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A simulation study

The toxicity of substances or mixtures is based on the interaction of the sub-
stances and the respective organisms. As organisms can be structured quite dif-
ferently their different sensitivity is  just logic consequence.
The sensitivity different organisms must be compared if substances should be
detected with a maximum of sensitivity or biotest batteries should assess the
hazards of environmental samples.

For this reason quite a lot of comparative studies between algae and daphnids
have been done. In many cases the EC-values were calculated from inhibition
values based on area under the growth curve (agc) or final biomass. But EC-val-
ues of almost exponentially growing systems, calculated from final biomass or
age depend on test duration and the absolute growth rate of the controls (Nyholm
1985, Nusch1982). Figures 1 and 2 show the dependence of the EC2 and ECso
for growth rates typically found with duckweed (u = 0.275 d*; 0.325 d*; 0.375
d*) and single cell green algae (u = 0.9 d*; 1.4 d*; 1.9 d*) on test duration. EC-
values based on growth rates drastically change with the test duration while the
EC-values depending on growth rates remain constant. The longer the test and
the higher the growth rate the higher is the EC-value based on agc and final
biomass.

100 W [1/d]
80 ——0.275
P\i —+— 0,325
c 60
.g —0—0,375
o
‘= 40 ——09
£
—a—1,4
20
—0—1,9
0
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
time [d]

Fig 1: Influence of the absolute growth rate of the control and of the test duration on the inhibi-
tion of final biomass for 20 % inhibition of growth rate.
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Fig 2: Influence of the absolute growth rate of the control and of the test duration on the inhibi-
tion of final biomass for 50 % inhibition of growth rate.

To get a quantitative impression of this phenomena and its consequences on the
evaluation of comparative studies, the basic scheme of some studies was used for
numerical simulations. The aim of the work was to answer of the question in how
far comparisons on the basis of the more sensitive calculation method final
biomass results in different EC-values than the less sensitive but ecologically more
relevant growth rate.

Three scenarios of comparison were chosen from literature. Some US-studies
(Fairchild et al. 1997) used a test duration of 4 days for algae and duckweed
(scenario D4A4), in the context of a screening test battery for pesticides
(Grossmann et al. 1992) a one day test with algae was compared to a 7 days test
with duckweed (scenario D7A1l) and a third scenario used a 3 days test with
duckweed (OECD, ASTM). In all simulations only the values based on final
biomass were calculated as agc calculation result in relatively similar values if it is
done on a non logarithmic basis (Nyholm 1985).

Figure 3 shows the dependence of inhibition values on the absolute value of the
growth rate for the D4A4-scenario. Especially inhibition of final biomass of algae
can rise between different tests if growth rate rises from the minimum allowed
level (0.9 d*) to the high but common value of (1.8 d') from 57 to 77 % for
algae (ECu20). This results in EC-value differences of about factor 1.5 for steep
(like 3,5 DCP) and about factor 3 for shallow (like K2Cr207) concentration-
response-curves (crc).

For duckweed the difference of ECbniomass-vaiues fOr different growth rates (0.275 d
and 0.375 d?) is only 3% for ECy20 and 4 % for ECyso.
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If both organisms are compared the inhibition of final biomass for EC,20 of algae is
35 % higher (30 % for EC.s0) than the value of duckweed if medium growth rates
(0.325 d* for duckweed and 1.4 d*' for algae) are considered.
35 % differences in inhibition result in an ECbiomass-value for duckweed about fac-
tor 2 higher than that of algae if a steep concentrations-response-curve is pre-
sumed. For shallow curves the difference of EC-value can reach factor 7 for the
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Fig. 3: Dependence of the inhibition of final biomass from growth rate of the controls for duck-
weed (left) and algae (right) for the scenario D4A4 (test duration duckweed 4 days, algae 4
days)

This little example already shows that only inhibition values calculated on growth
rates allow a scientifically solid comparison of different organisms sensitivities.
Studies based on areas under the curve or final biomass can only demonstrate
that one test design has a larger tendency to produce smaller EC-values than an-
other test design.

In addition the scenarios with algae at different growth rates compliant to stan-
dards show high ostensible differences in sensitivity. This could explain some test
to test or interlaboratory differences finally based on different but not documented
growth rates. Generally the scenario D4A4 structurally tends to evaluate toxicity
towards algae much higher than toxicity towards duckweed. But in a comparative
study of 16 herbicides with selenastrum capricornutum and lemna minor
calculated on final biomass the duckweed system led to smaller ECso values for 8
substances (Fairchild et al. 1997).

Going beyond that again a rectilinear comparison of sensitivity of a 4 days
duckweed test, 4 days tests with different algae and a 14 day test of submersed
rooted macrophytes is not appropriate to measure sensitivities of test species. If
the test design is a 7 days duckweed test compared to a 1 day test with algae
(scenario D7A1l), duckweed seems to be more sensitive if final biomass is the
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basis of calculation. Figure 4 shows that for a given growth rate inhibition and
medium absolute growth rates inhibition duckweed has an inhibition between 2
and 10 % higher than algae. The fact that in real tests duckweed leads for most
of the tested substances to EC-values equivalent or lower than that for algae just
illustrates that the result is more a product of the test design than one of different
sensitivities.
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Fig. 4: Dependence of the inhibition of final biomass from growth rate of the controls for duck-
weed (left) and algae (right) for the scenario D7A1 (test duration duckweed 1 days, algae 1
days)

In the third scenario D7A3 a 7 days duckweed test is compared with a 3 days
test with algae. In this case the test design for algae is 2 — 18 % more sensitive
than that for duckweed (Figure 5).
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Fig. 5: Dependence of the inhibition of final biomass from growth rate of the controls for duck-
weed (left) and algae (right) for the scenario D7A3 (test duration duckweed 7 days, algae 3
days)

Depending on the slope of the concentration-response curve 18 % difference
correspond to EC-values differing between factor 1.5 for steep crc and factor 4
for flat crc.

Future research projects, standardisation procedures and comparative studies
should take these connections into consideration. As a consequence the allowed
range of growth rate for standard tests with algae should be more limited than it
is today if final biomass and area under the curve should be used.
The more consequent solution however would be to calculate at least additionally
EC-values based on growth rates. Only growth rate based data are a valid basis
for comparisons between different organisms. As Fig. 6 shows, data based on
final biomass (or area under the curve) do not provide any basis for an appropriate
comparison.
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Fig. 6: Dependence of inhibition of final biomass for ECu20 (left) and ECu50
(right) from the growth rate of the controls for duckweed and algae.

Waiting for a broad consensus for the appropriate method of data calculation test
results should be presented with all calculation methods or the raw data should be
easily accessible.

Bassi M., Corradi M. G. Favali M. 1990 Effects of chromium in freshwater algae and macro-
phytes, 204-224, in: Plants for toxicity assessment ASTM STP 1091, Wang W., Gorsuch J. W.,
Lower W. R. (eds.) ASTM Philadelphia

Cowgill U. M., Milazzo D. P. and Landenberger B. D., 1989. A comparison of the effect of tri-
clopyr triethylamine salt on two species of duckweed (Lemna) examined for a 7- and 14-day test
period. Water Research 23: 617 - 623.

Cowgill U. M., Milazzo D. P. and Landenberger B. D., 1991. The sensitivity of Lemna gibba G-3
and four clones of Lemna minor to eight common chemicals using a 7-day test. Research Journal
of the Water Pollution Control Federation 63:991 - 998.

Fairchild J.F., Ruessler D.S., Haverland P.S. and A.R. Carlson 1997 Comparative sensitivity of
Selenastrum capricornutum and Lemna minor to sixteen herbicides. Archives of Environmental
Contamination and Toxicology 32, 353-357.

Fletcher J.S. 1991 Assessment of published literature concerning pesticide influence on nontar-
get plants. In: ,,Plant tier testing: a workshop to evaluate nontarget plant testing in Subdivision
J pesticide guidelines®. U.S. Environmental Protection Agency, EPA/600/9-91/041, Corvallis,
OR, pp. pp. 28-36.

Fletcher J.S. 1990 Use of algae versus vascular aquatic plants to test for chemical toxicity. In:
Plants for Toxicity Assessment, edited by W. Wang, J.W. Gorsuch and W.R. Lower. ASTM STP
1091, American Society for Testing and Materials, Philadelphia, PA, pp. 33-39.

Fletcher J.S. 1990 Use of algae versus vascular plants to test for chemical toxicity. In: ,,Plants
for Toxicity Assessment”, ASTM STP 1091, Wang W., J.W. Gorsuch and W.R. Lower (eds)
American Society for Testing and Materials, Philadelphia, pp. 33-39.

Garten C.T. and M.L. Frank 1984 Comparison of toxicity to terrestrial plants with algal growth
inhibition by herbicides. Publ. No. 2361. Environmental Sciences Division, Oak Ridge National
Laboratory, TN.

Grossmann K. Berghaus R. Retzlaff G. 1992 Heterotrophic plant cell suspension cultures for
monitoring biological activity in agrochemicals research. Comparison with screens using algae,
germination seeds and whole plants Pesticide Science 35, 283-289

1999-021.doc



Hartman W.A. Martin D.B. 1985 Effects of four agricultural pesticides on Daphnia pulex, Lemna
minor and Potampogeton pectinatus

Nusch EA (1982) Evaluation of growth curves in bioassays. ISO/TC 147/SC 5/WG5 N62. Ned-
erlands Normalisatie-instituut, Delft, The Netherlands.

Nyholm N (1985) Response variable in algal growth inhibition tests - biomass or growth rate?
Wat Res 19:273-279.

Nyholm N (1990) Expression of results from growth inhibition toxicity tests with algae. Archives
of Environ Contam Toxicol19:518 - 522.

Peterson H.G., C. Boutin, K.E. Freemark, P.A. Martin 1997 Toxicity of hexazinone and diquat to
green algae, diatoms, cyanobacteria and duckweed. Aquatic Toxicology 39: 111-134.

Peterson H.G., C. Boutin, P. Martin, K.E. Freemark, N.J. Ruecker, and M. J. Moody 1994
Aquatic phyto-toxicity of 23 pesticides applied at Expected Environmental Concentrations.
Aquatic Toxicology 28: 275-292

Roshon R.D., McCann J.H., Thompson D.G., and G.R. Stephenson (in press) Effects of seven
forestry management herbicides on Myriophyllum sibericum, as compared with other non-target
aquatic organisms. Canadian Journal of Forest Research

Sloof W.J., H.Canton and J.L.M Hermens 1983 Comparison of the susceptibility of 22
freshwater species to 15 chemical compounds. I. (Sub)acute toxicity tests. Aquatic Toxicology
4,113-128.

Wang W.C. 1990 Literature review on duckweed toxicity testing. Environmental Research 52,
7-22

Wang W.C., Williams J.M. 1988 Screening and biomonitoring of industrial effluents using
phytotoxicity tests. Environmental Toxicology and Chemistry 7, 645-652

1999-021.doc



