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Abstract

Fish tissue from Labeo capensis and sediment core samples from three dams in the Mooi River catchment area were collected
and analysed for Cd and Pb by electro-thermal AAS, and for Cu and Zn by flame AAS. The highest Cd concentrations were found
in the clay fractions in all three dams, with a range between 66.0 g-g™* and 107 ug-g*. Lead concentrations below 34 pg-g* were
found in all six sediment types from Klerkskraal Dam, while Potchefstroom Dam had the highest lead levels (range: 34 - 62 ug-g-
1) for the six sediment fractions and also for all the fish tissue types (range: 38 - 79 ug-g*). Lead alkyls from motorboat exhausts
were probably responsible for the high lead concentrations in the sediment of Potchefstroom Dam and in the mudfish tissues. The
mean zinc concentrations from five of the six fractions in Boskop Dam were significantly higher compared to the other dams, with
a range between 25 pug-g™to 59 ug-g*. The combined six fractions were between five and 100 times lower in concentration when
compared to the pelitic sediment samples from sediments at the Lebanon and West Driefontein mines in the Mooi River catchment.
Copper concentrations in dam sediment from the six fractions for the three dams, ranging between 11ug-g™to 36 pg-g*, were higher
when compared with copper levels worldwide. The kidneys, gills and liver had the highest levels of Cd, Pb and Cu respectively
compared to other tissues from L. capensis, while the gills had the highest concentration of Zn. In conclusion, higher than
normal metal concentrations were found in Boskop Dam sediments, which could be linked to gold mine operations inside the Mooi
River catchment area. Lead, Cd, Cu and Zn concentrations in L. capensis tissues were much lower compared to reported data on
South African fish, but on par with world levels. The percentage of uranium present in sediment samples (analysed by energy
dispersive X-ray spectrometry) from the three dams was 9.0 % (SD 2.1%). In sediment it was found that cation exchange capacity
measurements and the dolomitic hard water and high pH of the Mooi River water effectively ‘detoxified’ Cd and Pb, forming

insoluble complexation products buried in the sediment.

Keywords: Cd, Pb, Cu, Zn, dam sediment, fish tissues, CEC, sediment profiles

Introduction

There is an increasing awareness of the potential hazards that exist
due to the contamination of freshwater impoundments by toxic
metals associated with the mining industry (Kelly, 1988; Du Preez
etal.,2003; Queketal., 1998; Feather and Koen, 1975). The reason
is the world demand for minerals, which has intensified the
exploitation of natural resources. The water and tailings waste from
mining and milling operations are discharged into settlement and
treatment dams or tailings ponds. Eroded or disused tailings dams
may contain considerable concentrations of toxic metals, usually
dissolved in water at pH values as low as 1.7 (Wittmann and
Forstner, 1977a) that may be released into the environment. The
close proximity of the Mooi River catchment to the West Wits
goldfields area near Carletonville, South Africa, and the estab-
lished release of mine water into a tributary of the Mooi River
(Fig. 1) may contribute to enhanced toxic metal levels in the water
and sediment (Wittmann and Forstner 1977a; Kelly 1988). In a
report (Wade et al., 2000) to the South African Water Research
Commission it was found that not only were heavy metals enriched
in Mooi River sediments, but radionuclide concentrations in the
sedimentata locality ina Mooi River tributary near West Wits gold
mines were higher than stipulated by the Nuclear Energy Act of
1993.
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Many of the dissolved metals that enter rivers are adsorbed onto
colloid particulates. Also at high alkalinity and pH, the metals,
particularly lead and cadmium, precipitate by forming complexation
products, resulting in an array of chemical speciation of metals that
dramatically influence metal toxicity (Van Aardt and Booysen,
2004; Van Aardt and Venter, 2004) Therefore, precipitation and
sedimentation of cadmium and lead and, to a lesser extent, copper
and zinc in alkaline water bodies could be greater at the dam inlet
where sedimentation processes act as a sink for metals (Harding
and Whitton, 1978). Heavy metals such as lead, copper, nickel and
zinc are usually deposited in sediments not deeper than 15 cm
(Ochsenbein et al., 1983; Santos Bermejo et al., 2003).

The mine drainage from gold and uranium recovery operations
at the West Wits goldfields has an enrichment factor of 500, 600,
1800 and 2600 respectively for Cd, Pb, Cu and Zn (Wittmann and
Forstner, 1977 a or b). The Mooi River catchment and its fish were
not included in the report of a national survey on metal accumula-
tion in fish (Heath and Claassen, 1999) on six major river catch-
ments of South Africa.

In this study, we report on the accumulation of four heavy
metals in different sediment particle sizes, sediment profiles and
different fish tissues in the Potchefstroom Dam and the Boskop
Dam, from where the city of Potchefstroom obtains its irrigation
and potable water supply. Metal concentration data are compared
with sediments and fish tissues in the Klerkskraal Dam (as control
dam), situated in the upper reaches of the Mooi River catchment,
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TABLE 1
The mean and standard deviation () of the percentage particle size
distribution in sediment core samples (n = 9) from three dams in the
Mooi River catchment.
Dam % particle size distribution per sediment sample
>2000 2000- 1000- 500- 250- 106- <53
(um) 100 (um) | 500 (um) | 250 (um) | 106 (um) | 53 (um) (um)
Klerkskraal Dam(n = 9) 8.70 8.34 9.26 9.36 15.82 10.94 46.31
(€3] 2.77 7.05 5.16 4.69 3.76 2.77 16.37
Boskop Dam(n = 9) 6.60 6.13 6.56 9.34 20.93 15.23 42.80
(€3] 2.54 1.07 0.73 3.38 7.15 1.64 11.14
Potchefstroom Dam(n = 9) 6.02 3.62 4.93 11.84 16.03 7.37 55.76
(€3] 2.93 1.13 1.95 1.94 1.29 1.86 2.36

Materials and methods
Collection of sediment samples

Between July 1996 and April 1997, samples were collected from
the three dams (Klerkskraal Dam; Boskop Dam; Potchefstroom
Dam) in the Mooi River catchment (Fig. 1). Three sites per dam,
about 50 m apart, were selected to collect the sediment. The sites
were situated near the inflow of each dam as indicated by GPS
localities (Table 3).

Foreach locality, six core samples were taken, using aspecially
made stainless steel core sampler with a mechanical valve, cutting
face, and hammeraction. The sampler was operated from aboat and
could sample sediments from about two meters below the water

212 ISSN 0378-4738 = Water SA Vol. 30 No. 2 April 2004

surface. Each core sample was dried in its PVV/C jacket in a vertical
position for 24 h. With the two halves of the jacket still in position,
each core was cut lengthways into two halves by a wire cutter and
allowed to dry horizontally in the jackets for 12 h. Usually not less
than 500 g and up to 1 200 g dried sediment per core sample could
be harvested from each of the nine cores per dam.

Core preparation: particle size distribution

For each locality, the top 50 mm sediment layer was removed from
the two halves of the PVC jacket. Fifty grams from this layer were
prepared according to Day (1965) and then sieved to produce six
sediment particle-size fractions, starting with particles smaller than
2 mm in diameter. The percentage of a given particle size in the
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sample, on a mass basis, was then calculated (Table 1). For each
particle size fraction, 1 g was taken for heavy metal analysis.
Cadmium and lead were determined by electro-thermal analysis in
combination with an atomic absorption spectrophotometer (AAS)
from Varian (Varian SpectraAA —-250, GTA 97). Zinc and copper
were determined by flame analysis, using AAS (Varian SpectraAA
-250).

Sediment profiles

From each dam, one core sample from each locality was used. The
top 150 mm layer was removed and divided into three 50 mm
layers, namely the top profile, middle profile and lower profile.
With the aid of a swing mill (Siebtechnik, Muhlheim, Germany),
each profile containing about 70 g sediment was separately pulver-
ised for 15 s.

Core analysis

A 1 gsample from the pulverised core was taken for cadmium and
lead determinations by electro-thermal analysisusing AAS (Varian
SpectraAA-225, GTA97, Australia) for Cd and AAS (GBC, Aus-
tralia) for Pb. The matrix modifier used for Cd determinations was
NH,H,PO, (25 mg-£™*). For Pb, a combination of 1% ascorbic acid
and palladium (0.2 g£* Pd(NO,), in 15% nitric acid) was used.
Copper and zinc were determined by flame analysis at 324.8 nm
and 213.9 nm respectively, using an AAS (Varian, SpectraAA-
225).

Onegramdried, sieved particle size or pulverised core samples
were placed separately in clean 20 m£ glass vials and one ml de-
ionised water, two ml 70% HNO3 and one m£ 65% HCIO, were
added. The open vials were placed in an 80°C water bath for 12 h.
(VarianAAS analytical procedures, Australia). All chemicals used
in the metal analysis were from Merck (pro analisi), usually with
heavy metal concentrations below 0.0005 %. The digested samples
were diluted and filled up with de-ionised water to a total volume
of 10 me before the metals were analysed. Marine Sediment
Reference Materials (Mess-2) from the National Research Coun-
cil, Canada were used to calibrate and check the digestion method.
One-gram samples from the pulverized cores were taken for
energydispersive X-ray spectrometric analysis, using a Phillips
EDAX-analyser (EDAX, CDU LEAP Detector) and electron mi-
croscope (XL30 Phillips Dzi). Three buttons for each sample were
prepared using a sticking film. Sediment was lightly pressed onto
the film and covered with a layer of carbon (Emscope TB 500).

Water: sediment extraction

The chemical composition of the sediment cores was determined
by using a water extracting technique (Sonneveld and Van den
Ende, 1971). After the extraction procedure, using 75 m£ of dried
homogenous core sample in 150 m£ de-ionised water, the follow-
ing chemicalswere analysed: (chemical/element; analytical method;
manufacturer): NH, (lon selective electrode; Orion, USA); HCO,
(Titerometry; Radiometer, Denmark); SO,, NO, (Capillary electro-
phoresis; Quanta, USA); Ca, Mg, K, Na, (in mmol.£*) by atomic
absorption spectrophotometry (Varian, Australia); Fe, Mn, Cu, Zn,
B (inumol.e™) by AAS, (Varian, Australia); P (Liquid chromatog-
raphy; Skalar, The Netherlands); CI, SO, (Capillary electrophore-
sis; Quanta, USA); pH (Orion, USA) and electrical conductivity (in
microSiemens; TetraCon 325, WTW, Germany). Cationic ex-
change capacity (CEC) was determined using the method as
described by Peech (1965) and the sodium was analysed by means
of flame AAS (Varian 250, Australia).
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Fish tissue

Mudfish (L. capensis) were caught by gill netting at the beginning
of July (winter) and October (spring) 1996 and also at the beginning
of January (summer) and April (autumn) 1997 at the Klerkskraal,
Boskop and Potchefstroom Dams (Fig.1). For each of the four
seasons, and for each dam, 20 fish (body mass range: 451g to
1211 g) were caught. Immediately after netting, a 1 m¢ blood
sample was taken from each fish by heart puncture with syringes
(containing heparin). The fish were transported to the laboratory,
kept at 4°C and dissected to remove one-gram samples (wet mass)
of gonads, liver, kidney, intestine (jejenum), gills and muscle (on
the lateral body wall). From each tissue type 19 tissue was weighed
and placed into clean glass vials. The fish tissue was digested for
12 h as described for sediment material. One gram of dried
reference material serving as an international certification refer-
ence material (Dogfish Muscle and Liver Certified Reference
Materials (Dorm-2)) from the National Research Council, Canada
was used for calibration; one me de-ionised water was added with
2 Mg HNO, plus 1 mg HCIO, (pro analisi, Merck).

To express the metal concentrations obtained form L. capensis
per gram dried tissue mass, the percentage of water for each of the
seven tissue types was determined by drying the tissue on
aluminium foil for 12 h at 70°C. The following mean water
percentages were found: gonads, 8.11 %; liver, 73.90%; Kidney,
72.0%; intestine, 77.2%; gills, 77.3%; muscle, 75.72%. The stand-
ard deviation (SD) from the mean for all tissues weighed was below
0.03%.

Statistica 5 was used to analyse the data. Normal distribution
was calculated using the Shapiro Wilk test. A one-way analysis of
variance (Anova) was performed and the Tukey test was used to
indicate statistically significant differences. Differences in mean
values were accepted as being statistically significant if P< 0.05.

Results and discussion

No differences in the metal concentrations in mudfish tissue or
metal accumulations in sediment for the three respective dams were
found between samples collected at different seasons; between
October 1996 and April 1997. Data from male and female fish were
combined, since no significant differences in metal concentration
between the sexes were found.

The electro-thermal atomic absorption spectrometry analysis
for Cd, Pb and flame absorption spectrometry for Cu and Zn done
on the reference material from Canada were respectively within
5% and 5.5% of certified values. The detection limit of 0.24, 0.9,
2.0, and 3.1 ug-g* for dried sediment or tissue mass was found for
Cd, Pb, Cuand Znrespectively. Except for Cd, alinear relationship
between absorbance and metal concentration was achieved for the
standard curves.

Metal analysis of the water was not determined in this study but
flame atomic absorption analysis of cadmium, lead, copper and
zinc (Sanders, 1997) from Potchestroom Dam water gave values of
5 ug-£t, 14 pg-£*, 6 ug-£* and 20 pg-£* water respectively. In
previous studies, however, Cd (Van Aardt and Booysen, 2004) and
Pb (Van Aardtand Venter, 2004) were not detectable in Mooi River
water, or exhibited very low values (< 2ug-g™*) compared to soft
water bodies (Heath and Claassen, 1999).

Metal analysis by the EDAX-method for dam sediment
The percentage occurrence of metals by Edax-analysis in the three

sediment profiles for each dam did not differ significantly. Iron
(66.3+2.9 %), followed by copper (10.0 £1.7%), lead (9.4+3.4%),
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Analysis from 27 sediment cores for lead, cadmium, copper and zinc obtained from the three dams in the Mooi River
catchment. Metal concentrations (ug-g dried sediment) are from six mesh sizes collected from the top 50 mm - layer from
nine samples from each dam. Vertical bars denote the standard deviation from the mean. Mesh size of clay is < 53 um.

TABLE

2

Chemical analysis of dam sediments from three dams in the Mooi River catchment
after 2:1 water extraction. Values are the mean and standard deviation () of nine
samples per dam.

Dam Macro-elements in sediment after water extraction(mmol £1)

Ca Mg K Na P SO, | NO,| NH, Cl | HCO,
Klerkskraal 31.9 | 40.6 3 54 0.1 109 35| 209| 3.0| 426
(€3] 9.0 9.4 0.7 1.2 0.0 5.1 4.3 10.3 1.9 1 107
Boskop 141. | 158 35 6.0 0.1 95 8.2 | 26.8| 14.7| 23.6
(€3] 97 100 2.0 4.5 0.0 73 64 | 296 7.7 6.5
Potchefstroom 88.3 | 130 3.9 6.7 0.1 60.6| 102 97| 228| 29.6
(£ 38.8 39 1.6 2.8 0.0 | 26.1 9.2 6.2 8.4 9.5

uranium, (9.0+2.1%) zinc (3.8 £0.7%) and cadmium (1.0=1.3%)
were present, but this does not exclude other metals because the
detection limit for this analytical method was 1%. The
lithostratigraphy beneath Klerkskraal Dam consists mainly of
dolomitic and calcareous -rocks. Boskop Dam, however, is situated
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on porous consolidated and uncensolidated sedimentary rocks and
basic lavas. Potchefstroom Dam lies above the same consolidated
and unconsolidated sedimentary rocks found under Boskop Dam.
(Midgley etal., 1990). A large part of the Mooi River that feeds the
three dams drains a dolomitic area.
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Figure 3
Fish tissue analysis of lead, cadmium, copper and zinc obtained from the three dams in the Mooi River catchment.
Metal concentrations (ug-g”' dried tissue) are from 80 fish samples from each dam. Vertical bars denote the standard
deviation from the mean.

The high iron, lead and zinc levels are in close accordance with
similar findings by Wittmann and Férstner (1977a) in sediments in
close proximity of mine slimes dams in the Mooi River catchment,

Metal levels in dam sediment fractions

The concentration of Cd in the different sediment fractions in the
three dams ranges from about 20 pg-g” dried sediment (1 000 mesh
size) to more than 100 pg-g" in the dried clay fraction (Fig.2a) with
a mean of 60 + 9.5 pg-g'. A study by Wittmann and Férstner
(1977a) on the pelitic or clay sediments of the mine drainage area
ofthe Mooi River catchment at West Wits Goldfields shows that Cd
concentration varied between 0.08 and 0.86 pg-g'. These values
are much lower, compared to this study on the clay fraction (range
61 to 107 pg'g") - range for Po River (Italy) sediment from 0.20
pgg' to 1.44 pg-gt (Vigano et al., 2003); for the Kromme Rijn
River (The Netherlands) sediments with a mean Cd concentration
of 5.62 pg-g! (Buykx et al., 2002), and a mean of 30 ug-g™ in the
Odiel river sediment in Southwest Spain (Santos Bermejo et
al., 2003). The worldwide range for virgin soils is between 0.06
pgg’ and 10 pg-g', with an average of 0.4 pg-g* (Laegreid et al.,
1999). The Cd concentrations in the different sediment profiles
(Fig. 4a) of the three dams were on much the same levels with the
six individual sieved sediment fractions if they were added and
compared. As an example (Fig.4a), the three profiles from Boskop
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dam were above the 400 pg-g” Cd level. This gives about the same
concentration if the six sediment fractions in Boskop Dam are
combined and added. From this analysis it can be deduced that in
the Boskop Dam sedimentand, to alesser extent the sediments from
the other two dams, the Cd content was about ten times higher
compared to other polluted areas world wide, referred to above. A
possible reason for the low Cd values for the pelitic sediments at
West Wits Goldfields could be the low pH of the effluents dissolv-
ing and washing out the Cd from the soil.

The lead concentrations in the different sediment fractions of
the three dams were the lowest for Klerkskraal Dam but in compari-
son, were nearly twice as high for Potchefstroom Dam in the sandy
(62+4.2 pg-g")and other fractions. All six mesh size fractions from
Potchefstroom Damwere significantly higher than that of either the
Boskop or Klerkskraal Dam. The pelitic sediments fromeight mine
drainage localities analysed in the Mooi River catchment for lead
by Wittmann and Férstner (1977a) yielded between 140 and 642
pg-g”. This is an enrichment factor of 17 for lead compared to a
standard shale of 20 pg-g' lead (Wittmann and Férstner1977a). For
the Po River sediments in Italy, the highest value found was 1.44
pg-g! (Vigano et al., 2003) and for the Kromme Rijn River, (The
Netherlands) 5.62 pg g (Buykx etal., 2002). Analysis ofthe metal
concentrations has shown that cadmium, copper and zinc (lead was
not analysed) concentrations in each of the three 5 cm sediment
profiles did not differ significantly.
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TABLE 3

+, standard deviation from the mean;

EC, electrical conductivity

Sample localities and physical measurements of dam
sediments from three dams in the Mooi River catchment.

c.mol, centimol; CEC, cation exchange capacity;

Tetraethyl lead is insoluble in water and could accu-
mulate in the sediment. This lead source may enter the
food chain for detritus feeders like mudfish (see be-
low).

Copper concentrations in the different sediment
fractions decreased sharply from the largest mesh sizes
to the smaller sizes, except for the clay fractions which

were nearly three times higher compared to the 53 um

Dam Locality pH EC CEC fraction (mean concentration 13.5 ug-g* with a stand-

(uS-cm™) |(cmol-kg™) |  ard deviation of 3.6). The three profiles investigated

for Cu (Fig.4b) for the three dams had nearly the same

Klerkskraal 26 13'745”S 7.67 510.0 42.6 Cu levels for each dam, with a range between 14 pug-g*

27 09" 063"E and 23 ug-g™ withamean of 19 ug-g. Copper levels

() 0.26 | (¥) 1154 | ()40 for the six sediment fractions had a mean value of 24

Boskop 26 317 531”8 7.49 2720.0 42.3 ug-g*dried sediment. This value is only about 14 %

27 07" 348"E compared to the Cu concentrations obtained by

(+)0.12 (¥) 111.0| () 10.0 | wittmann and Férstner (1977a) on eight sampling

Potchefstroom | 26 39* 714”S 7.62 1490.2 39.8 sites in sediments draining the West Wits Goldfields

27 05* 328"E area. These results indicate that large amounts of

(¥)0.03 | (¥)3400 | (®)7.9 heavy metals (but not Cd) are lost between the highly

polluted localities investigated by Wittmann and

600 Forstner (1977a) and the recent survey of the three

B Klerkskraal Dam Fig 4a Cd in Sediment profiles Mooi River Dams in this study. In comparison with the Kromme

00 | oo Dam | Rijn River sediment in The Netherlands, 93.3 ug-g’ copper was

"o 1 found (Buykx et al., 2002).

2 = T On average, the Zn concentrations for Boskop Dam sediment
= 400 b . I .

& fractions were significantly higher compared to the other two dams

% 200 - | (Fig.2d). This applied to five of the six sediment fractions analysed

2 (range for the six fractions: 11.5 to 59.3 ug-g*). From the eight

g 200 | sediment localities investigated by Wittmann and Forstner, 1977a,

5 the zinc concentrations at the drainage sites near the West Wits

3 100k | Goldfields were higher (range: 56 ug-g™ to 6 440 ug-g**) compared

to the analysis in this study. By comparison, the Po River (Vigano

o || || || et al.,, 2003) and Kromme Rijn River (Buycx et al., 2002) Zn
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Figure 4
Heavy metal concentrations in three different sediment profiles
from the three dams in the Mooi River catchment.
4a, cadmium; 4b, copper. Vertical bars denote the standard
deviation from the mean.

Apart from mining activities, a possible explanation for the
high lead content in the Potchefstroom Dam is that powerboats
using leaded fuel are allowed there, but not on the other two dams.
If the mean tetraethyl lead content per litre fuel is 0.54 mg.2*?
(Fieser and Fieser, 1963), it can be calculated that the combustion
of 1 £ of fuel releases about 480 000 ug of lead into the water.
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ug-g* respectively.

Generally, the clay fractions from the three dams in the Mooi
River catchment had, on average, the highest metal concentrations
when compared to the other five sediment types investigated. This
is in accord with the knowledge that clays, including pelitic
sediments have high adsorption values for metals (Yoshida et al,
1993). Furthermore, the four metals investigated were greatly
reduced in their sediment concentration levels compared to the
high levels found by the earlier investigators (Wittmann and
Forstner, 1977a) near the respective slime dams at the West Wits
Goldfields. These mines were recently renamed as Anglo Gold.

For the metal concentrations in sediment profiles, the highest
Cd concentration (429 +37 ug-g*) was found in Boskop Dam (Fig.
4a), and the highest copper levels in Klerkskraal Dam (Fig.4b).
These differences were statistically significant. No significant
differences in the Zn concentrations (23.0£2.2 ug-g*) between the
sediment profiles for the three dams could be found.

Cation exchange capacity (CEC) of dam sediment
(Table 3)

Of the 27 sediment samples collected, three samples from Boskop
Dam and three samples from Potchefstroom Dam were obtained
from sandy areas near the dam inflow. The sand samples had CEC
values (not included in Table 3) of less than 20 centimol-kg™ dried
sediment, compared to the mean value of 42 centimol-kg™ dried
sediment for the other samples obtained from sediment samples
with mesh sizes below 250 um.
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The most important chemical processes affect-
ing the behaviour and availability of heavy metals in
sediments are the adsorption of heavy metals from
solution to the solid phase. Of the three mechanisms
used in adsorption, namely CEC, organic
complexation and co-precipitation, CEC is the most
important. The adsorption of cadmium, lead, copper
and zinc (existing as cations in the sediment solu-

Statistical analysis between sediment fractions in the three
dams in the Mooi River catchment. K, Klerkskraal Dam;
B, Boskop Dam; P, Potchefstroom Dam. Bold capital letters
indicate statistical significant differences between dams;

T highest concentration between dams; |lowest

Table 4

concentration between dams.

tion) onto the negatively charged solid phase of the

Heavy metals analysed in dam sediment fractions

sediment colloid depends on the density of negative fSeditment
charges on the surface of the sediment colloids. High (r?ﬁ)'ons
CEC values indicate a high capacity of sediments to K
adsorb metals. In this regard the CEC values found

. - 1000
for sediments from the three dams indicated that 500

there was a mean exchange capacity of 41.5 +7.3 250
centimol-kg™ (Table 3). This isabout 66% compared 106
to the highest value of 60 centimol.kg reported for 53

mineral soils (Yoshidaetal.,1993). This value, how-
ever, is much less than the 200 centimol-kg™ meas-

clay fraction

Pb Cd Cu Zn

K,B, P |K,B,P K, B, P K, 1B, P
K,B, 1P K,B,P K, B, P K, 1B, P
K,B 1P K, 1B, P K, B, P K, B, P
K, B,TP K, 1B, P K, B, P K, B, P
K, B,TP K, 1B, P K, B, P K, B, P
K, B, P K, 1B, P K, B, P K, B, P

ured for organic soils (Alloway, 1990). For the three
dams, the high calcium and magnesium levels (Table
2) found in the sediment could, as cations, play a major part in
promoting cationic exchange capacity in dam sediment.

Metal analysis of fish tissues

No significant concentration differences were found when the fish
tissues, sampled in the four seasons, were analysed and compared
for cadmium. This also applied for copper and zinc. Lead was not
seasonally analysed.

The highest Pb (range 3.4 to 7.9 ug-g*, Fig. 3b) and Zn (range
119.0 t0188.0 ug-g*, Fig. 3d) concentrations for all three dams
were found in the gills of L. capensis. Compared to all the other
seven tissues, liver tissue (106 pug-g* to 178 nug-g*) had the highest
Cu levels. Ina 17 month study (Nussey etal., 2000) on L. umbratus
at the upper reaches of the Olifants River (Witbank Dam), the Pb
in dried tissues were 14.0, 6.9, 8.0 and 5.6 ug-g* for gills, liver
muscle and skin respectively, while the sediment averaged 22.9
ug-g*. The Pb concentrations in tissues were significantly higher
compared with Mooi River Pb levels in L. capensis. The combined
six sediment fractions (Fig.2b), if added, gave Pb concentrations
not significantly different for the Pb values found in the Olifants
River. Although the pH of the water at Witbank Dam was not
measured, it is known (Nussey,1998) that relatively low water pH
values (range 6.10 to 8.61) and soft water are encountered in the
upper reaches of the Olifants River (Steenkool Spruit), compared
to the high pH values (range 8.14 to 8.76 ) and hard water (230
mg£*, as CaCO,) found in Mooi River water (Van Aardt and
Booysen, 2004). This difference in pH and hard water could, in
part, explain why the Pb levels in L. capensis were much lower in
the Mooi River catchment. Precipitation or chelation of Pb to the
sediment in hard water with pH above eight has been demonstrated
(Van Aardt and Venter, 2004).

Generally low levels of Cd, Pb and Cu were present in blood,
muscle and gonad samples (Fig. 3a; b; c), also found for
L. umbratus (Nussey et al., 2000)

As was expected for Cd, this metal accumulated mainly in
kidney tissue (range 1.2 ug-g* to 3.5 pug-g*). The Cd levels in
L. capensis kidney were about the same, compared to levels in beef
kidney, with a range of 0.2 ug-g*to 1.6 pug-g* wet mass (Fridberg
et al., 1979). Sulphide ore minerals that harbour high cadmium
concentrations of between 0.2 and 0.4% (Jinadasa et al., 1997;
Alloway, 1990), do not occur in Witwatersrand ore deposits
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(Wittmann and Forstner, 1977a).

It is interesting to note that the higher lead concentrations
found in Potchefstroom Dam sediment when compared with the
other two dams were also reflected in fish tissue sampled from
Potchefstroom Dam. Significantly higher concentrations of lead
were found in gill tissue, gonads and blood compared with the other
dams (Fig 3b). From this finding it can be stated that the mudfish,
L. capensis, a detritus feeder living from the muddy substrate in
Potchefstroom Dam, acquires the high tissue lead through uptake
by the gills and also by sucking in and digesting the relatively high
lead load in mud sediment. The lead originates from alkyl lead after
fuel combustion when lead bromides are formed. In a soil environ-
ment these compounds change chemically to insoluble Pb carbon-
ates, oxycarbonates and oxides (Davies, 1990).

Lead concentrations in fish tissue obtained from mudfish
(L. umbratus) from other catchment areas in South Africa (Heath
and Claassen, 1999) were significantly higher (range: 14 ug-g*to
454 ug.»- The analyses in this study has shown lower lead levels
(range: 1.3 t0 9.1 ug-g*; mean: 7.9 ug-g*) when compared with
Labeo rosae ( range: 3.4ug-g* to 879.1 ug-g*; mean: 497 ug-g*)
(Heath and Claassen,1999).

Analysis of metals with low vapour pressures such as lead and
cadmium, can be more accurately analysed using electro-thermal
AAS (Fridberg et al., 1979). In optimal conditions, sensitivity
(Willard et al., 1974) can be improved hundredfold with electro-
thermal AAS. This, in part, could explain the different analytical
results from investigators analysing the same Cd and Pb samples
with or without electro-thermal AAS analytic methods (Ure 1990;
Fridberg et al., 1979; Wittmann and Forstner, 1977a).

An important conclusion from this study is that higher values
prescribed by national and international standards (Wittmann and
Forstner, 1977b) for metal concentrations were found in Boskop
Dam sediments. This could be ascribed to mining activities in the
vicinity of Boskop Dam, especially when considering that
Klerkskraal Dam, acting as a control dam, had significantly lower
metal concentrations. The high levels of heavy metals found in the
sediments in the close vicinity of the West Wits Goldfields (Anglo
Gold) in the late seventies by Wittmann and Forstner (1977a or b),
and similar findings in this study regarding sediments and fish
tissue in the Mooi River dams should be evaluated jointly. In this
regard it is fortunate that the high pH, high alkalinity and hardness
of the dolomitic water in the Mooi River prohibits the dissolution

ISSN 0378-4738 = Water SA Vol. 30 No. 2 April 2004 217



of these potentially toxic metal compounds from the dam sediment
where they are deposited. However, adrastic change of the physical
properties of the water such as lowering of the pH below 6.5,
together with a physical disturbance of not only dam sediment, but
sedimentsinthe Mooi River, could potentially release large amounts
of toxic metals from the sediment colloids’ surface into the water
column.
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