
During the analysis of environmental risk posed by hazardous waste disposal sites, ecological impact on
whole ecosystems should be assessed. It requires a complex testing scheme where surrogate species rep-
resent key elements of the ecosystem. However, different organisms are exposed to a differing degree,
also, their sensitivity to the same contaminant may vary. A possible way to determine which test reflects
most the actual toxic conditions, correlation can be calculated between the measured ecological parame-
ter (such as growth inhibition, mortality, etc.) and  a contaminant gradient. The basic aim of this study
was to determine which ecotoxicological test shows the best correlation with the measured analytical
parameters. The selected tests were Lemna minor (representing primary producers), Thamnocephalus
platyurus (a primary consumer organism) and Vibrio fischeri (decomposer). When testing soil samples,
the Thamnocephalus test showed excellent consistency with most contaminants but was oversensitive in
the case of groundwater samples. The Vibrio fischeri bioluminescence inhibition test (ToxAlert) behaved
in a different way, reflecting well the distribution of most contaminants in groundwater samples.  Finally,
Lemna test proved to be completely inadequate.
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INTRODUCTION

Toxicity tests are a useful tool in the analysis of superfund sites as they measure the
cumulate effects of all the contaminants and also, they indicate whether the contam-
inants are in bioavailable form. As in the environment of superfund sites whole
ecosystems are impacted, ecological risk assessment should evaluate the adverse
impact at the ecosystem level. Such an assessment involves several species which are
likely to be exposed to different degrees and also, they might have different reactions
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upon the same contaminant. It requires a complex testing scheme where key ele-
ments of the ecosystem are represented by surrogate species (for example Daphnids
represent planktonic crustaceans playing an important role in the aquatic food web).
However, using surrogate species may raise a number of difficulties, both theoretical
and practical.

First of all, many test organisms have been selected because they can be main-
tained in the laboratory, in fact, it is one of the criteria for selecting test species [13].
Some argue whether they are good representatives of real ecosystems as it seems
quite unlikely that they are really the most sensitive members of a given guild [4].
However, others believe that species used in standard ecotoxicological tests are ade-
quate surrogates both taxonomically and ecologically [15]. In order to represent an
ecosystem to some extent, several testing schemes recommend the use of more than
one test organism, representing different trophic levels [11]. Nevertheless, results
obtained by different ecotoxicological tests do not necessarily correlate with each
other in every case as sensitivity of species might vary significantly.

A possible way to determine which test reflects best actual toxic conditions the
most, correlation can be calculated between the measured ecological parameter (such
as growth inhibition, mortality, etc.) and  a contaminant gradient. Correlation is also
a key element of establishing causality [12].

The basic aim of this study was to determine which ecotoxicological test shows
the best correlation with the measured analytical parameters. The selected tests were
Lemna minor (duckweed, representing primary producers), Thamnocephalus platyu-
rus (fairy shrimp, a primary consumer organism) and Vibrio fischeri (a biolumines-
cent bacterium, decomposer). Bacteria are key elements of an ecosystem therefore
they can be considered as an appropriate end-point. Also, there are numerous other
reasons why bacterial tests should be preferred.

When selecting test organisms (and of course the test protocol to be performed) an
important point is the level of effort, which varies among others with the duration of
the test. Tests using bacteria, considering the rapid response of the test organisms,
have the benefit of a very short exposure time (5–30 min), in contrary to other, more
conventional ecotoxicological tests with exposure of 24–72 hours. In addition, a test
using bacteria causes no ethical problems. This is a very important issue as in the
European Union more and more effort is made to reduce the number of test animals
and to develop alternative test methods [16]. The Chemicals Policy of the EU [5]
explicitly states that among others, the political objectives of this policy involves the
promotion of non-animal testing.

For many chemicals tested, the results obtained through in laboratory testing with
the Vibrio fischeri test are often consistent with the results of other ecotoxicologi-
cal tests and with analytically derived concentration of the contaminant [6]. For
example, Blum and Speece [3]  have found a significant correlation between results
of Vibrio fischeri and fathead minnows tests as well as between Vibrio fischeri and
Nitrosomonas tests.

However, as the sensitivity of organisms to contaminants varies significantly,
applicability of a given ecotoxicological test for a given problem (a given contami-



nant or a set of contaminants) should be carefully examined and proved. In our case
the model area was the hazardous waste disposal site of the alumina work of Inota
(Fig. 1), where soil and groundwater contamination could be assumed. Considering
the composition of the waste disposed, occurrence of  heavy metals as well as
cyanide and fluoride could be expected.

MATERIALS AND METHODS

Eleven soil samples were collected on the hazardous waste disposal site (Sz1–Sz11)
from the upper 0.5 m (Fig. 2). Also, 10 groundwater samples were collected from
Sz2–Sz11. Soil samples were tested using Vibrio fischeri, Thamnocephalus platyu-
rus and Lemna minor tests. For groundwater samples only Vibrio fischeri and
Thamnocephalus platyurus were used. From all samples the following components
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Fig. 1. Location of the hazardous waste disposal site

Fig. 2. Sampling spots around the waste disposal site
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were measured analytically (ICP-AES): Cd, Cr, Cu, Hg, Na, Ni, Pb, Zn, cyanide and
fluoride. Analyses were carried out in an accredited laboratory, by the relevant stan-
dards.

Toxicity tests

For the Vibrio fischeri bioluminescence inhibition test the ToxAlert®100 luminome-
ter developed by Merck was used, following the protocol described by BS EN ISO
11348.3, Part 3 – Method using freeze-dried bacteria [1].  Bioluminescence is a rapid
indicator of the metabolic status and of the viability of the cell. The enzyme involved
in the process is bacterial luciferase. A toxic substance will cause changes in some
cellular structures or functions such as the electron transport system, cytoplasmic
constituents or the cell membrane, which are directly reflected in a decrease in bio-
luminescence. At the beginning of the measurement firstly the test suspension was
prepared, using freeze-dried bacteria and reconstitution solution, also provided by
Merck. The luminescence intensity of the test suspension was measured in RLU (rel-
ative luminescence unit), then the control as well as the sample solutions were added
to the test suspension. Luminescence intensity was measured again after the previ-
ously set incubation (exposure) time. In our case the maximum was 30 minutes.

The ToxAlert®100 luminometer calculates the inhibition effect (Ht) of the samples
automatically in percent values.

The Lemna test was carried out following the OECD protocol [8]. For cultivation
standard SIS nutrient (Swedish Standard Institute, 1995) was used. The colonies con-
sisted of 10–10 fronds each were exposed in 150 ml glass vessels for 7 days, in 8000
lux continuous illumination and at a temperature 23 ± 2 °C. From the natural loga-
rithm of fronds – ln (F) – specific growth rate (μ) and the doubling time (TD) were
calculated. Ecological effect caused by the toxicant is expressed as reproduction inhi-
bition.

For the Thamnocephalus platyurus test the Thamnotox test procedure was fol-
lowed [9]. The THAMNOTOXKIT FTM is a 24 hour toxicity test, test organism is
Thamnocephalus platyurus (fairy shrimp, a freshwater anostracan). The kit contains
the dormant eggs of the test organism. Acute (24 h) bioassay is performed in a mul-
tiwell testplate using instar II–III larvae, which are hatched from dormant eggs.
Hatching of Thamnocephalus eggs was initiated 24 hours before the start of the tox-
icity test under standard conditions (25 °C under continuous illumination). The
hatching medium was prepared by transferring standard freshwater  into a vial and
adding an appropriate amount of distilled water. In this case the test design was based
on one control and five toxicant concentrations, each with 3 replicates of 10 animals.
The results are presented as percentage mortality.

After the exposure period of 24 hours, the number of dead and immobilised larvae
is recorded, versus that of the actively swimming test organisms. The larvae are con-
sidered immobilised if they lay on the bottom and do not resume swimming within
15 seconds of observation. The total number of dead and immobile larvae is calcu-
lated for each toxicant concentration, as well as the mean and percent effect.



Sample preparation

Elutriate from the soil samples was prepared using 0.1% dimethyl-sulphoxide
(DMSO). In order to provide optimal conditions for the test pH of the samples was
adjusted to pH 7.0.

RESULTS AND DISCUSSION

Table 1 summarises the results of toxicity tests. In testing environmental media tox-
icity it provides baseline information to determine whether the sample shows signif-
icant toxicity. Toxicity is not significant if the effects do not differ statistically  sig-
nificantly from controls and/or the effects relative to controls are less than 20%.

Correlation was calculated using SPSS 9.0. Correlation amongst different ecotox-
icity tests  and analytical measurements for soil samples is given in Table 2, Table 3,
shows the correlation between ToxAlert® and analytical measurements for ground-
water samples.

Considering soil samples, Thamnocephalus test results can be considered as most
reliable, as significant correlation was found between mortality data and concentra-
tion of the following components:

Thamnocephalus p./Cd 0.689
Thamnocephalus p./Na 0.747
Thamnocephalus p./Pb 0.683
Thamnocephalus p./Zn 0.582
Thamnocephalus p./fluoride 0.753

Ecotoxicological tests for superfund sites 215

Acta Biologica Hungarica 57, 2006

Table 1
Toxicity of soil samples. Negative values in case of Lemna indicate growth

exceeding reproduction experienced in the control

ToxAlert® Lemna
Sample bioluminescence reproduction

Thamnocephalus

inhibition % inhibition %
mortality %

1 37.5 4.43 90
2 41.5 3.62 20
3 50.55 2.24 94
4 78.55 –19.35 100
5 59.75 –18.17 100
6 42.75 –29.19 60
7 35.9 –3.89 44
8 60.75 0.75 57
9 52.1 4.49 10

10 46.05 –10.9 14
11 69.55 –14.04 20
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ToxAlert® results showed significant correlation with only one component:

Thamnocephalus p./cyanide 0.650

Finally, Lemna test proved to be completely inadequate, as no correlation could be
found the contaminant concentrations and the reproduction inhibition.

Table 2
Pearson correlation amongst test organisms and analytical measurements for soil samples

Thamnocephalus ToxAlert® Lemna
mortality % inhibition % inhibition %

Thamnocephalus mortality % 1.000 0.228 –0.215
ToxAlert® inhibition % 0.228 1.000 –0.365
Lemna inhibition % –0.215 –0.365 1.000

Cd 0.689 0.472 –0.437
Cr –0.491 0.396 0.191
Cu 0.431 0.195 –0.107
Hg 0.176 –0.179 –0.069
Na 0.747 0.435 –0.296
Ni –0.393 0.334 0.169
Pb 0.683 0.450 –0.531
Zn 0.582 0.226 –0.306
Cyanide 0.395 0.650 –0.253
Fluoride 0.753 0.500 –0.334

Table 3
Pearson correlation between ToxAlert® and analytical
measurements for groundwater samples. As Table 2
shows, in the Thamnocephalus test 100% effect was
experienced for all samples tested, therefore correla-

tion was not calculated

ToxAlert® inhibition %

As 0.713
Cd –0.129
Cr 0.724
Cu 0.667
Hg 0.500
Na 0.717
Ni 0.614
Pb 0.732
Zn 0.638
Cyanide –0.563
Fluoride 0.821



For groundwater samples, a completely different tendency was found. As Table 4
shows, Thamnocephalus test gave no data to process with. However, ToxAlert®

showed excellent consistency with contaminants as follows:

ToxAlert®/As 0.713
ToxAlert®/Cr 0.724
ToxAlert®/Cu 0.667
ToxAlert®/Hg 0.500
ToxAlert®/Na 0.717
ToxAlert®/Ni 0.614
ToxAlert®/Pb 0.732
ToxAlert®/Zn 0.638
ToxAlert®/cyanide 0.821

Figs 3 and 4 show the spatial distribution of two selected contaminants: Na and
cyanide.

The fact that Thamnocephalus platyurus test showed good correlation with most
contaminants in the case of soil samples and was ‘oversensitive’ in the case of
groundwater samples can be attributed to its high sensitivity. It agrees well with the
results of other authors, this test organism proved its applicability for a broad spec-
trum of toxic agents [2, 10].

For the contaminating agents ToxAlert did show inadequate sensitivity for soil
samples and lower but adequate sensitivity for groundwater samples. The test was
originally developed for waste water testing, to ensure its applicability for the assess-
ment of soil contamination further modifications should be made and validated in
sample preparation and in the test protocol. It should be noted, however, that anoth-
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Table 4
Toxicity of groundwater samples

ToxAlert®

Sample
Thamnocephalus

bioluminescencemortality %
inhibition %

2 100 46.8
3 100 46.15
4 100 31.95
5 100 32.45
6 100 86.6
7 100 93.25
8 100 42.3
9 100 42.85

10 100 89.95
11 100 93.8
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er commercially marketed version of the Vibrio fischeri bioluminescence inhibition
test, the Microtox has a solid phase mode and is widely recommended for screening
purposes in superfund management [7, 14].

It is a basic requirement in the environmental toxicology being the advantage of
bioindication at the same time that the effect of all pollutants in a given area should
be detected. Simultaneously certain tests show good correlation with some of the
dangerous substances. Thamnocephalus test can differentiate among substances
showing a kind of selectivity if there are great differences in the concentrations of the
various components. Nevertheless, Thamnocephalus and Toxalert tests show real
specificity to some substances (cyanides, fluorides, etc.).

If an aqueous solution there are a number of pollutants of relativity high concen-
tration, Thamnocephalus test may not be suitable for indication: it is very sensitive,
but not selective enough. This was the case in the ground water in the present work
as to the analytical results. Toxalert, however is less sensitive, it reacts to most of the
soluble components of the groundwater in a selective way. It seems to have practi-

Fig. 3a. Spatial distribution of cyanide



cally no sensitivity to Cd, though this question needs further studies. It is because
according to the analytical examinations actually no significant concentration of
water-soluble Cd-salts could reach the groundwater level.

As a conclusion of the above facts, a combination of the individual tests can yield
the best results. For example using Toxalert the cyanide can be detected in the soil
samples before reaching the ground-water. This is very important, because the
cyanide is known as especially dangerous substance with a limit value of 1 mg/l or
below for the underground waters. On the other hand, for detection of high concen-
tration of Na in the soil Thamnocephalus test is preferable to use. The adverse effect
of sodium to natural ecosystem may be exerted already in the surface layers of the
soil, especially because it can be found usually as NaCl salt. Similarly, the Cd pollu-
tion in the soil may be preferably detected by Thamnocephalus test. It is well known
that Cd is hazardous not only with respect of the ecological systems, but also has a
significant toxic effect to humans. The Cd substances are neurotoxic, carcinogenic
and teratogenic, too.
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Fig. 3b. Spatial distribution of sodium
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