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ESTIMATION OF ECOTOXICOLOGICAL PROTECTION
LEVELS FROM NOEC TOXICITY DATA
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Abstract—An extrapolation method is presented for the evaluation of the effect of toxic compounds on
all species in a community from single species tests on selected species representing the community. The
method assumes log-normal distribution of the toxicity data. By extrapolation, a lower statistical tolerance
limit is determined so that one can assert with a certain probability that only a certain percentage of all
the species in the community are influenced. The method was tested on ecotoxicological data for 11 aquatic
species, and it has been compared with two existing methods when used for a low number of species. The
first implies unwarranted assumptions and resulted in considerably higher critical concentrations than the
present method when used for a low number of species. The second method applies log-logistic confidence
limits and yielded critical concentrations which were in agreement with the presented method.
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log-normal distribution

NOMENCLATURE

o = location parameter of the log-logistic distri-
bution (In ML-?)
B = scatter parameter of the log-logistic distribution
(In ML-%)
6 =1 — [degree of confidence]
6, =P{ln NOEC < In HC,}
8, =P{Z <In HC,}
u# = mean of the normal distribution (In ML—3)
A = estimate of u (In ML-%)
¢’ = variance of the normal distribution (In ML)
¢? = estimate of g2 (In ML~3)?
C, = coefficient with value
(==
d,, = value such that P{S,>d,} =4,
EC;, = effect concentration for 50% of the organisms
(ML-?)
e,, = left confidence limit. Factor for a fractile in
the logistic distribution
fm=\/§/n 'em'Cl
HC, = hazardous concentration for p% of the species
(method of Van Straalen and Denneman)
(ML-?)
HCS = hazardous concentration for the most sensitive
of n species in a community (method of Kooij-
man) (ML-3)
k = one-sided tolerance limit factor for a normal
distribution
K, = hazardous concentration for sensitive species in
the log-normal distribution model (ML -?)
k, = In K, fractile in the standardized normal distri-
bution for In NOEC (In ML-?)
L =left confidence limit for a fractile of the log-
logistic distribution
LCy, = lethal concentration for 50% of the organisms
(ML-?)

Inf(1 — 8,)""/

*Author to whom all correspondence should be addressed.

m = number of test species (toxicity data)

n = number of community or of ecosystem species
NOEC = no observed effect concentration (ML)

p =P{ln NOEC<n K,}

s, = sample standard deviation of m In NOEC

values (In ML-3)

T = application factor between K, and exp(%,,)

u, = fractile of the standardized normal distribution

%, =mean of m In NOECs (In ML-?)

z = estimate for &, (In ML~?)

Z = the distribution for the estimate for HC,

INTRODUCTION

An important objective of laboratory testing of the
effects of chemical compounds or of complex mix-
tures of compounds is to assess the impact on natural
ecosystems and to calculate risk factors. A simple
ecotoxicological risk analysis can be performed by
the extrapolation of acute or chronic toxicity data for
various test species by regression techniques (Suter et
al., 1985; Blanck, 1984; Slooff er al., 1986).
Alternatively, laboratory-to-field extrapolation
procedures may use distribution models for sets of
acute or chronic toxicity test data (Kooijman, 1987,
Van Straalen and Denneman, 1989). In these
methods it is assumed that LC, or NOEC values for
single test species and for all species in a community
are stochastically independent variables with the
same log-logistic distribution. Normally, the par-
ameters are not known and they should be estimated.
Then, it is not possible to determine, e.g. the confi-
dence limits for the parameters by analytical
measures. Therefore, computer simulated correction
factors are introduced in the models. Okkerman et al.
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(1989) compared the method of Van Straalen and
Denneman (1989) with the method developed by the
EPA (1984) and that proposed by Stephan et al.
(1985). They found that the latter two were less
reliable. The method of the EPA has insufficient
scientific basis and the method of Stephan et al. uses
the triangular distribution implying the assumption
that there is a threshold value below which effects will
not occur.

However, the log-logistic distribution is very similar
to the log-normal distribution. From graphs of the
two distributions it can be shown that they are almost
identical when choosing the right parameters. Theor-
etically, the best distribution function should be
chosen to fit the data. The normal distribution has for
many decades held a central position in statistics. It
represents many possibilities for extension of the
extrapolation model compared to the logistic model
which is used mainly to represent growth curves. The
possibility of a simple analytical solution renders the
logistic distribution attractive. However, the par-
ameters need estimation just as for the normal distri-
bution. Based on these considerations the authors
prefer the log-normal distribution in the extrapolation
method and outline an extrapolation method which
uses the normal distribution instead of the logistic
distribution.

EXTRAPOLATION METHOD BASED ON
TOLERANCE LIMITS

As in the models of Kooijman (1987) and Van Straalen
and Denneman (1989) we consider a sample of species which
is selected from a community, e.g. all animals in an aquatic
ecosystem. It is important that the species are representative
for the community. For these test species the toxicity of a
compound or a mixture of compounds is determined by
laboratory methods by use of a defined endpoint. We wish
to emphasize that in practice, rather than by a random
procedure species are selected for which' toxicity data
are already available. Besides, the endpoints may vary.
Therefore, it is questionable whether a sample of species
is independent or represents a natural community without
serious bias. However, in the following the NOEC (no
observed effect concentration) is used for the calculations
assuming a defined endpoint for toxicity. It is assumed that
the NOEC values are stochastically independent variables
with the same distribution for the single test species as for
all community species. The distribution is assumed to be
logarithmic normal, i.e. the natural logarithm of NOEC
(In NOEC) is normally distributed with parameters u and
o?. The base 10 logarithm can just as well be used.

A hazardous concentration K, for sensitive species is
defined in such a way that NOEé for (1 — p)-100% of all
species in a community is greater than K,. According to the
definition,

P{ln NOEC<In K,} =p. )]

Hence, the fractile u, of the standardized normal distri-
bution is equal to (In K, u)/o, where p and a? are
parameters in the distribution for In NOEC. Letk,=In X,,,
then

k,=p+o-u, 2)
where k, is a fractile in the distribution for In NOEC and
u, is found in statistical tables. K, then becomes

K,=exp(u +0-u,). 3)
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Usually, only the estimates for the parameters are known.
They can be found from the following equations where m
is the number of test species

A=Xx,= Z X;/m 4
i=1

$1=s= 3 (x— En)m —1). )

If 4 and ¢ in equation (2) are substituted by their
estimates, the estimate z for &, is found

Z =Xyt Sy Uy, {6)

In repeated trials z will vary around the fractile k, and for
some trials the estimates will include less than 95% of the
species and for other trials more than 95%. When an
estimate z is found one would like to know the distribution
for the estimates or at least to know the variance for the
distribution. For parameters in a distribution the problems
are solved by finding a confidence interval, in which the
unknown parameter is included with a certain probability.
For a fractile in a normal distribution the problem can be
solved by finding the statistical tolerance limits. Tolerance
limits are often used in statistical quality control. With a
lower statistical tolerance limit a concentration can be
determined in such a way that with confidence (1 — J) no
more than p-100% of all species in a community have a
NOEC value smaller than this concentration.

To be reasonably sure that no more than p-100% of all
species have a NOEC value smaller than X, a value k is
determined in such a way that with confidence (1 — §) the
concentration exp(%, — s, k) excludes no more than
p-100% of all species. k can be determined in 3 ways:

(1) exact, resulting in a non-central /-distribution

(2) by using likelihood-theory

(3) approximative, assuming that (%, — s,,- k) is normally
distributed.

In the following & is determined by the first method in
according with Johnson and Kotz (1970). The fraction
of the species having a NOEC value smaller than
exp(X, — s, k) is <p if

(o — 5k — o <, ™

where u, is a fractile in the standardized normal distribution.
Equation (7) is defined to be valid with confidence (1 — 3).
The parameter k is obtained by

k=(/m)1,_sm—1, JSm-u,), ®)

where ¢, _s(m — 1, —\/;l -u,} is a non-central ¢-distribution
with (m —1) degrees of freedom and non-centrality

parameter —\/; ‘u,. K, is redefined by
K, = exp(X,, — s,,- k) = exp(X,, )/ T %)
where
T = exp(s,, k) (10)

can be regarded as a safety factor with which the geometric
mean of the measured NOEC values should be divided.

When m — oo then k- —u, and K,—exp(y + 0 u,).
Therefore, equation (3) is included in equation (9) and
consequently, the original definition of K, is included in the
new definition of K. The lower statistic tolerance limit K,
is determined so that with the probability (1 — 4) no more
than p - 100% of all species in a community have a NOEC
value smaller than X,.

The non-central r-distribution is given by e.g. Owen
(1962). In Table 1 the factor k is calculated for several values
of p, 8 and m. As a special case the factor &k for p = 0.5 and
& = 0.5 is estimated by the Student -distribution. This case
is consistent with the method used by EPA (EPA, 1984;
Stephan ez al., 1985).
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Table 1. The factor k is given in equation (8) calculated by the exact method by means of a non-central ¢-distribution, k is calculated for
several values of p, 6 and m (Owen, 1962)

Values of k for 1 -8 =090

Values of k for 1 — 5 =0.95

l—p I-p

m 0.900 0.950 0.975 0.990 0.999 m 0.900 0.950 0.975 0.990 0.999
2 10.253 13.090 15.586 18.500 24.582 2 20.581 26.206 31.257 37.094 49.276

3 4.258 5.31 6.244 7.340 9.651 3 6.155 7.656 8.986 10.553 13.857

4 3.188 3.957 4.637 5.438 7.129 4 4.162 5.144 6.015 7.042 9214

5 2.744 3.401 3.983 4.668 6.113 5 3413 4.210 4916 5.749 7.509

6 2494 3.093 3.621 4243 5.556 6 3.008 3.7 4332 5.065 6.614

7 2.333 2.893 3.389 3972 5.201 7 2.756 3.401 397 4.643 6.064

8 2.219 2.754 3.227 3.783 4.955 8 2.582 3.188 3.724 4.355 5.689
9 2.133 2.650 3.106 3.641 4771 9 2454 3.032 3.543 4.144 5.414
10 2.066 2.568 3.011 3.532 4.628 10 2.355 2911 3.403 3.981 5.204
11 2.012 2.503 2.936 3.444 4.515 11 2.275 2.815 3.291 3.852 5.036
12 1.966 2.448 2.872 337 4.420 12 2210 2.736 3.201 3.747 4900
13 1.928 2.403 2.820 3.310 4.341 13 2.155 2.670 3.125 3.659 4.787
14 1.895 2.363 2.774 3.257 4.274 14 2.108 2614 3.060 3.585 4.690
15 1.866 2.329 2.735 3.212 4.215 15 2.068 2.566 3.005 3.520 4.607
16 1.842 2299 2.700 3172 4.164 16 2.032 2.523 2.956 3.463 4.534
17 1.819 2272 2.670 3.137 4118 17 2.002 2.486 2913 3414 4471
18 1.800 2.249 2.643 3.106 4.078 18 1974 2.453 2.875 3.370 4415
19 1.781 2228 2.618 3.078 4.041 19 1.949 2423 2.840 3.331 4.364
20 1.765 2.208 2.597 3.052 4.009 20 1.926 2.396 2.809 3.295 4319
21 1.750 2.190 2.575 3.028 3.979 21 1.905 237 2.781 3.262 4.276
22 1.736 2.174 2.557 3.007 3.952 22 1.887 2.350 2.756 3.233 4238
23 1.724 2.159 2.540 2987 3.927 23 1.869 2.329 2732 3.206 4.204
24 1.712 2.145 2.525 2.696 3.904 24 1.853 2.309 2711 3.181 4.171
25 1.702 2,132 2.510 2.952 3.882 25 1.838 2.292 2.691 3.158 4.143
30 1.657 2.080 2.450 2.884 3.794 30 1.778 2.220 2.608 3.064 4.022
35 1.623 2.041 2.406 2.833 3.730 35 1.732 2.166 2.548 2.994 3.934
40 1.598 2.010 2371 2.793 3.679 40 1.697 2.126 2.501 2941 3.866
45 1.577 1.986 234 2.762 3.638 45 1.669 2.092 2.463 2.897 3.811
50 1.560 1.965 2.320 2.735 3.604 50 1.646 2.065 2,432 2.863 3.766
60 1.532 1.933 2.284 2.694 3.552 60 1.609 2.022 2.384 2.807 3.695
70 1.511 1.909 2.257 2.663 3.513 70 1.581 1.990 2.348 2.766 3.643
80 1.495 1.890 2.235 2.638 3.482 80 1.560 1.965 2319 2.733 3.601
9 1.481 1.874 2.217 2.618 3.456 90 1.542 1.944 2.295 2.706 3.567
100 1.470 1.861 2.203 2.601 3.435 100 1.527 1.927 2.276 2.684 3.539
120 1.452 1.841 2.179 2.574 3.402 120 1.503 1.899 2.245 2.649 3.495
145 1.436 1.821 2.158 2.550 337N 145 1.481 1.874 2217 2.617 3.455
300 1.386 1.765 2.094 2477 3.280 300 1.417 1.800 2.133 2.522 3335
500 1.362 1.736 2.062 2.442 3.235 500 1.385 1.763 2.092 2475 3.277
© 1.282 1.645 1.960 2.326 3.090 © 1.282 1.645 1.960 2.326 3.090

ASSESSMENT OF TWO EXISTING
EXTRAPOLATION METHODS

The method of Van Straalen and Denneman

The method of Kooijman (1987) defines a haz-
ardous concentration HCS for the most sensitive of
n species in a community. On the basis of this method
Van Straalen and Denneman (1989) have defined a
concentration HC, in such a way that J,-100% of all
species in a community have a NOEC value smaller
than HC,:

P{in NOEC < In HC, }
=[1 +exp(x —InHC,)/f]"'=4,. (11)

This corresponds to equation (1) which determines a
fractile of the distribution for In NOEC values. If «
and B are known then HC, can be calculated from
equation (11) for various values of §,. Normally, HC,
is calculated from the estimates of « and §. The
distribution of the estimate for HC, is called Z and
HC, is redefined by

P{Z <In HC,} = 6. (12)

In equation (12) a fractile of the distribution
for Z is determined in a similar way as for In
NOEC in equation (11). Since the parameters
and even the type of distribution are unknown
it is not possible to determine HC,. However,
by computer simulations of the distribution for
Z, Kooijman (1987) determines a factor 4, and
obtains

InHCS = %, — 3°5,,°d,,- C, /7%, (13)

where

Co=In[(1—-38)"/A—(1-56)"], (14)

and m is the number of test species, and X, and
s,, are the mean and the standard deviation of the
In NOEC values, respectively. Equation (11) is
identical with the method of Kooijman for n = 1.
Consequently, the method of Van Straalen and
Denneman is included in the method of Kooijman.
The only difference is that Kooijman used LC,,
values and Van Straalen and Denneman used NOEC
values.
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The method of Aldenberg et al.

Aldenberg et al. (1991) adopted the same basic
assumptions for prediction of toxicological protec-
tion levels as in Kooijman (1987). They calculated by
computer simulation a new factor e, instead of d,,
which was used for the calculation of a concentration
L, which they called a left confidence limit. However,
according to the definition e,, corresponds to a lower
statistic tolerance limit:

inm_fm'smﬂ (15)

where

fu=/3Im e, C,. (16)

The value of f,, is given in Aldenberg et al. (1991)
and the factor is comparable with the factor k for
a lower tolerance limit given in Table 1. It is seen
that £, is slightly greater than k. Thus, 10* which is
comparable with the lower tolerance limit K, is
slightly less than K.

COMPARISON OF THREE EXTRAPOLATION
METHODS

The present method is compared with the methods
of Van Straalen and Denneman (1989) and of Alden-
berg et al. (1991). The data set from Slooff and Canton
(1983) given by Okkerman ez al. (1989) was selected
because it has been used for method comparisons by
the cited authors. The data set consists of NOEC
values which we prefer rather than lethality data for
the risk assessment of ecosystems. However, we are
aware that small sets of NOEC data may be hetero-
genous and may not fulfill the ideal criteria on log-
normal distribution. Eight chemical compounds were
included, potassium bichromate, sodium bromide,
tetrapropylene benzene sulphonate, 2,4-dichloroani-
line, 4-nitrotoluene, 2,4-dinitro-o-cresol, dimethoate,
and pentachlorophenol. Eleven different species were
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used, bacteria (Pseudomonas fluorescens and Micro-
cystis aeruginosa), algae (Scenedesmus pannonicus),
plants (Lemna minor), crustaceans (Daphnia magna),
insects (Culex pipiens), hydrozoans (Hydra oligactis),
molluscs (Lymnaea stagnalis), fish (Poecilia reticulata
and Oryzias latipes), and amphibians (Xenopus
laevis). The endpoints were survival, growth, and
reproduction. It may be expected that a small data set
of NOEC values of the organophosphorus insecticide
dimethoate does not fit the log-normal distribution
due to the specific acetylcholinesterase inhibition of
this compound.

The lower statistic tolerance limit K, is calculated
for protection of 95% of the species (p = 0.05), and
& = 0.05 and 0.10, respectively, by the exact method,
i.e. by use of equation (9) and Table 1. For § =0.15,
K, has been calculated for p = 0.05 by an approxi-
mative method (Hald, 1952). The results are shown in
Table 2.

In Table 3 the HC,-values from Okkerman e al.
(1989, Table 1V) are given for §, = 0.05 and 6, = 0.05.
The value 10" according to Aldenberg et al. (1991) is
shown for these values of 4, and §,.

In Tables 2 and 3 K, and HC, have also been
calculated under the assumption that p = %, and
0% =35, for 11 species. K, is calculated from equation
(3) and HC, from equation (11) for a =y and
f=c -\/g/n (Van Straalen and Denneman, 1989). In
this way the fractile K, in the log-normal distribution
can be compared to the fractile HC, in the log-logistic
distribution. The fractile HC, is equal to the fractile
10, because they have the same distribution. The
difference between K, and HC, is very small in this
case. The reason is that the log-normal and the
log-logistic distributions are almost identical. Thus,
one would expect to get almost the same results when
only the estimates for u and o7 are known. Since the
HC, values are slightly greater than the K, values
when p and o? are known, it is to be expected that

Table 2. K, calculated by the new method for different numbers of test species (m) for p = 0.05, meaning protection of
95% of all species in a community or ecosystem. X, is calculated for & =0.05 and 0.10 by the exact method, and for
6 =0.15 by the approximative method

K,Cr,0, NaBr TPBS 2,4-DCA 4-NT DNOC DMTH PCP
m p=00506=005
3 75x1077 48x107% 13x10°% TaIx107° 82x107° 22x10°% 17x107 44x10°°
S 28x107% 34x10°7 81x1077 T3x 107 64x1077 13x107° 19x10°® 22x10°¢
7 033x1077 37x1077 14x107 18x 107 3.0x10°?7 41x107* 1.0x107* 50x10°°
9 LIx107? 16x107" 37x107? 56x107° 71x1072 16x10° 59x107* 15x10°*
{1 13x10°% 29x107" 52x10°?7 10x10°? 12x10°' 37x107° 57x10°* 45x10°*
m p=005086=010
3 20x107% 44x107° 61x107F 1.6x107° 1.8x1077 49x10* 28x10"" 21x10"°
S L3x107) 24x107 23x1077 43x107* 18x1072 1.1x10°* 25x107% 1.6x10°°
7 73x107% 14x107" 31x10°2 46x107* 57x1072 13x107® 48x10°* 1.7x10°* .
9  18x107?2 39x107' 63x1072 11x10"2 11x10"' 35x10% 18x10"% 35x10"*
11 21x1072 62x107" 83x1072 17x10"? 1.8x10~' 68x10"* 15x10"* 85x10°*
m p=005086=015
5 44x107° 12x107" 54x107? 18x1077 43x107? 58x107* 19x10* 82x10°°
7 14x107% 40x107" 57x10°2 95x 1077 95x1072 32x107* 1.7x107} 44x10°*
9 29x10°? 83x10~' 96x10"? 18x107? 1.6x107" 64x107" 44x10"* 68x10°*
1 31x10°? 11 1.2x107"  26x107% 24x107" LIx107? 34x107? {4x107?
m p =0.05
«  80x1072 49 30x107" 73x1072 49x 107" 36x1077 23x107? 50x10°?
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Table 3. Comparison of HC, calculated according to Van Straalen and Denneman (1989), 10 according to Aldenberg et al. (1991)
and K, calculated by the present method for p = §, =0.05, and § = §, = 0.05 and different numbers of test species (m)

m  K,Cr,0,  NaBr TPBS  24-DCA  4NT DNOC  DMTH PCP
HC, 3 47x10° 32x102 28x10' 29x10* 38x10-2 08x10-° 34x10-° 92x10-°
10* 3 35x10°° 19x10°% LOx10? 34x10~° 54x10-° 11x10"® 45x10™" 3.6x10-*
K, 3 75x10-° 48x10°* 13x10-2 7T1x10~° 82x10-% 22x10-% 17x10-“ 44 x10-*
HC, 5 45x107% 12x107' 56x1072 19x10-7 44x10"2 64x10-* 20x10-* 8.6 x10~°
104 5 16x107% 16x10-3 S54x10-7 37x10-5 43x10-3 58x10-° 72x10~7 1.0x 10~
K, 5 28x10* 34x107 81x10-° 73x10-° 64x107° 13x10-° 19x10° 22x10-°
HC, 7 13x1072 37x107' 54x10-2 89x10-7 9.1x10-2 30x10-* 1.5x10-} 40x 10-*
104 7 21x10-' 18x10"2 92x10-3 [Ix10-3 21x10-2 23x10-* 45x10~° 2.6x 10~
K, 7 33x107® 37x10°2 14x10% 18x10° 30x10-2 41x10-* 10x10* 50x10-3
HC, 9 28x1072 77x10~' 92x10? 17x10-2 16x10~' 61x10-3 41x10-3 64 x 10~*
10t 9 B6x10- Lix10"' 31x10"2 44x10-7 60x10-2 12x10-3 39x10-* L.Ix10~*
K, 9 LIx10-2 16x107' 37x1072 56x10> 7T1x10-2 16x10-3 59x10% 1.5x10~*
HC, 11 29x10-2 1.0 11x100 25x102 23x10~) 10x10~2 30x10~7 1.2x 10~
10 11 10x10"2 20x10~' 41x1072 80x10-* 10x10-' 27x10-> 35x10-* 32x10-*
K 1 13x1072 29x10~' 52x10-2 10x10-2 12x10-' 37x10-% S57x10-* 45x 10-*
’ 8,=005
m p=o,=0
HC, ©  82x10? 5.2 3Ax107' 7.5x1072 S0x107' 38x1072 25x1072 53 x 107
1ot o 82x10-? 49 3Ix107' 75x10°7 50x107' 38x1072 35x102 5.3 x 10~
K © 80 x 1072 49 30x107" 73x1072 49x107' 36x1072 23x 1072 5.0 x 10~

P

the 10¢ values are slightly greater than the corre-
sponding K, values when only the estimates are
known. Actually, the opposite is found.

From Table 3 it is seen that the HC, values
calculated by means of Kooijman’s factor d, for
6, =0.05 correspond to the K, values for 4 =0.15.
The 10* values for 6, =0.05 are smaller than the X,
values for 6 = 0.05. The general trend is that K,, HC,
and 10 are increasing when the number of test
species is increasing. The calculations based on three
species only, give scattered results. For six of eight
compounds the values of K,, HC, and 10* based on
three test species follow the general trend. For two of
the compounds (tetrapropylene benzene sulphonate
and pentachlorophenol) it is the contrary for both X,
HC, and 10%. Therefore, it is recommended at least
five test species be used to be reasonably sure of
determining limits which are not too high.

DISCUSSION

The three described extrapolation methods are all
very sensitive to variations in the data for the differ-
ent test species. If the species represent a small part
of the distribution curves only, the variance between
species is underestimated, and the protection concen-
tration will be too high. Therefore, there is a need for
procedures testing if the selected test species represent
the ecosystem.

The method of Van Straalen and Denneman (1989)
resulted in higher protection concentrations (HC,)
than the other methods. The explanation is found by
looking at the quite different criteria proposed by the
authors. The number of tested species (m) and the
probability (d,) of obtaining too high estimates for
HCS or HC,, control the correction factor d,, of the
methods of Kooijman (1987) and of Van Straalen
and Denneman (1989), respectively. No interpret-
ation of the calculation is given by Kooijman who
just states that HCS is determined for fixed values of
m, n, 6, and §,. In fact, Kooijman determines a

concentration which is smaller than the estimate for
the fractile HCS with confidence (1 — 6,). We wish to
know something about the fractile HCS, but nothing
is really said about it. The estimate for HCS is greater
than the fractile HCS in roughly 50% of all events.

Since the method of Kooijman includes that of Van
Straalen and Denneman it is expected that the factor
d, could be used in both methods. But by the
derivation of d,, it is assumed, that C, is > 10, that
means very far to the left on the log-logistic distri-
bution curve. Therefore, the HCS values are much
lower than the HC, values. In Van Straalen and
Denneman (1989) very low values for C, are used, e.g.
if 6, =0.05 then C,= C, =294,

The factor d,, in Kooijman (1987) is only depen-
dent on m and §,. Compared with a lower tolerance
limit it can be seen from equation (8) that the factor
k is dependent of m, p and 4. This corresponds to the
fact that d,, depends on three factors, m, 8, and 4,.
Aldenberg et al. (1991) determine e¢,, for one value of
6, and different values of é,. Thus, e, depends on
three factors, m, §, and §,, as well. Calculations
suggest that the d,, values are too low when used in
the method of Van Straalen and Denneman, and that
d,, for C, < 10 depends on m, §, and J,. The result is
that HC, is estimated too high when d,, is used. This
is confirmed by Aldenberg et al. (1991) who found
that in the method of Van Straalen and Denneman
(1989) the value of HC, is overestimated when using
Kooijman’s factor d,,.

The present method deals with these difficulties by
using the log-normal distribution and tolerance
limits. Aldenberg et al. (1991) have solved the prob-
lems by proposing a correction factor e, which was
calibrated based on randomly generated standard
logistic data. The resulting confidence limits of
Aldenberg et al. are smaller, but within a factor of
two from the tolerance limits calculated by the pre-
sent method at the same level of significance. The
exponential expressions used in both methods may
create the observed differences because of small
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differences in the k factors, respectively e,. Thus,
the method of Aldenberg et al. (1991) based on the
log-logistic distribution is apparently in excellent
agreement with the present method based on the
log-normal distribution.

The three described extrapolation methods all
deal with the effects of chemical compounds on
large groups of species in ecosystems. However, the
models do not account for other aspects such as
the interaction between species or the modifying
influence of the non-biological components of the
environment on the exposure and on the biological
effect. Furthermore, the toxicological endpoints used
for calculations are heterogenous, e.g. lethality,
growth rate and hatching. Neither, is it justified to
use large taxonomic distances ranging from bacteria
and plants to insects and fishes. A large variation
of endpoints and taxa in combination with a limited
number of test species may cause serious errors
in the extrapolation procedure because of wrong
assumptions of the distribution model or the lack
of representativeness of the selected taxa. Therefore,
we recommend the usage of short taxonomic dis-
tances and homogeneous endpoints. Additionally,
the distribution function of the test data should be
controlled.

The extrapolation methods can be employed in the
environmental standard setting of specific discharges
of wastewater. Data from laboratory toxicity testing
may be sufficient for the estimation of the potential
effects on the environment if they are based on
random sampling of the effluent. However, if the
extrapolation method is used for setting maximum
acceptable concentrations of single compounds, the
combined effect of all compounds present in the
environment should be accounted for. This may be
done by an addition model summing the critical
concentrations of the single compounds.

The use of extrapolation methods for regulatory
purposes has recently been considered by The
Netherlands Ministry of Housing, Physical Planning
and Environment, and OECD (Balk, 1990; OECD,
1990). The statistical extrapolation methods utilize
all toxicity data of a data set, and may produce
reliable results if sufficient data are available, and
if standards are set for the quality of data. The
numerical values of p and é should be chosen on
the basis of investigations on several data bases. We
stress the need for validation of the methods at
ecosystem level before they are implemented for
regulatory purposes.
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