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ABSTRACT

Rapid urbanisation throughout the world has resulted in numerous ecological and environmental problems. 
The release of contaminants into the aquatic environment and the subsequent accumulation in sediment is 
a specific area of concern due to the potential re-release of the contaminants into solution. The responses of 
two microbiotests designed to evaluate sediment toxicity (the Ostracodtoxkit F and Phytotoxkit test) were 
compared once exposed to three samples collected in the vicinity of a power station in Mpumalanga, South 
Africa. Sediment characterisation and chemical analyses were conducted in order to determine possible 
correlations with the expressed results. Where possible, the concentration of chemicals in the sediment was 
compared to available sediment guidelines. The study showed that whilst the Phytotoxkit test results did 
not indicate any acute toxicity (< 50% inhibition), the Ostracodtoxkit F test indicated 100% mortality at the 
upstream site, with increased growth inhibition at the remaining two sites. The concentration of chrome at 
all three sites exceeded the interim sediment quality guidelines (37 mg/kg), with the sample collected at the 
upstream site exceeding the probable effect level (90 mg/kg). The findings from this study indicated that the 
Phytotoxkit and Ostracodtoxkit F test kits are sensitive enough to evaluate sediment toxicity.
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INTRODUCTION

Metals (e.g. V, Cd, Pb and N) and nutrients (P, N and NH4
+) 

can enter the aquatic environment (Dallas and Day, 2004) 
through naturally occurring events as well as anthropogenic 
activities. Both pollutants and contaminants can accumulate 
in the sediment and may be re-released into the overlying 
water through chemical, physical and biological processes. 
This release of contaminants back into solution places the health 
of the aquatic environment at risk (Lin et al., 2003; Gimenez 
et al., 2013). The mobility of sediment is slow; therefore site-
specific contaminated sediments are less likely to change 
over a short time period, whereas site water can only give a 
snapshot indication of the potential effect of contaminants 
(Jain et al., 2012). Various microbiotests have been developed 
over the years to assess the toxicity of sediment (Czerniawska-
Kusza et al., 2006), and the use of microbiotests is becoming 
an important tool in ecological assessments (Blaise, 1991). 
According to Blaise (1991), the advantages of microbiotests are 
that these tests are sensitive, rapid and reproducible, requiring 
only a small sample volume when compared to other available 
bioassays. The Ostracodtoxkit F using the species Heterocypris 
incongruens has been used previously by Latif and Licek (2004) 
to assess wastewater and river sediment; Torokne and Toro 
(2010) to assess river sediment and Kudłak et al. (2011) to 
evaluate the toxicity of heavy metals. The Phytotoxkit test is 
conducted using three plant species (Lepidium sativum, Sinapis 
alba and Sorghum saccharatum). This test kit has been used 
by Czerniawska-Kusza et al. (2006) to evaluate the toxicity of 

canal sediment; Czerniawska-Kusza and Kusza (2011) to test the 
toxicity of reservoir sediment and Van der Vliet et al. (2012) to 
evaluate various pollutants. Currently in South Africa there are 
no standardised methods to evaluate the status of potentially 
contaminated sediments. This study was conducted as a 
preliminary assessment of two microbiotests to evaluate their 
application in sediment toxicity testing by using potentially 
contaminated sediment collected from sites in Mpumalanga 
Province, South Africa.

MATERIALS AND METHODS

The study area is located in the vicinity of a power station in 
close proximity to coal mining and metal industries in the 
Mpumalanga Province of South Africa. An open-cast coal mine 
is situated approximately 8 km from the ‘upstream site’; the 
difference in elevation between the opencast coal mine and the 
upstream site is approximately 80 m with the coal mine being at 
the higher elevation. A tributary of the main river runs next to 
the opencast mine. Agricultural activities are present between 
the opencast mine and the main river. A railway line passes the 
opencast mine and crosses over the section of river where the 
upstream site is situated. The effluent release point is situated at 
the power station. The distance between the upstream site and 
effluent release point, and from the effluent release point to the 
downstream site is approximately 12 km each. Sites were selected 
in order to evaluate the potential impact of a power station on 
aquatic sediments (up- and downstream of the power station 
as well as at the effluent release point (ERP)). Approximately 
2.5 kg of the river sediment was collected from each of the sites 
and transported to the Golder Associates Research Laboratory 
(GARL) within 48 h of collection. Sediment was collected from 
the top 2 cm of the river bed with an inert plastic scoop, as 
most epibenthic organisms and the most recent contaminant 
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were conducted as 6 replicates per site sample and 1 control per 
sample by using reference sediment (consisting of washed marine 
sediment less than 2 mm in size) according to the standard 
operating procedures of the test kit (Ostracodtoxkit F, 2001) and 
the ISO (2012) method. Ostracod neonates were exposed to test 
sediments (6 days in darkness at 25°C ± 2°C). Upon completion 
of the test period, all surviving ostracods were collected and 
photographs were taken with a compound microscope (with 
a built-in digital camera) using a micrometre cover slip as a 
reference point. Using the UTHSCSA ImageTool (Version 3) 
software, growth inhibition of surviving ostracods exposed 
to test sediments was determined in relation to the control 
exposure. Mortality data were also noted. Data from the two 
sediment bioassays were analysed using Microsoft Excel.

RESULTS

Sediment characterisation

The Wentworth scale classification (Blott and Pye, 2001) for grain 
size distribution was used to define the sediment from this study. 
Results from the grain size analysis (Fig. 1) for the upstream site 
indicated that the sediment mainly consisted of very fine sand 
(31%), medium sand (34%) and coarse sand (29%). Sediment 
collected from the ERP largely consisted of medium sand (32%) 
and very fine sand (27%) and to a lesser extent coarse sand (14%) 
and mud (15%). Very fine sand (32%) and gravel (28%) were the 
highest at the downstream site, followed by medium sand (20%). 
The TOC was 4% for the upstream site sediment, 7% for the ERP 
site sediment and 3% for the downstream site sediment. 

ICP-OES

Results from ICP-OES analysis are summarised in Table 1 for 
elements that were present in all three samples, at or above 
detection limits.

deposition will be present in this section of the sediment 
(Simpson et al., 2005). The sediment was dried for 4 days at 
35°C and homogenised in order to determine the physical 
characteristics (grain size distribution, total organic content 
((TOC) through loss-on-ignition) as well as total metal content 
(ICP-OES: Aqua Regia). Additional homogenised sediment was 
prepared according to the standard operating procedures (SOP) 
for each sediment bioassay. Phytotoxkit test exposures were 
carried out according to the SOP of the test kit (Phytotoxkit, 
2004). Seeds of 2 dicotyledonous species (L. sativum and S. alba) 
and a monocotyledon species (S. saccharatum) were exposed 
in triplicate to evaluate the sediment (72 h in darkness at 25°C 
± 2°C) and control sediment similar in composition to OECD 
reference sediment (sand, kaolin and peat). Images of exposure 
plates were captured using a flatbed scanner and root lengths 
were measured with UTHSCSA ImageTool (Version 3) software. 
Inhibition as well as germination of each exposed plant species 
was calculated for each site sediment. Ostracod exposure tests 

Figure 1
Sediment grain size (µm) distribution for the three sites (UP: upstream 

site; ERP: effluent release point; DS: downstream site)

TABLE 1
Total metal concentrations (mg/kg) in the collected sediment samples in comparison to the 

Canadian Sediment Quality Guideline values

Element Upstream site ERP site Downstream site CCME, 2001
ISQG PEL

Al 7 200 27 600 16 400 – –
Ba 42 92 40 – –
Be BDL BDL BDL – –
Ca BDL 800 BDL – –
Cr 296 67 46 37 90
Cu BDL 23 BDL 36 197
Fe 12 800 33 600 16 800 – –
K BDL 1 600 680 – –

Mg BDL 800 1 200 – –
Mn 267 614 133 – –
Ni 16 21 BDL – –
P 13 269 77 – –

Pb BDL 19 10 35 91.3
S 600 BDL BDL – –
Si 2 080 2 920 2 040 – –
Sn 20 BDL 17 – –
Sr BDL 11 BDL – –
Ti 1 296 1 551 2 844 – –
V 1 013 65 56 – –

Zn 22 53 BDL 123 315

ISQG: Interim Sediment Quality Guidelines
PEL: Probable Effect Level 
BDL: Below the detection level of the ICP-OES. CCME: Canadian Council of Ministers of the Environment
–  No guideline values available
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could be contributing to the high S levels at the upstream site and 
could also promote surface water runoff due to the high amounts 
of water used for the irrigation of crops. Therefore surface 
runoff and atmospheric deposition could have transported 
the contaminants to the main river. At all three of the sites the 
values for Cu were below ISQG values (36 mg/kg) and the PEL 
(197 mg/kg). Pb levels at all three sites were also below the ISQG 
value of 35 mg/kg and the PEL of 91 mg/kg. Zn levels at all three 
sites were below the ISQG value of 123 mg/kg and the PEL of 
315 mg/kg. The occurrence of these elements at high levels at all 
three sites could be due to coal-mining activities in the vicinity 
of the power station, industrial processes such as steel and iron 
production as well as fly ash and atmospheric deposition from 
coal combustion (Tau, 2005; Seshadri et al., 2010; Mahlaba et al., 
2011; Ayanda et al., 2012; Ladwani et al., 2012).

Ostracod mortalities at the upstream site (100%) are possibly 
due to elevated Cr and V concentrations present at this site 
in comparison to the remaining two sites. Whilst total metal 
concentrations do not give an indication of metal bioavailability, 
previous studies conducted have shown a correlation between 
increased metal concentrations and expressed ostracod 
mortalities. Additionally, it is acknowledged that whilst a full 
suite of analysis was not conducted to incorporate other sources 
of pollution, such as hydrocarbons and pesticides, ostracods 
have been found to be just as sensitive as or even more sensitive 
to metal contamination than other freshwater crustaceans 
(Shuhaimi-Othman et al., 2011). The study by Kudłak et al. 
(2011) indicated that H. incongruence has a high sensitivity to 
Cu and Cr. The ERP sediment caused a 73% growth inhibition in 
the exposed ostracods and mortalities of 27%, whilst ostracods 
exposed to the downstream site sediment had a mortality rate of 
30% and growth inhibition of 76%. These results indicated that 
contamination present in sediments collected in the vicinity of 
the power station has the potential to result in toxicity in the 
aquatic environment, especially to more sensitive aquatic species, 
as indicated by the ostracod exposures.

Phytotoxicity exposures with the Phytotoxkit test kit at the 
upstream site indicated that seeds from L. sativum and S. alba 
were stimulated whilst S. saccharatum seeds were inhibited. 
At the ERP L. sativum growth did not differ significantly from 
the control growth; S. alba and S. saccharatum were slightly 
stimulated. At the downstream site all plant seeds exposed 
were inhibited. The stimulation of L. sativum and S. alba 
at the upstream site, in comparison to the mortality of the 
ostracods, could possibly be due to the ability of glutathione 
(present in the cellular structures of plants) to protect and 
detoxify the plants of organic chemicals, heavy metals and 
oxidative stress (Yadav, 2010). The upstream site and the ERP 
had a higher organic content than the downstream site. This 
could have contributed to the downstream site indicating 
a higher toxicity to the plant species. Toxicants bound to 

Phytotoxkit and Ostracodtoxkit F results

The upstream site sediment exposure indicated 100% ostracod 
mortality. Sediment collected from the ERP resulted in 27% 
mortality and inhibition of growth in surviving ostracods by 
73%. Growth of ostracods exposed to the downstream site 
sediment was inhibited by 76%, with a 30% mortality rate.

Phytotoxkit exposure results (Table 2) for the upstream 
sediment showed growth stimulation for both L. sativum (7%) 
and S. alba (33%) seeds and inhibition (17%) for S. saccharatum. 
Exposure results for the ERP sediment indicated that the 
L. sativum seeds did not show a deviation from the control 
growth, whilst both S. alba and S. saccharatum seeds were 
stimulated by 13% and 5%, respectively. The growth of all three 
seed species was inhibited with the downstream site sediment. 
Seeds from L. sativum were inhibited by 14%, S. alba by 46% 
and S. saccharatum by 26%.

DISCUSSION

Both grain size and organic content can contribute to the 
toxicity potential of a sediment sample. Finer sediments have 
a larger surface area than coarse sediments providing more 
binding sites for contaminants, whilst organic content has a 
high affinity to metals (Lin et al., 2003; Simpson et al., 2005). 
Results from the upstream site indicated that the sediment 
composition (Fig. 1) was largely composed of very fine to coarse 
sand (53 µm – 500 µm) and high TOC according to the USEPA 
(1991) classification system. ERP sediment grain size distribution 
ranged between mud and coarse sand (<53 µm – 500 µm) with 
a high TOC (USEPA, 1991). The downstream site’s sediment 
was mainly composed of gravel (4 000 µm) and very fine sand 
(53 µm) with a medium TOC (USEPA, 1991). Al, Ba, Ca, Cu, Fe, 
K, Pb, Si, Sr and Zn levels were higher at the ERP when compared 
to the upstream and downstream sites, possibly as a result of 
the higher < 53 µm fraction with its increased surface area. Be, 
Cr, S, and V levels decreased from the upstream towards the 
downstream site, whilst both Ti and Mg levels increased from 
the upstream site towards the downstream site. Cr concentration 
(296 mg/kg) at the upstream site was above the Interim Sediment 
Quality Guidelines (ISQG) (CCME, 2001) value of 37 mg/kg as 
well as the Probable Effect Level (PEL) of 90 mg/kg. Cr levels at 
the ERP (67 mg/kg) and the downstream site (46 mg/kg) were 
above the ISQG and below the PEL. The high S and Cr levels at 
the upstream site could possibly be from the opencast coal mine 
and the railway line. A study by Grieve et al. (2001) looked at 
the metals found in railway tracks and train wheels and how 
these metals contaminate the environment due to wear-and-
tear of the wheels and the tracks. They found that the highest 
Cr concentration is within a 20 m distance from the tracks. 
The agricultural activities (fertilisers) between the river and the 
opencast coal mine, as well as the opencast mine itself (S in coal) 

TABLE 2
Results from the Ostracodtoxkit F and Phytotoxkit tests for each sample. Results above the 20% natural variation indicated 

in bold (inhibition/mortality and stimulation). US – upstream; ERP –effluent release point; DS – downstream.
Sampling 
site

Phytotoxkit test Ostracodtoxkit F test
L. sativum S. alba S. saccharatum Mortality Growth inhibition

US +7% +33% −17% 100% NA
ERP −0.4% +13% +5% 27% −73%
DS −14% −46% −26% 30% −76%

+ Result = stimulation
− Result = inhibition
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organics would reduce potential toxicity. Seeds used in the 
test have enough energy required for germination and growth 
during test exposure and would not be influenced by a lack of 
nutrients in test sediment, thus only indicating the toxicity of 
the sediment itself (Persoone, 2013). The results from a study by 
Czerniawska-Kusza et al. (2006) showed that growth inhibition 
and stimulation effects can vary between plant species due to 
the sediment contaminant composition. 

The findings from this study show that the Phytotoxkit and 
the Ostracodtoxkit F are sensitive enough to indicate sediment 
toxicity. Past studies have shown that results from the ostracod 
test kit are comparable to those from the Hyalella azteca and 
Chironomus riparius tests when assessing sediment toxicity 
(Chial and Persoone, 2003). 

CONCLUSION

In this study, the two microbiotests applied proved useful 
in determining the potential toxicity of contaminated river 
sediment. Although there is an observed correlation between 
the mortality results and the metal concentrations, it is 
acknowledged that other contributing factors (e.g. PCBs and 
PAHs) were not analysed during this study as they were not 
identified as primary chemicals of concern. In further studies, 
sediment physical characteristics as well as potential chemicals 
of concern should be addressed in order to improve the 
correlation between observed effects and risk. 
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