraction was 
applied. The details of the different steps and reagents used 
are shown in the following flowchart. 

3. Results and discussion

3.1. XRD analysis of mineralogical composition

The mineralogical compositions of sediments are pre-
sented in Fig. 4. These results show that the most abundant 
mineral is quartz, within a range of 29–89% as determined 
in sediments samples collected from the Mooi River and its 
connected streams. The rest of the minerals such as clino-
ferrosilite, diopside, welinite, iron silicide, rutile, clinoen-
stalite, kyanite and calcium oxide iron were detected in one 
or more samples. 

3.2. XRF analysis of major components

The results of the XRF analysis of the major compo-
nents are illustrated in Fig. 5, presented as percentages 

Fig. 2. Map of the study area showing sampling points (1–9).



A. Manyatshe et al. / Desalination and Water Treatment 66 (2017) 346–357350

Fig. 3. Flowcharts for the BCR speciation scheme of sediments.
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of the corresponding oxides. The following oxides were 
observed to be dominant in all sampling sites studied: SiO2 
(45.72–84.13%), CaO (0.62–17.96%), Fe2O3 (5.73–25.51%), 
MgO (0–2.48%), MnO (0.16–3.45%) and Cr2O3 (0–0.25%). 
Most of these element oxides were mainly dominant in 
sample 1 to 8 (Mooi River and connected streams); how-
ever, higher concentrations of magnesium were found 
in sample 9 and 8 (Mooi River). The abundance of these 
elements is likely due to the type of rock, which covers 
most part of the study area. The dominant elements such 
as Si, Ca, Fe, Mg, Mn, and Cr can be potentially toxic to the 
aquatic environment. The nature of the sediments deter-
mined in this study is similar to that of the sediments from 
the four main rivers in Kolovo [30].

3.3. Metal speciation in sediment

The percentage concentrations of Fe, Ca, Mn, Mg and 
Cr extracted from sediments at each step are illustrated in 
Fig. 6. Elements such as Ca and Mn were mostly recovered 
in fraction 1 of the sediment samples collected from the 
Mooi River and connected streams. The rest of the metals 
were found to be strongly bound to the crystalline struc-
ture of sediments. Mobility and bioavailability of met-
als is related to the solubility; therefore, bioavailability 
decreases in order of exchangeable > reducible > oxidiz-
able > residual. The mobility and bioavailability of metals 
extracted from the studied sediments samples, decreased 
in the following order: Ca > Mn > Mg > Fe > Cr. In this 
study, high concentration of Fe in sediments samples col-
lected from the Mooi River and connected streams were 
associated with the residual fraction (83.46%) and a lesser 
extent to the exchangeable fraction (1.65%), reducible frac-
tion (5.89%) and oxidizable fraction (7.25%). It therefore 
ensues that the mobility and bioavailability of Fe will be 
very low due to the smaller amounts bound to exchange-
able fraction, and this implies that there will be a relatively 
lower risk of toxicity related to the presence of this ele-
ment in the surface water. These results were in agreement 
with the studies performed by Yuan et al. [33] who found 
that more than 90% of the total Fe was bound to the resid-
ual fraction.

Ca and Mg were obtained in all four fractions of the 
BCR sequential extraction method. In sediments collected 

from the Mooi River and connected streams, high recovery 
percentages of Mg from the residual fraction were 88.83%. 
Its contribution to exchangeable, reducible and oxidiz-
able were 21, 9.64 and 16.39%, respectively. Whereas, the 
distribution of Ca, as an exchangeable fraction, reducible 
fraction, oxidizable fraction and residual fraction was as 
follows: 72.92, 83.29, 45.01 and 10.54%, respectively. High 
percentages of Mg and Ca associated with the exchange-
able fraction, show that the mobility and bioavailability of 
these elements will be high, and this is prone to increase 
the hardness of water, which can result to the increase 
of pH in surface water. These high values of Mg and Ca 
extracted from sediments can be attributed to the under-
lying rocks constituted mainly of dolomite; however, in 
contrast to Ca, most of the Mg was bound to the residual 
fraction at sampling point 5, which indicates that only a 
small amount of Mg could be released into the water at 
this particular point.

Total Cr was mainly associated with the residual fraction 
suggesting relatively low mobility and availability of this 
metal, with the highest concentration of 27.43% extracted 
in the sediment samples. Its contribution to exchangeable, 
reducible and oxidizable fractions, was 1.27, 2.20 and 7.75%, 
respectively. It has been shown from other studies [31,34] 
that total Cr binds strongly to the crystalline structure of 
the sediments.

The distribution pattern of Mn in the sediments sam-
ples, showed that it was mainly bound to the oxidizable or 
organic matter and sulphides; with the highest percentage 
(64.19%) found in sediments from a stream connected to 
the Mooi River. The concentration of Mn in other fractions 
was 33.84% bound to exchangeable fraction (at Mooi River), 
24.94% bound to Fe and Mn (at a stream connected to the 
Mooi River) and 43.82% bound to the residual fraction (at 
the Mooi River). Mn is released from the exchangeable and 
reducible fraction of these sediment samples and will be 
bioavailable, implying that it can be harmful to the biota. 
The distribution of Mn in sediment fractions, as observed 
in this study, is in agreement with previous studies carried 
out using the four-step (BCR) sequential extraction proce-
dure in sediment samples from Tokat, Turkey, [35], which 
showed that Mn was mainly bound to the organic matter 
fraction.

Fig. 4. Mineralogical composition of the sediments (fraction <63 
µm) from the Mooi River.

Fig. 5. Selected major and trace components of sediments (frac-
tion < 63 µm).
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3.4. Total organic carbon in sediments

It has been reported that the organic content is among the 
key factors influencing the bioavailability of metals in sur-
face and ground water [36]. The values of total organic car-
bon (TOC) in the studied sediment samples are presented in 
Table 2. The variation of the organic carbon content among 
the different sediment samples was likely due to its origin 

in the aquatic environment. The values ranged between 0.37 
and 2.88%, with the highest percentage recorded in sample 
6 (Mooi River). The high content of organic carbon recorded 
in some of the sampling points indicates the decomposition 
of organic matter and thus likely to reduce trace metal bio-
availability through complexation. It is therefore under-
standable that the impact of organic carbon content on the 

Fig. 6. Metal distribution among the different fractions: (A) Calcium, (B) Magnesium, (C) Iron, (D) Total Chromium and (E) Manganese).



A. Manyatshe et al. / Desalination and Water Treatment 66 (2017) 346–357 353

distribution of elements bound to exchangeable, reducible 
and organic matter will varied per sampling site. Elements 
such as Ca and Mg which were predominantly found in 
the exchangeable and reducible fractions, are likely to be 
entrapped in the biological matters forming part of the sed-
iments. The breakdown or degradation of these biological 
matters by microorganisms often contribute to resuspend 
(dissolve) the metals into the solution.

3.5. FTIR spectroscopy

It is suggested that the biological factors are poorly 
understood while they could strongly influence the bio-
accumulation of metals and severely inhibit prediction of 
metal bioavailability [37]. It is therefore important to iden-
tify the binding groups which are likely to be involved in 
the bioaccumulation of metals on sediments. In this study, 
the FTIR analysis was conducted in order to confirm the 
presence of binding groups involved in the retention of 
metals in the sediments. The spectra of sediment samples 
collected along the Mooi Rivers and connected streams are 
shown in Fig. 7A–C, respectively. In general, the spectra of 
all the sampling points showed almost the same character-
istics in their absorption bands.

Fig. 7A shows a band between 1300 and 1000 cm–1 which 
corresponds to the stretching vibrations of ester groups 
(C–O). The same trend of results was also observed in Fig. 
7B and C, respectively. A slight twin peaks seen between 
2918.29 and 3000 cm–1, can be due to asymmetric and sym-
metric stretch of Alkanes H–C–H. A band between 1500 and 
1450 seen in Fig. 7C can be assigned to asymmetric stretch 
of Aromatic Rings C–C=C group, however, this band was 
not seen in Fig. 7A and B. A wide band which can be seen 
between 3500 and 3000 cm–1 in all the figures is correspond-
ing to the O–H stretch vibration, often found in organic com-
pounds. A band between 1000 and 650 cm–1 can be ascribed 
to the strong alkenes =C–H group. A band between 690 and 
515 cm–1 is corresponding to the medium stretching of alkyl 
halides C–Br group. These results are similar to those found 
in a study done by Reig et al. [38], these groups have high 
binding potential. The bands at 788.40, 690, 688.33, 629.56, 
and 629.25 cm–1 were found in all the sediment samples, 

Table 2
Total organic carbon of sediments samples from the Mooi River

Sample number TOC %

1 0.45

2 1.15

3 1.21

4 2.02

5 0.37

6 2.88

7 1.65

8 2.82

9 1.41

Fig. 7. FTIR spectra of samples: (A) Upstream, (B) Midway and 
(C) Downstream.

and this is due to the inorganic materials, such as the clay 
and quartz minerals [39]. Hence, XRF results in this study 
show the dominance of SiO2, CaO, MgO, Fe2O3, MnO and 
Cr2O3. This demonstrates that these inorganic metals were 
retained in the sediment, and the sequential leaching exper-
iment shows that some of this metals such as Ca and Mg 
were mostly bound to the exchangeable fractions and this 
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clearly indicate that their mobility will be high and thus 
prone to increase the hardness of the water, hence, the rel-
atively high pH of the water samples. However, metals 
such as total Cr and Fe being associated with the exchange-
able fractions even at low concentration they are prone to 
increase the toxicity in the aquatic environment, and their 
mobility will depend on the environmental changes over-
time. On the other hand the results obtained are consistent 
with the presence of total organic carbon in sediment sam-
ples. According to a previous study [40] the organic peaks 
corresponding to organic compounds are those of aliphatic 
(3000–2800 cm–1), aromatic and C=O groups (in the region 
1700–1550 cm–1) which are more pronounced in samples 9 
than any other sample. According to Galle et al. [41], bands 
characteristics of the groups C=O, –OH and –NH, as well as 
aliphatic stretches in the 3500–2800 cm–1 region are reported 
to be the most prominent features of microbial spectra 
which have a significant correlation with the organic carbon 
content implicated in the biofilm growth. This clearly sup-
ports our findings; demonstrating the retention of metals 
in the exchangeable fraction mostly made of organic mat-
ters. Furthermore the presence of microorganisms is likely 
to result in the mobilization of the metals attached to that 
layer after degradation of the organic matter.

3.6. Water quality

Table 3a and 3b represent the results of the physi-
co-chemical parameters and heavy metals measured in the 
surface water of the Mooi River and connected streams, 
respectively. The results show that there was a significant 
variation (P < 0.05) among the sampling sites. It is appar-
ent from Table 3a and 3b that most of the parameters were 
within the recommended limit of SA drinking and irriga-
tion water guidelines. However; for the parameters like the 
dissolved oxygen, redox potential and alkalinity, there is no 
specific limit set by the South African water guidelines [42]. 
The values of surface water temperature ranged from 10.10 
to 19.50°C; these relatively low values can be attributed to 
the cold weather during a winter season. The mean and 
standard deviation for recorded concentrations of dissolved 
oxygen (DO) were 8.24 mg/L and 1.15 mg/L, respectively; 
with the highest concentrations measured at sampling point 
5. High value of DO at this point can be correlated to the 
low value of temperature (12°C). According to Nezlin et al. 
[43]; the concentration of DO is an important water quality 
parameter because low DO concentration can be physiolog-
ical stressful or lethal to aquatic organisms. The values of 
alkalinity varied between 160 and 312 mg/L, with a mean 
of 276.00 mg/L and standard deviation of 46.78 mg/L. The 
highest value of alkalinity recorded at sampling point 2 can 
be attributed to the underlying rock constituted mainly of 
dolomites. High alkalinity can result in physiological stress 
on aquatic organisms and that may lead to loss of biodi-
versity [6]. The values of pH ranged from 7.34 to 8.64, with 
the mean value of 8.18 and standard deviation of 0.52. It is 
apparent from Table 3a, that all the pH values were above 
neutral; these values were within the recommended limit 
of SA drinking water guideline, however, at some of the 
sampling sites these values were above the SA irrigation 
water guideline. According to the South African irrigation 

water guideline [44], high value of pH can cause a foliar 
damage which can result to the decrease of yield or damage 
to fruit or marketable product. High values of pH measured 
reflect the relatively high concentrations of Ca and Mg, as 
high percentages of Ca and Mg were associated with the 
exchangeable fraction in sediment samples. The value of EC 
varied between 0.70 and 1.52 mS/cm, with the mean value 
of 0.83 mS/cm and standard deviation of 0.17 mS/cm. The 
highest value of EC was recorded at sampling point 1 and 
such high value may result from contamination by the gold 
mine discharge, as sampling point 1 is situated within the 
mine canal. This is substantiated by elevated concentration 
of Ca, Mg, SO4

2– and Cl– at this point. The value of Eh ranged 
from 138.00 mV to 205.57 mV, with the mean of 158.30 mV 
and standard deviation of 25.68 mV. The highest value of Eh 
was recorded at sampling point 3 and this correlates with 
the lowest value of pH (7.24) recorded at this site. Therefore; 
the low value of Eh measured in the rest of the sampling 
point can be attributed to the relatively high values of pH 
which were above neutral.

The concentration of nitrate ranged from 0.00 to 11.20 
mg/L, with the mean value of 2.43 mg/L and standard 
deviation of 3.46 mg/L. The highest concentration of nitrate 
was measured at sampling point 4 (11.20 mg/L). However, 
the decreasing trend was observed when moving down-
stream of the study area. The concentrations of nitrate were 
observed to be within class II limit of SA drinking water 
guideline. However, nitrate concentration at point 4 was 
above class I limit of drinking water guideline and the source 
of pollution at this point could be the effluent from the agri-
cultural land surrounding the area; agricultural activities 
have been reported to contribute for more pollution of NH4 
and NO3

– around the world [45]. In addition, high concen-
trations of nitrate at this point could also be attributed to 
contamination from the municipal and domestic sewage 
in the proximity of the Boskop Dam. The concentration of 
chloride ranged from 36.67 to 76.67 mg/L, with the mean 
and standard deviation of 48.52 and 13.96 mg/L, respec-
tively. The highest concentration of chloride (76.67 mg/L) 
was observed at sample point 1 (Table 3a), and the source 
of pollution could be the effluent from the mines since this 
point is situated within a mine canal. However, the level of 
chloride was observed to be within the recommended limit 
of SA drinking and irrigation water guidelines. The value 
of cyanide ranged from 1.00 to 3.00 mg/L, with the mean 
and standard deviation of 1.56 and 0.73 mg/L, respectively. 
The relatively low value of SD indicates that there was no 
significant variation between the sampling points.

High concentrations of cyanide (Table 3b) were 
recorded at most of the sampling points and this could be 
ascribed to the contamination from the gold mine efflu-
ent, as it is known that some of the mines use cyanide for 
the extraction of gold from ore [46]. The concentration of 
CN– was observed to be above the recommended limit of 
SA drinking water guideline. The level of sulphate varied 
between 110 and 420 mg/L, with the mean value of 153.89 
mg/L. High value of standard deviation (104.04 mg/L) 
clearly shows that there was a significant variation between 
the sampling sites. The highest concentration was measured 
at sampling point 1 (420 mg/L), upstream of the study area. 
This elevated concentration of sulphate can be attributed to 
the effluent from the gold mines in the vicinity of Carleton-
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Table 3a
Physico-chemical parameters and Major anions concentrations in water samples

pH T Eh EC DO Alkalinity SO4
2– Cl–

Sampling sites  °C mV mS/cm mg/L mg/L CaCO3
mg/L mg/L

1 8.50 18.30 135.57 1.21 8.80 160.00 420.00 76.67

2 7.34 19.50 196.57 0.79 7.00 312.00 120.00 40.00

3 7.24 16.30 205.57 0.82 5.90 296.00 120.00 50.00

4 8.55 12.00 142.00 0.71 9.10 304.00 110.00 36.67

5 8.45 12.00 144.00 0.74 9.20 296.00 90.00 36.67

6 8.64 10.80 138.00 0.70 9.00 268.00 110.00 36.67

7 8.45 10.10 147.00 1.00 7.60 272.00 195.00 53.33

8 8.3 11.70 153.00 0.74 8.60 268.00 110.00 43.33

9 8.12 12.00 163.00 0.84 9.00 308.00 110.00 63.33

Average ± SD 8.18 ± 0.52 13.63 ± 3.46 158.30 ± 25.68 0.83 ± 0.17 8.24 ± 1.15 276.00 ± 46.78 153.89 ± 
104.04

48.52 ± 
13.96

SA-DWG a

 Class I 5.00–9.50 – – < 1.50 – – < 400.00 < 200.00

 Class II 4.00–10.00 – – 1.50–3.70 – – 400.00–
600.00

200.00–
600.00

SA-IWG b 6.50–8.40 – – – – – – –

Note: SD, Standard deviation; a, (South African-drinking water guideline, 2006); b, (South African-irrigation water guideline, 1999); Class I 
(recommended operational limit); Class II (max.allowable for limited duration).

Table 3b
Major anions and heavy metals concentration in the water samples

 NO3
– CN– Fe Ca Mg Mn Cr

Sampling sites mg/L mg/L mg/L mg/L mg/L mg/L mg/L

1 0.00 1.00 0.15 81.79 53.93 0.09 0.15

2 0.00 2.00 0.19 76.23 47.75 0.02 0.08

3 1.50 1.00 0.00 65.87 39.88 0.01 0.15

4 11.20 1.00 0.00 54.93 39.31 0.00 0.19

5 2.20 3.00 0.00 49.36 43.33 0.00 0.17

6 0.00 1.00 0.00 59.86 48.04 0.00 0.16

7 2.20 1.00 0.09 81.73 64.60 0.00 0.18

8 2.10 2.00 0.08 43.49 45.40 0.00 0.18

9 2.70 2.00 0.00 42.94 44.86 0.00 0.17

Average ± SD 2.43 ± 3.46 1.56 ± 0.73 0.51 ± 0.07 61.80 ± 15.49 47.46 ± 7.81 0.01 ± 0.03 0.16 ± 0.03

SA-DWGa

 Class I < 10.00 < 0.05 < 0.20 < 150.00 < 70.00 < 0.10 < 0.10

 Class II 10.00–20.00 0.05–0.07 0.20–2.00 150.00–300.00 70.00–100.00 0.10–1.00 0.10–0.50

SA-IWGb – – 5.00–20.00 – – 0.02–10.0 0.10–1.00

Note: SD, Standard deviation; a, (South African- drinking water guideline, 2006); b, (South African- irrigation water guideline, 1999); Class I 
(recommended operational limit); Class II (max.allowable for limited duration).
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ville, since this point is located along the mine canal join-
ing the Mooi River. A decreasing trend was observed when 
moving downstream of the study area. These clearly show 
that effluents from the respective mine contribute to the 
pollution while the sediments may be naturally involved in 
the mitigation of pollutants dispersion. 

The concentration of total Cr ranged from 0.08 to 0.18 
mg/L, with the mean and standard deviation of 0.16 and 
0.03 mg/L, respectively. Low value of SD clearly indicates 
that there was no significant variation between the sam-
pling sites. The highest value of total Cr was recorded at 
sampling point 4 (0.19 mg/L). The concentrations of total Cr 
were observed to be within the recommended class II limit 
of SA drinking and irrigation water guidelines. However, 
all the sampling sites except point 2 showed concentrations 
above class II of drinking water guideline therefore degrad-
ing water quality. Total Cr is one of the toxic elements in the 
aquatic environment, for example Cr (VI) can cause cancer 
to human beings if high concentration is ingested in drink-
ing water [47]. The source of total Cr can be the effluents 
from the respective gold mines in the vicinity of the study 
area. The concentration of Fe ranged from 0 to 0.19 mg/L, 
with the mean of 0.51 mg/L and standard deviation of 0.07 
mg/L. Elevated concentration measured at sampling points 
1 and 2 can be attributed to contamination by effluents from 
the gold mines (Fig. 1). 

A decreasing trend of Fe concentration were observed 
when moving downstream of the study. This may be partly 
due to the retention on the sediments across the river. 
Nevertheless, high concentrations of Fe were recorded 
at sampling point 7 (0.09 mg/L) and point 8 (0.08 mg/L). 
However, the source of pollution at these points (Potchefst-
room area) could not be ascertained. The concentrations of 
Fe were observed to be within the recommended limit of the 
SA drinking and irrigation water guidelines. The mean con-
centration of Mn was 0.01 mg/L, with the highest concen-
tration measured at sampling point 1 (0.09 mg/L). Elevated 
concentration of Mn could be attributed to the effluent from 
gold mines in the vicinity of Carletonville area. However, a 
decreasing trend was observed when moving downstream 
of the study area and this may be partly due to the retention 
on the sediments. The concentration of Ca and Mg ranged 
from 42.94 to 81.79 mg/L and 39.31 to 64.60 mg/L, respec-
tively. These concentrations of Ca and Mg can be ascribed 
to the nature of the underlying rock constituted mostly by 
dolomites and they are likely to increase the hardness of the 
water, hence a relatively high pH value was observed. How-
ever, Ca and Mg concentrations were within the required 
limit of SA drinking water guideline. 

4. Conclusions

The sediments from the Mooi River and its connected 
streams are dominated by oxide minerals and contain 
mainly Fe, Cr, Mg, Mn and Ca. According to the modified 
BCR sequential extraction results, it is sound to say that the 
bioavailability tendency of most of the elements except Ca 
and Mn was on the lower side as they were predominantly 
bound to the residual fraction; implying that the major con-
cern may be the continuous increase of water hardness due 
to high level of dissolved Ca. Elements such as Fe, Cr, and 
Mg, being strongly bound to the residual fraction, indicate 

that they are less likely to cause pollution of water. However, 
portion of Fe and Cr associated with the exchangeable and 
reducible fractions at some sampling points, may be pro-
gressively released at a speed that will vary depending on 
the environmental conditions and could therefore degrade 
the quality of water. The distribution of metals in the various 
fractions of the sediments informed of the attachment affin-
ity further investigated by FTIR analysis. The FTIR results 
revealed the presence of binding groups on the organic com-
pounds which could have been involved in the retention of 
metals in the sediments. The water quality was found unfit 
for drinking purpose due to high concentrations of SO4

2–, 
CN–, NO3

– and total Cr above the recommended class I limit 
in some of the sampling points. The water was observed to 
be fit for irrigation purpose. It is however noticeable that 
the interaction of the observed pollutants with the sedi-
ments may have contributed to the mitigation of pollution, 
decreasing metal concentrations across the river.
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