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Abstract

Biological response could not be predicted based on chemical concentration of the sediment contami-
nants. Bioassays integrate the response of test organisms to contaminants and nutrients. Comparative
results of five acute bioassays indicated that Neubauer phytoassay was the most sensitive. The microbial
biomass and algal growth tests indicated a response to the availability of contaminants and nutrients.
These results suggest the usefulness of a diversity of bioassays in toxicity testing of sediment contami-

nation.

Introduction

Many pollutants are preferentially associated
with sediments in aquatic systems. Although
chemical analyses provide valuable supplementa-
ry information they cannot replace direct bioassay
measurements in establishing sediment quality
criteria for contaminated sediments.

Environmental hazard assessments require
rapid, inexpensive screening tests to characterize
the extent of contamination. Preference should be
given to short-term tests which are simple and
reproducible. The major advantage of this
approach is that the biological response to a
complex mixture of compounds integrates the
effects of environmental variables such as solubil-
ity, pH, antagonism and synergism, all of which
affect toxicity to organisms (Dutka & Bitton,
1986; Munawar & Munawar, 1987).

The comparability of bioassays is somewhat
limited by the different sensitivities of test orga-
nisms to individual contaminants (Williams et al.,
1986). The biological response depends on the
metabolic activity of the organisms and is closely
tied to the availability of contaminants from sedi-
ments.

Algal assays have proven to be very sensitive
indicators of contaminant stress (Miller et al.,
1985). Experimental difficulties arise from the
need to provide an interacting system of sediments
and algae, while retaining the ability to analyze
each system separately. An approach to overcome
these problems was made by Ahlf (1985), who
used an apparatus in which a membrane separat-
ed the algae and sediments. The objective of our
study was to compare this algal assay with four
sediment bioassays using bacteria, algae and
higher plants as indicators.
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Materials and methods
Sediments

Three different sediments from the Hamburg area
were used for the investigations. The sediments
were freeze-dried, sifted through a 2-mm sieve,
and adjusted with H,O to 609, of the maximum
water holding capacity. Heavy metals were ana-
lyzed using flame and carbon furnace atomic
absorption spectrometry (ZAAS, Hitachi model
180-70 (Table 1). Sediment samples were Soxhlet
extracted for 16 h with 1: 1 (v/v) acetone-hexane,
preconcentrated and selected organochlorine
compound concentrations were determined by
GC (Lohse, 1988).

Biological methods

There are numerous methods available for assess-
ing the environmental impact of sediment-asso-
ciated contaminants (Ahlf & Munawar, 1988).
We used the following assays.

a) Elutriate bioassays were initially designed
for monitoring of dredging projects (Keeley &
Engler, 1974). For each sediment sample an elu-
triate was prepared by mixing one volume of

Table 1. Measured chemical characteristics of sediments
used.

Sediment Sediment Sediment
I II I

As 11 45 5 (mg/kg)
Cd 6.1 10.4 0.7
Cu 172 191 27
Hg 1.5 11 <0.1
Pb 457 172 61
Ni 30 83 6
Zn 1208 1178 127
Heptachlor-

Expoxid 37 109 <2 (ug/kg)
DDT 68 10 <2
DDT 27 86 <2
PCB’s 738000 170000 <5

sediment with four volumes of test medium de-
scribed by Miller ef al. (1978). The mixture was
agitated 30 minutes by air, settled for one hour
and then passed through a 0.45 ym membrane.
The short-term impacts of sediment elutriates
were assayed with the alga Ankistrodesmus bi-
braianus, using techniques developed by Miller
et al. (1978).

b) While this elutriate test simulates the im-
mediate impact of resuspended sediments on the
water column, the recirculating systems (Hoke &
Prater, 1980) determine to which extent the con-
taminants are available within a certain period of
time and how they affect the test organisms.
Similarly, the exchange between the water/orga-
nism and sediment compartments can be studied
in a two-chambered device in which a 0.45 um
pore diameter membrane separated the algae and
sediment (Ahlf, 1985). This method allowed an
interaction of contaminants and algae, but prev-
ented mixing of the algae and sediments. The
inoculum contained 5 x 10°cells x ml~!' of
A. bibraianus. The incubation period was 72 h.

¢) Thereactions of the microbial biomass were
described with DNA content. The method
applied has been described by Benndorf et al.
(1977) for the measurement of DNA.

d) A second series of experiments were con-
ducted in order to evaluate the bioactivity of
microorganisms. For each measurement 0.5 g wet
sediment was used. The method for determining
dehydrogenase activity was described by Liu &
Strachan (1981).

e) The Neubauer phytoassay has been used to
evaluate seed germination and initial plant growth
of Lolium multiflorum and Lepidium sativum
(Thomas & Cline, 1985). The sediments were pro-
gressively diluted by mixing of contaminated mat-
erial with washed silica sand or an uncontaminat-
ed humic sediment (209, org. C).

All experiments were conducted in triplicate.

Results and discussion

Algal toxicity has been monitored using both
sediment elutriates and sediment suspensions.
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Fig. 1. Effect of standard elutriate addition on the growth of Ankistrodesmus bibraianus; bars represent the s.e.m. @ = Sediment 1,
o = Sediment 2, x = Sediment 3.

Increasing additions of the standard elutriate to
test medium resulted in a slight inhibition of
biomass production only with the Sediment 3
elutriate (Fig. 1). A more differentiated interpre-
tation was possible with the data of the two-
chamber device (Fig. 2). Once again Sediment 3
affected negatively the biomass production. The
addition of Sediment 1 showed a slight increase
of algae growth, whereas Sediment 2 stimulated

Chla pg/mL

0 1 1 1 i 1
0 01 0.5 1 5 10

g/L
Fig. 2. Effect of sediment addition (dry weight) on the

growth of 4. bibraianus; bars represent the s.e.m. o = Sedi-
ment 1, o = Sediment 2, x = Sediment 3.

growth of algae with increasing sediment concen-
tration.

Mobilization of nutrients resulted in a signifi-
cant enhancement of biomass compared to elu-
triates. The test system allowed a continous leach-
ing during the exposure time, which seemed to be
more sensitive in characterization of biological
effects. The large number of chemicals associated
with suspended sediments implies that water ex-
traction alone is insufficient to detect toxic chemi-
cals in aquatic systems (Ongley er al., 1988). The
use of sediments themselves in bioassays with
algae is recommended over elutriates prepared
from sediments.

Direct effects of sediments on microbial
biomass were conducted by estimation of DNA
content after an exposure time of 6 days. Contam-
inants existed on sediments but did not produce
a toxic response in bacteria comparable to chemi-
cal analysis (Fig. 3). The ranking of sediments by
DNA content were in good agreement with the
results from the two-chamber device. Additional
studies on the dehydrogenase activity in sedi-
ments were performed by mixing subsamples with
the artificial electron acceptor INT. However, the
extracts of sediment 1 and 2 were coloured and
disturbed the background control data. The esti-
mation of dehydrogenase activities are considered
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Fig. 3. DNA content in sediments after 6 days exposure
time; bars represent the s.e.m.

to be an inappropriate tool for toxicity measure-
ments in our sediment subsamples.

The Neubauer phytoassays with higher plants
showed that Sediment 1 and 2 caused significant
inhibition of growth. The effects of contaminated
sediment were modified by the additions of humic
soil or silica sand. In a sediment with high organic
matter content differences to the uncontaminated
control were lower than in sediments with silica
sand additions. The test organisms were able to
detect the presence of toxic contaminants even in
dilute mixtures (Ahif, 1988). However, data for a
single biological end point (fresh weight after 10
days growth) were sufficient to demonstrate toxic
effects (Fig. 4).

These results suggest that a soil contact
phytoassay could be the most sensitive bioassay
among the five techniques studied. However,
Marschner et al. (1986) demonstrated that roots
decreased pH in the rhizosphere to a pH-value of
4-5. We believe that this particular mechanism
for the mobilization of mineral nutrients is also
important for the mobilization of heavy metals
from Sediments 1 and 2. Thus, the toxic response
of higher plants in our experiments does not reflect
the entire range of all other possible contaminants.
This interpretation is supported by data from
former studies with algae, where the effect of
decreasing pH was simulated in the two-chamber
device under controlled conditions. A sediment,
which stimulates algal growth at pH 7-8,
caused high toxic response at pH 5-6 within the
algae/water/suspended sediment system (Ahlf,
1985).
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Fig. 4. Fresh weight production of Lepidum sativum (a) and Lolium multiflorum (b) grown in sediments for 10 days; bars represent
the s.e.m.
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