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Abstract

Ecotoxicity assessment is essential before placing new chemical substances on the market. An investigation of the use of the chromatographic
retention (logk) in biopartitioning micellar chromatography (BMC) as an in vitro approach to evaluate the toxicity in fish of pesticides (acute
toxicity levels as pLC50) is proposed. A heterogeneous data set of 85 pesticides from six chemical families with available experimental
fish toxicity data (ECOTOX database from U.S. Environmental Protection Agency (EPA)) was used. For pesticides exhibiting non-polar
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arcosis mechanism in fish (non-specific toxicity), more reliable models and precise pLC50 estimations are obtained from logk (quantitative
etention–activity relationships, QRAR) than from logP (quantitative structure-activity relationships, QSAR) or ECOSAR (ECOSAR pro
rom U.S. EPA).

2004 Elsevier B.V. All rights reserved.

eywords:Fish toxicity; Non-polar narcosis mechanism of action; Pesticides; Biopartitioning micellar chromatography

. Introduction

Agricultural development has led a parallel growth in the
se of chemical agents for plague controls, which are known
s pesticides. These compounds are released into the envi-
onment and due to their physico-chemical properties, such
s water solubility, vapor pressure or partition coefficients
etween organic matter (in soil or sediment) and water, they
an disperse in various environmental media provoking seri-
us health problems[1]. Their wide and extensive use pro-
okes, according to the World Health Organization, about 25
illions of poisoning cases and 20.000 involuntary deaths,
ainly in developing countries. Therefore, there is a need of

valuating the potential hazard of pesticides for risk assess-
ent.
Aquatic toxicity tests, for instance lethal concentration

i.e. LC50) in fish, are current methods applied by the Euro-
ean community for ecotoxicity estimation[2]. The experi-
ental determinations are difficult, time-consuming, and ex-
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pensive. Several experimental factors have to be control
selected, for instance, the oxygen and compound conce
tions, pH, temperature, photo periods, animal characteri
procedure (i.e. static, semistatic or dynamic assay), exp
time (i.e. 96 h for fish tests), etc., which contribute to a c
siderable inter-laboratory variability on the experimenta
ported values. Now-a-days, the use of alternative (in v
methods is growing due to several reasons, such as e
economic, logistical, etc.[3].

Toxicity have been divided into three broad catego
non-covalent or non-specific narcosis, covalent reactivi
a result of electro(nucleo)philic interactions with some
ological macromolecule, and receptor-mediated functi
toxicity where interactions with receptors are typically a n
covalent, ‘lock-and-key-type’ interface. Narcosis mode o
tion is the result of the accumulation of compounds in the
membranes, which disturbs their normal function by dis
tion of hydrophobic interactions within the membrane.
considered to be dependent on the hydrophobicity of ch
cals (i.e. the octanol-water partition coefficient or logP). This
mode of action includes several mechanisms of action,
E-mail address:sagrado@uv.es (S. Sagrado). as non-polar narcosis or polar narcosis among others[4]. The
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logP-toxicity relationships for non-polar narcosis are known
as baseline toxicity[5,6], since chemicals with different mode
or mechanism of action (i.e polar narcosis) show equal or
higher toxicity than the predicted by these relationships. On
the other hand, specific toxicity is due to the disruption of
the function of a defined receptor site in the cell. Such com-
pounds tend to show toxicity values between 10 and 10 000
times higher than those predicted by the baseline toxicity[7].

The logP-toxicity relationships falls into the so-called
qualitative or quantitative structure–activity relationships
(SAR or QSAR), and they are used as an alternative to in
vivo assays. SARs have been used by the U.S. Environmental
Protection Agency (EPA), since 1981, to predict the aquatic
toxicity of new industrial chemicals in the absence of test
data. Today, EPA provides the ECOSAR program, a set of
QSARs to estimate different parameters with ecotoxicolog-
ical interest as LC50 in fish (96-h) [8]. In QSAR models,
besides logP, other descriptors (i.e. electronic, steric, etc.)
have been used as predictor variables[9].

Chromatographic separations have found a wide applica-
tion in the environmental field. For instance, they have be-
come a fundamental tool for multiresidue (qualitative and
quantitative) analysis of water samples, containing pesticides
[10]. On the other hand, the use of the retention of compounds
in reversed-phase liquid chromatography (RPLC), under ad-
equate experimental conditions, has been also proposed as an
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cals in biomembranes. The retention in BMC of organic pol-
lutants has been related with ecotoxicological parameters es-
timated by ECOSAR[19,20].

The aim of the present study was to investigate the use of
the BMC chromatographic retention (logk) as an in vitro ap-
proach for the ecotoxicity evaluation of pesticides (acute tox-
icity levels in fish). A heterogeneous data set of 85 pesticides
with available experimental toxicity data (ECOTOX database
from EPA) was used. The role of pesticides mechanism of
action was studied. Finally, the toxicity levels estimated by
means of logk (QRAR), logP (QSAR) and ECOSAR (from
EPA) approaches were compared.

2. Experimental

2.1. Instrumental and measurements

A Hewlett-Packard HP 1100 chromatograph with an
isocratic pump, an UV–vis detector, a column thermo-
stat and an autosampler with a 20�L loop was employed
to obtained retention data. Data acquisition and process-
ing were performed by means of a HP Vectra XM com-
puter (Amsterdam, The Netherlands) equipped with a HP-
Chemstation software (A.07.01 [682] ©HP 1999). Two Kro-
masil C columns (5�m, 150 mm× 4.6 mm i.d.; Scharlab
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lternative to in vivo tests. The models derived from the
f retention data (i.e. logk) are called quantitative retentio
ctivity relationships (QRAR)[11]. Könemann compared t
elationships between fish toxicity and logP, logk (using
18 stationary phases and hydro-organic mobile phases
ethanol), water solubility and molecular connectivity
ices, showing the best correlations for logP and logk [5].
arne et al. determined the suitability of different stat

ry phases to describe non-specific toxicity of compou
o marine bacteria, showing the best retention-toxicity
ar regression for the combination between non-polar (18)
nd polar (amino) stationary phases connected in series[12].
ai et al.[13] combined the extrapolated retention facto
00% water, logkw, and other quantum chemical parame

o model the toxicity of benzaldehyde compounds to Dap
agna.
Opposite to octanol-water and conventional RPLC

ems, micelles have proven to be more adequate che
odels for biomembranes mainly due to their amphip
nd anisotropic properties[11,14,15]. Micellar liquid chro-
atography is a mode of reversed-phase liquid chrom

aphy, which uses surfactant solutions above the critica
ellar concentration as mobile phases. The use of rete
ata obtained in a chromatographic system constitute
olioxyethylene(23)lauryl ether (Brij35) solutions as mic

ar mobile phases and C18 reversed stationary phase, un
he adequate experimental conditions, has proven to be
seful for describing the biological activities of compou

16,17]. This approach, called biopartitioning micellar ch
atography (BMC)[18], emulates the partitioning of chem
18
.L., Barcelona, Spain) and (5�m, 50 mm× 4.6 mm i.d.
charlab S.L.) were used (for less and more hydro
ic compounds, respectively). The mobile phase flow
ere 1.0 and 1.5 mL min−1, for the 150- and 50-mm leng
olumns, respectively. The detection was performed in U
45 nm for carbamates and phenylureas, at 230 nm for
oxyacids and triazines, at 224 nm for organochlorines
t 220 nm for organophosphorous pesticides. All the as
ere carried out at 25◦C.

.2. Reagents and standards

Micellar mobile phases were prepared by dissolving
dequate amount of polyoxyethylene(23)lauryl ether (Br
cros Chimica, Geel, Belgium) in aqueous solutions
.05 M phosphate buffer to get a final surfactant concentr
f 0.02, 0.04 and 0.06 M. The buffer solution was prep
ith sodium dihydrogen phosphate (reagent grade, S

ab S.L). The pH was potentiometrically adjusted at 7.0
ddition of sodium hydroxide (97%, purissimum, Panr
arcelona, Spain) aqueous solutions.
Pesticides were obtained from different sources: ald

arb, molinate, pebulate and methoprotryn from Riede
aën (Seelze, Germany), 4-CPA from Sigma (St. Lo
O, USA), 2-PPA, 2,4-DCPPA and 2,4,5-TCPPA fr
hem Service (West Chester, PA, USA), MCPP, 3-C
nd 4-CPPA from Aldrich (Milwauke, WI, USA), DC
CPA, 2,4-D, MCPB, 2,4,5-T, trichlorfon, dimethoa
ethidathion, malathion, mecarbam, pirimiphos-met

hlorpyrifos-methyl, diazinon, fenthion, chlorpyrifos, p
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imicarb, benomyl, carbaryl, benfuracarb, dicloran, dicofol
and all phenylureas except linuron and thiazafluron, from
Dr. Ehrenstorfer (Augsburg, Germany). The other pesticides
were obtained from The Superior Polytechnic Centre of En-
gineers (University of Zaragoza, Zaragoza, Spain).

Working solutions were prepared by dissolving
0.1–0.5 mg of pesticide in 100�L of 0.04 M Brij35 or
acetonitrile (reagent grade, Scharlab S.L.), except in the case
of commercial solutions of pesticides, where 100�L were
taken. In all cases, a 0.04 M Brij35 solution was added to
a final volume of 2 mL. Barnstead E-pure deionized water
(Sybron, Boston, MA, USA) was used throughout. The mo-
bile phases and the solutions injected into the chromatograph
were vacuum filtered through 0.45�m Nylon membranes
(Micron Separations, Westboro, MA, USA).

2.3. Software and data processing

Microsoft® Excel 2000 software (Microsoft Corporation)
was used for data processing. Linear discriminant analysis
(LDA) was implemented via STATGRAPHICS 5.1 (Demo
version). The default forward variable selection criteria (F-
to-enter and F-to-remove equal to 4) were selected in the step-
wise introduction of variables into the model. Prior probabili-
ties were set proportional to group size (based on the initially
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flow rate, among other experimental factors, on thekestima-
tions[22].

2.5. Data

The 85 pesticides data set is shown inTable 1. The vari-
ables (coded name) used were: FAM (indicates the chem-
ical family of pesticides): (1) organophosphorous, (2) car-
bamates, (3) triazines, (4) organochlorines, (5) phenoxy-
acids, (6) phenylureas. ECL (indicates the chemical class
of pesticides according to ECOSAR software): (1) neutral
organics, (2) esterphosphates, (3) esters, (4) neutral organic
acids, (5) aromatic amines, (6) vinyl allyl halides, (7) benzyl
halides. MEC (indicates the initial assigned mechanism of
toxic action): (1) non-polar narcosis (non-specific toxicity),
(2) unknown mechanism, (3) acetylcholinesterase (AChE)
inhibitors (specific toxicity).

The variables logk2, logk4 and logk6 are the logarithm
of the retention factors obtained with 0.02, 0.04 and 0.06 M
Brij35 mobile phases, respectively. pLC50 represents the
minus logarithm of the LC50 (mg L−1) in fish (96 h-test);
E− pLC refers to ECOSAR (from U.S. EPA) pLC50 esti-
mations, whereas, pLC (r) and pLC(b) correspond to the
pLC50 median values (experimental data found in ECOTOX
database from U.S. EPA[24]) for rainbow trout and bluegill,
respectively.
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ssigned mechanism of action of pesticides). All other
ulations were performed using routines developed in M
AB 5.3 (Matlab Ver. 5.3.0.10183 (R11), ©The Mathwo

nc., Natick, MA).
ECOSAR software (ECOWIN version 0.99f) was used

C50 in fish (96-hours) estimations and KOWWIN softw
version 1.66) was used for logP estimations. These pr
rammes are integrated in the EPI Suite software (deve
y Syracuse Research Corporation for the U.S Envirom
rotection Agency). Structural parameters were calcu
sing the ACD LabsTM (version 5.12, Advanced Chemis
evelopment Inc. Toronto) software[21].

.4. Retention factor estimations

The retention factor (k) of pesticides was estimated a
ording to an approach described elsewhere[22]:

= [(tR/tR(REF))(1 + kREF)] − 1, (1)

heretR is the experimental retention time of the pestic
ssayed andtR(REF) the experimental retention time of a r
rence compound (acetanilide) injected during the wor
ession.kREF is the retention factor of acetanilide, previou
stablished for the experimental conditions assayed (su

ant concentration and temperature) and was considere
tant. The use of this approach provides retention factor
ations more reliable and easier to obtain than the clas
stimations based on the measurement of the dead time
lly the gross hold-up time[23]). For instance, this approa
educes the impact of changing the column and mobile p
-

Table 2 shows some available pesticide descript
ogP andE− logP are the experimental and estimated
OWWIN values of the octanol-water partition coefficie

espectively; log Sol (the logarithm of water solubility
g L−1), MW (the molecular weight), MP (the melting po

n ◦C), log VP (the logarithm of vapor pressure in mmHg)
enry (the Henry law constant in atm m3 mol−1), were ob

ained from PhysProp database[25] (mainly providing exper
mental values but also some estimated ones, set in bold
ase inTable 2); MR (molar refractivity in cm3), MV (molar
olume in cm3), Par (parachor in cm3), Pol (polarizability
n cm3), ST (surface tension in dyne cm−1), Den (density in
cm−3) and IR (index of refraction) were estimated us
CD LabsTM software[21].

The logk2, logk4 and logk6 values for pesticides wi
− logP< 2.5 were obtained using the 150 mm-length
mn. For the rest of pesticides the 50 mm-length column
sed.

. Results and discussion

.1. Data reliability

QSAR models quality depends on the reliability of d
i.e. uncertainty in toxicological and physico-chemical an
tructural data)[17,26]. Unfortunately, this point is not take
nto account in most studies; however, it deserves mor
ention, since it could affect the decision-making in toxi
ssessment of pesticides.Fig. 1 compares the experime



118 J.M. Bermúdez-Salda˜na et al. / J. Chromatogr. B 814 (2005) 115–125

Table 1
Categorical, retention and fish toxicity data of pesticides

N CAS Compounds FAM ECL MEC logk2 logk4 logk6 E− pLC pLC(r) pLC(b)

1 2157-98-4 Monocrotophos 1 2 3 0.321 0.207 0.255 −2.957 − −
2 10265-92-6 Methamidophos 1 1 3 0.117 0.007 0.095 −4.768 −1.3979 −1.6532
3 52-68-6 Trichlorfon 1 1 3 0.412 0.722 0.296 −4.424 0.0758 −0.4624
4 60-51-5 Dimethoate 1 2 3 1.068 0.941 0.860 −2.146 −0.8337 −0.7782
5 950-37-8 Methidathion 1 2 3 1.993 1.748 1.546 −1.593 1.8539 2.0458
6 121-75-5 Malathion 1 2 3 2.153 1.893 1.686 −1.264 0.9547 1.0482
7 2595-54-2 Mecarbam 1 2 3 2.131 1.885 1.693 −1.262 – –
8 732-11-6 Phosmet 1 2 3 1.979 1.714 1.503 −1.148 0.2764 0.3768
9 298-00-0 Parathion-methyl 1 2 3 2.083 1.817 1.604 −0.927 −0.5077 −0.5139

10 29232-93-7 Pirimiphos-methyl 1 2 3 2.384 2.116 1.894 −0.634 0.1646 −0.4564
11 2642-71-9 Azinphos-ethyl 1 2 3 2.156 1.887 1.672 −0.651 1.6990 2.9586
12 5598-13-0 Chlorpyrifos-methyl 1 2 3 2.353 2.085 1.863 −0.534 0.9208 0.0555
13 333-41-5 Diazinon 1 2 3 2.379 2.112 1.896 −0.415 0.1972 0.7696
14 55-38-9 Fenthion 1 2 3 2.234 1.965 1.745 −0.262 0.0757 −0.1852
15 13067-93-1 Cyanofenphos 1 1 3 2.307 2.037 1.813 −0.284 – –
16 2310-17-0 Phosalone 1 2 3 2.448 2.179 1.949 −0.275 0.8239 1.0000
17 56-72-4 Coumaphos 1 2 3 2.282 2.014 1.790 −0.176 −0.0627 0.7447
18 2921-88-2 Chlorpyrifos 1 2 3 2.569 2.300 2.073 −0.062 1.8468 2.5229
19 57018-04-9 Tolclofos-methyl 1 2 3 2.305 2.037 1.818 0.060 – –

20 23135-22-0 Oxamyl 2 1 3 0.326 0.169 0.258 −5.220 −0.6477 −0.8068
21 1646-88-4 Aldoxycarb 2 1 3 0.296 0.191 0.239 −4.727 −1.6232 −1.7243
22 16752-77-5 Methomyl 2 1 3 0.511 0.409 0.414 −3.387 −0.1761 0.0655
23 23103-98-2 Pirimicarb 2 3 3 1.553 1.354 1.248 −1.878 −2.0934 −1.8162
24 114-26-1 Propoxur 2 3 3 1.446 1.280 1.163 −1.554 −0.9138 −0.7924
25 17804-35-2 Benomyl 2 3 3 1.345 1.149 1.009 −1.514 0.6383 −0.0792
26 1563-66-2 Carbofuran 2 3 3 1.511 1.328 1.196 −1.364 0.4202 0.6198
27 63-25-2 Carbaryl 2 3 3 1.735 1.493 1.297 −1.296 −0.1537 −0.8299
28 2212-67-1 Molinate 2 1 3 2.050 1.814 1.644 −1.287 −0.9191 −1.2200
29 1114-71-2 Pebulate 2 1 3 2.399 2.130 1.925 −0.759 −0.8692 −0.8976
30 82560-54-1 Benfuracarb 2 3 3 2.516 2.257 2.024 −0.691 – –

31 122-34-9 Simazine 3 1 1 1.609 1.394 1.239 −1.799 −1.8482 −2.0000
32 21725-46-2 Cyanazine 3 1 1 1.647 1.415 1.244 −1.772 −0.9542 −1.3075
33 1014-69-3 Desmetryn 3 1 1 1.721 1.566 1.340 −1.428 – –
34 841-06-5 Methoprotryn 3 1 1 1.849 1.674 1.445 −1.326 −0.9031 −1.1903
35 4658-28-0 Aziprotryne 3 1 1 2.043 1.790 1.594 −1.029 – –
36 5915-41-3 Terbuthylazine 3 1 1 1.995 1.736 1.536 −1.037 −0.5971 −0.8751
37 834-12-8 Ametryne 3 1 1 1.889 1.698 1.470 −0.986 −0.5315 −0.6128
38 1610-18-0 Prometon 3 1 1 1.837 1.599 1.432 −0.747 −1.2041 −1.5536
39 7287-19-6 Prometryn 3 1 1 2.077 1.815 1.613 −0.626 −0.6599 −1.0000
40 886-50-0 Terbutryne 3 1 1 2.084 1.845 1.622 −0.589 −0.2553 −0.4346
41 4147-51-7 Dipropetryn 3 1 1 2.207 1.942 1.731 −0.190 - -

42 108-90-7 Chlorobenzene 4 1 1 2.060 1.820 1.632 −1.320 −0.7724 −1.0367
43 99-30-9 Dicloran 4 5 1 1.931 1.668 1.457 −1.232 −0.2041 −0.8451
44 95-50-1 1,2-Dichlorobenzene 4 1 1 2.126 1.867 1.662 −0.834 −0.1987 −1.0898
45 106-46-7 1,4-Dichlorobenzene 4 1 1 2.240 1.982 1.780 −0.834 −0.0492 −0.7198
46 541-73-1 1,3-Dichlorobenzene 4 1 1 2.195 1.952 1.746 −0.834 – −0.6990
47 33213-65-9 �-Endosulfan 4 6 1 2.424 2.176 1.923 0.057 3.0889 2.4815
48 120-82-1 1,2,4-Trichlorobenzene 4 1 1 2.311 2.046 1.835 −0.314 −0.1847 −0.5057
49 108-70-3 1,3,5-Trichlorobenzene 4 1 1 2.392 2.128 1.919 −0.314 – –
50 87-61-6 1,2,3-Trichlorobenzene 4 1 1 2.206 1.944 1.730 −0.314 – –
51 510-15-6 Chlorbenzylate 4 3 1 2.401 2.130 1.903 −0.627 0.1644 –
52 5836-10-2 Chlorpropylate 4 3 1 2.509 2.239 2.009 −0.421 – –
53 608-93-5 Pentachlorobenzene 4 1 1 2.504 2.236 2.021 0.759 – 0.6021
54 118-74-1 Hexachlorobenzene 4 1 1 2.623 2.354 2.137 1.301 – −1.0792
55 3547-04-4 DDE 4 1 1 2.769 2.497 2.262 0.963 1.3010 1.3010
56 72-54-8 DDD 4 7 1 2.693 2.420 2.184 0.873 1.1549 1.3768
57 115-32-2 Dicofol 4 7 1 2.429 2.413 2.175 0.801 0.7922 0.2840

58 940-31-8 2-PPA 5 4 2 0.175 −0.026 0.090 −3.326 – –
59 122-88-3 4-CPA 5 4 2 1.218 0.863 0.836 −3.169 – −2.2553
60 1918-00-9 DC 5 4 2 0.346 0.145 0.246 −3.083 −2.1139 −1.9151
61 101-10-0 3-CPPA 5 4 2 0.792 0.527 0.562 −2.806 – –



J.M. Bermúdez-Salda˜na et al. / J. Chromatogr. B 814 (2005) 115–125 119

Table 1 (Continued)

N CAS Compounds FAM ECL MEC logk2 logk4 logk6 E− pLC pLC(r) pLC(b)

62 3307-39-9 4-CPPA 5 4 2 0.812 0.544 0.573 −2.806 – –
63 94-74-6 MCPA 5 4 2 1.207 0.844 0.816 −2.684 −1.9590 −1.4934
64 94-75-7 2,4-D 5 4 2 1.211 0.855 0.833 −2.632 −1.2765 −2.3376
65 93-65-2 MCPP 5 4 2 1.291 0.904 0.876 −2.318 −1.0000 –
66 120-36-5 2,4-DCPPA 5 4 2 1.317 0.936 0.908 −2.273 −0.5745 −0.3802
67 93-76-5 2,4,5-T 5 4 2 1.482 1.067 1.002 −2.093 −0.0578 –
68 94-81-5 MCPB 5 4 2 1.702 1.251 1.135 −1.819 1.1549 −0.5185
69 93-72-1 2,4,5-TCPPA 5 4 2 1.556 1.135 1.062 −1.721 −1.2355 −1.0426
70 113158-40-0 Fenoxaprop-P 5 4 2 1.552 1.084 1.027 −1.354 – –

71 101-42-8 Fenuron 6 1 1 1.012 0.886 0.823 −2.668 −2.3096 –
72 150-68-5 Monuron 6 1 1 1.591 1.372 1.194 −2.140 – −1.5190
73 19937-59-8 Metoxuron 6 1 1 1.435 1.232 1.073 −2.126 – –
74 1746-81-2 Monolinuron 6 1 1 1.769 1.535 1.340 −1.957 – –
75 2164-17-2 Fluometuron 6 1 1 1.789 1.554 1.352 −1.907 −1.3838 −1.6812
76 15545-48-9 Chlorotoluron 6 1 1 1.736 1.486 1.294 −1.653 −1.5441 −1.6990
77 18691-97-9 Methabenzthiazuron 6 1 1 1.748 1.490 1.292 −1.604 – –
78 330-54-1 Diuron 6 1 1 1.800 1.543 1.334 −1.608 −0.8633 −0.9164
79 34123-59-6 Isoproturon 6 1 1 1.770 1.531 1.349 −1.395 – –
80 330-55-2 Linuron 6 1 1 1.920 1.653 1.443 −1.411 −0.8460 −0.9823
81 13360-45-7 Chlorbromuron 6 1 1 1.936 1.672 1.456 −1.257 −0.1523 −0.6990
82 1982-47-4 Chloroxuron 6 1 1 1.955 1.689 1.473 −0.378 −0.8167 −1.4472
83 555-37-3 Neburon 6 1 1 2.218 1.957 1.725 −0.289 – –
84 3766-60-7 Buturon 6 1 1 2.033 1.776 1.558 −1.624 – –
85 25366-23-8 Thiazafluron 6 1 1 1.735 1.532 1.343 −2.392 – –

tal pLC50 values (median and interquartile range) reported
for rainbow trout and bluegill by means of a pLC(r) ver-
sus pLC(b) relationship of each compound. As can be ob-
served, there is a relatively high correlation (r2 = 0.84) of the
data. However, some pesticides show different pLC50 val-
ues depending on the target organism (i.e >1-pLC50 units

Table 2
Descriptors of pesticides

N logP E− logP log Sol MW MP log VP Henry MR MV Par Pol ST Den IR

1 −0.20 −1.31 6.000 223.17 55 −5.66 1.67E-10 50.11 186.6 458.1 19.86 36.2 1.195 1.449
2 −0.80 −0.93 6.000 141.13 46 −4.45 3.16E-08 31.46 109.7 283.1 12.47 44.4 1.286 1.485
3 0.51 −0.28 5.079 257.44 77 −5.11 1.70E-11 46.95 163.5 427.2 18.61 46.6 1.574 1.486
4 0.78 0.28 4.398 229.25 52 −5.08 1.05E-10 54.45 175.7 467.6 21.58 50.1 1.304 1.532
5 2.20 1.58 2.272 302.32 39 −5.47 7.17E-09 68.92 188.5 525.7 27.32 60.4 1.6 1.651
6 2.37 2.29 2.155 330.35 2.8 −5.47 4.89E-09 77.5 259.6 680.4 30.72 47.1 1.272 1.508
7 – 2.29 3.000 329.37 25 −5.49 1.53E-08 79.52 260.1 689 31.52 49.2 1.266 1.523
8 2.78 2.48 1.387 317.32 72 −6.31 8.38E-09 77.22 215.3 615.2 30.61 66.5 1.473 1.636
9 2.86 2.75 1.576 263.21 35.5 −5.46 1.00E-07 61.73 186.5 512.1 24.47 56.8 1.411 1.576

10 4.20 3.44 0.934 305.33 15 −4.82 7.01E-07 79.77 248.4 664.1 31.62 51.1 1.229 1.555
11 3.40 3.52 1.021 345.37 53 −5.62 9.95E-08 88.06 241.1 661.2 34.91 56.4 1.43 1.65
12 4.31 3.69 0.678 322.53 43 −4.38 3.75E-06 67.96 203.7 558.4 26.94 56.4 1.582 1.581
13 3.81 3.86 1.602 304.35 25 −4.05 1.13E-07 79.64 260.4 677.2 31.57 45.6 1.168 1.523
14 4.09 4.09 0.875 278.32 7.5 −4.98 1.46E-06 72.23 221.8 586.5 28.63 48.8 1.25 1.564
15 4.29 4.20 −0.222 303.32 83 −5.92 3.49E-07 82.5 239.2 658.7 32.7 57.4 1.26 1.606
16 4.38 4.29 0.484 367.80 46 −6.92 6.61E-08 88.24 254.8 707.6 34.98 59.4 1.443 1.608
17 4.13 4.47 0.176 362.77 93 −7.01 3.09E-08 86.84 261.8 709.5 34.42 53.9 1.38 1.577
18 4.96 4.66 0.049 350.59 42 −4.69 2.93E-06 77.23 236.7 637.9 30.61 52.7 1.48 1.565
1 1.54E

2 2.37E
2 3.37E
2 1.97E
2 3.48E
2 1.43E

for compoundsN= 11, 64, 68), being unfeasible to decide
whether there is different inter-organisms sensitivity or an
error in the experimental pLC50 values. In addition, some
compounds show interquartile ranges larger than one pLC50
unit, which evidences the uncertainty associated with exper-
imental pLC50 data.
9 4.56 4.77 0.041 301.13 79 −3.37

0 −0.48 −1.20 5.447 219.26 101 −3.64
1 −0.57 −0.67 4.000 222.26 141 −4.05
2 0.60 0.61 4.763 162.21 78 −5.27
3 1.70 1.40 3.431 238.29 90.5 −5.14
4 1.52 1.90 3.270 209.25 87 −5.01
-04 69.8 214.8 566 27.67 48.1 1.401 1.563

-10 55.03 177.6 448.1 21.81 40.5 1.23 1.531
-09 52.69 180.6 454.9 20.89 40.1 1.23 1.495
-11 41.18 137.9 338.6 16.32 36.3 1.17 1.508
-09 66.09 207.8 539.8 26.2 45.5 1.146 1.548
-09 57.09 193.2 470.3 22.63 35 1.082 1.502
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Table 2 (Continued)

N logP E− logP log Sol MW MP log VP Henry MR MV Par Pol ST Den IR

25 2.12 2.24 0.580 290.32 140 −8.43 4.93E-12 77.8 225.2 594.1 30.84 48.4 1.28 1.607
26 2.32 2.30 2.505 221.26 151 −5.31 3.09E-09 59.67 194.4 490.5 23.65 40.5 1.137 1.525
27 2.36 2.35 2.041 201.23 145 −5.87 4.36E-09 59.03 169.9 440.5 23.4 45.1 1.183 1.611
28 3.21 2.91 2.987 187.30 25 −2.25 4.10E-06 53.07 176.9 444.8 21.03 39.9 1.058 1.511
29 3.83 3.51 2.000 203.35 25 −1.05 2.37E-04 60.12 211.9 511.4 23.83 33.8 0.959 1.479
30 4.30 4.06 0.903 410.53 25 −6.70 1.35E-08 110.31 349.9 905 43.73 44.7 1.172 1.542

31 2.18 2.40 0.792 201.66 226 −7.66 9.42E-10 53.9 152.9 422.9 21.37 58.4 1.318 1.622
32 2.22 2.51 2.230 240.70 168 −6.86 2.96E-12 63.05 179.4 505.8 24.99 63.1 1.341 1.62
33 2.38 2.82 2.763 213.30 85 −6.00 4.83E-10 58.57 180.2 493.8 23.22 56.4 1.18 1.563
34 2.82 3.04 2.505 271.38 155.3 −6.55 3.18E-10 74.21 235.4 634.4 29.41 52.7 1.15 1.543
35 3.00 3.27 1.740 225.27 217.88 −9.91 1.12E-12 – – – – – – –
36 3.22 3.27 0.929 229.71 178 −5.95 3.72E-08 63.13 186 497.5 25.02 51.1 1.234 1.594
37 2.98 3.32 2.320 227.33 88 −5.56 2.39E-09 63.2 196.5 533.9 25.05 54.4 1.15 1.556
38 2.99 3.57 2.875 225.30 91.5 −5.64 3.17E-09 64.87 198.7 518 25.71 46.1 1.133 1.566
39 3.51 3.73 1.519 241.36 119 −5.70 1.32E-08 67.81 213.5 571.9 26.88 51.4 1.13 1.547
40 3.74 3.77 1.398 241.36 104 −5.68 1.15E-08 67.86 212.7 572.3 26.9 52.3 1.13 1.55
41 3.81 4.22 1.204 255.38 105 −5.80 3.36E-08 72.44 229.8 612 28.71 50.2 1.11 1.542

42 2.84 2.64 2.697 112.56 −45.2 1.08 3.11E-03 31.14 101.3 243.1 12.34 33 1.11 1.526
43 2.80 2.76 0.845 207.02 191 −5.92 4.67E-08 46.82 127.4 360.3 18.56 63.8 1.624 1.655
44 3.43 3.28 2.193 147.00 −16.7 0.17 1.92E-03 36.04 113.3 279 14.28 36.7 1.297 1.548
45 3.44 3.29 1.910 147.00 52.7 0.24 2.41E-03 36.04 113.3 279 14.28 36.7 1.297 1.548
46 3.53 3.30 2.097 147.00 −24.8 0.33 2.63E-03 36.04 113.3 279 14.28 36.7 1.297 1.548
47 3.83 3.50 −0.488 406.92 109 −6.22 6.50E-05 78.38 208.7 614.1 31.07 74.9 1.94 1.674
48 4.02 3.93 1.690 181.45 17 −0.34 1.42E-03 40.93 125.2 314.8 16.22 39.9 1.448 1.567
49 4.19 3.93 0.779 181.45 63.5 −0.34 1.89E-03 40.93 125.2 314.8 16.22 39.9 1.448 1.567
50 4.05 3.93 1.255 181.45 53.5 −0.68 1.25E-03 40.93 125.2 314.8 16.22 39.9 1.448 1.567
51 4.74 3.99 1.114 325.19 37 −5.66 7.24E-08 82.13 244.1 642.7 32.56 48 1.332 1.587
52 – 4.41 1.000 339.22 73 −6.74 8.03E-09 86.72 260.9 679.9 34.38 46 1.299 1.578
53 5.17 5.22 −0.080 250.34 86 −3.00 7.03E-04 50.72 149.1 386.6 20.11 45.1 1.678 1.595
54 5.73 5.86 −2.208 284.78 231.8 −4.74 1.70E-03 55.62 161.1 422.4 22.05 47.2 1.767 1.606
55 – 5.44 −0.277 251.16 56 −3.46 2.16E-04 69.99 209.9 528.5 27.74 40.1 1.195 1.581
56 6.02 5.87 −1.046 320.05 109.5 −5.87 6.60E-06 79.65 233.1 602.7 31.57 44.6 1.372 1.599
57 5.02 5.81 −0.097 370.49 77.5 −6.40 2.42E-07 85.61 241.8 648.8 33.93 51.8 1.532 1.626

58 – 1.75 3.711 166.18 74.35 −2.94 4.94E-08 43.72 141.4 362.6 17.33 43.2 1.174 1.53
59 2.25 1.97 2.981 186.60 164 −4.31 7.88E-09 44.02 136.5 361.3 17.45 49.1 1.366 1.558
60 2.21 2.14 3.920 221.04 115 −4.47 2.18E-09 49.65 149.8 397.8 19.68 49.6 1.474 1.576
61 – 2.39 3.079 200.62 113 −3.88 3.55E-08 48.61 153.4 398.5 19.27 45.5 1.307 1.546
62 2.31 2.39 3.167 200.62 90.51 −3.64 5.24E-08 48.61 153.4 398.5 19.27 45.5 1.307 1.546
63 3.25 2.52 2.799 200.62 120 −5.23 1.33E-09 48.84 152.7 399 19.36 46.5 1.313 1.552
64 2.81 2.62 2.831 221.04 140.5 −4.08 3.54E-08 48.91 148.4 397.2 19.39 51.2 1.488 1.572
65 3.13 2.94 2.934 214.65 95 −5.52 8.96E-10 53.44 169.6 436.2 21.18 43.6 1.265 1.542
66 3.43 3.03 2.544 235.07 122 −7.12 1.26E-07 53.51 165.3 434.4 21.21 47.6 1.421 1.56
67 3.31 3.26 2.444 255.49 153 −4.43 2.89E-08 53.81 160.4 433.1 21.33 53.1 1.592 1.585
68 – 3.50 1.681 228.68 100 −6.36 2.71E-09 58.11 185.8 478.6 23.03 44 1.23 1.537
69 3.80 3.68 1.851 269.51 181.6 −5.59 3.52E-08 58.4 177.3 470.2 23.15 49.5 1.52 1.572
70 – 4.17 2.431 333.73 158 −5.87 2.20E-09 83.29 234.1 641.6 33.01 56.4 1.425 1.629

71 0.98 1.38 3.605 164.21 133.5 −4.43 2.01E-09 48.87 146.2 376.4 19.37 43.8 1.122 1.582
72 1.94 2.03 2.362 198.65 170.5 −6.30 5.72E-10 53.77 158.2 412.3 21.31 46.1 1.255 1.595
73 1.64 2.11 2.831 228.68 126.5 −4.49 1.43E-08 60.45 182.2 469 23.96 43.8 1.254 1.577
74 2.30 2.26 2.968 214.65 81.5 −3.82 4.60E-08 55.51 164.5 432 22 47.4 1.304 1.589
75 2.42 2.36 2.041 232.21 164 −6.03 1.80E-09 53.85 179.7 433.6 21.35 33.8 1.291 1.51
76 2.41 2.58 1.845 212.68 148.1 −7.44 1.44E-10 58.59 174.5 449.9 23.23 44.2 1.218 1.586
77 2.64 2.65 1.771 221.28 120 −6.95 5.58E-10 63.14 166.6 463.2 25.03 59.6 1.327 1.682
78 2.68 2.67 1.623 233.10 158 −7.16 5.04E-10 58.66 170.1 448.2 23.25 48.1 1.369 1.605
79 2.84 2.87 1.813 206.29 158 −7.61 1.12E-10 63.06 196.3 491.5 25 39.2 1.05 1.555
80 3.20 2.92 1.875 249.10 93 −5.84 6.25E-09 60.41 176.5 467.8 23.95 49.3 1.41 1.6
81 3.09 3.15 1.544 293.55 96 −6.40 4.38E-09 63.2 180.7 482.5 25.05 50.7 1.623 1.616
82 3.70 4.08 0.568 290.75 151 −8.41 4.03E-10 80.21 228.8 603.4 31.8 48.3 1.27 1.618
83 4.10 4.15 0.681 275.18 102 −5.56 1.87E-07 72.56 219.6 567.5 28.76 44.5 1.252 1.574
84 3.00 2.66 1.477 236.70 130.53 −5.34 1.85E-08 65.45 191.8 508 25.95 49.1 1.233 1.597
85 1.85 0.83 3.322 240.20 136.5 −5.44 2.28E-11 48.37 159.3 410.7 19.17 44.2 1.507 1.519
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Fig. 1. Correlation between the pLC50 median values for rainbow trout and
bluegill, including the available interquartile ranges. The pLC(r) = pLC(b)
reference line is also included.

logP, which is the dominating independent parameter in
the field of aquatic toxicity, can also contribute to the uncer-
tainty of the QSAR models. Experimental values are difficult
to obtain and become unreliable if logP> 4 [5]. In addition,
it is difficult to find these values for all compounds of inter-
est. There has been increasing interest in using logP values
estimated using computer algorithms, however, assignment
of probable error to the calculation of logP is very difficult
[27]. Table 2allows the comparison of the variables logP
(experimental) andE− logP (estimated by KOWWIN soft-
ware). TheE− logP versus logP linear equation found (in-
tercept =−0.22± 0.19; slope = 1.04± 0.06; where intervals
are the confidence limits at 95% confidence level;n= 78;
r2 = 0.94,F= 1256;p< 0.05), suggests thatE− logP values
can be used in this case, which avoids the need of excluding
those pesticides for whose experimental logP values are not
available. However, it can be observedE− logP− logPdif-
ferences from−1 (compoundsN= 1, 85) to +0.8 (compound
N= 57). This evidences the uncertainty associated with the
use of logP data.

Alternatively, logk values can be used as independent pa-
rameter to perform QRAR models or QSAR models using
logk with other descriptors. Some advantages of the use of
logk instead of logP have been reported[20]. For instance,
logkdata are experimental values, much easier to obtain than
experimental logP data and they exhibit high precision, in-
t
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not always straightforward[31,32], and therefore, errors in
mechanism assignation would be transferred to the QSARs
toxicity estimation[33].

Initially, we assigned the toxicity mechanism (variable
MEC inTable 1) on the basis of the information reported in the
bibliography, so, non-polar narcosis (MEC = 1) was assigned
to the family of organochlorines (FAM = 4)[6]. The code
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responds to non-polar narcosis mechanism. Therefore, a
MEC = 1 was assigned for these pesticides. Finally, no bibli-
ographic information about the mechanism of action of phe-
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roducing controlled uncertainty to the model[22].

.2. Mechanisms of action

A current opinion is that high quality QSARs can only
eveloped for compounds with a common toxicity mec
ism [28]. Also, studies in the literature have shown tha

s more appropriate to combine the compounds by their
city mechanisms instead of chemical classes[29,30]. How-
ver, correctly determining the mechanism of a compou
hose previously mentioned with an intermediate level of
city (MEC = 2).

Regardless the criteria used for assigning toxicity m
nism to a compound, it is important to statistically cont

t and to identify possible misclassification of compoun
t least to have more elements for decision-making.
ar discriminant analysis (LDA) has been used frequen
erform these tasks[33]. The retention variables inTable 1
logk2, logk4, logk6) and all the molecular descriptors
able 2(except logP), totalling 16 variables, were submitt
o LDA, together with the MEC variable as discriminant f
or. Since, some variables inTable 2are correlated, a variab
election step is convenient in order to reduce redunda
ormation and select the variables with the most discrimi
apacity. The forward variable selection step selected (i
er) the variables: logk4,E− logP, logk2, MV, MP, log Sol,
en and Pol, in the final LDA model.Fig. 2 shows the dis

ig. 2. Plot of discriminant functions 1 and 2. (�) MEC = 1; (×) MEC = 2;
©) MEC = 3.
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Table 3
Summary of the classification results

Group size MEC = 1 MEC = 2 MEC = 3

Number of MEC = 1 pesticides classified as 41 39 (95.12%) 0 2 (4.88%)
Number of MEC = 2 pesticides classified as 13 0 13 (100%) 0
Number of MEC = 3 pesticides classified as 30 4 (13.33%) 0 26 (86.67%)

Percent of cases correctly classified: 92.86%.

criminant function plot obtained. As can be observed, func-
tion 1 discriminates well between MEC = 2 and the others
mechanisms, while function 2 discriminates relatively well
between MEC = 1 and MEC = 3 pesticides. This confirms the
adequacy of the initial MEC-code assigned for pesticides.

Table 3shows the summary of classification results. The
total error (around 7%), which correspond to misclassified
compounds between MEC = 1 and 3, was considered satisfac-
tory. Looking at the three highest standardized coefficients,
for function 1, logk4 (8.54), logk2 (−6.76) andE− logP
(−2.48), and for function 2, MV (2.53), logk4 (−2.23) and
Pol (−1.68), together with the forward variable selection re-
sults, it can be concluded that retention factors, at least at two
surfactant concentrations, are important in MEC classifica-
tion for the present set of compounds.

3.3. Fish toxicity–retention relationships

Fig. 3shows the pLC(r) versus logk4 relationship for all
pesticides with available toxicity data inTable 1, labelled ac-
cording to variable MEC.Fig. 3 also includes four toxicity
levels assigned to the pLC50values in fish, taking into account
the Directive 3/21/EEC[37]: ‘Very toxic pesticides’ (pLC50
values higher than 0), ‘Toxic pesticides’ (pLC50 values be-
tween 0 and−1) and ‘Harmful pesticides’ (pLC50 values
b t be
c

F ned
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Looking at the global trend, we can conclude that the less
retained pesticides (logk4 < 1) are below the very toxic cat-
egory, while for pesticides with logk4 > 1 toxicity increases
with logk4. For MEC = 1 pesticides (logk4 values between
1 and 2.5) a good linear relationship exists. This relation-
ship marks a baseline toxicity, which is an expected result
for these non-polar narcotics pesticides, since logk accounts
for hydrophobicity. As shownFig. 3, Endosulfan (N= 47; ini-
tially set as MEC = 1) shows a pLC50 value too high respect
to that baseline toxicity. Some studies reveal that endosul-
fan is able to inhibit the fish AChE enzyme[38], then its
pLC50 value agrees with a MEC = 3, in contrast to the rest of
FAM = 4. This agrees with the fact that the cyclodiene struc-
ture of endosulfan is very different that the structure for the
rest of FAM = 4 pesticides (aromatic chlorines).

There is not a defined pLC(r) versus logk4 relationship for
MEC = 2 and MEC = 3 pesticides. Some of them show pLC50
values close to the baseline toxicity, while others show larger
values (up to 3-pLC50 units). This behaviour agrees with the
reported results in literature, particularly for compounds with
reactive toxicity[7], from which pLC50 values between 1 and
4 times larger than the baseline toxicity are expected. These
results confirm that the previous identification of the toxicity
mechanism of action of pesticides is important in order to
estimate their toxicity.
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ig. 3. pLC(r) vs. logk4 relationship for pesticides labelled with the assig
EC. The toxicity levels have been included. The location of the aty

ompoundsN= 47 and 68 is indicated.
.4. Baseline toxicity—comparative study

The results of Section3.3suggests that a single retent
easurement (i.e. logk4) could permit to estimate pLC50 val-
es in fish for new pesticides, once their mechanism have
ssigned/classified as MEC = 1, by means of statistically
istent QRAR models (see below). For MEC	= 1 pesticides
he estimations have to be regarded as the minimum to
xpectable in fish (non-specific toxicity component). In o
ords, it is possible to define a new baseline toxicity, in te
f logk4 instead to logP.

Fig. 4 shows a comparison between the ‘scatter p
LC(r) versus logk4 and pLC(r) versus E− logP for
EC = 1 compounds. As can be observed, the relation
sing logk4 shows higher slope (sensitivity) and lower d
ersion than the correspondingE− logPone. The equation
btained in both cases with the available pLC(r) data (ex
luding compoundN= 47; see Section3.3) were:

LC(r) = −4.5(±0.6) + 2.3(±0.4) logk4, (2)

n = 24, r2 = 0.89, F = 172.7, p < 0.0001,

RMSEC= 0.28, RMSECV= 0.33,
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Fig. 4. pLC(r) vs. logk4 (�) andE− logP (©) relationships for MEC = 1
compounds excluding the compoundN= 47. Lines represent the linear re-
gression fits.

and

pLC(r) = −2.9(±0.6) + 0.69(±0.17)E − logP, (3)

n = 24, r2 = 0.76, F = 71.5, p < 0.0001,

RMSEC= 0.41, RMSECV= 0.42.

This indicates that logk4 fits better the pLC(r) data (bet-
ter regression statistics as coefficient of determination,r2,
modelled-to-residual variance ratio,F and root-mean-square
error in calibration, RMSEC) but also that it has higher
predictive ability (lower root-mean-square error in cross-
validation, RMSECV) thanE− logP. These results could
reflect the logP contribution to the uncertainty of the QSAR
model (Section3.1). Similar conclusions were found when
toxicity was expressed as log LC50, in mmol L−1 (original
baseline toxicity proposal[6]), and when pLC(b) instead of
pLC(r) data were used. The models using logk2 or logk6
were equivalent to that using logk4. Initially, extrapolation
of k at null Brij35 concentration in the mobile phase (i.e.
logk0) would be an alternative to the use of logk4 (or logk2
or logk6) for the estimation of pLC50 values. The only critic
aspect to do this is that extrapolation could introduce extra
uncertainty into the model, so this aspect deserves more at-
tention.
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Fast toxicity estimations can be obtained using software
(i.e ECOSAR) that provides pLC50 values introducing some
molecular data of the new pesticides. A caution with the use
of ECOSAR is that some compounds can have more than one
chemical class (ECL-value); so different pLC50 estimations
could be obtained (in some cases they can differ in more than
one pLC50 units).

Table 1 provides the ECOSAR estimates for all pesti-
cides (E− pLC), which can be compared with the experi-
mental ones, i.e pLC(r). A plot of pLC(r) versusE− pLC
(not shown) reveal that reasonable agreement is only ob-
served for MEC = 1 compounds. This is a logic result, since
ECOSAR is a QSAR approach based on logP. For MEC = 2
and most of the MEC = 3 pesticides, ECOSAR provides
pLC50 estimations lower than the experimental values. This
indicates that ECOSAR tends to ‘label’ the pesticides as
less toxic than they are respect to the experimental data
from ECOTOX. For instance, using the ECOSAR approach,
dimethoate (N= 4; E− pLC =−2.146 mg L−1), would be
classified as a ‘safe’-pesticide, while according the ECO-
TOX data, pLC(r) =−0.834 mg L−1, it would be considered
a ‘toxic’-pesticide.

In addition, for ionic compounds (FAM = 5 and MEC = 2),
ECOSAR estimates the pLC50 values systematically as one
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count the ionisation of these pesticides (internal ECL = 4 class
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.5. Comparison of approaches to estimate fish acute
oxicity

In order to estimate the acute toxicity in fish for new pe
ides several approaches can be used. Unfortunately, in
cute toxicity test is very expensive, difficult (which c

ribute to the inter-laboratory uncertainty and can exp
he variability of data inFig. 1) and finally time-consuming
riterion). However, this approach leads to estimated tox
alues lower than the experimental pLC50 ones (Table 1). All
hese results suggest that using ECOSAR information c
ead to wrong conclusions in most of the cases.

Relatively simple approaches are those based on Q
i.e. Eq.(3)) or, as we propose in this work, QRAR mod
i.e. Eq.(2)), using one descriptor. They provide an estima
f the non-specific toxicity and are adequate for MEC = 1

icides.Table 4shows the pLC(r) estimations for non-pola
arcotic pesticides with no available experimental data
COTOX. The table also includes theE− pLC estimate

rom ECOSAR for these compounds for comparative
oses. The pesticides have been ordered according the
ated toxicity (pLC50 from logk4; Eq.(2)) and classified i
ifferent toxicity levels consistent with Directive 93/21/E

37]. In agreement with results in Section3.4, estimation
ased on logk4 are more precise than those from logP. We
re convinced that the use of approach based on Eq.(1) to ob-

ain logk contributes to this situation. ECOSAR estimati
o not include uncertainty, which is a very inconvenient
ation in terms of quality policy.

As can be seen different toxicity levels are found dep
ng on the approach selected. For instance, compoundsN= 79
nd 33 (classified as ‘harmful’ according to their logk4 value
nd ECOSAR) could be classified as ‘Toxic’ according

heir logP. CompoundsN= 49 and 52 would be classifi
s ‘Very toxic’ according to logk4; in contrast, according

heir logP and the uncertainty limits involved in its toxi
ty estimates, there would be doubts between the ‘Toxic
Very toxic’ categories. The results ofTable 4point out tha
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Table 4
pLC50 (mg L−1) estimated by logk (BMC-QRAR model; Eq.(2)) and logP (QSAR model; Eq.(3)), with uncertainties in terms of Confidence Intervals
(NC = 95%) related to the linear regression model, and ECOSAR (E− pLC; Table 2)

N pLC50 estimated from logk4 pLC50 estimated from logP pLC50 estimated from ECOSAR

Harmful
73 −1.8 ± 0.2 −1.4 ± 0.3 −2.13
72 −1.44± 0.19 −1.5 ± 0.3 −2.14
77 −1.17± 0.16 −1.1 ± 0.2 −1.60
79 −1.08± 0.15 −0.9 ± 0.2 −1.40
85 −1.08± 0.15 −2.3 ± 0.5 −2.39
74 −1.07± 0.15 −1.3 ± 0.3 −1.96
33 −1.00± 0.14 −0.9 ± 0.2 −1.43

Toxic
84 −0.52± 0.13 −1.1 ± 0.2 −1.62
35 −0.49± 0.13 −0.63± 0.18 −1.03
41 −0.15± 0.14 0.0± 0.2 −0.19
50 −0.14± 0.14 −0.2 ± 0.2 −0.31
46 −0.13± 0.14 −0.61± 0.18 −0.83
83 −0.12± 0.14 0.0± 0.2 −0.29

Very toxic
49 0.27± 0.18 −0.2 ± 0.2 −0.31
53 0.5± 0.2 0.7± 0.4 0.76
52 0.5± 0.2 0.2± 0.2 −0.42
54 0.8± 0.2 1.2± 0.5 1.30

the approaches are not equivalent, thus affecting the decision-
making step in toxicity studies.

For pesticides with other mechanisms of action different
from MEC = 1, new QSAR models that incorporate other
molecular descriptors could be investigated. Such models
will incorporate the uncertainty of the new descriptors mak-
ing the model less reliable, so the use of logk4, that intro-
duces low and controlled uncertainty, should be preferable.
Such approaches combining chromatographic and structural
information would compete with approaches like ECOSAR
that has shown to be not adequate to estimate pLC50 of most
pesticides.

4. Conclusions

The use of the retention factor in biopartitioning micellar
chromatography to estimate the toxicity level of pesticides in
fish is evaluated. The results for three families of pesticides,
whose mechanism of action in fish is non-polar narcosis, are
consistent and permit to develop a simple QRAR model to
perform precise pLC50 estimations of new pesticides. For
pesticides with others mechanisms of action, only qualita-
tive observations (RAR) could be derived with the present
approach. In addition, retention data at other surfactant con-
centrations are useful in the classification of mechanism of
a

hro-
m at
a -
t R
m an be
c e the

non-specific fish toxicity level for pesticides. These results
permit to encourage future investigations using different or-
ganisms (daphnia, algae) or different toxicological endpoints
(soil adsorption coefficient, bioconcentration factor), in order
to complete a hazard assessment strategy. Chromatographic
retention in BMC seems to be a practical tool to perform such
studies, mainly due to its simplicity, low cost and adequate
precision (work to establish such relationships is in progress).
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Acta 443 (2001) 191.

[20] L. Escuder Gilabert, Y. Martı́n Biosca, S. Sagrado, R.M. Villanueva
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