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ABSTRACT: There are two potential approaches for quantita-
tive structure-activity relationships modeling of aquatic toxicity
of surfactants. One is to try to relate toxicity to parameters de-
scribing the surfactant properties, which can be measured or
calculated. The other approach is to try to apply to surfactants
parameters such as log P (P = octanol/water partition coeffi-
cient), which can also be used to relate toxicity to structure for
nonsurfactants. This paper compares the two approaches and
presents new data supporting the second approach as the more
mechanistically relevant. Further refinements in the calculation
method for log P are presented.
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For nonsurfactant organic chemicals, quantitative struc-
ture—activity relationships (QSAR) correlating aquatic tox-
icity with log P (P = octanol/water partition coefficient) are
long established.

Modeling of surfactant toxicity is sometimes considered
to present a different problem. Log P is difficult to measure
for surfactants (1) and it has been argued that it is not a rel-
evant parameter (2). However, when analyzed more
closely, the arguments amount essentially to statements of
the practical difficulties of measurement. This paper dis-
cusses whether log P or surfactant-specific parameters are
more appropriate for development of surfactant toxicity
QSAR.

Log P or surfactant-specific parameters? The tendencies of
surfactants to aggregate at interfaces, to form micelles, and
to act as solubilizing and emulsifying agents are some-
times quoted as arguments against the validity of log P for
toxicity correlations.

These arguments can be countered by the following
considerations (3).

Although it is experimentally difficult to measure log P
for surfactants, because of their tendency to reside on the
water/octanol interface and to solubilize octanol in water
and water in octanol, there is no conceptual problem in
defining a partition coefficient between octanol and water
for a surfactant. P is simply the ratio, at equilibrium, of the
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concentrations of the compound in true solution in each of
the two solvent phases. The fact that other equilibria exist
(with concentrations at the interface and in the micellar
phase if present) does not affect the definition. Surfactant
in micelles is not in true solution, and the “micellar concen-
tration” in the aqueous phase is not included in the P value.
Although the presence of surfactant affects the solubilities
of octanol and water in each other, the same phenomenon
is encountered with nonsurfactant solutes and can in prin-
ciple be accounted for by measuring log P at various con-
centrations and extrapolating to infinite dilution. Solubi-
lization of octanol in the surfactant micelles will occur if the
surfactant concentration is above the critical micelle con-
centration, but again this does not affect the definition of P.

There are several good reasons for using log P in QSAR
studies of surfactants and for avoiding, where possible, the
use of surfactant-specific parameters.

Firstly, surfactants and nonsurfactants form a contin-
uum, with no clear boundary between the two. It would be
universally agreed that the compound RO(CH,CH,0) H
is a surfactant when R is n-dodecyl and n has any positive
value, and a nonsurfactant when R is ethyl and n has any
positive value. It becomes much less clear when homologs
such as R = hexyl, n = any positive value, or R = dodecyl,
n = 0 are considered. By definition, surfactant-specific pa-
rameters cannot be determined for compounds which are
clearly nonsurfactants, and there may be experimental dif-
ficulties in measuring them for compounds which are nei-
ther clearly surfactants nor clearly nonsurfactants.

Secondly, the use for QSAR development of the same pa-
rameter for surfactants as is used for nonsurfactants helps
in clarifying whether the surfactants have the same or dif-
ferent mechanisms of action as compared to nonsurfactants.

Thirdly, bearing in mind that commercial surfactants are
usually multicomponent mixtures, so that mixture toxicity
equations need to be used, a parameter which can be cal-
culated for each component is obviously more applicable
than one which has to be measured experimentally for
each component. Even though the measurement may be
simple, the separation or independent synthesis of each
component would be prohibitively time-consuming. Log P
values for most surfactants, although difficult to measure,
can easily be calculated from structure. Conversely, surfac-
tant-specific parameters often can be measured readily but
are difficult to calculate.
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RESULTS AND DISCUSSION

Calculation of log P. The Leo and Hansch method (4) for cal-
culation of log P, which can be done either manually or by
use of commercial software, is based on the concept that
the various fragments of a molecule contribute additively
to its log P value. Log P is calculated by conceptually
breaking the molecule down into its component fragments,
summing the partial log P values (referred to as hydropho-
bic fragment values, f) and applying factors F to allow for
variation in how the fragments are combined in the whole
molecule. The f and F values were originally derived from
experimental log P values for a large number of chemicals.
The rules for applying them are based on mechanistic con-
siderations of the solvation energy changes when the mol-
ecule partitions into the aqueous phase.

Previous publications from this laboratory have de-
scribed our work in extending the Leo and Hansch log P
calculation method to be applicable to surfactants (5-7). Al-
though commercial software for the Leo and Hansch calcu-
lations is now widely available, the structure of most sur-
factants is sufficiently simple for the log P values to be cal-
culated manually. For unbranched alcohol ethoxylates and
their derivatives, the log P value is a linear function of the
parent alcohol carbon number C and the degree of ethoxy-
lation E. It follows that for any set of such surfactants, a log
P-based QSAR can be substituted by an equivalent QSAR
based on C and E. However, QSARs based on C and E are
less versatile than log P-based QSARSs since they cannot be
applied to compounds having more structural diversity,
and they can be misleading if applied to prediction of toxi-
city for branched-chain isomers and homologs.

The following guidelines for calculation of log P can be
given.

It is important to be aware that the computerized ver-
sion does not contain fragment values for anionic group-
ings, does not deal adequately with compounds contain-
ing several ethyleneoxy (EO) groups, and does not distin-
guish between different branching patterns. If using the
computerized version, the best approach is as follows.

If the compound contains anionic groups, enter the
structure with the anionic groups replaced by H. Adjust
the answer manually by subtracting the fragment values
for these H groups (0.23) and adding the bond factor
(-0.12) plus the fragment values for the anionic groups as
originally given by Leo and Hansch (4). Some fragment
values relevant to surfactants are:

=Aliphatic -SO;~ -5.87
=Aromatic -SO;~ -4.53
=Aliphatic -OSO;" -5.23
=Aliphatic -CO," -5.19
=Aliphatic ether -O— -1.82
«Aliphatic -OH -1.64
=Aliphatic ester -CO,~ -1.49

The first four of these are not in the computerized ver-
sion of the method. Note that all of these values are nega-
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tive, indicating a hydrophilic contribution from these
groups.

If the compound contains a chain of EO units, enter the
structure with a single EO unit and adjust the answer man-
ually by applying a fragment value f.,, equal to —0.10 for
each additional EO unit. However, this fragment value
may not be universally applicable (vide infra).

If the compound contains branched alkyl chains, enter
the structure with these replaced by linear chains with the
same carbon number. Adjust the answer by applying the
position-dependent branch factor (PDBF), which can be
calculated as PDBF = -1.44 log(S + 1), where S is the car-
bon number of the shorter chain from the branching posi-
tion. Some PDBF values are:

<Methyl branch -0.43
«Ethyl branch -0.69
<Propyl branch -0.87
<Butyl branch -1.01
<Pentyl branch -1.12
«Hexyl branch -1.22

A further recent refinement is in the way proximity fac-
tors are calculated for situations where two hydrophilic
groups are close together in a molecule. The standard Leo
and Hansch method, including the computerized version,
has proximity factors calculated as:

=Separation by one carbon —0.42 (f, +1,)
=Separation by two carbons  —0.26 (f, +f,)
=Separation by three carbons  —0.10 (f, +f,)

where f; and f, are the fragment values of the two hy-
drophilic groups; since these are negative, the proximity
factors are positive. However, this method does not deal
adequately with the situation where one of the two groups
is much more hydrophilic than the other—a situation
which arises in several common surfactants, such as ether
sulfates and ester sulfonates. In work which will be pub-
lished on another occasion, we have derived an approach
to calculation of proximity values based on consideration
of the overlap between hydration sheaths of neighboring
hydrophilic groups. For example in ester sulfonates, the
original method gives a proximity factor value of 3.09,
which is unrealistically large (being over twice as positive
as the ester group fragment value, —1.49,is negative). The
new approach gives a proximity factor value of 1.49. In
ether sulfates, the anionic sulfate group is separated by
two carbons from an ether oxygen group. The original
method gives a proximity factor value of 1.83, while the
new method gives a value of 1.48.

For aquatic toxicity of nonsurfactant organic com-
pounds, two nonspecific modes of action are recognized,
each one modeled by QSAR based on log P: (i) general nar-
cosis (8): log (1/EC.;) = 0.87 log P + 1.13; (ii) polar narcosis
(9): log (1/EC,;) = 0.63 log P + 2.52. [EC,, (EC = effect con-
centration) is the concentration (in mol/L) required to pro-
duce the toxic effect, which may be death, narcosis, immo-
bilization, etc., depending on the test protocol, in 50% of
the test population].
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These equations were derived for fish toxicity, but equa-
tions with very similar slopes and intercepts apply to other
organisms such as Daphnia.

Using log P values calculated as described above and
mixture toxicity equations where appropriate, we have de-
rived QSARs covering a range of anionic and nonionic sur-
factants. In previous publications we showed that acute
toxicity of nonionic surfactants is well-modeled by the gen-
eral narcosis QSAR, and toxicity of anionic surfactants is
well-modeled by the polar narcosis QSAR (5-7,10). In
work that will be reported elsewhere, we have now carried
out toxicity studies on mixtures of surfactants with non-
surfactants known to act either as general narcotics or
polar narcotics. Depending on whether the two compo-
nents of the mixture act by the same or different mecha-
nisms, the mixture toxicity may or may not be additive.
The findings may be summarized:

<Anionic surfactant + general narcotic  nonadditive
«Anionic surfactant + polar narcotic additive
<Nonionic surfactant + general narcotic additive
<Nonionic surfactant + polar narcotic nonadditive

These findings support the view that surfactants and
nonsurfactants behave similarly in their aquatic toxicity,
and that log P is a suitable parameter for modeling surfac-
tant toxicity.

A QSAR based on surfactant-specific parameters. A recent
publication by Rosen et al. (2) describes a QSAR study for
aquatic toxicity in river water of pure single-component
anionic surfactants to the rotifer Brachionus calciflorus. Un-
like the studies referred to above, these were chronic toxic-
ity studies. The toxicity was correlated with a combination
of two surfactant specific parameters, pC,, and A ;.. The
pC,, value is the negative log of the concentration of sur-
factant when the surface tension of the solution is 20
mN/m less than that of the river water, and A, is the
minimum cross-sectional area of the surfactant at the water
surface, calculated from the slope of a surface tension/con-
centration plot. The toxicity values are correlated with the

TABLE 1

Rotifer Toxicity of Anionic Surfactants?

Surfactant log(1/ECy) PCyo Ain log P?
Cy,S 5.30 3.68 0.504 1.60
C.,E,S 5.47 4.32 0.512 2.12(1.97)
CiaS 5.88 4.68 0.485 2.68
C4E5S 6.28 5.24 0.454 3.20 (3.05)
C,,50, 4.62 3.46 0.709¢ 0.96
C1,EsS 5.09 4.35 0.688 1.92 (1.47)
C14EsS 5.85 5.51 0.569 3.00 (2.55)
CysE,S 6.17 5.96 0.557 3.54 (3.09)

#ECgq in mol/L. For definitions of EC;, pC,q, and A, see text. Surfactant
nomenclature: S = sulfate; SO, = sulfonate.

bpresent work. Bracketed values based on f., = —0.25 (see text).

CIn the paper by Rosen et al. (2), a value of 1.09 is given. However this seems
to be a misprint and is inconsistent with the surface tension/concentration
plot shown: the value given here is taken from a more recent paper by Rosen
et al. (11) which appeared between the original submission and the revision
of the present paper.

min’
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ratios pC,,/A ;- Table 1 shows the surfactants, their toxi-
cities, their pC,, and A ;;, values, and the log P values cal-
culated by the method summarized here.

Rosen et al. (2) argue that the pC,, value represents the
ability of the surfactant to adsorb onto the external tissues
of the organism and that A ;. being a function of the work
required to remove the head-group hydration sheath so as
to allow the molecule to pass through a membrane, is an
inverse measure of the ability of the surfactant to penetrate
to the interior of a cell. However, this argument seems
mechanistically unsound, since it is generally considered
that for chemically unreactive toxicants like these surfac-
tants, the site of action is the external cell membrane. Nev-
ertheless the correlation between toxicity and the
pC,,/A,,, Parameter is good, as shown in Figure 1.

This plot, with the A ;- value for C,,SO, corrected (11),
is slightly better than that originally reported by Rosen
etal. (2).

The reason for the good correlation observed may be
that pC,, and A ;. in combination model log P. If we con-
sider that the log P value of any of these surfactants is com-
posed of the contributions from the hydrophobicity of the
alkyl group and the hydrophilicity of the head group, then
pC,, largely models the former and A_;, largely models
the latter.

If this is so, then we should expect the toxicity values to
be correlated with log P values for these surfactants. In Fig-
ure 2 log (1/EC,) is plotted against log P.

Although the QSAR based on log P is highly significant,
the statistical fit is not as good as it is for the QSAR based
on pC,y/A, i Itis interesting to consider why this is so. It
is possible that the pC,,/A ;, values, being based on ex-
perimental measurements, predict the differences between
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FIG.1. Log (L/ECgp) vs. pCyo/A,i, [data from Rosen et al. (2)]. For defini-
tions of ECgj, pC,,, and A, see text. Log (1/ECgp) = 0.25 (+0.02)
PCyo/Anin + 3.45 (£0.17); n =8, R?=0.991, s=0.06, F = 676.

'min

Journal of Surfactants and Detergents, Vol. 3, No. 3 (July 2000)



312

6.5 -
Log (1/ECs5p)
6.0 H

5.5 4

5.0 1

4.5

I ] I | 1 I I
05 1.0 15 20 25 3.0 35 4.0
Log P

FIG. 2. Log (1/EC;g) vs. log P [toxicity data from Rosen et al. (2)].
Log (1/ECg) = 0.62 (+0.15) log P+ 4.11 (+0.37); n =8, R = 0.924, s =
0.17, F=73.

the true log P values of the surfactants better than the cal-
culated log P values do. This would imply that a further
refinement of the log P calculation method, applicable to
at least some of the surfactants discussed here, is needed.

From consideration of the underlying physical chem-
istry, the method of dealing with multiple EO units in the
log P calculation may need refinement. The argument pro-
ceeds as follows.

An EO unit is more hydrophobic in a staggered confor-
mation than in an eclipsed conformation, because of a
water-sharing effect (Fig. 3). This is the basis of the well-
known cloud-point phenomenon observed with ethoxy-
lated alcohols: as the temperature of the solution is in-
creased, the higher energy levels corresponding to the

AE
—

Staggered conformer Eclipsed conformer

FIG. 3. Hydration of ethyleneoxy (EO) units. The circles represent the
hydration sheaths of low energy (relative to bulk water) water molecules
surrounding the oxygen atoms. AE, alcohol ethoxylate; AES alcohol
ethoxy sulfate. Water molecules in the overlap volumes are shared be-
tween the two oxygen atoms. The greater the overlap, the more low-en-
ergy molecules are shared, the lower the total number of low-energy
water molecules solvating the oxygen atoms, the lower the total hy-
drophilicity. The overlap volume is greater in the eclipsed conformer
than in the staggered conformer, so the latter is more hydrophilic. The
more the equilibrium lies on the staggered side, the more negative the
contribution of the EO unit to log P.
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eclipsed conformations of the EO units become more pop-
ulated and the hydrophilicity decreases, to the point where
the surfactant comes out of solution.

A measured hydrophobic fragment value f, for an EO
unit will reflect the relative contributions, at the tempera-
ture of the measurement, from the eclipsed and staggered
conformers in the aqueous solution of the compound.

The f value of -0.10 used to calculate the log P values
shown in Table 1 was derived (10) directly from published
log P measurements on glycols and inferentially from
analysis of toxicity data for ethoxylated alkylphenols. Sub-
sequently it has been further validated by successful appli-
cation in QSAR studies on nonionic surfactants (3,6).

In the sulfated ethoxylated alcohols, the chain of EO
units is terminated by a relatively heavier atom, sulfur,
which in turn carries three oxygen atoms. Consequently
the inertial forces tending to stretch the EO chain toward
its maximum length (i.e., all staggered conformation) are
stronger in alcohol ethoxy sulfates (AES) than in ethoxy-
lated alcohols. This implies that, at the same temperature,
the proportional contribution of the more hydrophilic stag-
gered EO units will be greater in AES than in ethoxylated
alcohols. It follows that a more negative value than -0.10
would be appropriate for fz5 when applied to AES. Modi-
fied log P values for the AES compounds in Table 1 were
therefore calculated using an f. value of -0.25 (arbitrarily
chosen on the basis of visual inspection of Fig. 2) for each
EO unit after the first. The modified log P values, shown in
brackets in Table 1, are 0.15 lower than those for the E,
compounds and 0.45 lower for the E, compounds. Figure 4
shows a plot of log (1/EC,) against log P, using the modi-
fied log P values for the AES compounds.

The statistical quality of this QSAR is comparable to that
of the QSAR based on pC,,/A and better than that of

min’
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FIG. 4. Log (1/ECgp) vs. log P (.o = —0.25). Log (1/ECgp) = 0.71 (+0.08)
log P+ 4.03 (+0.18); n=8, R =0.982, s=0.08, F=330. e, C,5E,S
(not included in regression).
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the QSAR based on f 5 = -0.10 for log P of AES. This find-
ing supports the argument made above, and now more
work needs to be done to validate this modification of the
log P calculation and to arrive at a more accurate f_, value
for use with AES and similar compounds.

The predictive ability of this QSAR can be tested using
data for a further anionic surfactant, C,4E,S, for which a
toxicity value determined in the same test system has been
reported by Versteeg et al. (12). pC,, and A, values are
not reported, so it is not possible to use the QSAR estab-
lished by Rosen et al. (2) to predict the toxicity. However
the log P value is easily calculated as 2.51 (based on f 4
= -0.25). Applying the log P-based QSAR equation gives a
predicted log (1/EC;) value of 5.81. The observed value
for log (1/EC;) is 5.80 (EC, in mol/L). The experimental
log (1/EC;;) and the calculated log P are plotted as a filled
circle in Figure 4. The very good agreement between calcu-
lated and observed toxicity demonstrates the predictive ca-
pability of the log P-based QSAR.

Application of QSAR to multicomponent surfactants. Many
commercial surfactants are mixtures of homologs and iso-
mers, and the toxicity of such a surfactant results from the
combined action of all the components. There are several
approaches for dealing with this situation. In discussing
these approaches, it is assumed that the QSAR equation
has the general form:

log (I/ECqp) = aF (X) +b [1]

where a and b are constants and F (X) is some mathemati-
cal function of X, a measured or calculated physical prop-
erty value, or combination of physical property values.
Method 1. Mixture toxicity equations. The most rigorous
method, applicable when an existing QSAR is to be used
for prediction of toxicity, is to calculate the toxicity for each
component and apply a mixture toxicity equation. The
general mixture toxicity equation for ECg,, applicable
when all components act by the same toxic mechanism, is:

1/EC;, (mixture) = fl/ECSO1 + fZ/EC502 + - [2]

where f,, f, etc., are the mole fractions of components 1, 2,
etc., EC;,, values being in molar concentration units. Appli-
cation of this method requires that the composition of the
surfactant mixture is known, and that X values are known
or can be calculated for each component of the mixture.

Method 2. Weighted average physical parameters. Another
method is to use F (weighted average X) for example if
F (X) is log P, then F (weighted average X) is given by
log (f,P, +1,P, + ---), and the toxicity of the mixture would
be calculated as:

log (//EC;p) (mixture) = antilog (f,P; +f,P, + ---) +b [3]

This is an approximate method, and will not give a re-
sult identical to the more reliable estimate from the mix-
ture toxicity method. There is a systematic mathematical
error in the estimate of log (1/EC): for a QSAR based on
log P this is equal to:

313
log [(f,P, +,P, + )3 = (f,P2 +F,P2+ )] [4]

This is the best method to use when toxicological data on a
multicomponent substance are to be used in developing a
QSAR. Note that this method is applicable irrespective of
whether or not the true X value of the mixture is given by
the weighted average X value of the components. For a
QSAR based on pC,,/A ;, the toxicity of the mixture
would be calculated as:

+:)+b [5]

a[-10g (f,Cyq, + £,Cs0, * )1/ (FyApn, + LA

ming miny

Method 3. Measured physical parameters for the mixture.
The toxicity is calculated from the measured physical pa-
rameter X of the mixture, as:

log (1/ECgp) (mixture) = aF [X (mixture)] + b [6]

This method is equivalent to method 2, but is only ap-
plicable if the X value of the mixture really is equal to the
weighted average X value of the components. If this can be
demonstrated to be the case, the method may be useful for
estimating toxicity from a physical measurement, or for
using data on a multicomponent substance in developing
a QSAR. This is the case when X is the octanol/water par-
tition coefficient P, although in practice it is simpler to use
calculated P values and apply method 1 or method 2.

It remains to be established whether or not this method
would be applicable for a QSAR based on the pC,,/A i,
parameter. If so, measurement of pC,,/A_;, would be a
convenient and rapid empirical means of estimating toxic-
ity for multicomponent surfactants. It seems reasonable to
expect that pC,, would be additive, i.e.,

PCyy (mixture) = —log (f,Cyp, +,Co, + ) [71
but it is much less clear whether the same appliesto A :

Amin (Mixture) = f,A, + HAR, + - ? [8]
On the basis of the information currently available, it is
not possible to state whether pC,, and A ;, determined for
a mixture would give a good prediction of EC, using the
QSAR based on pC,,/A ... Rotifer chronic toxicity and
surface tension/concentration studies for commercial mix-
tures such as linear alkylbenzene sulfonate (LAS) and
partly branched AES would be useful in this context.
Method 4. Calculated physical parameters for the average mo-
lecular structure. This method is simplest to apply when the
QSAR is based on log P. For example a 2:1 molar mixture
of C,,S and C,,S has an average structure of C,, .S, and

the log P value can be calculated as:
log P =log P (C,, ¢,S) + 0.67 x (increment for CH,)

=1.60 + 0.67 x 0.54 = 1.96 [9]
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This method is applicable when all the components are
isomers or homologs of each other but cannot be applied
to mixtures of different surfactant types, for example LAS
and AES. The systematic mathematical error in the esti-
mate of log (1/EC;;) by this method using a QSAR based
on log P is equal to:

a[f,log P, +fylog P, + -] = log[f,P,2+ f,P,2 + -]  [10]

To apply this method with a QSAR based on pC,, and
A in would require a method for estimating these parame-
ters from structure. Currently this is not possible, but if a
wider-ranging set of pC,, and A_;, data were generated
regression analysis could be used to develop calculation
methods based on structural descriptors such as surfactant
type (AS, AES, ...), alkyl chain length, and degree of
ethoxylation.

In Table 2 methods 1, 2, and 4 are applied to prediction
of rotifer chronic toxicity for two multicomponent surfac-
tants: coco AS, treated as a 2:1 molar mixture of C,,S and
C,,S, and coco AES-1, treated as a six-component mixture
with C,, and C,, in 2:1 molar proportion and E-0, E-1, and
E-2 in 1:1:1 molar proportion.

Interpretation of the log P based QSAR. It is highly reveal-
ing to compare the regression equation for the log P-based
rotifer chronic toxicity plot shown in Figure 4 with that re-
ported for acute aquatic toxicity to Daphnia in hard water
of LAS and ester sulfonates, which have been shown to act
as polar narcotics (7):

rotifer chronic toxicity

log (1/ECg;) = 0.71 (0.08) log P + 4.03 (£0.18) [11]
Daphnia acute toxicity
log (1/ECg;) = 0.70 (£0.08) log P + 2.54 (£0.21) [12]
TABLE 2
Calculated Log (1/EC,) Values for Multicomponent Surfactants?
Method Coco AS Coco AES-1
Log P QSAR
Mixture toxicity 5.58 5.85
W.a. parameter? 5.64 5.92
W.a. structure 5.42 5.86
PCoo/Amin QSAR
Mixture toxicity 5.57 6.07
W.a. parameter 5.38 5.66

Log (1/ECg) values are based on 0.71 log P + 4.03 or on 0.25 pC,y /A, +
3.45. For C,,E,S and C,,E;S components of coco alcohol ethoxy sulfate
(AES)-1, pC, and A, values are estimated by linear extrapolation from the
values (shown in Table 1) for the corresponding E, and E, ethoxamers:
C1,E;S, pCyy = 4.035, A, = 0.424; C, E;S, pC,y = 5.105, A, = 0.3965.
The average formulae of coco AS and coco AES-1 are C,, ¢,S and C, /E;S,
respectively. For application of the average structure method, the log P val-
ues for these hypothetical compounds are calculated by adding 0.36 (= 0.67
x 0.54, 0.54 being the log P increment for a methylene group) to the log P
value of the C,, homolog.

byy a. (weighted average) parameter entries are calculated from log (f,Py +
f,P, + ---) or from —log (f,Cyy + £,Cyq_ + -+-) and (LA in. + HALn, + 70

min
For definitions of P, QSAR, pzol, and A i see text. !

miny
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The slopes are identical within the error limits, having a
value of about 0.71 which is very close to that established
for nonsurfactant polar narcotics. The intercept for the ro-
tifer QSAR is about 1.5 log units larger than that for the
LAS and ester sulfonates acute toxicity polar narcosis
QSAR. Thus the anionic surfactants shown in Table 1 are
about 30 times more toxic in the chronic rotifer test than
they would be in an acute fish or Daphnia test. This ratio is
in the range of general experience that chronic EC, values
can be up to two orders of magnitude lower than acute
EC;, values. The implication is that anionic surfactants act
as polar narcotics in chronic toxicity as well as acute toxic-
ity. There is no evidence for enhanced toxicity (as com-
pared with nonsurfactants) arising from their surfactant
properties.

Good reasons have been demonstrated here why log P
should be the parameter of first choice for surfactant
QSAR. The fact that it is easily calculated from structure
makes it more rapidly and widely applicable than surfac-
tant-specific parameters, which need to be measured,
which is particularly important because commercial sur-
factants are usually mixtures.

It has been demonstrated how a QSAR based on surfac-
tant-specific parameters can be reformulated as a log P-
based QSAR. This having been done, a further advantage
of the log P parameter becomes apparent: from the log P-
based QSAR it is immediately evident that the toxicities of
the anionic surfactants are consistent with what would be
expected based on the polar narcosis QSAR established for
nonsurfactants.

Overall, this study provides further evidence that in
aquatic toxicity, surfactants do not constitute a special class
of chemicals.
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