
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=taas20

Download by: [University of Cape Town Libraries] Date: 04 September 2017, At: 02:34

African Journal of Aquatic Science

ISSN: 1608-5914 (Print) 1727-9364 (Online) Journal homepage: http://www.tandfonline.com/loi/taas20

Metal contamination and human health risk
associated with the consumption of Labeo rosae
from the Olifants River system, South Africa

J Lebepe, SM Marr & WJ Luus-Powell

To cite this article: J Lebepe, SM Marr & WJ Luus-Powell (2016) Metal contamination and human
health risk associated with the consumption of Labeo rosae from the Olifants River system, South
Africa, African Journal of Aquatic Science, 41:2, 161-170, DOI: 10.2989/16085914.2016.1138100

To link to this article:  http://dx.doi.org/10.2989/16085914.2016.1138100

Published online: 23 Mar 2016.

Submit your article to this journal 

Article views: 71

View related articles 

View Crossmark data

Citing articles: 2 View citing articles 

http://www.tandfonline.com/action/journalInformation?journalCode=taas20
http://www.tandfonline.com/loi/taas20
http://www.tandfonline.com/action/showCitFormats?doi=10.2989/16085914.2016.1138100
http://dx.doi.org/10.2989/16085914.2016.1138100
http://www.tandfonline.com/action/authorSubmission?journalCode=taas20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=taas20&show=instructions
http://www.tandfonline.com/doi/mlt/10.2989/16085914.2016.1138100
http://www.tandfonline.com/doi/mlt/10.2989/16085914.2016.1138100
http://crossmark.crossref.org/dialog/?doi=10.2989/16085914.2016.1138100&domain=pdf&date_stamp=2016-03-23
http://crossmark.crossref.org/dialog/?doi=10.2989/16085914.2016.1138100&domain=pdf&date_stamp=2016-03-23
http://www.tandfonline.com/doi/citedby/10.2989/16085914.2016.1138100#tabModule
http://www.tandfonline.com/doi/citedby/10.2989/16085914.2016.1138100#tabModule
nloser
Typewritten Text
"H"

nloser
Typewritten Text



African Journal of Aquatic Science 2016, 41(2): 161–170
Printed in South Africa — All rights reserved

Copyright © NISC (Pty) Ltd
AFRICAN JOURNAL OF

AQUATIC SCIENCE
ISSN 1608-5914   EISSN 1727-9364

http://dx.doi.org/10.2989/16085914.2016.1138100 

African Journal of Aquatic Science is co-published by NISC (Pty) Ltd and Taylor & Francis

Freshwater ecosystems are the most threatened ecosys-
tems in the world (Dudgeon et al. 2006) with many river 
systems being threatened by over-abstraction and damming 
or contaminated due to increases in mining, agricultural, 
industrial and domestic water releases. Metal pollution 
in freshwater ecosystems has drawn increased attention 
due to adverse long-term health impairment of the biota 
resulting from increased exposure to some metals (Zhou et 
al. 2008). Metals are natural constituents of the environment 
and are usually found at low levels in ground and surface 
waters (Zhou et al. 2008; Ashraf et al. 2012). However, 
industrial, mining and agricultural activities release metal-
containing contaminants into the environment, resulting 
in metal concentration increase in the water (Zhou et al. 
2008). Metals and other contaminants accumulate in the 
tissues of aquatic biota and are subsequently magnified at 
higher trophic levels of the food chain (Jabeen et al. 2012). 
Organisms at the top of the aquatic food web, such as fish, 
piscivorous birds, crocodiles and humans, may accumulate 
up to a million times more than the organisms at the base 
of the food web such as phytoplankton (Davies and Day 
1998). Metals may enter the body of fish through the body 
surface (skin), gills, ingestion of food or non-food particles, 
and oral consumption of water (Javed 2005). An increase 
in the concentration of metals in aquatic ecosystems could 
result in multiple impacts due to their toxicity, persistence 
in the environment, bioaccumulation in the food chain and 
secondary poisoning (Uysal et al. 2008).

For rural communities near waterbodies, fish are an 
important source of protein (Sayer and Cassman 2013). 

Eating fish is popularly perceived as being beneficial for 
human health (Storelli 2008), but frequent consumption 
of fish from contaminated waterbodies may pose a risk to 
human health including elevated exposure to toxic metals in 
fish muscle tissue (Heath et al. 2004; Wilson 2004; Domingo 
et al. 2007).

The Olifants River, a tributary of the Limpopo River, has 
been described as one of the most polluted systems in South 
Africa (Oberholster et al. 2010), having been systemically 
polluted by acidification, mining, industrial, agricultural and 
domestic effluent, particularly in the upper Olifants River sub- 
catchment (Heath et al. 2010; Ashton and Dabrowski 2011). 
Acid mine drainage from abandoned mines in the upper 
catchment is resulting in the acidification of river water and 
the mobilisation of metals from the bedrock and sediment 
(McCarthy 2011; Netshitungulwana and Yibas 2012). 

Four major impoundments, Witbank, Loskop and 
Flag Boshielo dams, South Africa, and Massingir Dam, 
Mozambique, and a water extraction barrage, Phalaborwa 
Barrage near the border of the Kruger National Park, have 
been constructed on the main stem of the Olifants River 
(Figure 1). Loskop Dam has been described as a reposi-
tory for pollutants from the upper catchment of the Olifants 
River system (Oberholster et al. 2010). Studies have shown 
elevated concentrations of metals in fish from Loskop Dam 
(Kotze et al. 1999; Avenant-Oldewage and Marx 2000; 
Nussey et al. 2000), Flag Boshielo Dam (Addo-Bediako 
et al. 2014a, 2014b; Jooste et al. 2014, 2015), and at 
Phalaborwa Barrage (Addo-Bediako et al. 2014a, 2014b; 
Jooste et al. 2014, 2015). 
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The Olifants River, a tributary of the Limpopo River system, is one of the most polluted rivers in South Africa. In 
May 2011 the concentrations of metals in fish muscle tissue from two impoundments, Loskop and Flag Boshielo 
dams, on the Olifants River were measured and a human health risk assessment conducted to investigate whether 
it was safe to consume Labeo rosae from these impoundments. Labeo rosae is one of the most common pan 
fish in these impoundments and is readily available to rural communities. Metals are accumulating in the muscle 
tissue of L. rosae even although the fish populations appear to be healthy. At Loskop Dam all L. rosae analysed 
exceeded the recommended hazard quotient (HQ) of 1 for antimony, and less than 50% exceeded that for lead. At 
Flag Boshielo Dam, the recommended HQ was exceeded for lead in less than 50% of L. rosae analysed, and more 
than 50% exceeded that for antimony. The weekly consumption of 150 g of L. rosae muscle tissue from these 
impoundments may pose an unacceptable health risk to rural communities.

Keywords: antimony, bioaccumulation, Flag Boshielo Dam, lead, Loskop Dam, muscle tissue

Introduction

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

ap
e 

T
ow

n 
L

ib
ra

ri
es

] 
at

 0
2:

34
 0

4 
Se

pt
em

be
r 

20
17

 

http://dx.doi.org/10.2989/16085914.2016.1138100
mailto:jlebepe@yahoo.com


Lebepe, Marr and Luus-Powell162

The annual median sulphate concentration at Loskop Dam 
has exceeded the 100 mg l−1 threshold value for aquatic 
ecosystem health (DWAF 1996) since the year 2000, and 
is approaching 200 mg l−1 (Jooste et al. 2015), the threshold 
for human consumption (DWAF 1996). The median sulphate 
concentration at Loskop Dam has increased at a rate of 
2.76 mg l−1 per annum over the last five decades (Jooste et 
al. 2015). Although the sulphate concentrations do decrease 
downstream as a result of dilution by tributaries, the median 
sulphate concentration is nevertheless increasing at 
1.32 mg l−1 per annum at Flag Boshielo Dam (Jooste et al. 
2015). At Flag Boshielo Dam the annual median sulphate 
concentration is approaching the 100 mg l−1 threshold value 
for aquatic ecosystem health (Jooste et al. 2015). There is 
now a growing concern regarding the long-term impact of 
water pollution on the aquatic ecosystem and the health of 
rural communities, especially those still reliant on untreated 
water and aquatic resources from the Olifants River and its 
impoundments (Oberholster et al. 2010, 2012). For example, 

the muscle tissues of four fish species from Flag Boshielo 
Dam were found to be contaminated with metals, including 
lead, antimony, chromium and cobalt, at concentrations 
exceeding acceptable levels for safe long-term consumption 
by humans (Addo-Bediako et al. 2014a, 2014b; Jooste et al. 
2014, 2015).

Fish species occurring in Loskop and Flag Boshielo dams 
targeted by subsistence fishermen and regularly consumed 
by rural populations include Labeo rosae Steindachner, 
1894; Oreochromis mossambicus Peters, 1852; Schilbe 
intermedius Rüppell, 1832; and Clarias gariepinus Burchell, 
1822. The dire need for supplementation of dietary 
protein by rural populations results in the consumption of 
all available species. Labeo rosae, being one of the most 
abundant species in the two impoundments, is frequently 
consumed by rural communities, even though it is not 
preferred. 

The present study assessed the concentration of metals in 
the muscle tissue of L. rosae from Loskop and Flag Boshielo 
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Figure 1: Map of the Olifants River system showing locations of major towns, impoundments and tributaries. Major impoundments are: 
1 – Witbank Dam, 2 – Bronkhorstspruit Dam, 3 – Middelburg Dam, 4 – Loskop Dam, 5 – Flag Boshielo Dam, 6 – Phalaborwa Barrage and 
7 – Massingir Dam. The Olifants River and its tributaries are: a – Olifants mainstem, b – Wilge, c – Klein Olifants, d – Elands, e – Steelpoort, 
f – Blyde, g – Ga-Selati, h – Letaba and i – Shingwedzi. The study sites, Flag Boshielo Dam and Loskop Dam, are circled
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dams and evaluated the potential risk to human health 
posed by consuming fish, using a desk-top risk assessment 
protocol developed by the USEPA (2000). Relationships 
between metal concentrations in the water and sediment 
with those in the fish muscle tissue were explored.

Materials and methods

Sampling localities
This study was conducted at Loskop (25°26′ S, 29°19′ E) and 
Flag Boshielo (24°46′ S, 29°25′ E) dams in the middle section 
of the Olifants River (Figure 1). Loskop Dam is located in 
the upper reaches of the middle section of the Olifants River 
within the Loskop Dam Nature Reserve, approximately 
32 km south (upstream) of the town of Groblersdal. Flag 
Boshielo Dam is situated about 85 km downstream of Loskop 
Dam (Figure 1) and was built to supply water for irrigation, 
domestic, industrial and recreational use (McCartney et al. 
2004). 

Water and sediment analysis
Water samples were collected in May 2011 at a depth 
of 50 cm from the inflow, middle and the dam wall of both 
impoundments using acid-treated water bottles. In situ 
pH, water temperature, dissolved oxygen and electrical 
conductivity were recorded on site using a YSI Model 554 
datalogger. Water samples were stored at −5 °C prior 
to analyses at a SANAS-accredited laboratory (ISO/IEC 
17025:2005) in Pretoria. The water samples were analysed 
for selected metals in batches with blanks using inductively 
coupled plasma-optical emission spectrophotometry 
(ICP-OES; Optima 2100 DV, Perkin Elmer). Analytical 
accuracy was determined using certified standards (de 
Bruyn Spectroscopic Solutions 500MUL20-50 STD2) and 
recoveries were within 10% of certified values. Analyses 
of metals were restricted to 10 metals: aluminium (Al), 
antimony (Sb), barium (Ba), boron (B), copper (Cu), iron 
(Fe), lead (Pb), manganese (Mn), strontium (Sr) and zinc 
(Zn). These metals were selected due to their significant 
increases recorded over the past decade in the water, 
sediment and fish tissues from the Olifants River system 
(Coetzee et al. 2002; Addo-Bediako et al. 2014a, 2014b; 
Jooste et al. 2014, 2015).

A composite sediment sample consisting of five grab 
samples was collected from each of the three sites at 
Flag Boshielo Dam and from two sites at Loskop Dam 
in May 2011 using a Friedlinger mudgrab. The texture of 
the sediment was mainly clay particles at both dams. The 
samples were frozen on site and stored at −8 °C prior to 
analysis at the SANAS-accredited laboratory in Pretoria. 
Sediment samples were dried, digested according to the 
methods of Bervoets and Blust (2003), and analysed for 
the aforementioned metals using ICP-OES. All samples 
were subjected to the same QA/QC as the water samples. 
Recoveries were within 10% of the certified values. 

The water quality guidelines published by DWAF (1996) 
and CCME (2012), and sediment quality guidelines (SQG) 
of CCME (2012) and ANZECC (2000), were used to 
evaluate whether the water and sediment parameters at the 
two impoundments exceeded acceptable levels for aquatic 
ecosystems.

Fish tissues collection and analysis
Fish were collected over three nights at each impound-
ment using a gillnet. A single net 50 m long, 3 m drop, 
composed of 10-m panels of 50- to 150-mm mesh, was set 
overnight. Twenty fish specimens were collected from each 
locality in May 2011. Live fish were held in aerated tanks 
prior to processing. The fish were weighed, measured and 
sacrificed by severing the spinal cord just behind the head. 
A skinless sample of muscle tissue (±15 g) was collected, 
frozen on site, and stored at −80 °C prior to analysis. The 
tissue samples were freeze-dried, digested according to 
the methods of Bervoets and Blust (2003) and analysed 
for metals using ICP-OES. All samples were subjected 
to the same QA/QC as the water and sediment samples. 
Recoveries were within 10% of the certified values.

Statistical analyses
The mean and standard deviation were calculated for the 
water quality parameters, sediment metal content, and 
fish muscle tissue concentrations for each impoundment. 
A one-way ANOVA was used to evaluate whether the 
water chemistry parameters, sediment metal content or 
fish muscle metal content varied between impoundments 
using R-3.1.0 statistical software (R Development Core 
Team 2014). Data were considered statistically significant 
at p ≤ 0.05. Box-and-whisker plots were prepared for the 
metal concentrations in fish muscle tissue at both impound-
ments using R-3.1.0. Pearson correlation coefficients 
were calculated on the data from each impoundment to 
determine the correlation (R) between the respective metal 
concentrations in the fish muscle tissue from each impound-
ment using the correlation (cor) function in R-3.1.0. Second-
stage non-metric multidimensional scaling (NMDS) (Clarke 
and Warwick 2001) was used to investigate the correlation 
between the metal concentrations (variables) in the water, 
sediment and fish muscle tissue from both impoundments.

To evaluate differences in the multivariate metal concen-
trations of L. rosae between the two impoundments, the 
procedures described by Jooste et al. (2014) were followed. 
A non-metric multidimensional scaling plot was prepared 
to visualise the data for the impoundments, based on a 
resemblance matrix constructed with Euclidean distance, 
using the metaMDS function in the VEGAN package for 
R-3.1.0 (Oksanen et al. 2013). The metal concentra-
tions were 4th-root transformed to reduce the confounding 
effect of metals present at high concentrations, e.g. iron 
and aluminium. A distance-based test of homogeneity of 
multivariate dispersion and a multiple analysis of variance 
(Anderson 2001a, 2001b) were performed to determine 
whether there was a statistically significant difference in 
the muscle metal concentrations of L. rosae from the two 
impoundments using the betadisper and adonis functions 
in VEGAN, hereafter DISPER and MANOVA. A SIMPER 
analysis (Clarke and Warwick 2001) was performed to 
determine the metals contributing most to the differences 
between L. rosae from the two impoundments, using the 
SIMPER function in VEGAN.

Human health risk assessment
A human health risk assessment was conducted using the 
desktop methodology of the US Environmental Protection 
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Agency (USEPA 2000). The risk of chronic non-cancer 
health effects from oral exposure was calculated using the 
average daily dose (ADD); expressed in mg per kg body 
weight per day: 

ADD = [(concentration in fish) × (mass of portion consumed) 
× (number of fish meals per week)]  ∕  [(body mass) 
× (total number of days per week)]  (1)

where concentration in fish is in mg kg−1 (fw), mass of 
portion consumed is in kg, number of fish meals per week 
(exposure frequency) and body mass in kg (USEPA 2000; 
Heath et al. 2004; Addo-Bediako et al. 2014b). In order to 
calculate the ADD, a number of assumptions were required 
to characterise the population at risk: 150-g portion of fish 
muscle once a week; 70-kg adult; and 30-year exposure 
(not used in the calculation, but the basis of the risk assess-
ment). The average metal concentration in fish muscle 
tissues from each impoundment was used in the risk 
assessment.

A hazard quotient (HQ) for each metal was calculated 
by comparing the expected exposure of the populations 
to the reference doses (RfD) for the respective metals; a 
threshold above which adverse health impacts could be 
expected: 

HQ = ADD ∕ RfD  (2)

where HQ < 1 suggests adverse health effects are unlikely 
and HQ > 1 suggests a high probability of adverse health 
effects (USEPA 2000). Reference dose levels published 
by the USEPA were used (USEPA 2013, 2015). The lead 
RfD value from Ashraf et al. (2012), who referenced the 
USEPA as their source, was used for this study. Box-and-
whisker plots were prepared for the HQ values derived 
from the human health risk assessment for both impound-
ments using R-3.1.0 (R Development Core Team 2014).

Results

Water and sediment quality
Alkalinity and silicon concentrations in the water were 
significantly higher (p < 0.05) at Flag Boshielo Dam than 
at Loskop Dam, whereas nitrate, ammonia, total nitrogen, 
sulphate, chloride and manganese were significantly higher 
(p < 0.05) at Loskop Dam (Table 1). Aluminium, copper, 
zinc and lead in the water were above the target water 
quality range (TWQR) at both localities (Table 1). The 
total nitrogen concentrations at both impoundments were 
between 0.25 and 2.5 mg l−1, indicating that both impound-
ments were mesotrophic with respect to nitrogen (Dallas 
and Day 2004) at the time of sampling. The sulphate 
concentration was close to the 100 mg l−1 threshold value 
stipulated for aquatic ecosystem health (DWAF 1996) at 
Flag Boshielo Dam and was 150 mg l−1 at Loskop Dam, 
half way to the 200 mg l−1 threshold for human consump-
tion (DWAF 1996). The ANOVA showed that there was no 
significant difference in metal concentrations in the water 
samples between the impoundments.

The sediment from Flag Boshielo Dam contained 
higher concentrations of aluminium, barium, copper, iron, 

lead, manganese and strontium than that from Loskop 
Dam, whereas only antimony and zinc were higher in the 
sediment from the latter dam (Table 2). The copper and 
zinc concentrations in the sediment from both impound-
ments exceeded the Canadian SQGs. However, copper 
concentration was below the Australian SQG. An ANOVA 
could not be performed because only two samples were 
collected from Loskop Dam.

Metal concentrations in fish muscle tissue
The L. rosae specimens collected from Loskop Dam were 
significantly larger (p < 0.001) than those collected from 
Flag Boshielo Dam. A number of outliers in the metal 
concentrations in the fish muscle tissue were noted: for 
iron, two outliers (> 0.27 mg kg−1) at Loskop Dam and 
four (> 0.15 mg kg−1) at Flag Boshielo Dam; for lead, one 
outlier (0.015 mg kg−1) at Loskop Dam and two (> 0.005 mg 
kg−1) at Flag Boshielo Dam; and for manganese one outlier 
(0.015 mg kg−1) at Loskop Dam.

All metal concentrations in the muscle tissue showed 
a significant difference (p < 0.05) between the two dams, 
with the exception of iron, lead, manganese and strontium 
(Table 3). All metal concentrations in the muscle tissue 
were higher at Loskop Dam, with the exception of copper, 
which was higher than those at Flag Boshielo Dam 
(Figure 2, Table 3). The elevated average copper concen-
tration in the muscle tissue at Flag Boshielo Dam was 
caused by seven fish with copper concentrations in their 
muscle tissue exceeding 0.02 mg kg−1.

The NMDS plot showed a clear separation of muscle 
metal concentrations between fish populations from 
Loskop and Flag Boshielo dams, which was statistically 
significant (MANOVA p < 0.001) (Figure 3). The DISPER 
result showed no significant difference in dispersion (p > 
0.05); hence, the separation between the fish from the 
two dams is a result of a statistically significant difference 
in the position of the centroids of the respective groups. 
The SIMPER analysis showed that more than 90% of the 
similarity within the muscle metal concentration for the 
Loskop Dam fish population could be attributed to lead 
(41.0%), copper (28.6%), iron (16.7%) and manganese 
(4.0%), whereas more than 90% of the similarity within the 
Flag Boshielo Dam fish population was due to antimony 
(47.0%), lead (27.7%), iron (9.2%) and copper (7.4%). In 
addition, more than 90% of the dissimilarity between metal 
concentrations in tissue of fish populations of Loskop 
and Flag Boshielo dams could be attributed to antimony 
(52.0%), copper (13.0%), lead (9.8%), boron (8.6%) and 
barium (7.6%).

Pearson’s correlation showed positive pairwise correla-
tions between the barium, boron and zinc concentrations in 
fish muscle tissue of L. rosae from both impoundments (R > 
0.6; Table 4). For fish muscle tissue metal concentrations 
from Flag Boshielo Dam, a strong positive correlation was 
also observed for manganese–strontium concentrations 
(R > 0.8; Table 3). 

Correlations between water, sediment and fish muscle 
tissue
The analysis of the correlation between the patterns of 
metal concentrations in the water, sediment and fish 
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muscle tissue showed high Spearman rank correlation 
values between the impoundments for water (Spearman 
R = 0.831), sediment (Spearman R = 0.961) and fish 
(Spearman R = 0.686). The correlation between the water 
and sediment, water and fish muscle tissue, and sediment 
and fish muscle tissue were all very low for both impound-
ments. For metal concentrations in Loskop Dam, the 
water–sediment correlation was −0.119, the water–fish 
muscle tissue correlation was −0.066 and the sediment–
fish muscle tissue correlation was 0.091. For metal 
concentrations in Flag Boshielo Dam the water–sediment 

correlation was −0.005, the water–fish muscle tissue 
correlation was −0.001 and the sediment–fish muscle 
tissue correlation was 0.075. 

These results indicate that the water, sediment and, to 
a lesser extent, fish muscle tissue have similar patterns 
in metal concentrations at both impoundments. However, 
there was no correlation between the patterns in metal 
concentrations between the water and sediment, water and 
fish muscle, and sediment and fish muscle.

Parameter Loskop Dam Flag Boshielo Dam p-value TWQR
Temperature (°C) 21.2 ± 4.9 19.5 ± 5.8 0.638
pH 7.8–10.1 9.0–9.6 0.352 6.5–9.0
DO 6.4 ± 2.5 8.5 ± 4.0 0.361
DO (%) 67.5 ± 10.2 86.8 ± 32.4 0.233 80–120%
Conductivity (mS m−1) 46.3 ± 11.0 44.3 ± 3.8 0.713 –
Alkalinity as CaCO3 43.3 ± 6.3 65.7 ± 14.1 0.008 –
Turbidity (NTU) 6.4 ± 3.9 10.6 ± 4.5 0.148
NO3 0.58 ± 0.18 0.33 ± 0.04 0.034
NH4 1.05 ± 0.05 0.25 ± 0.05 <0.001
Total N2 0.95 ± 0.37 0.38 ± 0.17 0.011
SO4 150.3 ± 23.9 94.7 ± 7.2 0.010
Cl 15.5 ± 3.7 25.8 ± 3.9 0.002
Na 25.9 ± 6.3 26.9 ± 3.2 0.052
K 6.2 ± 1.8 4.7 ± 2.5 0.128
Ca 36.6 ± 7.6 28.9 ± 3.2 0.063
Mg 20.3 ± 3.7 18.7 ± 2.5 0.454
Si 1.5 ± 0.8 5.7 ± 0.6 <0.001
Al 0.039 ± 0.028 0.070 ± 0.038 0.689 0.001
Sb 0.005 ± 0.004 0.005 ± 0.001 0.911 0.010
Ba 0.049 ± 0.007 0.057 ± 0.004 0.132 0.070
B 0.085 ± 0.032 0.059 ± 0.024 0.054 1.200
Cu 0.001 ± 0.001 0.002 ± 0.001 0.206 0.001
Fe 0.078 ± 0.057 0.112 ± 0.075 0.581
Pb 0.010 ± 0.003 0.011 ± 0.001 0.678 0.0002
Mn 0.120 ± 0.064 0.031 ± 0.006 0.094 0.180
Sr 0.183 ± 0.025 0.161 ± 0.014 0.147 4.000
Zn 0.003 ± 0.003 0.002 ± 0.003 0.913 0.002

Table 1: Water quality parameters recorded at Loskop and Flag Boshielo dams in May 2011. Concentrations above TWQR and SQR are 
highlighted. SI unit in mg l–1 unless stated otherwise. Comparison of parameters between dams based on ANOVA. Significant difference at 
p < 0.05 in bold type

Metal Loskop 
Dam

Flag Boshielo 
Dam

Canadian 
SQG

Australian 
SQG

Al 7 857 ± 8 721 19 138 ± 11 847 – –
Sb 24 ± 7 11 ± 6 – –
Ba 573 ± 30 673 ± 127 – –
B 305 ± 51 319 ± 4 – –
Cu 25 ± 30 45 ± 15 35.7 65
Fe 14 749 ± 16 921 35 440 ± 12 616 – –
Pb 7 ± 2 18 ± 13 35 50
Mn 810 ± 998 2 607 ± 3 651 – –
Sr 13 ± 12 21 ± 7 – –
Zn 583 ± 115 547 ± 46 123 200

Table 2: Metal concentrations (mg kg−1 dry weight) recorded 
in sediment at Loskop and Flag Boshielo dams in May 2011. 
Sediment concentrations above CCME (2012) and ANZECC (2000) 
sediment quality guidelines (SQGs) are highlighted 

Metal Loskop 
Dam

Flag Boshielo 
Dam p-value

Al 105.9 ± 14.9 76.7 ± 10.4 <0.001
Sb 114.6 ± 7.5 8.4 ± 8.8 <0.001
Ba 613.0 ± 68.8 300.3 ± 44.3 <0.001
B 425.2 ± 59.1 183.0 ± 31.2 <0.001
Cu 1.9 ± 1.9 12.0 ± 8.3 <0.001
Fe 89.6 ± 69.6 81.2 ± 49.2 0.663
Pb 1.8 ± 3.5 1.4 ± 2.5 0.653
Mn 3.7 ± 3.1 4.3 ± 2.0 0.712
Sr 8.2 ± 3.4 10.2 ± 4.6 0.123
Zn 459.0 ± 59.3 296.3 ± 39.6 <0.001

Table 3: Mean concentrations of metals (mg kg–1 dry weight, 
mean ± SD) recorded in the muscle tissue of Labeo rosae from 
Loskop and Flag Boshielo dams in May 2011. Results of an 
ANOVA exploring whether the metals concentrations were different 
between fish muscle tissue from the two impoundments are 
included. Significant difference at p < 0.05 in bold type
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Human health risk assessment
Labeo rosae from both dams were shown to pose some 
risk to the health of consumers because the HQ value for 
lead and antimony exceeded the recommended HQ value 
of 1 (Table 5). For Loskop Dam, all L. rosae sampled 
exceeded the recommended HQ value for antimony, with 
less than 50% of the population sampled exceeding the 
recommended HQ value for lead (Figure 4). More than 50% 
of population sampled from Flag Boshielo Dam exceeded 
the recommended HQ value for antimony, with less than 
50% of the population sampled exceeding recommended 
HQ value for lead (Figure 4).

Discussion

The deteriorating water quality in the Olifants River system 
identified by de Villiers and Mkwelo (2009), Ashton and 
Dabrowski (2011) and Jooste et al. (2015) is beginning 
to have knock-on impacts on the aquatic biota and rural 

communities in the catchment. Acid mine drainage, 
prevalent in the upper catchment (Ashton and Dabrowski 
2011; McCarthy 2011), is mobilising metals from the 
sediment and bedrock in the Olifants River (McCarthy 
2011; Netshitungulwana and Yibas 2012) and is the main 
driver for the increase in metal concentrations in fish 
muscle tissue in this system. Based on geology, evapora-
tion and rainfall, the Olifants River water was historically 
dominated by calcium, magnesium and bicarbonate, with 
lower concentrations of sodium, chloride and sulphate 
(Day and King 1995). The alkali components of the Olifants 
River catchment’s geology neutralises acid mine drainage 
such that the pH of river water is above 8 in most of the 
catchment. However, elevated iron, aluminium and sulphate 
concentrations in the Olifants River (Oberholster et al. 
2012) are symptoms of the impacts of acid mine drainage 
(de Villiers and Mkwelo 2009). Acid mine drainage from a 
number of coal mines currently enters the Olifants River 
system predominantly via the Blesbokspruit (Oberholster et 
al. 2012), a tributary of the upper Olifants River, upstream 
of Loskop Dam. Although a pH of 2.1 has been recorded 
in the Blesbokspruit (Oberholster et al. 2012), alkaline pH 
values were recorded throughout the study at both Loskop 
and Flag Boshielo dams.

Water and sediment quality
The concentrations of aluminium, lead and iron in surface 
waters were comparable to those of previous studies 
(Madanire-Moyo et al. 2012; Oberholster et al. 2012). 
Aluminium, copper and lead were above the target 
water quality range (TWQR) at both impoundments. 
Concentrations of copper and zinc in sediment at both 
impoundments were above the threshold effect level 
(TEL) recommended for aquatic ecosystems (CCME 
2012). However, the copper concentration was within the 
Australian guideline value (ANZECC 2000). Several metals 
precipitate to the sediment at alkaline pH (DWAF 1996; 
Dallas and Day 2004). As a result, benthic organisms in 
close proximity to the sediment can assimilate metals bound 
to the sediment. Some of these organisms may then be 
subjected to predation, thus accumulate metals throughout 
the food web and/or food chain, a process known as 
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Figure 2: Box-and-whisker plots of metal concentrations (mg kg−1 dry wt) recorded in the muscle tissue of Labeo rosae from Loskop and 
Flag Boshielo dams in May 2011
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Figure 3: Non-metric multidimensional scaling plot for the metal 
concentrations recorded in the muscle tissue of Labeo rosae from 
Flag Boshielo Dam and Loskop Dam in May 2011, based on 
Euclidian distance and a fourth-root transformation of the original 
data
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biomagnification (Barker 2006). However, no relationship 
was found between the patterns of metal concentrations 
in the water or sediment and those of the fish muscle for 
both impoundments, indicating that the pathways of metal 
uptake in fish are not simply related to water or sediment 
metal concentrations, but are considerably more complex. 

Alternatively, the current methods to evaluate the bioavail-
ability of metals in the water and sediments do not reflect 
their true bioavailability.

Frequent algal, including cyanobacterial, blooms have 
been reported from Loskop Dam (Oberholster et al. 2010, 
2012), indicating a eutrophic nutrient status, tending 

Al Sb Ba B Cu Fe Pb Mn Sr Zn
Al 0.09 0.41 0.49 −0.17 0.46 −0.12 0.33 0.24 0.55
Sb 0.08 0.01 −0.13 −0.36 0.16 0.30 −0.21 −0.08 −0.17
Ba 0.46 −0.23 0.71 −0.19 −0.22 0.28 −0.03 0.09 0.75
B 0.46 −0.26 0.92 −0.14 0.03 0.14 −0.21 −0.23 0.86
Cu 0.48 0.44 −0.06 −0.07 −0.15 −0.24 0.26 −0.03 0.09
Fe 0.01 0.15 0.28 0.18 −0.11 −0.22 0.29 0.20 −0.03
Pb −0.23 −0.39 0.12 −0.01 0.01 0.23 −0.23 −0.04 0.23
Mn 0.21 0.29 −0.11 −0.12 0.31 0.19 −0.03 0.49 −0.01
Sr 0.21 0.43 −0.06 −0.05 0.41 0.25 −0.08 0.89 0.00
Zn 0.44 −0.17 0.87 0.83 0.10 0.18 0.02 −0.05 0.15

Table 4: Pearson’s correlation coefficient (R) of metal concentrations in muscle tissue of Labeo rosae recorded at Loskop and Flag Boshielo 
dams in May 2011. Loskop Dam values are presented in the upper triangle, Flag Boshielo Dam values in the lower (shaded) triangle. 
Correlation coefficients showing strong relationships in bold type

Al Sb Ba B Cu Fe Pb Mn Sr Zn
Loskop Dam

Metal concentration (µg kg−1 
wet wt) 26 500 28 600 153 300 106 300 480 22 400 460 930 2 040 114 800

Average daily dose (μg kg−1) 8.1 8.8 46.9 32.5 0.1 6.9 0.1 0.3 0.6 35.1
Reference dose (μg kg−1) 1 000 0.4 200 200 40 700 0.056 140 600 300
Hazard quotient 0.01 21.9 0.23 0.16 0.00 0.01 2.32 0.00 0.00 0.12

Flag Boshielo Dam
Metal concentration (µg kg−1 

wet wt) 19 200 2 110 75 100 45 800 3 000 20 300 360 1 070 2 560 74 100

Average daily dose (μg kg−1) 5.9 0.6 23 14 0.9 6.2 0.1 0.3 0.8 22.7
Reference dose (μg kg−1) 1 000 0.4 200 200 40 700 0.056 140 600 300
Hazard quotient 0.01 1.61 0.07 0.11 0.02 0.01 1.84 0.00 0.00 0.08

Table 5: Hazard quotients for metals found in muscle tissue of Labeo rosae from Loskop and Flag Boshielo dams in May 2011. Calculations 
based on a weekly 150 g meal of fish. Hazard quotients >1 are highlighted
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Figure 4: Box-and-whisker plots of hazard quotient (HQ) values from the human health risk assessment for Labeo rosae from Loskop and 
Flag Boshielo dams in 2011
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towards hypertrophicity. During this study, the waters of 
both impoundments were found to be mesotrophic. The 
study was conducted in winter, which might explain the 
lower trophic status than expected, as it was not within the 
main fertiliser application period of spring and summer. A 
concerning finding was that the patterns of metal concen-
trations in the water of the two impoundments were very 
similar, indicating that the water quality problems currently 
prevailing at Loskop Dam can be expected to occur at Flag 
Boshielo Dam in the near future. This was confirmed by the 
fact that there was no significant difference in metal concen-
trations measured in the water between the impoundments.

Metal concentrations in fish muscle tissue
The trend of metal concentrations found in the present 
study confirmed those of previous studies, which showed 
elevated concentration of Ba, Zn, B, Al, Cu and Fe in the 
muscle tissues of O. mossambicus and C. gariepinus 
(Kotze et al. 1999; Addo-Bediako et al. 2014a; Jooste et 
al. 2015), L. rosae (Jooste et al. 2014), Labeo umbratus 
Smith, 1841 (Coetzee et al. 2002) and S. intermedius 
(Addo-Bediako et al. 2014b) in the Olifants River system. 
The present study found a significant variation in the size of 
fish from each impoundment. Moreover, there was consid-
erable variation in metal concentrations within fish popula-
tions. No strong correlation between metal concentration 
in fish tissue and fish length was observed within each 
impoundment, but when the data from the two impound-
ments were pooled, strong correlations were found for a 
number of metals. This is probably an artefact of the larger 
fish being captured at the impoundment with higher metal 
concentrations in fish muscle tissue, rather than its being 
biologically significant. 

Fish age, size, sex, life stage, fish behaviour and orienta-
tion to the sediment may play a significant role with regard 
to metal accumulation (Kidwell et al. 1995; Crafford and 
Avenant-Oldewage 2010). However, the present study 
found no correlation between the patterns of metal concen-
trations in the fish muscle tissue and those of the water 
and sediment. In addition to biological variables, physical 
and chemical parameters such as pH, dissolved oxygen, 
water hardness, salinity, alkalinity and the presence of other 
metals may also play a role with regard to the bioavail-
ability of metals to fish (Palaniappan and Karthikeyan 2009; 
Crafford and Avenant-Oldewage 2010). It is possible that 
the measurement of available metals, particularly in the 
sediment, may not be representative of the actual bioavail-
ability of these metals.

Human health risk assessment
The USEPA-based desktop human health risk assessment 
predicts that a 70-kg adult consuming one 150-g portion of 
L. rosae per week may experience health impairment from 
antimony and lead intake from fish caught at both Loskop 
and Flag Boshielo dams. The antimony exposure is 22 
times the safe long-term exposure levels at Loskop Dam, 
whereas lead is almost 2.5 times safe long-term exposure 
levels. For Flag Boshielo Dam, antimony and lead exposure 
are 1.6 and 1.8 times the safe long-term exposure levels, 
respectively. A recent study (2009–2010) of L. rosae at Flag 
Boshielo Dam (Jooste et al. 2014) found antimony, lead and 

chromium to be above recommended exposure levels, with 
cobalt and vanadium exceeding the recommended exposure 
levels if fish from this impoundment were consumed more 
than once a week. The levels of lead and antimony were 
about double the level found in the current study. Chromium, 
cobalt and vanadium were not included in the scope of the 
current study. 

The differences in metal concentrations between the two 
studies highlight the need for more inter- and intra-annual 
studies to determine the large-scale drivers influencing 
the concentrations of metals in muscle tissue, e.g. rainfall, 
season, river flow, etc., in order that the metal concentra-
tions can be predicted and that advisories not to consume 
fish from the Olifants River, or fishing bans in impound-
ments, can be implemented.

Lead is of particular concern due to its wide range of 
health impacts. The developing nervous system and the 
haematological, renal and cardiovascular systems are the 
most sensitive to lead toxicity (ATSDR 2007). Lead can 
potentially affect any system or organ in the body (ATSDR 
2007) and, at high concentrations, it may decrease reaction 
time, cause weakness in the fingers, wrists or ankles and 
possibly affect memory, particularly in children (Heath et al. 
2004). Its haematological and neurological health impacts 
may have no lower threshold (USEPA 2004). Antimony 
decreases longevity, results in cardiovascular, gastro-
intestinal, haematological, hepatic and other systemic 
disorders and disturbs glucose and cholesterol metabolism 
(ATSDR 1992). An elevated concentration of antimony has 
been linked to vomiting and plasma protein levels, cloudy 
swelling of the hepatic cords, increased serum cholesterol, 
decreased non-fasting serum glucose levels and altered 
development of certain cardiovascular reflexes (ATSDR 
1992).

Conclusion

If the trend of increasing pollution levels in the Olifants 
River (de Villiers and Mkwelo 2009; Ashton and Dabrowski 
2011; Jooste et al. 2015) continues, it is predicted that the 
risk of long-term metal poisoning from the consumption of 
contaminated fish would also increase. As rural populations 
continue to grow, concurrent with poverty, it will increasingly 
necessitate supplementing their dietary protein requirement 
through increased consumption of fish from these impound-
ments. This is of great concern because of the potential 
health impacts to both children and adults in these areas. 
An assessment of the current metal exposure experienced 
by rural communities should be conducted by the national 
health authority to ground-truth the findings of the risk 
assessment presented here. If necessary, health adviso-
ries should be issued discouraging rural communities from 
consuming fish from impoundments on the Olifants River 
when conditions favour elevated metal concentrations in fish 
muscle tissue.

As both impoundments are being considered for the 
development of inland fisheries, regular monitoring of metal 
concentrations in fish muscle tissue should be instituted to 
determine seasonal and interannual variations relative to the 
river flow and other parameters, in order to predict the health 
risks associated with consuming fish from the Olifants River.
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