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Abstract

The upper and lower catchments of the Olifants River are characterised by many anthropogenic activities that adversely impact
on the water quality of the river. The present study indicated that both Cu and Zn are present in elevated levels asttedlected
bioaccumulation of these metals in the fish. Bioaccumulation differences in the different age and gender groups were generally
not significant (P>0.05). This was due to the sampling of mostly adult fish and the exclusion of reproductive organs (gonads).
Copper content in the organs and tissues indicated the following pattern: liver>gills>skin>muscle, but no specific pattern for
content was observed. The extent of accumulation differed in many cases between the two species, possibly due tordifferences i
behaviour and feeding. Temporal variation in bioaccumulation occurred and generally indicated increased levels of bi@atcumulat
during periods of high flows. This phenomenon was ascribed to the influence of sediment-bound metals, being brougtfetinto conta
with the fish at a higher intensity during these periods. Both Loskop Dam and Mamba Weir, the latter to a greater ektent, are
present being exposed to levels of Cu and Zn which cause bioaccumulation. A more holistic biomonitoring approach is proposed
for these impacted areas in an attempt to guide managers in a direction of improvement.

Introduction managed in order to maintain essential ecological processes.
These ecological processes will preserve the genetic diversity

As a result of mining, industrial and other anthropogenic activand ensure sustainable utilisation of both species and ecosystems

ties in the catchment of the Olifants River over the past decad®enter and Deacon, 1992). Monitoring of the metal pollution at

this aquatic ecosystem has been degraded and increasiniig locality is thus important for the mentioned conservation

contaminated by pollutants such as metals. This poses stresshectives.

aquatic organisms in particular and to the whole ecosystem in

general. Copper and Zn are two of the metals occurring Materials and methods

elevated levels in the water of the Olifants River, Mpumalanga

(Grobler et al., 1994; Seymore et al., 1994). This is of concefield sampling

since they are tentatively classified as highly toxic metals by

Hellawell (1986) and are also bioaccumulated by aquatic orgaRield surveys were undertaken seasonally at Loskop Dam and

isms (Alabaster and Lloyd, 1980; Latif et al., 1982; VillarreallMamba Weir (KNP) during the period February 1994 to May

Trevifio et al., 1986; Seymore et al., 1996). Due to the deleterioli895 (Fig. 1). During the final survey (May 1995) Phalaborwa

effects of metals on aquatic ecosystems, it is important to monitBarrage was also included so as to investigate the effect of the

the bioaccumulation of metals in an aquatic system. This withetal-polluted Selati River on the water quality of the Olifants

give an indication of the temporal and spatial extent of met&iver before it enters the KNP. Nhlanganini Dam was sampled

accumulation, as well as an assessment of the potential impactasna control because its catchment lies within a relatively natural

human health (fish consumed) and organism health (if they haseea (KNP). Oreochromis mossambiciMozambique tilapia)

been exposed to elevated levels of a pollutant or if consumed &yd C. gariepinus(Sharptooth catfish) were sampled with gill

predators). nets (70 to 120 mm stretched mesh size), cast nets and fishing
This study investigated levels of Cu and Zn in two species obds. After capture the mass, length and gender of each fish were

fish, namelyOreochromis mossambicasdClarias gariepinus  recorded. The fish were then killed by a blow on the head and a

collected in the Olifants River, Mpumalanga (Fig. 1). The dateut of the spinal cord behind the head. Fish were dissected on a

will give some indication of the extent of metal contamination ipolyethylene work-surface using stainless steel tools while tak-

these two fish species. The data from Loskop Dam are partidng care to prevent any contamination of the samples (Heit and

larly important since this impoundment is commonly used foKlusek, 1982). Muscle, gill, liver and skin tissues were removed

angling purposes. It is therefore important to determine tfeom each fish and frozen until metal analyses could be per-

extent of the metal bioaccumulation of these two fish species fismed.

they are common angling species consumed by humans. Mamba

Weir is situated inside the Kruger National Park (KNP) and it isaboratory procedures

the National Parks Board's view that water quality has to be

The samples were thawed in the laboratory and dried in an oven

* To whom all correspondence should be addressed. at 60°C for a period of 48 h. In order to calculate the moisture

B (011) 489-2445; fax (011) 489-2286; e-mail pk@raua.rau.ac.za content of each sample, the dry and wet mass of each sample was

Received 30 March 1998; accepted in revised form 6 October 1998 recorded. Twenty #rof concentrated nitric acid (55%) and 10 m
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Figure 1
The Olifants River catchment and study area with selected localities

of perchloric acid (70%) were added to approximately 1 g tissugesults

(dry mass) in a 100 frErlenmeyer flask. Digestion was per-

formed on a hotplate (200 to 250°C) until the solutions were clekish size, age and gender differences

(Van Loon, 1980). The solutions were then filtered through an

acid-resistant 0.4fm filter paper and made up to 50 @ach with  Oreochromis mossambicus

doubly distilled water. The samples were stored in clean gla$be general size of specimens@f mossambicusanged from
bottles until the metal concentration could be determined usinglé.8 to 43.0 cm and 70 to 1 569 g. The fish sampled fell in the age
Spectra AA-10 Varian atomic absorption spectrophotometegroups of 2 years and older (Table 1). The overall ratio of females
The detection limit for Cu was 0.008-g* and for Znitwas 0.001 to males captured during the study period and at all localities
Hg-g*. A standard sample, consisting of tuna homogenate (sasampled was 1:1.6. More males than females were collected at
ple IAEA-350) from the International Atomic Energy Agencyall the localities, except for Mamba Weir. Female to male ratios
Marine Environment Laboratory, was prepared as a control for each locality was 1:1.1 at Loskop Dam; 1:2.8 at Mamba Weir;
line with the above-mentioned procedures with every set df2:1 at Phalaborwa Barrage and 1:1.4 at Nhlanganini Dam.
samples, to ensure accuracy of data through comparison. Ana-

lytical standards were prepared from Holpro stock solution&larias gariepinus

Prior to use all glassware was soaked in a 2% Contrad so#pe length range of. gariepinussampled at all localities over
solution (Merck chemicals) for 24 h, rinsed in distilled waterthe entire study period was 11.5 to 95.0 cm and the mass varied
acid-washed in 1 M HCI for another 24 h and rinsed again imetween 170 and 7 250 g. Specimen€ ofjariepinusranged
distilled water (Giesy and Wiener, 1977). from 1 to 9 years of age (Table 1). The female to male ratio of
specimens o€. gariepinussampled during the study period was
1:1.2. For Loskop Dam the female to male ratio was 1:1, for
Mamba Weir it was 1:1.06 and for Nhlanganini Dam 1:7.5.
Statistical analysis was performed using 8tatgraphics Ver- The moisture content of the different tissues sampled (mus-
sion 7computer package. The mean, median, range and standele gills, liver and skin) differed from each other as well as
deviation (SD) of the data were determined through summabetween the two species. The mean percentage of moisture for
statistics. Logarithmic transformation had to be performed fa. mossambicuasndC. gariepinusvas respectively calculated to
normalisation of the data. Analyses of variance (ANOVA) weree 76+5% and 81+5% for muscle tissue, 69+4% and 72+6% for
used to determine differences between various data sets.  skin tissue, 79+5% and 77+6% for the gills and 63+6% and

Statistical procedures
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73+2% for the liver tissue. Because of thi

o ; ; i TABLE 1
variation in moisture between the different \,Bers OF OREOCHROMIS MOSSAMBICUS AND CLARIAS GARIEPINUS IN
tissues and organs, the metal concentra-  EACH AGE CLASS AND SIZE RANGE, SAMPLED AT VARIOUS LOCALITIES
tions were calculated on a dry mass basi
One-way ANOVA of the concentra-| Age Size Loskop | Mamba |Phalaborwa [Nhlanga-

tion of Cu and Zn detected in males and class range (cm) Dam Weir Barrage | niniDam Total
females during each survey investigated (year)
separately, usually indicated no signifi Number of O. mossambicus
cant (P>0.05) gender differences. As R
result of this and the usually non-statistit <1 <9.0 0 0 0 0 0
cally significant differences (P>0.05) be- 1-2 9.0-15.0 0 0 0 0 0
tween the different age groups, no further 2-3 15.1-24.0 0 74 8 0 82
distinctions were made between age and 3-4 24.1-29.0 2 35 10 3 50
gender. The rest of the results are based pn 4-5 29.1-31.5 9 2 2 6 19
the grouped data of all ages and the two 26 31.6-33.0 13 2 0 5 20
genders together. 6-7 33.1-345 22 0 0 2 24

7-8 34.6-35.5 17 0 0 2 19
Cu and Zn bioaccumulation in 8+ >35.5 57 0 0 2 59
different organs and tissues .

Number of C. gariepinus

The general pattern of Cu concentrations
detected in different organs/tissues was 1 <29.5 1 3 ¥ 0 4
liver > gills > skin > muscle. This was 2 29.6-37.0 1 16 * 0 17
similar for both species and at all the 3 37.1-44.0 1 34 ¥ 2 37
localities surveyed (Fig. 2). Liver tissue 4 44.1-54.5 4 26 * 1 31
always contained Cu levels significantly 5 54.6-65.0 25 1 * 12 38
higher (P<0.05) than the gills, which again 6 65.1-73.0 18 4 ¥ 2 24
contained significantly higher levels of Cu 7 73.1-79.0 3 3 * 0 6
than the skin and muscle tissues (Tables|2 8 79.1-87.0 1 2 * 0 3
and 3). The level of Cu in the skin tissu¢ 9 >87.1 1 0 * 0 1
was slightly higher than that in the muscle ]
tissue (Fig. 2). * No fish sampled

A large variation occurred in the pat-
tern of the Zn accumulation in the different
organs and tissues (Fig. 3). In both species, muscle tissue alw@ggnporal differences in Cu and Zn bioaccumulation
contained significantly lower (P<0.05) levels of Zn than any of
the other tissues and organs sampled. Gill, skin and liver tissuasskop Dam
of O. mossambicugll contained relatively high levels of Zn The Cu and Zn levels detected in a specific organ/tissue during a
(Fig. 3). ForC. gariepinusthe gills and liver usually had the specific survey differed, in many cases significantly (P<0.05),
highest levels of Zn accumulation, with the skin containingrom the level detected in the same organ/tissue during another
slightly lower levels (Tables 2 and 3). However, at Nhlanganinjurvey (Tables 4 and 5). This was also the case in the levels of
Dam the bioaccumulation pattern was different, namely skin @u and Zn detected in the combined organs/tissues of different
liver > gills > muscle (Fig. 3).Clarias gariepinusaccumulated surveys (Tables 4 and 5). FOr mossambicuthe Cu content in
the highest levels of Zn in their gills and livers, with slightly lowemmuscle, gills and skin all showed similar temporal trends. The Cu

levels in their skin tissue (Fig. 3). concentrations in the organs/tissue<Cofgariepinus(combined
as well as separate) did not differ significantly (P>0.05) between
Species differences for Cu and Zn bioaccumulation surveys (Table 4).Oreochromis mossambicusually accumu-

lated higher levels of Cu during summer months. In both species,
At both Loskop Dam and Mamba Weir the level of Cu in thehe concentration of Zn in the organs/ tissues combined, did not
combined organs/tissues ©f mossambicusas usually slightly  differ significantly (P>0.05) between different surveys (Table 5
higher (P>0.05) than those Gf gariepinus These differences and Fig. 4). Muscle and liver tissues indicated similar temporal
were significant at Loskop Dam during February 1995, and atends in Zn accumulation while the temporal trends in gill and
Mamba Weir during February 1994 and May 1995 (Fig. 4). Thskin tissues usually agreed.
levels of Zn detected in the fish sampled at Loskop Dam did not
indicate a specific trend for bioaccumulation between the twdamba Weir, KNP
different species (Fig. 4)O. mossambicusampled at Mamba Temporal variation of the Cu and Zn content in the combined
Weir accumulated significantly higher levels (P<0.05) of Zmrgans/tissues differed between the two species of fish investi-
during February 1994, but had lower levels for the rest of thgated at this locality (Fig. 5). Similar to the trends in Cu
surveys (Fig. 5). Generally, at both these localities, the highestcumulation witnessed at Loskop Dam, the temporal variation
levels of Zn were usually detected@ gariepinus in the muscle, gill and skin tissues correlated to a large extent,
while trends for liver tissue were different. FOr gariepinus
muscle and skin tissue showed similar temporal trends in Cu
bioaccumulation. In bot®. mossambicuandC. gariepinughe
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TABLE 2
STATISTICS OF COPPER AND ZINC CONCENTRATIONS (pg-g* DRY MASS) IN THE DIFFERENT
ORGANS AND TISSUE OF O. MOSSAMBICUS
Locality Copper concentration Zinc concentration
Muscle Gills Liver Skin Muscle Gills Liver Skin
Loskop n 120 120 120 119 120 120 120 119
Range 0.8-67 1-86 1-325 1-69 9-613 16-166 24-514 23-387
Median 2 5 27 2 32 98 65 130
Mean 4 9 48 4 48 96 81 133
SD 9 13 62 7 73 25 57 59
Mamba n 113 112 102 113 113 105 106 113
Range 0.2-23 1-160 2-843 0.5-43 2-86 13-625 4-781 10-342
Median 2 8 88 3 28 91 85 87
Mean 3 14 141 6 31 106 112 100
SD 3 24 152 7 12 78 95 55
Phal. n 20 20 20 20 20 20 20 20
Range #-2 1-8 8-243 0.1-8 13-132 56-392 20-233 6-152
Median 1 3 76 1 39 99 67 84
Mean 1 3 93 2 41 117 79 86
SD 0.5 1 73 1 24 74 50 36
Nhlang. n 20 19 19 20 20 19 20 20
Range 0.8-3 2-4 117-989 1-3 12-82 48-115 46-213 51-137
Median 1 4 442 1 25 76 73 84
Mean 1 3 466 2 28 80 90 90
SD 0.5 0.6 248 0,7 15 18 49 24
# Below detection limit
TABLE 3
STATISTIC OF COPPER AND ZINC CONCENTRATIONS (ug-g* DRY MASS) IN THE DIFFERENT
ORGANS AND TISSUE OF C. GARIEPINUS
Locality Copper concentration Zinc concentration
Muscle Gills Liver Skin Muscle Gills Liver Skin
Loskop n 54 54 53 55 54 54 54 55
Range 1-17 1-12 6-74 1-27 14-207 18-328 53-188 22-2p7
Median 2 6 29 2 29 124 108 85
Mean 2 6 30 3 35 121 108 99
SD 2 1 13 3 27 40 25 50
Mamba N 88 88 88 88 88 87 88 89
Range 0.3-6 0.7-61 1.2-135 0.9-41 4-73 7-421 27-378 17-713
Median 2 9 53 2 31 133 147 80
Mean 2 11 53 3 31 140 154 90
SD 1 7 29 4 12 67 72 76
Nhlang. n 17 17 17 17 17 17 17 17
Range 0.4-8 3-5 51-135 0.8-3 18-110 12-197 120-245 32-262
Median 1 4 69 1 36 126 164 59
Mean 1 4 79 1 46 103 166 82
SD 1.7 0.8 25 0.6 26 55 35 63
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TABLE 4
SUMMARY OF SIGNIFICANT DIFFERENCES (P<0.05) BETWEEN DIFFERENT SURVEYS WITH RESPECT TO THE COPPER
CONCENTRATION IN THE MUSCLE (M), GILLS (G), LIVER (L), SKIN (S) AND COMBINED ORGANS/TISSUES (C) FOR
0. MOSSAMBICUS (O.MOS) AND C. GARIEPINUS (C.GAR). THE SHADED RIGHT HAND TRIANGLE DEALS WITH LOSKOP DAM
AND THE SHADED LEFT HAND TRIANGLE WITH MAMBA WEIR. BLANK SPACES INDICATE NO SIGNIFICANT DIFFERENCES (P>0.05)
WHILE (-) INDICATES SIGNIFICANT DIFFERENCES (P<0.05) BETWEEN LOCALITIES DURING A SPECIFIC SURVEY.

Survey Spp. Summer‘94  Autumn‘94 Winter ‘94 Spring ‘94 Summer‘95  Autumn‘95

Summer ‘94 O.mos. 15-17 M,L S C,M,G,L,S M
C.gar. 15-17

Autumn ‘94 O.mos. | C,M,G,L,S M,L M,L,S C,G,L M,L,S
C.gar. C,M,G,L

Winter ‘94 O.mos. | C,M,G,L,S G,S CM,G,L,S
C.gar. C,M,G,L,S M,S

Spring ‘94 O.mos. C.M,G,S G L 15-17 CM,GL,S
C.gar. C,M,G,L

Summer ‘95 O.mos. C,G,L,S C,M,G,S M M,L,S CM,G,L,S
C.gar. C,M,G,L,S M M,S M,L,S

Autumn ‘95 O.mos. G CM,G,L,S C,M,L,S C,M,S L,M 15-17,17-19,

17-20,19-20
C.gar. C,M,G,L,S L S L,S 17-20
TABLES

SUMMARY OF SIGNIFICANT DIFFERENCES (P<0.05) BETWEEN DIFFERENT SURVEYS WITH RESPECT TO THE ZINC CONCENTRATION
IN THE MUSCLE (M), GILLS (G), LIVER (L), SKIN (S) AND COMBINED ORGANS/TISSUES (C) FOR O. MOSSAMBICUS (0.MOS) AND C.
GARIEPINUS (C.GAR). THE SHADED RIGHT HAND TRIANGLE DEALS WITH LOSKOP DAM AND THE SHADED LEFT HAND TRIANGLE

WITH MAMBA WEIR. BLANK SPACES INDICATE NO SIGNIFICANT DIFFERENCES (P>0.05) WHILE (-) INDICATES SIGNIFICANT

DIFFERENCES (P<0.05) BETWEEN LOCALITIES DURING A SPECIFIC SURVEY.

Survey Spp. Summer‘94  Autumn ‘94 Winter ‘94 Spring ‘94 Summer‘95  Autumn‘95

Summer ‘94 | O.mos. 15-17 M,S M,G M,G C.M,G M,G,L
C.gar. 15-17 S M,S M,S M

Autumn ‘94 O.mos. | C,M,G,L,S 15-17 M,G,L,S M,G,S M,G,S M,G,L,S
C.gar. C.M,G,L,S M M M,S

Winter ‘94 0O.mos. C,G C.M,G,L,S M
C.gar. C,M,G,L,S M

Spring ‘94 0O.mos. C,M,G C,G,L,S S M L,S
C.gar. C,M,G,L,S

Summer ‘95 | O.mos. C,GL,S C.G,S CG,.L,S 15-17 L
C.gar. C,M,G,L,S L L L

Autumn ‘95 0O.mos. C,M,G,L,S C,M,L C.M,G CM,G,L,S 15-17,15-20,

17-19,17-20

C.gar. C,M,G,L,S C.M,L C.M,L M,L 17-20

104
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TABLE 6
SUMMARY OF SIGNIFICANT DIFFERENCES (P<0.05) BETWEEN VARIOUS LOCALITIES WITH RESPECT TO THE COPPER
CONCENTRATION IN THE MUSCLE (M), GILLS (G), LIVER (L), SKIN (S) AND COMBINED ORGANS/TISSUES (C) OF
O. MOSSAMBICUS (O.MOS)AND C. GARIEPINUS (C.GAR). BLANK SPACES INDICATE NO SIGNIFICANT DIFFERENCES (P>0.05)
AND (-) INDICATES SIGNIFICANT DIFFERENCES (P<0.05) BETWEEN DIFFERENT TISSUES/ORGANS AT ASPECIFIC LOCALITY.

Locality Spp. Loskop Dam Mamba Weir PhalaborwaBarrage Nhlanganini Dam

Loskop 0O.mos.| M-G,M-L,G-L,G-S,L-S C C
C.gar. | M-G,M-L,G-L,G-S,L-S C

Mamba O.mos.| G,L,S ALL C C
C.gar. | G,L M-G,M-L,G-L,G-S,L-S
Phal. O.mos.| M,G,L,S M,G M-G,M-L,M-S,G-L,L-S
Nhlang. O.mos.| M,G,L,S M,G,L,S M,G,L ALL
C.gar. | M,G,L,S M,G,L,S M-G,M-L,S-G,S-L

fish from all localities. Skin and gill Zn content of both specieglement analyses of liver, muscle and bone samples from fish of
was the lowest at Nhlanganini Dam (Table 7). Muscle tissue different mass and age show that the concentrations in adult fish
C. gariepinussampled at Nhlanganini Dam had the highest Zremain fairly constant. This was also the case generally observed
level of all localities (significantly higher than Mamba Weir).during this study. It should also be noted that fish sampled were
Similar to the trend observed in Cu accumulatidngariepinus generally adults and very few young specimens were included.
sampled at Nhlanganini Dam had the highest liver Zn content In fish, gender differences in Zn and Cu accumulation seem
(significantly higher than Loskop Damreochromis mossam- to occur only in certain organs (gonads) and during certain stages
bicus at Nhlanganini Dam had Zn levels in their livers slightlyof its reproductive cycles (e.g. spawning). Zinc for instance is
lower than those at Mamba Weir and slightly higher than those ¢cessary for gonadal development in fish. Dietary Zn sources

Loskop Dam. are, however, not adequate during this period and alternative
internal resources such as the liver, skin, muscle and vertebrae are
Discussion then utilised. Furthermore, Zn is also deposited in the gonads

during their development and then lost during spawning. On the
When fish are exposed to elevated levels of metals in a pollutether hand, males do not require such a high Zn concentration,
aquatic ecosystem like the Olifants River (Du Preez and Steyesulting in a more stable Zn concentration in the body (Seymore
1992; Seymore, 1994), they tend to take these metals up frahal., 1996). These factors can result in different metal concen-
their direct environment. It is assumed that most metals are taktestions in different sexes. However, reproductive organs (go-
up in the ionic form and that this uptake is influenced by variousads) were not included in this study and this could have been the
environmental factors such as pH and temperature. The metadsise for the usually insignificant (P>0.05) gender differences in
enter the body of the fish via the gills and skin, or through théu and Zn concentrations. Thus, the different capture ratios of
intake of contaminated food or drinking water. Transport ofales to females do not influence non-sexual comparisons.
metals in the fish occurs through the blood where ions are usually
bound to proteins. The metals are thus brought into contact wi@u and Zn bioaccumulation in different organs and
the organs and tissues of the fish and consequently accumulatisdues
to a different extent in different organs/tissues. All the metals
taken up are not accumulated because fish have the ability the phenomenon that different metals are accumulated at differ-
regulate their body metal concentration to a certain extergnt concentrations in the various organs and tissues of fish was
Excretion of metals can occur through the gills, bile (via faecesjIso observed in this study (Figs. 2 and 3). According to the
kidney and skin (Romanenko et al., 1986; Heath, 1987). Thigerature, Cu and Zn mainly accumulate in the skin, bone, liver,
amount of a metal bioaccumulated is influenced by variousill, heart, kidney and muscle tissues of fish (Hughes and Flos,
environmental and biological factors, leading to differences ih978; Bezuidenhout et al., 1990; Seymore, 1994; Seymore et al.,
metal bioaccumulation between different individuals, specie$996). The bioaccumulation pattern of Cu and Zn in different

seasons and sites. organs/tissues of both species of fish observed during this study
agreed closely with the studies done by Van Hoof and Van San

Fish age and gender differences for Cu and Zn (1981), Latif et al. (1982), Stagg and Shuttleworth (1982), Du

bioaccumulation Preez et al. (1993) and Seymore (1994). The differences in the

levels of accumulation in the different organs/tissues of a fish can
Although the lethal and sub-lethal effects of Cu and Zn angrimarily be attributed to the differences in the physiological role
different for different age groups of aquatic biota (McFarlane anaf each organ. Regulatory ability, behaviour and feeding habits
Franzin, 1978; Munkittrich and Dixon, 1988), accumulation ofire other factors that could influence the accumulation differ-
these metals by different age groups seems to be relatively stadifees in the different organs. The metal concentration in the liver
(Latif et al., 1982). According to Pentreath (1976) the stabl@ot in direct contact with the metal in the water) which plays a
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TABLE 7
SUMMARY OF SIGNIFICANT DIFFERENCES (P<0.05) BETWEEN VARIOUS LOCALITIES WITH RESPECT TO THE ZINC CONCEN-
TRATION IN THE MUSCLE (M), GILLS (G), LIVER (L), SKIN (S) AND COMBINED ORGANS/TISSUES (C) FOR O. MOSSAMBICUS
(O.MOS)AND C. GARIEPINUS (C.GAR). BLANK SPACES INDICATE NO SIGNIFICANT DIFFERENCES (P>0.05) AND (-) INDICATES
SIGNIFICANT DIFFERENCES (P<0.05) BETWEEN DIFFERENT TISSUES/ORGANS AT A SPECIFIC LOCALITY.

Locality | Spp. Loskop Dam Mamba Weir Phalaborwa Barrage Nhlanganinidam

Loskop | O. mos.| ALL
C. gar. M-G,M-L,M-S,G-S,L-S

Mamba | O.mos.| M,L,S M-G,M-L,M-S
C. gar. L M-G,M-L,M-S,G-S,L-S
Phal. O.mos.| S M-G,M-L,M-S,G-L,G-S
Nhlang.| O. mos.| M,S M,G M-G,M-L,M-S
C.gar. G,L M,G M-S,M-G,M-L,S-L,G-L

major role in detoxification as well as storage, would thereformedium (water) and have the thinnest epithelium of all the
differ from the concentrations detected in the gills and skin tisswegans. This is due to its respiratory function which causes it to
(in direct contact with the metals in the water) which play a rolbe optimised for gaseous exchange with the environment (large
in the uptake and excretion of the metal. surface area, short diffusion distances between the body and the
The Cu and Zn contents in the muscle was usually the lowesater). Metal penetration through the epithelial cell is suggested
of all the organsi/tissues examined (Figs. 2 and 3). Although be through simple diffusion, facilitated diffusion, endocytosis
muscle tissue is capable of regulating its Cu and Zn content, it wilf particulate fractions or via nutrient carriers (Part, 1987).
accumulate these metals when chronic exposure to elevatearthermore, the mucus layer on the gills also most probably
levels occurs. Fish in an ecosystem contaminated by trace mefasys a role in the loss of metals (Varanasi and Markey, 1978;
are known to accumulate significantly more metals in edibleleath, 1987; Segner, 1986). Metals such as Cu and Zn are thus
muscle tissue than do fish in an uncontaminated ecosystém continuous interaction with the gills of the fish and can
(Murphy et al., 1978; Du Preez et al., 1993). Murphy et al. (1978)erefore be valuable indicators of acute lethal exposure (Van
state that whole fish from relatively uncontaminated aquatidoof and Van San, 1981).
ecosystems should contain Zn concentrations in the range of 48 In the present investigation, the liver tissue always contained
to 173ug Zn-gt dry mass. Mathis and Cummings (1973), howsignificantly higher Cu levels than any of the other organs or
ever, recorded maximum values of 4§ Zn-g@' in muscle tissue tissues (Fig. 2). The Zn levels in the liver tissue were also
of fish from a contaminated river system. A mean musclsignificantly higher than that in the muscle tissue and usually
concentration of only 28ig Zn-g* dry mass was detected in similar to the Zn levels detected in the skin and gill tissues (Fig.
Nhlanganini Dam (control). Muscle tissue at Loskop Dam corB), which were in accordance with the findings of Heath (1987)
tained a mean level of 48y Zn-g' dry mass (Tables 2 and 3) and Seymore (1994). The high levels of Cu and Zn generally
which could thus be an indication of a Zn polluted system. detected in the livers of fish can be ascribed to the binding of Cu
Zinc enters the body mainly via ingestion and absorptioto metallothionein (MT), which serves as a detoxification mecha-
through the gills and the skin (Romanenko et al., 1986). Apamtsm. Cu is also part of the liver proteins hemocuprien and
from this function, the skin also performs a role in the loss dfepacuprien and several other oxidative enzymes (Hogstrand and
metals from fish and will therefore give a good indication of thélaux, 1991). Exposure of fish to sublethal levels of other metals
metal levels to which fish were exposed in their immediatsuch as Zn can also increase the hepatic levels of Cu by mecha-
environment (Varanasi and Markey, 1978; Bezuidenhout @isms yet unknown (Sanperra et, 4983).
al.,1990). The levels of Cu detected in the skin tissue during this
study were usually slightly higher than that of the muscle tissu®ecies differences for Cu and Zn bioaccumulation
(Fig. 2) and corresponded with the levels observed by Seymore
et al. (1994) foBarbus marequensis the Olifants River. A different trend of bioaccumulation in different species of fish
Liver and gills are target organs for Cu toxicity in fish andas stated by Murphy et al. (1978) and Vos and Hovens (1986) was
there is usually a positive correlation between the Cu concentgrominent in the results of this study, and in particular for Cu
tions in the liver and gills and in the environment. The fact thdioaccumulation (Figs. 4 and 5). Species differences were also
fish are able to regulate metal uptake to a certain extent, comgrominent in the accumulation of Cu and Zn in the different
cates this correlation (Segner, 1986). The levels of Cu in the gitisgans/tissues sampled, and the highest level of Zn was usually
of fish were usually significantly higher (P<0.05) than those imccumulated in the gills and skin ©f mossambicuand in the
muscle and skin tissue while Zn levels were generally onlgills and liver ofC. gariepinugFig. 3). A small species difference
significantly higher than those in muscle tissue. These high Gor Cu and Zn levels in muscle tissue was also evident, similar to
and Zn levels in the gill tissue can possibly be due to the fact ththe findings of Eustace (1974).
fish gills play a distinct role in metal uptake from the environ-  Species differences in Cu and Zn bioaccumulation could be
ment. The gills are in direct contact with the contaminatedscribed to differences in feeding habits and behaviour of the two
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species. Oreochromis mossambicueeds primarily on plant Loskop Dam
material and detritus (Deacon, 1988). Juveniles take many smalie Cu levels il©. mossambicugnded to decrease with reduced
crustaceans but mainly feed on algae, especially unicelluliows (February 1994 to November 1994) and to increase with
diatoms. Larger specimens feed on filamentous green algae amcreased flows (November 1994 to February 1995). This
adults also ingest aquatic insects, crustaceans, earth wormisservation opposes most trends often described in the literature
small fish as well as bottom sludge rich in organic matéarias  for the relation between flow and metal concentrations in fish
gariepinuson the other hand, is an omnivorous scavenger arf8eymore, 1994). This is because metal concentrations in the
predator of other fish and is mainly associated with the bottomater tend to be diluted by higher flows during the rainy seasons.
(especially when muddy)Daphnia pullexand other planktonic Increased Cu input into the system by point or diffuse sources
organisms are important food items for younger specimens dfiring the times of higher flows could explain the higher levels
C. gariepinugPienaar, 1978; Skelton, 1993). Copper and Zn af Cu detected in the water during these periods (Fig. 4). An
known to have an effect and also to be accumulated by aqudticrease in the Zn concentrations in the water during February
biota such as fish and crustaceans (Memmert, 1987; Zou and BA95 caused a great increase to occur in the sediment Zn concen-
1994) and aquatic plants (Von Ayfer, 1977; Ward et1886). tration. During this period an increase in Zn accumulation was
Aquatic plants, algae and invertebrates generally seem to be malgo detected in the fish, possibly due to this increased Zn
resistant to Cu than fish (Alabaster and Lloyd, 1980) and they &kposure. As the Zn precipitated out and was adsorbed onto the
contribute a large amount to the diet of both species samplestdiment particles, it caused very high levels of Zn to be detected
Large amounts of silt are also taken in with the food sources lbyring the next survey (May 1995).
both species, and especially 8y gariepinus Silt particles play
an important role in the transport and availability of metals adlamba Weir
they are adsorbed onto the silt particles (Von Ayfer, 1977; Giesthe higher Cu levels detected in the fish at this locality during
and Wiener, 1977; Ward et al., 1986; Heath, 1987). Elevategriods of higher flow could possibly be ascribed to the following
metals were also detected in the sediment samples collecfgtenomenon: The Olifants River and Mamba Weir especially, is
during this study (Kotze, 1997). Most metals are furthermorenown to be affected by siltation during high flow periods
known to become more bioavailable and have increased toxicfBuermann et al., 1995). As previously mentioned, both Cu and
with decreasing pH (Shaw and Brown, 1973). The pH in th#n tend to be adsorbed onto sediment particles, thus reducing the
stomach of0. mossambicudecreases significantly (from abovelevels of these metals in the water. Increased turbidity is,
6 to as low as 2.9) after feeding commences (Deacon, 1988). Th@wvever, caused by higher flows and also by the flushing of the
reduction in pH could thus result in metals becoming morPhalaborwa Barrage. This results in fish being brought into
bioavailable from the food sources and silt in the stomach. Tleentact with the silt in the water. Gills are known to be clogged
metals could therefore be taken up via the intestine, causibg these fine sediment particles and the situation can even lead to
increased metal levels in the fish which could result ithe suffocation of the fish (Buermann et al., 1995). This stressful
bioaccumulation. Biomagnification of metals is thus also aituation will also cause an increase in respiration and other
possibility in this aquatic ecosystem but an investigation wilnetabolic processes, increasing uptake of pollutants from the
have to be undertaken to evaluate the metal concentrations avater and thus causing increased metal levels in the fish during
their subsequent release in the different food sources of fish. Thigher flows. Increased water temperature and flows during this
above-mentioned factors may well play a definite role in thperiod could also have caused increased metabolic rates with
differences of the metal levels accumulated by the two specigesultant elevated bioaccumulation of metals. The gradual
increase of Zn itC. gariepinusover the study period could be an
Temporal differences in Cu and Zn bioaccumulation indication of chronic exposure to elevated Zn concentrations at
this locality. This also coincides with the Zn levels detected in the
The temporal variation of metal levels in fish tissue is usuallwater and sediment (Fig. 5), indicating continued and progressive
ascribed to the variation in climatic conditions (e.g. rainfall) agn pollution at this site.
well as fluctuation in pollutant input into a system. The temporal
accumulation of Cu and Zn differed between Loskop Dam an8patial differences in Cu and Zn bioaccumulation
Mamba Weir (Figs. 4 and 5). These two localities are distantly
separated as Loskop Dam is situated in the upper catchment &stause levels of metal bioaccumulation in fish give an indica-
Mamba Weir in the lower catchment of the Olifants Rivetion of the extent of chronic exposure of fish to metals, it can be
(Fig. 1). Their individual subcatchments vary in pollutant inputsised effectively to evaluate the health of an aquatic ecosystem by
via point and non-point sources, as well as flow regimes to a less@entifying potentially impacted areas. Copper and Zn levels
extent. Temporal accumulation trends at these localities adetected in the fish during this study also indicated different
therefore discussed separately. impacts of these metals in the different areas investigated. Gills,
In general, the temporal trends of Cu and Zn bioaccumulatiakin and liver tissue of both fish species sampled at Mamba Weir
in both species did not correlate with the temporal trends witontained higher concentrations of Cu than fish sampled at
nessed for the total Cu and Zn concentrations in the water. Thigskop Dam (Fig. 2). Copper levels in the water and sediment
is possibly due to the fact that the metal concentrations detectedre also higher at Mamba Weir than Loskop Dam. These results
in fish tissues are due to the exposure of fish to concentrationstiofis indicate Mamba Weir to be more Cu polluted than Loskop
metals previous to the time of sampling. Levels of metal bidam. The elevated levels of Cu in the biotic and abiotic
accumulation in fish thus give an indication of exposure of fishbomponents of Mamba Weir could be a result of the mining
to metal levels in their immediate environment over time, whilactivities in the Phalaborwa area upstream of this locality.
water samples are merely a snapshot of a condition at the timeQreochromis mossambicsampled at Phalaborwa Barrage had
sampling. accumulated significantly lower levels of Cu than at Mamba
Weir, which is approximately 20 km downstream. This differ-
ence could possibly be ascribed to the influence of the Selati
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River, a highly polluted tributary of the Olifants River, whichwith the levels of Zn detected in the water and sediment (being
converges with the Olifants River before it enters the KNP aenerally lower than the other localities).
Mamba Weir. The Selati River drains the mining areas of From these results itis thus evident that both Loskop Dam and
Phalaborwa and receives effluent from these mines and is thkkamba Weir, but the latter to a greater extend, are being
main contributor to the degradation of the Olifants River watdmpacted by elevated levels of Cu and Zn. When compared to the
quality in this section of the river. This negative impact of théevels of Cu and Zn detected @ gariepinus,sampled in an
Selati River on the Olifants River was also detected by Seymaredustrial and mine-polluted lake (Gauteng) by Bezuidenhout et
et al. (1994). al. (1990), all localities surveyed seemed less impacted. Only
The control site (Nhlanganini Dam) should have indicatediver tissue contained higher levels of Cu and Zn than the levels
metal levels in a natural and “unpolluted’ system. This wasletected by Bezuidenhout et al. (1990) for the polluted Germiston
however, not always the case. Copper levels detected in the wateke. Again this could indicate that fish in highly polluted
and sediment were relatively high when compared to the othgystems decrease their liver metal concentrations to a greater
localities. It has to be stressed that these findings were basedeatent than fish in a less polluted system, through regulation of
the data of a single water and sediment sample. The higher their metal concentrations. Seymore (1994) also investigated the
levels at Nhlanganini Dam could, however, be due to naturektent of metal pollution in the Olifants River at Mamba Weir in
causes such as geological impacts and polluted groundwatBarbus marequensisCopper levels detected during this study, in
Furthermore, the area of this locality is known to be impacted @l tissues except muscle, were usually lower than the levels
air pollution from the mining industry in the Phalaborwa area andketected by Seymore (1994). Zinc levels were, however, usually
high levels of Cu depositioning have been recorded in the arbmher.
(Grobler, 1996). There were, however, some definite differences
between Nhlanganini Dam and the rest of the sites samplédonclusion
Muscle, gilland skin tissues of both species sampled at Nhlanganini
Dam had significantly lower levels of Cu than at Loskop Dam antlhis investigation of the bioaccumulation of Cu and Zn gave a
Mamba Weir, but Cu and Zn levels in the liver tissue of fislyood indication of the present state of metal contamination of fish
sampled at Nhlanganini Dam were usually significantly highein the upper and lower Olifants River. Bioaccumulation differ-
(P<0.05). This could possibly indicate that fish at Loskop Darances for Cu and Zn were usually not significant between
and Mamba Weir have been chronically exposed to these metdifferent age groups or between males and females. Species
and thus have had to regulate their levels to a much greater exifferences in Cu and Zn accumulation occurred and were prima-
than fish at Nhlanganini Dam. When fish are exposed to elevately ascribed to the differences in the feeding habits and behaviour
metals they will strive to detoxify their bodies of the pollutant asf the two species sampled. The pattern for Cu accumulation in
effectively as possible. It is possible that they will overthe different organs/tissues was liver > gills > skin > muscle and
compensate and thus decrease the metal concentration in thigis generally agrees with the literature. No definite trend for Zn
liver (detoxifying organ) to a level, lower than those usuallioaccumulation in the different organs/tissues was observed.
detected under unpolluted conditions. The liver will thereforeiver, gill and skin tissues all accumulated high levels of Zn.
contain higher metal levels during normal conditions (liver act&enerally, muscle, gill and skin tissues indicated similar trends
as a storage organ for metals through the binding witbf accumulation but differed from liver tissue. Both Loskop Dam
metallothioniens) than under polluted conditions (liver acts asnd Mamba Weir were found to be impacted by sources of Cu and
detoxifying organ in an attempt to decrease body metal concetn pollution. The situation at Mamba Weir was ascribed to the
tration). This could have been the cause of fish at Nhlanganimpact of the highly polluted Selati River. This influence could
Dam containing significantly higher (P<0.05) Cu and Zn levels ibe highly negative to the aquatic biota and affect the biotic
their livers than fish at Loskop Dam and Mamba Weir. integrity of the Olifants River and thus needs to be urgently
Similar to Cu, Zn tended to be adsorbed onto suspendaddressed. Mamba Weir and riverine sites upstream of Loskop
particles in the water and thus precipitated out at the bottobam should be monitored more regularly and by means of an
(Skidmore, 1964). Changes in water quality, like decreasing phitegrated approach, including the investigation of fish, macro-
causes this bound Zn to become bioavailable again. The levilsertebrates and aquatic and riparian habitat. This level of
of Zn to which fish sampled in this study have been exposedonitoring could produce sufficient information to implement
are much higher than the target water quality range value of Dgtter management strategies which would reduce the present
Zn+* for South African aquatic ecosystems (DWAF, 1996). Theegative impacts.
fact that Zn is less toxic to fish in hard water (e.g. the Olifants
River) could have reduced the impact as the amount of bioavaila\eknowledgements
Zn could have been decreased (Mattheissen and Brafield, 1975;
Alabaster and Lloyd, 1980). Muscle and skin Zn levels detectathanks are due to Dr A Deacon, Mr G Strydom and other staff
at Loskop Dam were usually significantly higher (P<0.05) than ahembers and students of the Kruger National Park that assisted
Mamba Weir, but gills and liver tissues indicated the opposit@ the field work of this project. Funding was provided by the
trend (Fig. 3). The levels of Zn in the water and sediment &ater Research Commission, Rand Afrikaans University and
Mamba Weir were higher than those at Loskop Dam, thusoundation for Research Development.
corresponding in this case with observed trends for liver and gill
Zn concentrations. Muscle and gill tissues of fish sampled References
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