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Abstract
The Mpumalanga Lakes District consists of approximately 320 pans, of which less than 3% are classified as reed pans.
There is limited information available on reed pans and as a result they are at risk of various anthropogenic activities, for
example mining and agriculture. Four reed pans were selected and assessed to determine seasonal trends of a variety of
water and sediment quality parameters. The study took place over one seasonal cycle from 2008–2009; samples were collected seasonally to account for various hydrological extremes. Water samples were collected and their nutrient and chlorophyll a concentrations were determined, while various other water quality parameters were measured in situ. Sediment
samples were analysed for physical and chemical properties, namely, grain size and organic carbon content. The seasonal
changes in concentrations of As, Cr, Cu, Fe, Pb, Mn, Mo, Ni, Se, Sr, U and Zn were also analysed within the surface water
and sediment. Increased nutrient concentrations within the water were evident during spring and summer at some of the
sites, which influenced other water quality variables, e.g., dissolved oxygen and pH. Seasonal trends in metal concentrations
were influenced by the prevailing environmental conditions (e.g., rainfall) experienced at the selected sites as well as physical and chemical properties (e.g., grain size and organic carbon content). This study showed distinct seasonal variability
of water and sediment quality parameters in endorheic reed pans on the Mpumalanga Highveld. There is a need for further
studies on all of the different types of pans in terms of their water and sediment quality. This type of information will allow
for a sound and defensible scientific basis for the assessment of likely impacts (e.g., eutrophication), the evaluation of the
significance of these impacts, and the design of remedial and preventative measures.
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Introduction
Globally, wetland loss has been estimated to be around 50%,
whilst approximately 35 to 50% of wetlands are thought to
have already been lost or severely degraded in South Africa
(Dini, 2004; DWAF, 2004). Pans are classified in South Africa
as depressional, endorheic wetlands, which are also found
throughout the world (Goudie and Wells, 1995). These wetlands could otherwise be classified as palustrine or lacustrine,
but also possess additional features such as having a flat basin
floor and no outlet (Dini et al., 1998). In South Africa, most
pans are situated in the north-western regions in areas with a
mean annual rainfall of 500 mm (Goudie and Thomas, 1985).
Reed pans, classified as a particular type of pan, are usually
defined as pans containing dense colonies of reeds and sedges
(Cowan and Van Riet, 1998), with a floating reed-covered mat
within the pan, and usually with high water levels maintained
throughout the year (Grundling et al., 2003).
Aquatic ecosystems in South Africa, including wetlands,
are being threatened by unsustainable social and economic
activities, for example cultivation, industrial developments,
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mining and overgrazing (DWAF, 2004). The main stressors of
concern are usually toxic heavy and/or trace metal contamination, as well as nutrient enrichment (CSIR, 2010). These stressors can have a direct impact on an aquatic environment, including water and sediment quality (Driscoll, 1985; Winterbourne
et al., 2000; Dise et al., 2001; CSIR, 2010).
In South Africa, the conservation of aquatic resources is
of critical importance (Taylor et al., 2007; Ashton et al., 2008),
and the need for conservation is increasing as a result of a
decline in water quality of aquatic ecosystems due to increased
pollution (Ashton et al., 2008). If allowed to deteriorate, the
quality of water can adversely affect not only the aquatic
ecosystem of the specific water resource, but the quality of
groundwater as well (Shaw and Thomas, 1989; CSIR, 2010).
According to Dallas and Day (1993), water quality is one of the
most important factors which influence an aquatic ecosystem’s
integrity, as the distribution of aquatic freshwater organisms
is controlled mainly by water quality characteristics, including
dissolved oxygen, acidity and nutrient content.
Sediments are regarded as a sink for a wide range of contaminants, such as metals. This poses a threat to the aquatic
environment, because sediments usually contain pollutant concentrations that are far higher than those of the overlying water
(Tessier and Campbell, 1987; Bervoets et al., 1994; Williamson
et al., 1996). This occurs as a result of long-term inputs of
pollutants into the sediment which then bind to sediment
particles and organic matter (Newman and Watling, 2007).
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Figure 1
A map of the study area
indicating the location of
the specific sampling sites
in South Africa (top left),
in Mpumalanga (top right),
and in the proximity of Lake
Chrissie (bottom)

Important sediment quality characteristics that govern the sediment concentrations of these pollutants include organic carbon
content and grain size (Berkman et al., 1986; Hellawell, 1986;
Walling and Moorehead, 1989).
In South Africa, almost 10% of wetlands are thought to be
peatlands (Joosten and Clarke, 2002; Millenium Ecosystem
Assessment, 2005). These peatlands are usually valley bottom
fens, whilst some may be found in hill slope seepage areas and
inter-dune depressions (Grundling et al., 2003). Reed pans,
including one of the sites selected in this study, have been confirmed to contain peat (Grundling et al., 2003). The interaction
between organic material and pollutants, as well as the rarity of
peatlands in South Africa, highlights the importance of understanding the functioning of reed pan systems
The aim of this study was to determine the seasonal variation of a selection of water and sediment quality parameters
within selected reed pans, thereby creating a baseline from
which to determine the possible impact of land use activities
on the water and sediment quality of reed pans. This study
also aspires to contribute to a better understanding of the
functioning of reed pans, by evaluating the seasonal changes
in important sediment and water quality parameters, and, in
so doing, aid in the future management and conservation of
reed pans.
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Materials and methods
Study area and site selection
This study was conducted in the Mpumalanga Province, South
Africa, near Lake Chrissie (26° 16’ 52.02”S; 30° 12’ 38.92”E),
within the so-called Mpumalanga Lakes District (MLD). The
MLD is subjected to warm, wet summer weather and cold, dry
winters, but, unlike other pan fields, the MLD is situated in a
relatively humid area with a mean annual rainfall of approximately 800–1 000 mm and a mean annual potential evaporation
of approximately 1 600–1 800 mm (Schulze, 1997). The MLD
is located at approximately 1 700 m amsl and is located in the
middle of an extensive drainage system between the Usutu,
Vaal, Olifants, Komati and Mpuluzi catchments (McCarthy
et al., 2007). Samples were collected seasonally (2008–2009)
to reflect 4 different seasons, namely, autumn (AUT), winter
(WIN), spring (SPR) and summer (SUM), at 4 selected reed
pans (Fig. 1). These four reed pans, namely, Klein Tevrede se
Pan (KT), Groot Tevrede se Pan (GT), Goedverwachting se Pan
(GO) and Swaeltjie Pan (SW), were selected due to their accessibility as well as the fact that they experience anthropogenic
impacts to varying degrees, predominantly by agriculture and
livestock.
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Water
The in situ water quality parameters, namely, pH, electrical
conductivity and dissolved oxygen, were measured on site
using Eutech Instrument’s handheld water quality meters.
Water samples (approximately 1 ℓ) were collected in triplicate
using pre-cleaned polypropylene containers. The bottles were
first rinsed 3 times with water from the specific site before the
water sample was taken from approximately 10 cm below the
surface. These bottles were filled to the brim and kept in a cold,
dark environment to minimise the risk of chemical and biological processes occurring in the bottle whilst in transit to the
laboratory. In the laboratory the water samples were analysed
for the following variables: ammonium (NH4+); nitrate (NO3-);
nitrite (NO2-) and phosphate (PO43-). These variables were chosen as reasonable indicators of increased nutrient enrichment.
They were analysed according to the Merck Spectroquant
Guidelines and analysed using a Merck Spectroquant Photo
meter SQ 118.
The analysis of the concentrations of various dissolved
metals was also carried out on the water samples using an
inductively coupled plasma optical emission spectrometer
(ICP-OES), as well as an inductively coupled plasma mass
spectrometer (ICP-MS). The following metals were analysed
as indicators of the dynamics of metal concentrations within
reed pans: arsenic (As), cadmium (Cd), chromium (Cr), copper
(Cu), iron (Fe), lead (Pb), manganese (Mn), molybdenum (Mo),
nickel (Ni), selenium (Se), strontium (Sr), uranium (U) and
zinc (Zn).
Chlorophyll a concentrations were determined within
24 h of being sampled according to the procedure described
by of Sartory and Grobbelaar (1984) and DWAF (1992), after
which the concentrations were calculated according to the
equations described by Lorenzen (1967).
Sediment
Sediment samples were collected in triplicate according to the
methods described in USEPA (2001), from a pre-selected area in
the pan, at a water depth of approximately 1 m. Sediment samples were transferred into pre-cleaned containers and stored in
a freezer until analysis could be performed, in order to prevent
the loss of organic matter through digestion by invertebrates and
organic decomposition. In the laboratory, excess water was carefully removed from the samples using a syringe, to prevent the
loss of fine sediment, and subsequently homogenised.
Sub-samples were weighed, dried (at 60°C for 96 h) and
weighed again to determine the moisture content. These
dried sediment samples were then homogenised and used to
determine the following: firstly, a thoroughly homogenised
sub-sample of the sediment sample was taken and the organic
carbon content was determined (prior to particle size determination) using the method of Stecko and Bendell-Young
(2000); secondly, the total concentration of selected metals
(same metals as for the water samples) present in the sediment
samples was determined by digesting a known amount
of dried sediment according to the Milestone Method for
Soil (DG-EN-12) (Tessier et al.,1984; Cid et al., 2002). The
metal analyses of the digested soil samples were carried out
using ICP-OES and ICP-MS instrumentation. All of the sediment concentrations are reported as dry weight. Finally, the
particle size distribution of a known amount of the dried
sediment samples was determined using an Endecott sieve
system (sieve sizes ranging from 4 000 µm to 53 µm) and
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classified according to the classification used by Cyrus et al.
(2000).
Quality control and quality assurance protocols were
followed with each batch of samples through the inclusion of
blanks, certified reference materials and matrix spikes, as well
as by doing a standard calibration run. All sediment and water
samples were analysed in triplicate (triplicate analysis of each
original triplicate-collected sample) against known standards.
Calibration was carried out using matrix matched calibration standards. Analytical accuracy for sediment analysis
was determined using a certified standard reference material
from Resource Technology Corporation and CN Schmidt BV:
Trace Elements on Fresh Water Sediments (CNS392-050). The
percentage recoveries for the standards and certified reference
materials were within an acceptable range (< 10% deviation).
Statistical analysis
Seasonal differences within the water and sediment were
determined using a two-way analysis of variance (ANOVA). If
Levene’s test of equality of variance gave a result of p > 0.05, it
was assumed that the test showed equal variance and Scheffe’s
post hoc multiple comparison test was then performed. If the
Levene’s test showed p < 0.05, it was assumed that there was
unequal variance and Dunnette’s T3 post hoc multiple comparison test was then performed. Significance was assumed
as a probability level of p ≤ 0.05. These descriptive statistics
were determined using Predictive Analytics SoftWare (PASW)
Statistics Version 18 Software.
Piper diagrams were used to graphically represent the
chemistry of the water samples at each site. These diagrams
plot cations and anions as separate ternary plots and are mainly
used to show the clustering of data points, which indicates
whether or not samples have similar chemical compositions
in terms of their major ions. Piper diagrams are particularly
useful in illustrating distinct water quality populations (Piper,
1944; Appelo and Postma, 1993), which may then be described
according to their cationic and anionic distributions. These
diagrams were constructed using Aquachem Water Quality
Analysis Software Version 5.1.

Results
Water
Nutrients and in situ water quality parameters
The results for all of the water quality parameters measured are
summarised and presented in Fig. 2. The seasonal trend of nutrient enrichment at the four reed pans is presented as total inorganic nitrogen (TIN), expressed as the sum of NH4+; NO3- and
NO2-, as well as total inorganic phosphorus (TP), expressed as
PO43-. Although few seasonal trends can be observed with regard
to nutrient levels (Fig. 2 A–D), TP concentrations were found to
be highest during SUM (between 0.46 mg/ℓ to 0.07 mg/ℓ) at all
of sites and decreased towards WIN (between 0.14 mg/ℓ to 0.01
mg/ℓ). From the results it can also be seen that TIN was high
throughout the year in GO (~ 9 mg/ℓ), whilst the rest of the sites
had relatively lower TIN values (~ ≤ 5 mg/ℓ). Total inorganic
phosphorus concentrations were also highest at GO (~ 0.25 mg/ℓ)
when compared to the rest of the sites (~ ≤ 0.06 mg/ℓ).
It can be seen from Fig. 2 E-F that at KT and GO an increase
in chlorophyll a concentrations was noticed in SUM and especially SPR (approximately 25 µg/ℓ and 60 µg/ℓ, respectively),
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Figure 2
Seasonal fluctuations in TIN (total
inorganic nitrogen), TP (total
inorganic phosphorus), chlorophyll
a, dissolved oxygen, electrical
conductivity (EC) and pH for the
four reed pans.
KT 		 - Klein Tevrede se Pan
GT - Groot Tevrede se Pan
GO - Goedverwachting se Pan
SW - Swaeltjie Pan
AUT - autumn
WIN - winter
SPR - spring
SUM - summer

followed by a decrease in AUT and WIN (< 5 µg/ℓ). Two of the
reed pans, GT and SW, had lower chlorophyll a concentrations
throughout the year (~ 1.65 µg/ℓ and ~ 5.20 µg/ℓ, respectively)
when compared to KT and GO (~ 14.75 µg/ℓ and ~ 29.99 µg/ℓ,
respectively). Dissolved oxygen generally increased during
SPR and WIN at the four different pans. The conductivity values measured (Fig. 2 G) indicate a decrease during SUM, after
which it remains relatively constant for WIN, AUT and SPR.
Sites KT and GT had relatively high conductivity values when
compared to the other sites, whereas the conductivity values
at SW were below 1 mS/cm throughout the different seasons.
With regard to the pH values measured at the different sites
(Fig. 2 H), all of the sites showed the same seasonal trend with
increased pH levels observed during SPR and WIN. All of the
pH levels measured at the four pans ranged between 6 and 9,
with only a single value exceeding this range.
Piper diagrams (Fig. 3) were drawn to illustrate the seasonal variability of the chemical water composition (in terms
of the major cations and anions) at each of the four reed pans.
According to these diagrams, the ternary cation plot of all of the
sites indicate year round Mg2+ and Na++K+ dominance, whilst
the ternary anion plot showed mainly SO42- and Cl- dominance.
Thus, with the exception of GT during SUM, mostly saline conditions were experienced at the different sites. Hence these four
reed pans have very similar major ion water chemistry.
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Dissolved metal concentrations
The seasonal variation of the dissolved metal concentrations
within the water bodies of the four reed pans was measured and
the seasons in which the maximum (and respective minimum)
metal concentrations occurred at a particular site are illustrated
in Fig. 4. The maximum concentrations of most of the metals analysed in the surface waters of the four reed pans were
reached during AUT and SUM and were generally significantly
different (p < 0.05) to the concentrations of these metals found
during the other two seasons. Where metals did not conform to
these trends, the metals that had their maximum concentrations
during WIN and SPR generally differed significantly (p < 0.05)
from the corresponding concentrations found during AUT and
SUM. Thus, in contrast to the other selected metals, the maximum concentrations for selenium, strontium and uranium were
recorded in WIN and SPR.
Sediment
Sediment properties
The various sediment characteristics that influence the availability of metals in sediment are presented in Fig. 5. The sediment samples from the four pans were found to consist
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mainly of medium-sized sand that has
grain sizes of 500–212 µm. The coarse
sand (4 000–2 000 µm) and gravel
(> 4 000 µm) fractions at GO seemed
to increase during SPR and SUM.
From these results (Fig. 5) it can be
seen that the organic carbon content
of the sediments at all four pans was
highest during AUT. The organic carbon contribution found in the sediment
usually exceeded 10%.
Metal concentrations within the
sediment

Figure 3
Piper diagrams showing the seasonal variation of the mean values for the macro-ion
chemical constituents recorded at the four reed pans selected in this study.
Symbols: see Fig. 2.
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Seasonal changes of water
quality parameters in the surface
waters of reed pans
Eutrophication has been defined as
the process whereby an ecosystem
is organically enriched through an
increase of nutrients (Nixon, 1995),
either naturally or anthropogenically
(Rast and Thornton, 1996). These
increased nutrient concentrations
ultimately result in the progressive
degradation of an aquatic ecosystem
(Carpenter et al., 1998). According
to Heathwaite (1993), the key nutrients that control the trophic status of
freshwater systems are nitrogen (N)
and phosphorus (P). Although no clear
seasonal trend could be established
for TIN concentrations, our results
showed TP concentrations to be the
highest during the summer months,
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subsequently decreasing towards the winter months. Both TIN
and TP concentrations were relatively high at GO throughout
the different seasons studied, compared to the other sites.
Studies have shown P to be the most important limiting nutrient in the process of eutrophication; therefore, GO is probably
the site which is most at risk of eutrophication, because of its
higher seasonal TP content (Mainstone and Parr, 2002). One
of the main non-point sources of TIN and TP is agricultural
practices (Walmsley, 2000). This is the result of the addition
of more nutrients, in the form of fertilisers, than are removed
as produce (Carpenter et al., 1998). The runoff, containing
dissolved nutrients, from these types of activities tends to be
intermittent in nature, and as a result nutrient concentrations
in runoff are often at their highest during high runoff conditions, which are linked seasonally to fertiliser application and
rainfall (Carpenter et al., 1998; McNaught and O’Keefe, 2005;
De Villiers and Thiart, 2007). This explains the seasonal trend
observed for the TP, and to a degree TIN, within the water
bodies of the four pans. This also explains why GO had higher
concentrations than the other reed pans, with regard to TIN and
TP, as a visible increase in surrounding agricultural practices
was observed in the catchment of GO when compared to the
other reed pans.
Eutrophication can impact water quality and the health of
aquatic systems (Hoagland and Franti, 2008) and results in,
among other, the depletion of oxygen and the accumulation of
metabolic products, as well as the development of cyanobacterial blooms (Oberholster and Ashton, 2008). From our results it
can be seen that GO and KT showed a relatively similar seasonal trend with regard to dissolved oxygen concentrations, as
with their chlorophyll a concentrations, with the exception of
the WIN concentration at GO. These chlorophyll a concentrations increased during SPR and SUM when there is an increase
in productivity (Dallas and Day, 1993), which corresponds to
the large amounts of algae (Gonium sp.) observed at GO during
SUM, and results in an increase in dissolved oxygen concentrations. When the season changes to AUT/WIN the decomposition of organic material and the chemical breakdown of pollutants can result in a decrease in oxygen (Schmitz, 1996; Paisley
et al., 2003; Graham and Louw, 2009). The increase in dissolved oxygen concentration seen at GO during WIN is due to
the fact that a decrease in temperature can lead to an increase
in dissolved oxygen (Graham and Louw, 2009). The use of
dissolved oxygen measurements are generally also complicated
by the amount of movement in the water through events such as
wind stirring. The current level of eutrophication in GO does
not appear to have a detrimental effect on the dissolved oxygen
concentration and therefore ecosystem health.
On the other hand, the dissolved oxygen concentration
trend of GT and SW has an almost inverse relationship with
the respective chlorophyll a concentrations. There is a gradual
decrease in chlorophyll a concentrations at these two sites from
SUM to WIN, with the dissolved oxygen concentrations having
distinct increases during SPR (due to increased photosynthesis and rainfall) and WIN (due to a decrease in temperature
and wind stirring) (Dallas and Day, 1993; Graham and Louw,
2009). The lower concentrations of chlorophyll a at GT and
SW, when compared to GO and KT, may be as a result of a
lower degree of surrounding agricultural land use observed
at these sites, resulting in lower TP inputs due to agriculture.
(Carpenter et al., 1998; McNaught and O’Keefe, 2005; De
Villiers and Thiart, 2007).
Seasonal variation of other water quality parameters (e.g.,
electrical conductivity and pH) showed that conductivity at all
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of the study sites stayed relatively similar during WIN, AUT
and SPR, but decreased during SUM (Fig. 2 G) as increased
rainfall resulted in a dilution effect (Marneweck, 2004).
Overall, the conductivity values of KT, GT and GO varied
between 0.20 mS/cm and 2.61 mS/cm, thus mostly indicating
relatively brackish conditions as most measurements are above
1 mS/cm (Morrison et al., 2001). The conductivity values at
SW, on the other hand, varied between 0.77 mS/cm and 0.94
mS/cm, indicating electrolyte-rich water (Taylor et al., 2007).
The above-mentioned salinity gradients at the various pans are
also evident from the Piper diagram (Fig. 3), as the dominance
of Na+ + K+, Mg2+ and SO42- + Cl- indicates year-round saline
conditions. In the MLD, the bedrock of pans belong predominantly to the Vryheid Formation, which forms part of the Ecca
Group that is composed, inter alia, of feldspathic sandstones
intercalated with lesser shale and siltstone (Wellington, 1955;
Johnson et al., 2006; McCarthy et al., 2007). Geological strata
are known to contribute to the increase in cations and anions
through groundwater discharge; for example, limestones form
efficient aquifers that introduce minerals such as Mg2+, whilst
metamorphic or igneous rocks contribute to Na+, K+, SO42- and
Cl- in the surface waters (Appelo and Postma, 2005). The relatively similar conductivity values measured during the lower
rainfall periods, namely AUT and WIN, may be an indication
of the relative importance of groundwater discharge in reed
pans. This is because evaporation, in the absence of consistent
groundwater discharge, would have a concentrating effect in
pans, resulting in higher conductivity values. This is in contradiction to the relatively high water levels observed throughout
all of the seasons during this study, as well as in previous studies of reed pans (Grundling et al., 2003; Marneweck, 2004). It
would thus appear that the consistent groundwater discharge
aids in offsetting the evaporation taking place in reed pans.
The measured pH levels showed a clear seasonal trend
which varied between 6 and 9. Maximum pH values occurred
in SPR, and minimum pH values were recorded in AUT. The
decrease in pH observed during SUM is likely due to increased
rainfall, whilst the increase in pH seen during SPR is most
likely a result of increased photosynthesis of the aquatic vegetation (including algae), which causes an increase in the pH of
standing water (Barkay et al., 1989; Mason et al., 1995; DWAF,
1996a, b; Ravichandran, 2004). This increase in pH corresponds with the increase in chlorophyll a concentrations seen
during this period. Thus, it can be seen that at GO, which is
most influenced by nutrient enrichment, the increase in pH during SPR is more marked in relation to the other sites (Fig. 2).
The dissolved metal concentrations measured in the water
of the four reed pans showed distinct seasonal trends. From
Fig. 4 it was evident that the maximum concentration of most
of the metals occurred during AUT and SUM, whilst other
metals, namely Se, Sr and U, had high concentrations during
WIN and SPR. This may be an indication that Se, Sr and U are
sourced mainly from the groundwater discharge within reed
pans as opposed to surface runoff. This is due to the fact that
seasonal changes in metal concentrations are influenced by
a variety of factors, including total hardness, organic matter,
water temperature, dissolved oxygen, pH, increased rainfall
and suspended material (Hellawell, 1986). Hence, increased
rainfall during SUM would dissolve and transport metals from
the surrounding watershed into the water column of the pans,
which starts tailing off in AUT, and results in the higher metal
concentrations measured during these seasons (ANZECC and
ARMCANZ, 2000). Currently, there are no guideline values available for the water quality variables in depressional
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wetlands in South Africa, and as a result it is not possible to
determine whether any threshold values are being exceeded
within these systems.
Seasonal changes of sediment quality parameters in
the underlying sediment of reed pans
The physical properties of sediment, such as grain size, play
a vital role in transportation and sedimentation processes
(ANZECC and ARMCANZ, 2000). The smaller the grain size
the higher the surface area of the specific sediment particle,
thus increasing its ability to adsorb various contaminants such
as metals (ANZECC and ARMCANZ, 2000). Our results
showed that the sediment found within these pans consisted
mainly of a grain size between 500 and 212 µm. No distinct
seasonal changes were noticed with regard to grain size. The
study site, GO, was the only site that showed increased grain
sizes exceeding 2 mm during SUM. This may be due to erosion taking place within the pan’s catchment as a result of
the increased agricultural practices mentioned earlier. Such
changes can impact biotic communities (Hill, 2005), as well as
the bioavailability of substances such as metals (Bervoets and
Blust, 2003; Newman and Watling, 2007).
Throughout the four seasons the amount of organic
carbon found in the sediment of the four reed pans (Fig. 6)
was close to or above 10%. As a result, these sediments can
be classified as organic, according to the guidelines set for
South Africa (Kotze et al., 1996). The organic carbon content
was highest during AUT and SPR, which is as a result of the
decay of vegetation found within these pans (Grundling and
Dada, 1999; Graham and Louw, 2009). An increase in organic
matter influences the concentrations of various compounds
within the sediment (ANZECC and ARMCANZ, 2000). It
was observed that the four reed pans selected for this study
contained a variety of free-floating, emergent-floating,
emergent and submerged aquatic plants. These plants are
important sources of organic material which, under the right
circumstances, can contribute to the formation of peat found
in these systems (Grundling and Dada, 1999; Richards, 2001;
Grundling et al., 2003).
The metal concentrations found within the sediment of the
four reed pans showed a seasonal trend which corresponded
to the seasonal profile of the organic carbon content within the
sediment. The organic carbon content of sediments has been
shown to influence the concentrations of various compounds,
including metals (Hellawell, 1986; ANZECC and ARMCANZ,
2000). This is an important consideration which needs to be
taken into account during any decision making-process dealing
with pans containing peat (e.g. reed pans), as this will have a
profound impact on the potential toxicity of pollutants within
these systems.
The seasonal trend observed in the sediment also complements the trend noticed in the surface waters. Metals bound to
sediment particles are generally in thermodynamic equilibrium
with their corresponding pore waters; this involves the use
of the adsorption sites on the individual sediment particles
or organic material (ANZECC and ARMCANZ, 2000). As a
result, diffusion of these contaminants takes place naturally
when the concentration in the overlying water is less than that
of the pore water. Thus, during SUM, when increased rainfall
would create a concentration gradient, metals are diffused
out of the sediment pore water and into the overlying water
column. Here the organic content of sediments also plays an
important role through the decomposition of organic material
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which releases metals from the sediment (ANZECC and
ARMCANZ, 2000; Schumacher, 2002).
The analysis of the sediments in the four reed pans selected
also confirmed the claims of previous studies that sediments
contain higher metal concentrations than those found in the
overlying water. This is because metals are introduced into
the sediment by physical, chemical and biological processes
which are able to accumulate metals over time (Tessier and
Campbell, 1987; ANZECC and ARMCANZ, 2000). Thus,
seasonal changes in metal concentrations within the sediment
of reed pans are likely, as a result of the properties of the metals
(e.g., their solubility), the environment of the pan (e.g., increased
rainfall), and the properties of the sediment (e.g., organic carbon
content) (ANZECC and ARMCANZ, 2000). With no guideline
values available for sediments within depressional wetlands in
South Africa, threshold values will need to be established so
as to determine the potential toxicity of pollutants (e.g., metals)
within reed pans (given their distinctive nature) resulting from
increased additions of pollutants over time.

Conclusion
The study showed that there are distinct seasonal trends with
regard to a variety of water and sediment quality parameters
within reed pans. The interrelationships between a variety of
factors (measured within the water and sediment, respectively)
were also evident. By contributing to an understanding of the
seasonal variability of these parameters, this study can aid
in properly defining reed pans and illustrating some of their
seasonal attributes. This information may be useful in future
studies on reed pans as baseline data, as well as to other studies relating to depressional wetlands other than reed pans. The
results from this study highlighted important considerations
for managing reed pan systems, for example, the importance
of their high organic content with regard to pollutant toxicity.
Further studies on reed pans are needed to properly ascertain
the hydrological functioning of these systems, for example,
groundwater recharge-discharge status, as well as to determine
suitable threshold values, so as to properly guide decision making in the face of ever-increasing impacts from surrounding
land uses.
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