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Introduction
Polychlorinated naphthalenes (chloronaphthalen@blsPCNs) are widely dispread pollutafitsThere are
published many studies on theirs possible anthrepicgand natural sources, environmental conceotrsti
toxic modes of action as much as various physitdlchemical properti€s! One of the most important
property of the mentioned compounds is theirs penscy in different environmental media, such asater
and soil. According to UN-POPs Protocol, those dbats, for which half-lives (},) in the individual
environmental compartments passed the establisineshiblds, are qualified as ‘persistent’, and they
subjected to the restricted regulations of thequuit® Because of the fact, that the half-lives have nbeen
experimentally determined for all of CN congending, QSPR strategy was used first time to calculegm.
Quantitative Structure — Property RelationshipsRBmodel express the modeled activity or propasta
mathematical function of the molecular structureerBhare also many examples of successful imple iemtaf
this methodology in case of prediction such pragerfior POP§®

One of the crucial steps of the model identifiwatis a correct choice of the statistical method of
modeling. Estimation of missing data in such studiedten done with the statistical approachesh aisc
multiple linear regression (MLR), principal compoheggression (PCR), partial least square regregfib8),
partial least square regression with initial eliadion of the uninformative variables (UVE-PLS), fmrleast
square regression with variable selection usingreetic algorithm (GA-PLS)In this study a comparison of
efficiency of these five approaches was made, iarttljs way, the optimal method of half-life deténation for
PCNs was chosen.

Materials and methods

Initially, a set of 26 structural descriptors wasnputed for each of 75 chloronaphthalene congdrtbedevel
of the density functional theory (B3LYP hybrid fuiomal) in the 6-311++G** basis s&tSimultaneously, data
on t»in air, water and soil available for the otherustuarally similar persistent organic pollutants wer
collected from previous published papers and aflijevaluated’*°After evaluation, a set of 92 compounds
was selected for further modeling and divided mtoaining and a validation subsets. For all oféhgelected
compounds the same structural descriptors at tet ¢ B3LYP/6-311++G** were also calculated. Netiet
models were constructed in turn for each of medaimwater, soil separately by means of the fallofving
statistical approaches: MLR, PCR, PLS, UVE-PLS, aAdR&S. Each model was developed using the same
training set and each validated using the samdatiin set. Applicability domains of the individuabdels
were verified by means of principal components egngn case of each modeled property quantitative
comparison of the models was done using the valfiesot mean square error in the validation set §8R) as
a measure of predictive ability and the numbersafdudescriptors as a criterion of complexity ofghealied
models. These comparisons led to the final choia@ptimal models for predictions in each case.

Results and discussion

The results of the quantitative comparison of thieistd models are presented in figures 1 and 2t émuid be
observed, GA-PLS (fort in air and soil) and MLR (fort in water) models were characterized by the best
predictive ability. The value of RMSEP for the GA-Piradel of ., in water was also relatively low. Analyzing
complexity of the models it could be clearly stdlat the MLR models in each case were charactebydhe
lowest number of input variables (only one), whiER and PLS used all 26 molecular descriptors.
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Implementation of UVE and GA algorithms for initizdriable selection in PLS model resulted in sigaific
reduction of the lowest informative descriptors.
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Figure 1. Predictive ability of the models (valfeRMSEP)
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Figure 2. Complexity of the models (number of inglegient variables).

Finally, the GA-PLS approach was proposed for estonaf half-lives of PCNs in the individual
environmental media. This methodology led to thaifitant reduction in descriptors and, simultanédpus
improved the prognostic quality of the PLS modele Bisadvantage of MLR method is the necessity of
choosinga priori the best set of explanatory variables as welhaseénsitivity to interconnection between the

descriptors. From the other hand, its advantaga &bility to obtain quite good model using a sienghd good
mechanistic interpretable procedure.
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Comparing the types of molecular descriptors chaseach case by the GA-PLS model it could be
stated that they seem to be connected with the piaisical-chemical processes of degradation inrttieidual
medium. The descriptors such as: energy of the btghwccupied molecular orbital (LUMO), total enead
the molecule (Et), solvent accessible surface irnW@&ASw), solvent accessible volume in water (SAMVatal
electrostatic energy of solvation in water (TEESobo)yent accessible volume in octanol (SAVo), Gtion
energy in octanol (CEO0), total non-electrostatiergy of solvation in octanol (TNEo) were the masportant
for half-lives prediction in air. They are corresdomg to the photochemical and radical degradapantjtioning
to the air-born organic particles and, wet anddéposition. Degradation of chloronaphthalenes itemaas
described by descriptors correlated with solubilityvater, polarity and photolytic degradation, sas: dipole
moment (D), polarized solute-solution interactiorer gy in water (PolSSw), LUMO, TEESolw, PolSSw and
CEw. Descriptors: energy of the highest occupiedecdbr orbital (HOMO), LUMO, SAVw, PolSSw, SASo,
SAVo and TNEo used in the model for soil probablyrespond to microbial and photolytic degradation,
partitioning between organic phase and water ahraswaporization. Reliability of the descriptosed by the
model and possibility of its mechanistic interptista additionally confirmed high usefulness of tARA-NN
approach in this exercise.
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