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ABSTRACT

This paper addresses the accumulation of trace elements in the water, sediment and tissues of Labeobarbus kimberleyensis
from the Vaal Dam, South Africa. Fish were collected from the Vaal Dam during February to April 2011. Five organs, water
and sediment were collected and trace element concentrations were measured with an ICP-MS. Target hazard quotients
were calculated to assess the human health risk associated with consuming muscle tissue of this fish species. Trace element
levels for Cu, Fe and Mn were higher in water and sediment compared to L. kimberleyensis. Sediment element levels were
highest compared to water and fish. Clear trends in element accumulation by the different organs were observed. Liver and
kidney accumulated the highest element concentrations, followed by the gills, muscle and spinal cord. Bioconcentration
factors further supported the observation that trace element accumulation was lower in fish compared to sediment. The high
sediment element levels indicate that there is a low bioavailability of elements for accumulation by biota in the Vaal Dam.
Target hazard quotient determination indicated that risk associated with the consumption of muscle tissue from

L. kimberleyensis was low for most elements, except Cr and Se. Element levels in L. kimberleyensis, water and sediment have

increased compared to previous studies on the Vaal Dam.
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INTRODUCTION

Globally, trace element levels in ecosystems have increased as a
result of anthropogenic activities. Aquatic ecosystems are espe-
cially at risk as high volumes of industrial and urban effluent
are discharged into such environments. This not only results
in diminished water quality but also greater risk of exposure
through consumption of contaminated fish (Castro-Gonzalez
and Méndez-Armenta, 2008). Fish is an important source of
protein for humans (Castro-Gonzélez and Méndez-Armenta,
2008; Chojnacka, 2010) and, as such, ingestion is one route
through which humans become exposed to trace elements. The
monitoring of element levels within the tissues of fish used for
subsistence is therefore of paramount importance to evalu-

ate the risk associated with consumption (Yilmaz, 2003). The
manifestation of health effects due to trace element exposure
are dependent on the exposure dose and accumulated element
concentrations within organisms (Hutton, 1987).

Trace elements can be divided into essential and non-essen-
tial elements (De Boek et al., 2010). Essential trace elements are
naturally present in all biological systems at low levels and elicit
no negative effects on exposure, but at high concentrations these
elements do become toxic (De Boek et al., 2010). Non-essential
elements are not naturally present in ecosystems and even at
low levels are toxic to many organisms (Kalay and Canli, 2000).
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Increases in element levels are especially grave for communities
within South Africa due to dwindling water supplies (Blignaut
and Van Heerden, 2009). As trace elements, in particular metals
and metalloids, are naturally present in aquatic ecosystems, fish
and other aquatic organisms are continually exposed to a persis-
tent milieu of elements (Avenant-Oldewage and Marx, 2000; Cui
et al., 2001) and this subsequently leads to the accumulation of
these substances. Under natural conditions, trace elements are
present in low concentrations within the water and are mostly
present in sediments (Gouws and Coetzee, 1997; Wepener and
Vermeulen, 2005). Adsorption of trace elements in sediment
reduces their bioavailability in the environment and thus high
sediment trace element levels are not necessarily associated
with adverse reactions due to exposure. However, increases in
the concentrations within the environment can result in reac-
tions manifesting within all levels of the food chain (Tessier and
Campbell, 1987).

Fish exposed to trace elements are able to accumulate these
at orders of magnitude greater than the levels in the environ-
ment (Nyogi and Wood, 2003; Tan and Wang, 2011), and for
this reason the use of fish as sentinels for monitoring element
levels has been suggested (Zhou et al., 2008). This invariably
results in better accuracy when determining trace element lev-
els in the environment compared to only monitoring concen-
trations within water (Yamazaki et al., 1996; Zhou et al., 2008).
The degree of bioaccumulation in fish is, however, influenced by
a number of biotic and abiotic factors, which can alter the accu-
mulation and availability of elements. Physicochemical fac-
tors such as pH, temperature and dissolved oxygen have been
shown to influence the availability of elements (Van Vuren et
al., 1994; Qadir and Malik, 2011). Age, body mass, gender and
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Figure 1
Map indicating the position of the study area within the country (A)
and the Vaal River system (B)

physiological condition of fish (Alhashemi et al., 2011) are a few
biological factors which can influence the concentrations of trace
elements. Trends in accumulation of elements within fish tissues
have been identified in many investigations (Mason et al., 2000;
Pedlar et al., 2002; Pedlar and Klaverkamp, 2002; Fu et al., 2010).
The liver, kidney and gills are the principle organs involved in
accumulation and sequestration of trace elements within fish
(e.g. Seymore et al., 1995; Wagener and Boman, 2003; Cao et al.,
2012; Squadrone et al., 2013). This has been correlated with the
metabolic activity (Squadrone et al., 2013) as well as the pres-
ence of specific proteins within each organ (Olafson et al., 1979;
Hogstrand and Haux, 1990; Van der Oost et al., 2003; Pan and
Zhang, 2006). Muscle and bony tissue on the other hand are rela-
tively inert in terms of trace element accumulation. Matiniakova
etal. (2012) demonstrated that analysis of element levels in bone
can give an accurate historical record of exposure. This is due to
the slow turnover and remodelling rate of bone.

As the (Afrikaans) name suggests, waters of the Vaal River
are naturally turbid due to high levels of suspended sediment
particles and it is these particles that have a major effect on the
water quality of this important river system (Grobler et al., 1987).
The Vaal River system (Fig. 1) is often referred to as the ‘work
horse’ of South Africa (Braune and Rogers, 1987). This system
flows through the industrial heartland of the country and as
such receives high volumes of effluent containing trace elements.
Additionally, the Vaal Dam supplies water to approximately
11.3 million people (Stats SA, 2011) living within the Pretoria-
Witwatersrand-Vereeniging (PWV) area. For this reason,
continual monitoring of trace element levels within the system
is paramount. However, the risk associated with exposure to
trace elements does not only apply to drinking water, but also
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to consuming fish caught in this system. Recent studies have
indicated that there has been an increase in fishing pressure on
yellowfish species within the system, as well as selling of the fish
on roadsides by local fishermen (Brand et al., 2009; personal
observation 2011). Labeobarbus kimberleyensis (Gilchrist and
Thompson, 1913) is one of the largest cyprinid fish in South
Africa (Ellender et al., 2012). For this reason, L. kimberleyen-

sis (largemouth yellowfish) is a renowned angling species and
therefore prized by many sports fishermen (Skelton, 2001). In
terms of environmental indication, this fish species is extremely
sensitive to alterations in the environment and responds to
changes in environmental condition. Previous studies on trace
element accumulation in L. kimberleyensis (Retief et al., 2009)
and Clarias gariepinus Burchell, 1822 (Crafford and Avenant-
Oldewage, 2010, 2011) from the Vaal Dam have provided data
on metal accumulation in fish since 1998 (13-year period). The
aims of this study were to determine the concentrations of trace
elements in the liver, kidney, gills, muscle and spinal cord of L.
kimberleyensis from the Vaal Dam and in so doing determine
risk factors associated with consumption of muscle tissue of this
species. Furthermore comparison to previous studies performed
in the Vaal Dam will be done to assess fluctuations of elements
within the water, sediment and fish from the dam.

MATERIALS AND METHODS
Sampling

Sampling was undertaken at the Vaal Dam, around UJ Island
(26°52.249’ §; 28°10.249 E). Twenty two (22) L. kimberleyensis
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were caught with the use of gill nets (mesh size: 70-120 mm).
Fish were removed from the net, placed into an on-board live
well and transported to holding tanks on U] Island. Fish were
weighed and measured before being euthanized by severing the
spinal cord, posterior to the head.

Organ samples (muscle, spinal cord, liver, kidney and gills)
were removed on dissection with stainless steel instruments and
placed into separate plastic, zip-lock bags. The tissue samples
were then placed into a freezer (-12°C) and frozen prior to tissue
digestion.

Sediment samples were collected with the use of a grab sam-
pler and stored in polyethylene bottles. The sediment samples
were similarly frozen before digestion. Element concentrations
in water were acquired from Rand Water Analytical Facility,
Vereeniging, South Africa. This establishment performs routine
monitoring of the water quality and metal concentrations within
the Vaal River system.

Tissue digestion and analysis

Frozen fish tissue samples were thawed and approximately 1 g
of wet tissue (spinal cord, muscle, liver, kidney and gills) was
weighed off in acid-washed, glass Petri dishes, using a Sartorius
CP225D scale (readability: 0.01/0.1 mg). The tissue samples were
then dried to weight consistency in an oven at 100°C. Dry sam-
ples were then placed in a desiccator cabinet until digestion.

Dried samples were placed into Teflon microwave digestion
flasks and treated with 7 m¢ 65% Suprapur® nitric acid (Merck,
South Africa). Fish tissue digestion was performed using an
Ethos Touch Control advance microwave station. Post-digestion
the samples were removed from the oven, decanted into 50 m¢
volumetric flasks and 100 p€ of indium (1 000 mg/kg) added as
the internal standard. The samples were then diluted to 50 me
with Milli-Q water and stored in 50 m# Cellstar® Tubes (Greiner
bio-one) at 4°C until analysis. Inductively coupled plasma-mass
spectrometry (Thermo Electron Corporation X Series) analysis
of the fish tissue was done at the Rand Water Analytical Facility
in Vereeniging.

Approximately 0.5 g of sediment was defrosted, weighed and
dried at 50°C for 48 h. Sediment samples were leached in Teflon
microwave digestion flasks as described for fish samples. Samples
were treated with 9 me 30% Suprapur® hydrochloric acid (Merck,
South Africa) and 3 me 65% Suprapur® nitric acid (Merck, South
Africa). After digestion, sediment samples were filtered through
Millipore filter paper (pore size: 0.1 pm) into acid-washed volu-
metric flasks and diluted with Milli-Q water (18.2 Q) to a volume
of 50 m¢e. The diluted samples were decanted and stored in 50 m¢
Cellstar® Tubes (Greiner bio-one). Analysis of sediment samples
was done with an inductively coupled plasma mass spectrometer
(Thermo Electron Corporation X Series).

For quality control of the analysis of the fish tissue and sedi-
ment samples by ICP-MS, certified reference material (CRM)
was used. The CRM used for fish tissue was dogfish liver DOLT-4
(NRC, Canada), while Lake Sediment 2 (LKSD 2) CRM (NRC,
Canada) was used as the sediment CRM. Triplicate samples of
CRM were prepared and treated with the same method as that
used for the fish tissue and sediment samples.

Statistical analyses
Bioconcentration factors (BCF)

Bioconcentration factors (BCF) were calculated according to
the method of Abel (1989), to determine the ratio in element
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concentrations between fish and environment (water and
sediment), as well as to determine the partitioning of elements
between different samples. The BCF was calculated as follows:

BCF=C (fish organ)/ C (water) )
BCF=C (fish argan)/ C (sediment) @
where: the C ish organy € Gediment) (ng/g dry weight) and C

(ug/e) are the fractions of each element in the fish tissues and
environment (water and sediment). The BCF was calculated
using the median concentration values of each of the elements
present in the fish organs, water and sediment.

Element variation between organs

Statistical analysis of the data obtained by ICP-MS analysis
was undertaken with the use of SPSS V. 20 (Statistical Package
for the Social Sciences, SPSS Inc.) for Windows. To determine
if the element concentrations in the different organs studied
were significantly different, the data were analysed using
ANOVA. Following this, to determine which specific organ
element concentrations were significantly different, a Tukey-
HSD analysis was performed. Significance in differences was
identified if P < 0.05.

Target hazard quotient

Target hazard quotients (THQ) were determined to assess
the risk people face in consuming flesh of L. kimberleyensis,
with regard to the element levels identified in the muscle
tissue. The THQ determination serves to identify the ratio
between the reference dose and exposure concentration of
each element analysed (USEPA, 2013b). THQ was calcu-
lated for adults based on the parameters displayed in Table 1
(USEPA, 2013a):

THQ = (EF x ED, x IRF, x C)/ (RfD, x BW, x AT) 3)

where:
THQ is the target hazard quotient
BW _ is the average body weight of individuals in the adult
age class
AT is the average time over which the assessment was
undertaken
EF is the exposure frequency (i.e. the number of days
within a year fish is consumed by the study groups)
ED, is the duration of the exposure (expressed in years)
IRF is the consumption rate of fish expressed as kilo-
grams per day (kg/day).

A body weight of 70 kg is used as a default value for the adult
age group (including pregnant females) as suggested by Heath
et al. (2004) and US EPA (2013a). A consumption rate of 54 g
of fish per day was selected as a default value according to US
EPA (2013a).

Consumption rates were recalculated to determine how
much fish muscle needs to be consumed for adverse health
effects to become present. For this THQ values for all ele-
ments were assumed to be 1 (THQ = 1), as at this value and
higher health risks associated with consumption of fish are
assumed to manifest. Values for BW,, AT, EF,, ED, and RfDa
were maintained as indicated in Table 1.
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TABLE 1

Parameters used for the calculation of Target Hazard
Quotient, according to the US EPA (2013a)

Average | Average | Exposure | Exposure Fish
weight time frequency | duration consump-
(kg) (days) (days/ (years) tion rate
year) (kg/day)
BW. AT EF, ED, IRF,
Adult 70 365 350 30 0.054
TABLE 2

Mean element concentrations recorded for water and
sediment samples collected from the Vaal Dam from
February 2011 to April 2011 and detection limits (LOD) for

ICP-MS used
Metal Water (ug/2) Sediment (ug/g) LOD (pg/g)
As B.D 28.97 0.045
Cr B.D 1390.00 0.039
Cu 10.00 157.17 0.378
Fe 1075.00 41200.00 2.067
Mn 15.00 637.00 0.056
Ni 0.063 133.16 0.126
Pb 0.032 49.05 0.064
Se B.D 8.54 0.253
Zn 0.24 250.33 0.473

B.D: indicates elements present below detection limit of ICP-MS

RESULTS

Water and sediment metal concentrations

Table 2 illustrates the concentrations of trace elements present
within the water and sediment. Iron was present in the highest

concentrations for both water and sediment; followed by Cr
and Mn in sediment, and Mn and Cu in water. For water, all
elements were below the concentrations of those in sediment

and As, Cr and Se were below the detection limits of the instru-
ment. The order of trace elements in the sediment and water (in
descending order) is: Fe > Cr > Mn > Zn > Cu > Ni> Pb > As >

Se (sediment); Fe > Mn > Cu > Zn > Ni > Pb (water).

Trace element bioaccumulation in L. kimberleyensis

tissues

TABLE 3
Organ weights (g) and trace element concentrations (ug/g) in
the five organs of L. kimberleyensis from the Vaal Dam
Element Muscle | Spinal Liver | Kidney Gills
(n=22) cord (n=22) | (n=22) | (n=22)
(n=22)
Organ |Mean 2.53 8.08 1.60 1.88 2.54
weight |Median| 2.51 6.60 1.42 1.73 2.45
(g S.D 035 | 459 | 068 | 108 | 0.62
Mean 0.196 0.58 0.576 1.033 0.455
f;xsg/g) Median| 0.131 0.432 | 0.427 | 0.844 | 0.387
S.D 0.178 0.535 0.35 0.521 0.325
Mean 0.387 | 0.278 | 0.434 | 0.292 0.25
(Cprg/g) Median| 0.198 0.124 0.213 0.271 0.259
S.D 0.601 0.499 | 0.588 | 0.223 0.137
Mean 0.572 | 0.245 | 14.798 | 10.286 | 4.178
Elug/g) Median| 0.477 | 0.229 | 11.681 | 2.352 | 0.857
S.D 0.22 0.08 | 12.469 | 35.501 | 15.434
Mean 23.433 | 20.176 |154.454| 26.116 |107.609
f:g/g) Median| 8.903 | 8.368 |113.218| 1.117 | 61.495
S.D 51.878 | 27.743 | 331.862 | 44.244 |204.291
Mean 1.524 1.256 | 2.085 | 0.794 | 8.254
x;g) Median| 0.346 | 0.664 1.826 | 0.807 1.925
S.D 5.125 | 2.205 | 0.821 0.32 | 28.913
. Mean 0.251 | 0.095 | 0.392 0.37 0.158
alllg/g) Median| 0.184 | 0.084 | 0.236 | 0.251 | 0.164
S.D 0.264 | 0.057 0.521 0.255 0.078
Mean 0.101 0.012 0.119 0.086 0.165
f::g/g) Median| 0.092 0.011 0.087 | 0.063 0.198
S.D 0.048 | 0.004 | 0.117 0.09 0.073
Mean 0.675 | 0.224 | 2.736 1.309 | 0.455
?Sg/g) Median| 0.653 0.197 | 2.566 1.187 0.453
S.D 0.156 0.07 0.779 | 0.715 | 0.192
Mean | 45.428 | 25.42 | 44.931 | 37.275 | 40.371
(Zpr;/g) Median| 13.114 | 4.538 | 32.595 | 24.961 | 0.687
S.D 132.087 | 51.619 | 47.623 | 40.676 | 57.354

Ni levels were highest in the kidney, while Mn and Pb levels
were highest in the gill tissue. Muscle and spinal cord dem-
onstrated lowest accumulation in most cases. An exception
to this trend is that of Pb in the muscle tissue and As in the

Fish were all of similar size as a gill net was used. Fish sampled
were of mean weight 1.001 + 0.72 kg and fork length 46.3 + 7.91
cm. It is assumed that fish of this size are most often caught and
consumed by local people, and are of a similar cohort.

The trace element concentrations in muscle, spinal cord,
liver, kidney and gills for the largemouth yellowfish from the
Vaal Dam are presented (Table 3). Large variation in the con-
centrations of elements with regard to each organ was present.
Normalisation of trace element concentrations in each organ
was done by calculating the natural logarithm of the element
concentrations in the organs. As a result of the large variances
in the element concentrations, the median values have been
used to discuss the bioaccumulation of trace elements in L.
kimberleyensis.

The liver, gills and kidney accumulated most elements at
higher concentrations compared to muscle and spinal cord.
Cu, Fe, Se and Zn were accumulated at higher concentra-
tions in the liver compared to the other organs. As, Cr and
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spinal cord. It should be noted that when referring to the gills
and spinal cord tissue in the present study, this includes both
bony (gills - arch; spinal cord - vertebrae) and soft (gills -
filaments; spinal cord - neural cord) tissues comprising these
organs. Furthermore, regarding the accumulation of metals
within the same organ, it was seen that the concentrations
differ (Table 3). Results of an ANOVA test showed that the
concentrations of Cr, Fe, Pb and Zn did not significantly differ
(P> 0.05) between any of the organs while the other elements
analysed for did significantly differ (P < 0.05) between the
organs studied.

To determine which organ groups differed significantly
according to the element concentration in each (according to
results of ANOVA) a Tukey-HSD post-hoc test was performed
(Table 4). Results of the post-hoc test revealed that in all com-
parisons between the organ groupings concentrations of Cr, Fe,
Pb and Zn did not significantly differ. These results support the
differences observed in the accumulation of metals outlined
from Table 3 previously.
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TABLE 4

Significant differences (P <0.05) in trace element concentrations between organ groups calculated using a Tukey-HSD test
Organ As Cr Cu Fe Mn Ni Pb Se Zn
Muscle Spinal cord 0.000 0.884 0.874 0.999 0.868 0.119 0.944 0.000 0.533

Liver 0.000 0.989 0.000 0.736 0.005 0.446 0.262 0.000 1.000
Kidney 0.000 0.995 0.001 0.875 0.979 0.355 1.000 0.000 0.999
Gills 0.000 0.948 0.658 0.502 0.001 0.761 0.379 0.129 0.946
Spinal cord |Liver 0.999 0.618 0.000 0.638 0.082 0.001 0.051 0.000 0.517
Kidney 0.000 0.983 0.000 0.932 0.994 0.000 0.963 0.000 0.624
Gills 0.837 0.999 0.150 0.404 0.020 0.731 0.088 0.020 0.927
Liver Kidney 0.002 0.905 0.002 0.196 0.029 0.999 0.226 0.000 0.999
Gills 0.744 0.740 0.000 0.996 0.983 0.039 0.999 0.000 0.940
Kidney Gills 0.000 0.997 0.074 0.088 0.006 0.026 0.334 0.000 0.975
TABLE 5

BCF values calculated between median trace element concentrations in water and sediment compared to L. kimberleyensis
organ levels from the Vaal Dam

Element Water Sediment
Muscle Spinal cord Liver Kidney Gills Muscle Spinal cord Liver Kidney Gills

As N.D N.D N.D N.D N.D 0.0045 0.015 0.015 0.029 0.013
Cr N.D N.D N.D N.D N.D 0.0001 0.0001 0.0002 0.0002 0.0002
Cu 0.057 0.025 1.48 1.029 0.418 0.003 0.002 0.074 0.015 0.006
Fe 0.0218 0.0188 0.144 0.0243 0.100 0.0002 0.0002 0.003 0.000 0.002
Mn 0.102 0.0837 0.139 0.0529 0.550 0.0005 0.001 0.003 0.001 0.003
Ni 2.921 1.333 3.746 3.984 2.603 0.001 0.001 0.002 0.002 0.001
Pb 2.875 0.344 2.719 1.969 6.188 0.002 0.0002 0.002 0.001 0.004
Se N.D N.D N.D N.D N.D 0.077 0.023 0.301 0.139 0.053
Zn 54.642 18.908 135.813 104.004 2.536 0.052 0.018 0.13 0.1 0.002

N.D: BCF value not available as elements were below detection in water samples

Bioconcentration factors

Calculation of BCF values (Table 5) for trace elements in water
and sediment compared with organs of L. kimberyleyensis
indicate that Zn, Ni and Pb levels are present in higher con-
centrations in fish tissue compared to the water (BCF > 1), but
in lower concentrations compared to the sediment (BCF < 1);
while Mn, Cu and Fe were higher in water compared to fish
tissue. Bioconcentration factors (BCF) could not be determined
(N.D) for As, Cr, and Se in water as these elements were below
the detection limits of the instrumentation.

Health risk calculations

Target hazard quotients (THQ) were calculated for the vari-
ous elements in the muscle tissue of L. kimberleyensis from the
median element concentrations and are presented in Table 6.
THQ values are presented based on the average weight of adults
being 70 kg (including pregnant females). Most elements do
not demonstrate risk associated with consumption (THQ < 1)
of 54 g of L. kimberleyensis flesh, except for Cr and Se.
Furthermore, values were calculated for the amount of fish
which would have to be consumed (IRF,) for each element for
health risks to become evident (THQ > 1). These calculated
values indicate that a small amount of fish would be needed to
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produce adverse health effects for As, Cr, Pb, Se, and Zn, while
larger amounts of fish will need to be consumed for health risk
to be associated with Cu, Fe, Mn and Ni.

DISCUSSION
Water and sediment

Water sample analysis indicated that most elements were
present in lower concentrations compared to sediment levels
and fish tissue concentrations. Levels of Mn and Fe in water,
however, were greater than the fish tissue element levels and
Cu in water was greater than the concentrations in muscle,
spinal cord and gills. This result is similar to previous stud-
ies by Crafford and Avenant-Oldewage (2010; 2011) for As, Cr
and Se, which were below detection, but Fe, Mn and Cu levels
were higher. Compared to Retief et al. (2009), the concentra-
tions of all elements in water from the present study and those
of Crafford and Avenant-Oldewage (2010; 2011) were lower,
except for Fe, Mn and Cu which were higher. Sample collec-
tion by Retief et al. (2009) and Crafford and Avenant-Oldewage
(2010; 2011) was done during the years 2006 and 1998-2000
respectively. Samples for the current study were collected in
2011. Comparison of these data with the present illustrates a
time line over a period of 13 years for which fluctuations in
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TABLE 6
Target hazard quotients (THQ) for elements measured in L. kimberleyensis muscle tissue, from the Vaal Dam
(RfD_, Reference oral dosage according to US EPA (2013b))

BW_(kg) | IRF_(kg/day) As Cr Cu Fe Mn Ni Pb Se Zn
RfD_ (mg/kg per day) 0.0003 | 0.003 0.04 0.7 0.14 0.02 |0.0036*| 0.005 0.3
THQ 70.0 0.054 0.962 1.465 0.265 0.282 | 0.0548 | 0.204 0.567 | 2.898 | 0.970
IRF, (kg/day) 70.0 - 0.0562 | 0.0368 | 0.204 0.191 0.985 0.264 | 0.0952 | 0.0186 | 0.0557

*RfD, value according to Chan et al. (2011)

Bold values indicate potential risk associated with consumption of L. kimberleyensis muscle at 54 g per day

element levels within the water are evident. Element levels
increased between 1998 and 2006, and subsequently decreased
between 2006 and 2011. The decrease in element concentra-
tions in Vaal Dam water can be related to floods that took place
shortly before the current study was undertaken. The larger
volumes of water within the dam may have resulted in dilution
of elements (Avenant-Oldewage and Marx, 2000). Detectable
concentrations of Fe, Mn, Cu, Zn, Ni and Pb can be related to
high content of suspended clay particles in the water column
(Gouws and Coetzee, 1997). All analyte levels recorded in the
present study are below target water quality ranges (TWQR)
set out by the Department of Water Affairs (former DWAF) for
water bodies in South Africa (DWAF, 1996).

Clay minerals are known to have high sorption affinities
for a variety of trace elements, especially Cr, Cu, Fe, Ni and
Zn (McLean and Bledsoe, 1992), and thus high levels of these
analytes can be related to the composition of the sediments in
the catchment. A study by Gouws and Coetzee (1997) dem-
onstrated that these elements are present at higher levels in
the Vaal Dam and Wepener et al. (2011) confirmed that the
sediments of the Vaal Dam are composed mostly of fine parti-
cles which are indicative of high clay content. Comparing the
data for elements in the sediment from Retief et al. (2009) and
Crafford and Avenant-Oldewage (2011), it is evident that the
level of Fe in sediment has remained higher compared to other
elements. Trends in element distribution within sediments have
remained fairly constant, but individual element concentrations
have increased since 1998. This may be related to the use of
the dam for recreational purposes as well as natural processes
occurring within the system. Petroleum fuels used by motor
boats and cars contain most of the trace elements analysed for
in the specific study (Khuhawar et al., 2012). Furthermore, nat-
ural weathering of rocks in the upper reaches of the catchment
can similarly lead to elevated metal concentrations (Chutter,
1963; Retief et al., 2009). As the study site is located near the
dam wall, large volumes of sediment may become deposited as
water flow decreases, leading to an increase in element levels.

Fish element levels

Accumulation of trace elements in the organs of L. kimberley-
ensis is variable, between organs and between elements within
the same organ. The present work demonstrates that the

liver, kidney and gills of L. kimberleyensis display the highest
accumulation potential for all trace elements analysed, while
the muscle and spinal cord have poor accumulation capacity.
Similarly, for the Vaal Dam Retief et al. (2009) in L. kimberley-
ensis and Crafford and Avenant-Oldewage (2010; 2011) in C.
gariepinus demonstrated higher accumulation of elements

in the liver. In both the former- and latter-mentioned studies
Fe, Cu, Zn and Se were accumulated at higher concentrations
in the liver of both fish species compared to other organs.
Comparison of the concentrations of these elements to those
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found by Crafford and Avenant-Oldewage (2010; 2011) indi-
cates that the sharptooth catfish (C. gariepinus) accumulated
elements at higher levels than the largemouth yellowfish. This
finding for catfish was similarly shown by Pheiffer et al. (2014),
who collected C. gariepinus along the Vaal River, below the
dam wall. Of all of the analytes measured in L. kimberleyensis,
Fe was accumulated in higher concentrations in all organs.
Retief et al. (2006) and Crafford and Avenant-Oldewage (2010;
2011) similarly noted this. Visnjic-Jeftic et al. (2010) also found
Cu, Fe and Zn to be elevated in the liver compared to other
organs in Alosa immaculata Bennett. 1835.

Arsenic, Cr and Ni levels in kidney were present at the
highest levels of all organs studied. Fargar et al. (1995) showed
that As was accumulated to higher levels in the kidney (2.26
ug/g) than in the other organs sampled in field investigations.
Palaniappan and Karthikeyan (2009) similarly demonstrated
that kidney tissue accumulated Cr (97.326 pg/g and 162.637
ug/g) and Ni (116.824 pg/g) at even higher concentrations than
the liver (Cr: 36.240 pg/g; Ni: 96.314 pg/g). A laboratory study
by Cockell et al. (1991) also demonstrated that As levels in the
kidneys of exposed fish were higher (5.71 pg/g) than in the liver
(3.25 pg/g). Other studies, however, have shown that As and
Cr predominantly accumulated in the muscle and gills of fish
(e.g. Takatsu et al. 1999; Squadrone et al., 2013). This is dis-
similar to what was observed in the present study. According
to Pedlar et al. (2002), the kidney serves as an important site
for As accumulation. Both kidney and liver are involved in the
detoxification of the body. The liver is the principle detoxifica-
tion organ, while the kidney may be secondary in function.
Elements accumulating in the kidney of fish initially become
bound to proteins in the liver which are then transported to the
kidney and become sequestered. This has been demonstrated by
Squadrone et al. (2013) for Cd and may possibly also hold true
for other elements.

Some elements (Pb and Mn) accumulated in higher con-
centrations in the gills. Squadrone et al. (2013) indicated that
higher Pb concentrations in the gills were related to the lower
pH at the gill surface as a result of high carbon dioxide levels.
The lower pH is thought to increase the solubility of Pb and
allow it to easily diffuse across the gill surface (Squadrone et al.,
2013). Furthermore, the analysis of the gill tissue in the pre-
sent study incorporated the gills as a whole, i.e., the bony arch
and filaments. Crafford and Avenant-Oldewage (2010) found
that both Ni and Pb were accumulated in significantly higher
concentrations in the gill arches compared to the filaments.
Elevated Mn concentrations in the gills was similarly shown
for the Lowveld largescale yellowfish by Seymore et al. (1995)
and was also attributed to accumulation in the bony arch of the
gills. This process may take place as a result of trace elements
competing with Ca for binding to the bony structures and
becoming incorporated into bone in place of Ca (Hunn, 1985;
Martiniakova et al., 2012). Accumulation trends for Mn and
Pb in gill and spinal cord of L. kimberleyensis are similar, even
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though median concentrations for these elements differed. The
accumulation of these two elements is therefore most probably
a function of competition with Ca for binding within the arch
rather than the lower pH at the gill surface. Lower pH may still
aid in increasing the solubility of both elements and facilitate
accumulation in this region.

Muscle tissue, like spinal cord, demonstrated poor accumu-
lation of trace elements. Lower concentrations in muscle tissue
can be related to the lower metabolic activity of this organ com-
pared to the gills, kidney and liver (Squadrone et al., 2013). The
elemental composition of muscle tissue of L. kimberleyensis dem-
onstrated that Zn and Fe were accumulated to a greater extent
than the other elements analysed. Other studies within the Vaal
River system similarly showed that these analytes were found at
higher levels than other elements for this organ. The concentra-
tions of Fe in the muscle of L. kimberleyensis in the present study
were higher than those recorded by Retief et al. (2009) (3.67 ug/g)
and Pheiffer et al. (2014) (1.73 mg/kg), but lower than the con-
centrations reported by Crafford and Avenant-Oldewage (2011),
who recorded 63.29 ug/g Fe in muscle tissue of C. gariepinus.

For Zn the concentrations were higher than those recorded for
other studies in the Vaal Dam and Vaal River (Retief et al., 2009;
Crafford and Avenant-Oldewage, 2011; Wepener et al., 2011;
Pheiffer et al., 2014). Most bioaccumulation studies have focused
on element levels in the muscle tissue, due to the implications of
these regarding human health.

Bioconcentration

Results of the bioconcentration of elements confirmed that
concentrations in L. kimberleyensis were greater than those in
the water, but lower than those in the sediment. According to
McGeer et al. (2003) calculation of BCF values serves not only
as an indication of how many times greater a pollutant is in

the biota compared to the environment, but also as a means

of determining the partitioning between fish and the envi-
ronment. Most BCF values could not be calculated for water
compared to fish organs as most elements were below detec-
tion limits in the water. The higher concentrations of analytes
in sediment, which contribute to the lower BCF values, can be
attributed to the fact that sediments function as natural ‘sinks’
within aquatic ecosystems (Wepener and Vermeulen, 2005) and
reduce the bioavailable fraction of the element in the environ-
ment. Trace elements will thus either not be accumulated or a
smaller fraction will be accumulated by biota. The differences
in BCF between the water and sediment can additionally result
from the dietary habits of L. kimberleyensis. Largemouth yel-
lowfish is a pelagic fish, feeding on a variety of macroinverte-
brates and smaller fish species, spending little time within the
benthos (Skelton, 2001). Trace element accumulation is there-
fore predominantly via ingestion of food and diffusion across
gill surfaces. With regard to the edibility of certain fish species,
Belger and Forsberg (2006) suggest that humans feeding on fish
should avoid predatory species and where possible preferen-
tially eat omnivorous ones.

Edibility

Increased concentrations of trace elements in muscle of L.
kimberleyensis have implications with regard to consumption
by humans. According to Brand et al. (2009) there has been

an increase in fishing pressure on yellowfish in the Vaal River
system as a food source. This is further supported by personal
observations made en route to the study site, where local people
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were selling fish caught in the Vaal Dam. For this reason,

risk factors associated with consumption of L. kimberleyensis
were calculated from the data and health risks were assessed
according to THQ values. It should be mentioned that these
values represent a hypothetical risk and not an actual one. This
is because no data were collected from surveys to determine
the average weight of adults within the immediate area of the
Vaal system, along with consumption rates or amount of fish
consumed on a daily basis. The parameters used are therefore
based on generalised body weights (70 kg) (Heath et al., 2004)
and amounts of fish (0.054 kg flesh) consumed over a 30-year
period (Table 1) as prescribed by the US EPA (2013a). The
values calculated in this study further imply that for there to be
such a risk, humans consuming L. kimberleyensis from the Vaal
Dam would have to eat a mean amount of 54 g/day of fish flesh
over a 30-year period. In reality the scenario may actually be
very different. THQ values less than 1 indicate a low likelihood
that individuals consuming fish will experience adverse effects
(Liu et al., 2009).

Calculation of hazard quotient values indicates low risk for
most trace elements with regard to consumption of L. kim-
berleyensis flesh. High risk values are associated with Cr and Se.
The risk assessment was further applied to the concentrations
of trace elements analysed by Retief et al. (2009). Similarly most
elements analysed by the authors demonstrated low risk, except
for As, under the same parameters. Risk values in the current
study were for the most part higher than those reported by
Retief et al. (2009) and further support the observed increase in
element concentrations within L. kimberleyensis muscle tis-
sue. Otachi et al. (2014) similarly observed that THQ values for
most elements indicated low risk with regard to consumption of
the flesh of the blue spotted tilapia from Kenya.

The amount of fish consumed daily to produce a THQ value
of 1 was calculated for each element. The value was chosen as it
is the absolute minimum value indicating potential risk from
consumption of fish. It was determined that for Se, As, Cr, Zn
and Pb (range: 0.018-0.095 kg/day) less fish consumed on a
daily basis is required to produce adverse health effects com-
pared to Fe, Cu, Ni and Mn (range: 0.19-0.98 kg/day) which
require larger amounts of muscle tissue to be eaten. Therefore if
consumption rates of fish increased to approximately 0.985 kg/
day adverse health effects related to all elements would become
evident, provided element concentrations in L. kimberleyensis
muscle remains constant. Furthermore, if consumption rates
had to increase only slightly along with element levels, indi-
viduals feeding on L. kimberleyensis would experience adverse
effects within a shorter period of time.

Compared to the maximum permissible limits for elements
in food prescribed by the European Commission (2006) and
joint codex on food safety by FAO/WHO (2011), the concentra-
tions of most elements recorded in the present study are below
these limits, except for Se (limit: 0.3 mg/kg). Permissible limits
for Cr in fish flesh have not been set out. This further supports
the low risk associated with consumption for most elements,
except for Cr and Se. Element levels in Retief et al. (2009) were
similarly below these prescribed thresholds. At such levels it is
considered that there will not be health risks associated with
the consumption of largemouth yellowfish (EU 2006), from the
Vaal Dam in the present study.

CONCLUSION

Trace element concentrations in sediment have increased over
a 13-year period; however, element distributions have remained
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constant due to the mineralogy of the catchment. Liver accu-
mulated the highest concentrations for most elements. These
findings correspond with most investigations indicating that
liver tissue of fish should be incorporated into bioaccumulation
assessments as it is a good bioindicator for most trace elements.
Furthermore, over a 5-year period it is evident that element
levels in L. kimberleyensis tissue have also increased. Health
risks associated with consumption of yellowfish muscle tissue
are low, except for Cr and Se. This, however, should be checked
using accurate parameters for local populations eating fish
caught in the Vaal River system. Although L. kimberleyensis
demonstrates potential for accumulating trace elements, the
values recorded are below those for C. gariepinus from the Vaal
Dam. For this reason it is reccommended that the concentra-
tions within the tissues of this species be checked to determine
if this trend is maintained. Furthermore, it is recommended
that any further study conducted on trace element accumula-
tion of any fish species within the Vaal River system should be
accompanied by accurate determination of the risk factors for
people dependent on fish as a regular food source.
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