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Abstract

Thispaper presentstheuseof an equilibrium partitioning (EP) method to derivegenericquality criteria. Quality criteriafor dissolved
concentrationsin water, total water concentrations and total sediment concentrationswere derived from direct-effect data (aquatic
toxicity data) and product standard data (human consumption standards). Both sets of datawere obtained from physico-chemical
and bioaccumul ation field measurementsinthe Olifantsand Sel ati Rivers, South Africanwater quality guidelinesand South African
product standards. Emphasisislaid ontherelation between effect and local physico-chemical data. Exampleshave been givenfor
copper and zinc. Even with the acknowledged shortcomings of the EP methodsthe derived quality criteriafor water and sediments

were comparable to quality criteriafrom other countries.

Introduction

Environmental risk assessment and water quality management are
becoming increasingly important issues, particularly in view of the
large numbers of contaminants entering the aquatic environment
that are harmful to thefunctioning of an ecosystem (Van Leeuwen,
1990). The water quality in South African rivers is gradually
deteriorating and the social and economical changes taking place
affect the way in which water quality has to be managed.

In South Africa water quality management is defined as the
effort to control the physical, chemical and biological characteris-
tics of water in such away that the fitness-for-use, by recognised
water users, isunimpaired (Moore et a., 1991). Prior to 1990 the
Department of Water Affairs and Forestry (DWAF) controlled
water quality and water pollution from point sources by requiring
effluent to meet either uniform effluent standards (UES) or special
effluent standards, which were set at technol ogically and economi-
cally feasiblelevels(Vander Merweand Grobler, 1990). A new era
inwater quality management wasentered with the promul gation of
thenew National Water Act (Act 36 of 1998). Thecentral departure
of the Act is the concept of resource use being dependent on
resource protection. It also recognisesthat water quality should be
extended to resourcequality andincludethe quantity and quality of
the water itself, the instream and riparian habitat (therefore the
geomorphological structure of the system), theinstream biota, and
the associated riparian biota.

The aquatic environment differs from the other recognised
water users (domestic, agricultural, recreational and industrial) in
that aquatic ecosystems are essential to maintain the biological
integrity necessary to ensure the sustained fitness-for-use of the
water resources not only for the aguatic environment itself but also
for the other user sectors. Itisnot asimpletask to set water quality
management objectivesfor the aquatic environment, since aquatic
ecosystems may differ considerably from each other and have
unique propertiesdictated by the natural conditionsprevailingina
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specific system. In addition changeis an important characteristic
of aguati c ecosystems since speciescomposition, rate processes, as
well as degree of complexity and many other community charac-
teristicschangeover time(Chapman, 1991). Itisfor thisreasonthat
general water quality guidelines cannot be regarded as blanket
valuesbecausethey may beover- or under-protective(Mooreetal.,
1991). Water quality standards or guidelines must therefore be
aimed at taking regional differences into account.

At present water quality guidelines are based on the overly
simplistic and entrenched philosophy that emphasises only dis-
solved chemicals and the water column. Very little attention has
been paid to devel oping criteriafor sediment bound chemicals. In
environmental chemistry the term equilibrium partitioning refers
to the relationship between the concentration of asubstancein the
water column and the concentration in the non-water phase, which
is in contact with the water. The equilibrium partitioning (EP)
method wasfound to bearel atively simpleand applicative method
to derive quality criteria (Shea, 1988).

The EP method models the co-occurrence of chemicals in
water and sediments as a state of thermodynamic equilibrium,
which can be regarded as a sorption equilibrium. If a direct
relationship can be formulated for a chemical, it is possible to
estimate quality criteriafor sediments from the quality criteria of
water, whichinturn, arederived fromtoxicity tests (Van der Kooij
et a., 1991). The EP approach requires four major assumptions:

« Partitioning of chemicals (i.e. metal concentrations) between
the overlying water and interstitial water is stable at equilib-
rium.

e Thesensitivitiesof benthic speciesand speciestested to derive
water quality criteria, predominantly water columnspecies, are
similar.

« Thelevels of protection afforded by water quality criteriaare
appropriate for benthic organisms.

e Exposures are similar regardiess of feeding type or habitat
(USEPA, 1993).

Itisacknowledged that the EP methodissimplistic sinceit doesnot
make provision for the route of exposure or environmental factors
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TaBLE 1
CompPARISON OF DissoLVED CoPPER AND ZINC CONCENTRATIONS IN THE OLIFANTS RIVER AND SELATI
RivER WiTH OTHER RIVERS. CONCENTRATIONS ARE PRESENTED AS Hg 4!
River Copper Zinc References
Olifants River (Balule) 189 101.4 This study
Olifants River (Mambaweir) 16.4 74.2 This study
Selati River 16.3 35.8 This study
Huanghe River (China) 9.6-15.4 0.66-15.4 Zhang and Huang (1993)
Changjiang Estuary (China) 11.5-134 0.4-0.79 Edmond et al. (1985)
St Lawrence River 2521 86.5 Y eats and Bewers (1982)
Mississippi River 14.72 1.98 Trefry et a. (1986)
Shiller and Boyle (1987)
Amazon River 15.42 0.2-25 Boyleet al. (1982)
Shiller and Boyle (1985)
Orinoco River 12.16 1.32 Shiller and Boyle (1985)
Rhéne River 14.5-32.9 12.1-69.3 Unpublished data reported
by Zhang and Huang (1993)
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Map indicating sampling stations where water, sediment and axial muscle samples were collected. Sampling Site A is situated near
Balule Rest Camp, Site B below Mamba Weir and Site C in the Selati River.
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which affect the speciation of metals. However, the application of
the technique has been proven to be realistic from atoxicological
point of view (Connell et al. 1988; Jansen et al. 1997).

The concentrations of copper and zinc in the water of the
Olifantsand Selati Riverswerecomparabletoandinthesameorder
of magnitudeasconcentrationsintheMississippi, St Lawrenceand
Rhéne Rivers (Table1). These are all large North-American and
European rivers and the high dissolved trace metal concentrations
areconsideredin closerel ationto anthropogeni ¢ contaminant input
(Trefry etd., 1986). Thewater quality of the OlifantsRiver, inthe
Kruger National Park, isinfluenced by siltation (duetoinjudicious
agriculture practices) and mining effluent (Venter and Deacon,
1992). It is well documented that metals from mining effluents
adsorb to sedimentsand suspended particlesintheaguatic environ-
ment (FOrstner and Wittman, 1979). Sinceextensivedataon metal
concentrationsin water phases, sediment, and fish were available
for the Olifants River (Wepener 1997) it provided the opportunity
to apply the EPtechniquein deriving quality criteriafor water and
sediment.

This paper investigates the use of the EP method to derive
quality criteria for two metals, i.e. copper and zinc using data
obtained fromthe OlifantsRiver. Criteriafor thewater (dissolved)
phase, total concentration in the water (dissolved and particul ate)
and sediment were devel oped based on aguatic toxicity tests and
product standardsfor the two metals. Emphasiswas placed onthe
rel ationship between toxic effect dataand physio-chemical datain
the development of the quality criteria.

Materials and methods

The determination of quality criteria for copper and zinc was
carried out by employingtwo formsof datasetsi.e. toxic effect data
and product standards.

Toxic effect data

Thetoxic effect dataused for setting the quality criteriawere based
on the South African water quality guidelinesfor the protection of
aguatic ecosystems (DWAF, 1996). The development of the
guidelines was derived from the results of toxicity tests, which
provided a degree of environmental realism and applicability
(Roux et al., 1996). For the purpose of thisassessment the chronic
effect values (CEV) for copper and zinc were selected since they
provide protection to most aquatic organisms even during chronic
exposure.

Product standards

For many chemicals including copper and zinc, maximum allow-
able concentrations in foodstuffs for human consumption (e.g. in
fish) are available (Verheul, 1992). These critical concentrations
inorganismsor tissuesaretrandated into critical concentrationsin
water by means of a bioconcentration factor (BCF). Therational
behind using product standard concentrations is based on the
assumption that concentrations, which are deemed acceptable for
human consumptive purposes, will a so provide protectionto other
aguatic organisms.

Axia musclesampleswerecollected bimonthly from February
1990to February 1992 from different fish speciesat two sampling
stations in the Olifants River (Fig. 1, Stations A and B) and one
stationin the Selati River (Fig. 1, Station C). Tissue sampleswere
collected from Oreochromis mossambicus (M ozambiquetilapia),
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Labeo rosae (red-nosed mudfish), Barbus marequensis (large-
scaleyellowfish), Clarias gariepinus (African sharptooth catfish)
and Hydrocynus vittatus (tigerfish - only at Station A). Thelarge
numbers of fish species sampled provided samples which are
representative of different trophic positionsin the ecosystem. The
rational behind the frequent sampling protocol over a two-year
period was to provide bioaccumulation data during the different
environmental conditions experienced during different seasons
and flow conditions in the Olifants and Selati Rivers.

The tissue samples were prepared and analysed with aVarian
AA Spectre-10 atomic absorption spectrometer. Du Preez and
Steyn (1992) present a detailed description of the methods and
techniques used in the preparation of tissue samples. Total copper
and zinc concentrationsin the axial muscletissueweredetermined
by standardised atomic absorption spectrophotometrical (AAS)
techniques.

Water samples were aso collected from these sampling sta-
tionsand copper and zinc concentrationsweremeasured. TheBCF
was calculated as the ratio of the chemical concentration in the
muscle tissue to the total concentration in the surrounding water
column (Hawker and Connell, 1991).

BCF = C,/C, )
where:
BCF bioconcentration factor (¢-kg?)

content of chemical in organism (ug-kg™)
concentration of chemical in the water (ug-¢?)

org

C

w

Solids-water partition coefficient

The BCF's and toxic effect data were trandlated into critical
concentrations in solids by using a solids-water partition coeffi-
cient. Solids-water coefficients (K_,) were derived from field
measurements of copper and zinc concentrations in water before
and after filtration (Van der Kooij et al., 1991). Duplicate water
samples and sediment samples were collected from the af oremen-
tioned sampling stations. A known volume (200 m¥) of thefirst set
of water samples wasfiltered through 0.45 pum filter paper (Singh
etal., 1988). Thefiltratewasretained and 50 méwastransferredto
an Erlenmeyer flask and acidified with 5 m¢ HNO, (analytical
grade). Thesecond set of unfiltered water samplesweretransferred
to a100 m¢ Erlenmeyer flask and acidified in the same manner as
the filtered samples. The water samples were evaporated on a
hotplate, reducing it to 2 m¢. The samples were transferred to a
50 m¢ volumetric flask and carefully made up with doubly-distilled
water. Sediment sampleswere collected from the same stationsas
water and tissue samples. Total metal extraction of 1 g (dry mass)
sediment was performed with 55% HNO, and 70% HCIO,, and
copper and zinc concentrations were determined by AAS.

According to Aiking and Bruggeman (1987) the concentra-
tions of micropollutants in sediments differ systematically from
concentrationsin suspended solids in the water column above the
sediments. Theratio of concentrationsin the suspended matter to
sediment (r) was obtained by cal cul ating the concentration rati os of
metal concentrations in the suspended phase (the difference be-
tween the total metal concentrations and the dissolved metal
concentrations) and sedimentsfrom the Olifants and Selati Rivers
aspresentedin Table2. Thedimensionlessratio (r) wassubstituted
in Egs. (5) and (8).

The K, values were calculated with the following equation:

K, =(C

sw total

Cwater) / (SM X Cwater) (2)
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TABLE 2

1994 Anp WEPENER, 1997)

MEeaN CoNCENTRATIONS OF CoPPER AND ZINC MEASURED IN WATER AND SEDIMENT SAMPLES AND
THE CALCULATED SoLIDS-WATER PARTITIONING COEFFICIENT FROM SELECTED SITES IN THE OLIFANTS
AND SELATI RIVERs FROM FEBRUARY 1990 To FEBRUARY 1992 (DATA AFTER SEYMORE ET AL.,

With both the CEV and product
standards, quality criteria can
be calculated. This procedure
yields two sets of criteria for
each chemical.

Copper Zine Rgsults and discussi_on
with sample calculations
Balule Mamba Selati Balule Mamba Selati .
weir River weir River Toxic effect and product
standard values
Total concentration
in water (Ug-¢) 58.1 34.8 72.9 483.9 338.2 5788 | The water quality guidelines
Dissolved concentration (CEV values) for copper and
in water (ug-¢Y) 189 16.4 16.3 101.4 74.2 358 | zincare0.8and 2 ug-L* respec-
Total concentration tively (DWAF, 1996). Theprod-
in sediments (mg-kg™) 253 247 138.8 48.6 337 337 uct standard for maximum
K., (g 74.07 4791 | 12401 | 13472 | 12707 | 54170 | @alowable concentrations of
metals in fish tissue for con-
sumption in South Africa is
where: reported as 30 pg-kg? and 40 pg-kg for copper and zinc respec-
Coa = total concentrationinthewater beforefiltration (ug¢*)  tively (Verheul, 1992).

concentration in the water phase after filtration (ug-¢?)
concentration of suspended matter (g-¢*)

water

The suspended matter concentration used in Eq. (2) was taken as
the median value recorded for suspended matter concentrations
measured monthly at Mamba Weir in the Olifants River during
1992 (Bauermann et a., 1995).

Thefollowing equations for determining quality criteriawere
taken from the equations proposed by Van der Kooij et al. (1991):

Toxic effect data
The South African water quality quidelinevalue (CEV) wasused
asquality criterion for the chemical in the dissolved phase (Cr* ):

©)

The CEV-related criterion for total metal concentration (Cr* ) in
water was calculated as:

Crt, =CEV

Cr, = Crl, x (1+K_, x SM) 4

Finally the CEV-related criterion for metalsin the sediment (Cr?
was calculated as:

sed)

Cr = (K, xCrt)/r (5)
The r-value was taken as the concentration ratio of suspended
matter to sediment and is presented as a dimensionless value.

Product standard data
Starting from aproduct standard the criterion for dissolved metals
(Cr?,) can be calculated by using the equation:

Cr2,=C,,/BCF (6)
The product-related criterion for total metalsin water (Cr? ) was
calculated as:

Cr2 = C, X (1+K,, x SM) / BCF (7)

Theproduct-related criterion (Cr?_ ) for metalsinthe sediment was
obtained by using:

Cr_=(K,xC, )/rxBCF 8

org
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The copper and zinc BCFs for fish species at the different
sampling stations are presented in Table 3. It was noticeable
that the copper BCFs in substrate feeding fish (i.e. L. rosae and
O. mossambicus) and to alesser extent C. gariepinus, were much
higher (>200) thantheBCFsin B. marequensisandH. vittatus. The
zinc BCFsin C. gariepinus and B. marequensis were higher than
those reported for the other species. A comparison with other
resultsfrom systemsin South Africareveal ed that zinc BCFswere
similar tothosereportedinfishtissuefromtheupper OlifantsRiver
catchment, Crocodile Rivers and the Elsburg and Natalspruit
wetland systems. However, the BCFs from the Southern African
systemswerefar lessthan BCFsreported for fish (C. commersoni)
from metal-polluted lakes in Canada. Copper BCFs from the
Olifants River system (including Loskop Dam) were higher than
values recorded in fish from the industrial and sewage polluted
Elsburg and Natalspruit wetland. They were, however, similar to
BCFs recorded in fish tissue from metal-contaminated lakes in
Canada (Miller et al., 1992).

TheBCFsfor biotareportedintheliteraturefor copper andzinc
display awiderangefrom <100to 50000 (USEPA, 1979; USEPA,
1980; Manceand Y ates, 1984). Themajority of the BCFvaluesfor
fishisin the lower range of <100 to 1 000. According to Taylor
(1983) the bioaccumulation potential of chemicalsin fish varies
from insignificant (<100) to highly significant (>1 000).

The results from this study supported the findings by Taylor
(1983) that BCFs for copper and zinc decrease with increasing
trophiclevel (i.e. highBCFsinL. rosae- asubstratefeeder andlow
BCFsin H. vittatus - a piscivorous feeder). In order to obtain an
integrated BCF value for all trophic levelsthe geometric mean for
all the specieswastaken for each BCF. Thisisin accordancewith
the methodologies adopted by Van der Kooij et al. (1991) for
cadmium BCFs.

Solids-water partition coefficient

The solids-water partition coefficients, water and sediment con-
centrations for copper and zinc are presented in Table 2. The bi-
monthly metal concentrationsonwhichtheconcentrationsused for
the calculations in this study were based, as well as the physico-
chemical conditions during each sampling survey are presented
elsewhere (Seymore et al., 1994). The K, valuesfor both copper
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TABLE 3 TABLE 4
BiocoNCENTRATION FACTORS FOR CoPPER AND ZINC IN MuscLE TISSUE OF DATA Usep To DETERMINE QUALITY CRITERIA
FisH SAMPLED FROM DIFFERENT SAMPLING STATIONS IN THE OLIFANTS RIVER, ForR CoPPER AND ZINC
SELATI RIVER AND OTHER SYSTEMS
Copper Zinc
Species and reference Sampling site Copper Zinc
K,, €99 74.04 130.9
Oreochromis mossambicus Balule 102 38 BCF (¢kg) 103 69
(Wepener, 1997) Mamba Weir 155 44 C,. (Hgkg?) 30 40
Selati River 949 35 Sl\/? (mg?) 0.028 0.028
Labeo rosae Balule 250 69 CEV (ugt?) 0.8 2
(Wepener, 1997) Mamba Weir 403 63 r 15 15
Selati River 207 50
K,  Solids-water partition coefficient
Barbus marequensis Balule 103 142 BCF  Bioconcentration factor
(VanVurenetal., 1994) Memba Weir 158 164 . Product standard concentration value
Selati River 85 120 ] Concentration in suspended matter
Clarias gariepinus Balule 61 117 CEV  SA water quality guideline-related
(Maartens, 1994) Mamba Weir 75 189 toxic effect concentration
(Du Preez et al., 1997) Selati River 52 182 r Suspended matter to sediment concen-
tration ratio.
Hydrocynus vittatus Balule 36 14 1 See discussion text for reason why
(Du Preez and Steyn, 1992) calculated value was not used.
Oreochromis mossambicus Phalaborwa Barrage 43
(Grobler et al., 1994) product standards were used for the calculations.
. ) Since very limited field data were available, the
%?gaee:rgte;refégj) PhaILaé);)(r\évpag ;rnrage gg lowest concentration ratio suspended matter:
' sediment (r) was selected for calculating the crite-
Freshwater fish Crocodile River 70 rionvalues. Thiswasdoneto limit theinfluence of
(Roux et al., 1994) site-specific conditions on the data (i.e. the ex-
tremely high r-value of 7.9 found in the Olifants
Oreochromis mossambicus Loskop Dam 430 43 River system). A singler-valueforinorganic chemi-
(Kotzeet a., 1999) cals can only be refined once more data on sus-
. pended matter and sediment concentrations are
Barbus aeneus Neialspruit wetland 22 67 available for South African systems. For the pur-
Labeo umbratus 35 53 posesof calculating criterion valuesther-valuefor
copper, i.e. 1.5 wasused. Thiswasin accordance
Clarias gariepinus 20 76 with r-values reported for inorganic chemicalsin
(Van Eeden, 1990) the Netherlands (Van der Kooij et al., 1991).
In order to illustrate the above-mentioned ap-
Ca’gostorms commer soni Metal-(:(_)ntami nated lakes| 172 410 proaches an example for copper at Balule is pre-
(Miller et &l., 1992) in Canada sented. The calculated criterion values for copper

and zinc were highest for the Selati River and the Balule station in
the Olifants River. Furthermore, K, vauesfor zinc were greater
thanthosefor copper at all thestationssampled. Thegreat variation
in K_, values are a product of the different physico-chemical
factors, e.g. pH, dissolved oxygen, salinity, etc. experienced at the
three sampling sites used in this study. The solids-water partition
coefficientswereasimilar order of magnitudeto thosereported for
copper and zinc in Dutch rivers (Van der Kooij et al., 1991). For
the purposes of calculating the criterion values, asingle K, value
was used for copper and zinc. In accordance with the methodol o-
gies used by Van der Kooij et a. (1991) the K_, values for the
individual metals were obtained by calculating the median of the
availableK , valuesfor surface waters(Table4). It must beborne
in mind that the K, values are based only on the results from two
rivers and would change as water quality from more systems are
added.

The field data obtained during this study were substituted into
the equations and both types of effects i.e. the toxic effect and
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and zinc are summarised in Table 5.
Example: Copper

Starting with the direct toxic effect data
As quality criterion in the dissolved phase the water quality
guideline value (CEV) is used:

Cr CEV
0.8 ug-¢*

By using Eq. (4) the CEV-related criterion for total copper concen-
tration in water is calculated as follows:

Crt

tot

Crt x (1+K_, x SM)
0.8 ug-t* x (1+74.04 £.g* x 0.028 g-t*)
2.46 gLt

The CEV-related criterion for total copper in sediment was cal cu-
lated using Eq. (5).
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TABLE 5
CoprPER AND ZINC QUALITY CRITERIA FOR TOTAL, DissoLVED
AND SEDIMENT CONCENTRATIONS USING THE PHYSICO-CHEMICAL
AND BioLocicaL DATA FROM THE OLIFANTS AND SELATI RIVERS
AS AN ExAmPLE

Copper Zinc
Crt Cr? Crt Cr?
Cr,, (gt 0.8 0.29 2 0.58
Cr (ngt?) 2.46 0.9 9.33 27
Cr_,(ug-g?) 39.49 14.38 174.53 50.59

Cr,,  Concentration in dissolved phase
Crl  Toxic effect-derived quality data
Cr Total concentration

tot

Cr? Product standard-derived quality data

Cr_,  Concentration in sediment

Cr, = (K, xCrl)/r
= (74.04tg'x0.8ug¢tY) /15
= 39.5ugg?

Starting with the product standard
Starting from the product standard for copper the criterion for
dissolved copper can be calculated using Eqg. (6):

Cr?

w

C,,/BCF
30 ug-g*/103.9¢g*
0.29 pg-¢*

The product standard related criterion for total concentration of
copper in water has been calculated using Eq. (7):

Cr?

tot

CogX (1+K _, x SM) / BCF

30 ug-gt x (1+ 74.04 t-g* x 0.028 g+¢1) / 103.9¢.g*
0.9 ugt

Finally the product-related criterion for copper in sediment has
been obtained using Eq. (8):
Cr?

sed

(K, X Corg) /rx BCF
74.04¢.g*x 30 ug-gt/ 1.5x 103.9¢.g*
14.38 pg-g*

Althoughtwo typesof effectswere used to derivecriteria, only one
criterion per substance can beused. AccordingtoVan der Kooij et
al. (1991) the definite criterion is obtained by choosing the lowest
value. The results from this study indicated that the product
standard-based criteria produced the lowest values. However, for
the purposes of this demonstration in criteria development the
product standard-based criteria were discounted. The reason for
thisbeing that the South African product standard concentrationfor
copper andzincfor fishconsumptionisdeemed unrealistically low.
Thisis seen against the background of the Netherlands cadmium
product standard for fish consumption (Van der Kooij et al ., 1991),
which is higher than the South African standards for copper and
zinc (viz. 50 ug-kgt against 30 pg-kg*and 40 ug-kg respectively).
This does not mean that product standard-derived criteria are
unsuitable for future use. A revision of the South African metal
product standards for fish consumption to moreredlistic valuesin
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line with international standards could make this method applica-
ble. By way of example, if the product standards for copper
and zinc were to increase to more realistic concentrations of 80
pg-kg! and 120 pg-kg? the criterion values for sediment would
changeto38.3ug-gtand 151.8 ug-grespectively. Thesecriterion
values are in close agreement with the toxic effect-based criteria.
Similarly the dissolved- and total water concentration criteria
would approximatethetoxiceffect-based criteria. For thepurposes
of therest of thisdiscussion thetoxic effect-based criteriaare used.

The toxic effect-based quality criteria derived for copper and
zinc in the dissolved phase are in line with criteria from other
countries (Table 6). The copper and zinc criteria val ues obtained
for total metal concentrations (dissolved and in the particulate
phase) were less stringent than the water quality criteria for
dissolved concentrations but still remained within the same range
as criteriafor other countries (Table 6). Dueto thelack of toxico-
logical data, environmental quality criteriafor sediment and sus-
pended matter are derived from water quality standards (Van Den
Hoop, 1993). Thisis achieved by multiplying the water quality
standard with an EP coefficient. Thetoxic effect-derived sediment
quality criteria for copper (39.5 pg-g?) and zinc (174.5 pg-g3),
obtained in this study, were very similar to the Netherlands sedi-
ment quality standards (Cu - 36 and Zn - 140 ug-g* respectively).
The sediment quality criteria are also similar to USA sediment
quality criteria,i.e. 34 ug-g*Cuand 150ug-gt Zn (OSWER, 1996).
The USA sediment criteria were also derived using the EP ap-
proach.

The EP method discussed in this paper demonstrated how it is
possibleto make use of two types of criteriato successfully derive
quality criteriafor water and sediment. However, itisessential that
the disadvantages of using this methodology be borne in mind.
Significant complexities are associated with inorganic chemicals
when using the EP approach. Uptake (and therefore effects) of
sediment-associated contaminants is largely a function of
bioavailability. Bioavailability isstrongly influenced by acomplex
suiteof physical, chemical and biological factorsin the sediments.
Tracemetalscan beadsorbed at particle surfaces, bound to carbon-
ates, occluded in iron and/or manganese oxyhydroxides, bound to
organic matter, bound to sulphide, bound to amatrix, or dissolved
intheinterstitial water. Thecomplexity of tracemetal bioavailability
associated with these phases hinders the prediction of effects
(Campbell and Tessier, 1991).

Conclusions

The use of the EP method for setting quality criteria was imple-
mented with successintheNetherlands(Vander Kooij et al., 1991)
and the results obtained from this study indicated that this method
hasmerit for deriving quality criteriain South Africa. However, at
this stage the database for metal concentrations in the different
water phasesisvery limited. Althoughthe methodology presented
inthispaper isaimed at setting genericquality criteria, thedataused
were limited almost exclusively from the Olifants River during
1990 to 1992 as this was the only suitable available data. By
including the analysis of metals in the different water phases in
futurewater quality monitoring programmesand obtai ning dataon
amore frequent basis, quality criteria could be refined to greater
degree.

It was not possible to evaluate the product standard-based
criteria objectively due to the low standard concentrations for
copper and zinc. It is therefore essential that the current South
African product standard concentrations for metals in fish for
human consumption be reassessed.
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TABLE 6
QuALITY CRITERIA FOR DissoLVED WATER AND TOTAL SEDIMENT QUALITY CRITERIA FOR COPPER AND
ZINC CONCENTRATIONS As OBTAINED IN THIS STUDY CoMPARED WITH OTHER CRITERIA VALUES.
DissoLvep CONCENTRATIONS IN WATER AND ToTAL SEDIMENT CONCENTRATIONS ARE PRESENTED IN
Hg-t*aND mg-kgt RESPECTIVELY.

Criteria Copper Zinc References

Dissolved concentration in water

This study (dissolved; total) 0.8;25 2,93 This study

South Africa 0.8 2 DWAF, 1996

Australia 10 100 Hart, 1974

Canada 4 30 Environment Canada, 1987

Netherlands 3 4.9 Cappon, 1991 & Janus, 1993

United Kingdom 1-28 8-125 Gardiner and Zabel, 1989

Total concentration in sediment

This study 395 1745 This study

South Africa 100 185 Department of National Health
and Population Development,
1991

Australia/lNew Zealand 60 200 Australian and New Zealand
Guidelines for the Assessment
and Management of Conta-
minated Sites, 1992

Germany 60 200 Topfer, 1992

Netherlands 36 140 Slooff et al., 1989 & Janus, 1993

United Kingdom 135 300 Omex Environmental Ltd., 1990

United States of America 34 150 OSWER, 1996

Switzerland 50 200 Webster et al., 1994
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