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ABSTRACT
Despite their effectiveness, most organochlorine pesticides are banned. Indeed, these compounds are

considered very persistent. To understand this persistence, we carried out a modeling study of the
bioconcentration factor. This study permitted to understand that bioconcentration factor is well de-
scribed by hydrogen percentage (%H), constant volume heat capacity (C,), partition coefficient (Log
P) and density (D).These descriptors constituted the explicative and predictive parameters of the bio-
concentration of organochlorine compounds. This study was performed by analyzing the correlation
matrix, of a multiple linear regression (MLR) model, the contribution of the descriptors and the ap-
plicability domain of the descriptors. The model obtained displayed good statistical indicators ac-
cording to the principles established by the Organization for Economic Cooperation and Develop-
ment (OECD). MLR statistical indicators reveal more effective predictions with coefficient of deter-
mination R? = 0.983, coefficient of determination adjusted Rzajusted = (0.979, standard error S = 0.179,
cross-validation correlation coefficient R%, = 0.983 and Fisher's test F= 221.206. This model is ac-
ceptable with R:-R%.,= 0,0003. The results obtained suggest that combining these descriptors could
be useful for predicting the property of bioconcentration. In addition, the percentage of hydrogen (%
H) is the priority descriptor for the prediction of this bioconcentration for news organochlorine pesti-
cides.

Keywords: toxicity, quantum descriptors, physicochemical descriptors, cook distance

WWW.SIFTDESK.ORG 403 Vol-4 Issue-3


http://creativecommons.org/licenses/by/4.0/

SIFT DESK

1. INTRODUCTION

Organochlorine Pesticides (OCP) are organic com-
pounds obtained by the chlorination of various un-
saturated hydrocarbons. Indeed, it is admitted that
the molecules with more than 4 chlorine atoms are
resistant to degradation and are considered as long-
lasting compounds in the marine environment[1].
They are assumed to bioaccumulate in fatty tissues
and to potentially damage the marine resources
[2].The fate of environmental pollutants is a funda-
mental aspect of ecotoxicology that makes therefore
the understanding of the bioaccumulation’s process
a necessity.

It is well known that organochlorine pesticides are
concentrated in biological systems and precisely in
adipose
throughout the food chain, reaching higher concen-
trations in higher animals such as humans[1] that
triggers the phenomenon of the biomagnification.
Thus, Bodin[3] highlighted the bioaccumulation of
the most persistent polychlorobiphenyl congeners
along the spider crab food chain. In the same study,
she showed that bioaccumulation was influenced by
organotropism, diet and age.

tissue. Actually, they bioaccumulate

Organotropism refers to the process by which cer-
tain molecules are directed and possibly permanent-
ly stored by certain organs, preferably or even al-
most exclusively. Besides, diet is the sum of food
consumed by a person or other organism.

Traore et al.[4] studied the bioaccumulation of orga-
nochlorine pesticides in cow's milk and butter tradi-
tionally produced in certain regions of Cdte d'Ivoire.
Even though the residue levels found are below the
tolerable thresholds set by international standards,
the authors nevertheless draw the attention of con-
sumers to the dangers that could result from the phe-
nomenon of bioaccumulation. The curdled milk and
eggs consumed in Cote d'Ivoire are not entirely safe
from contamination by organochlorine pesticides
[5]. It was shown for instance that the fish of the
Lake of Buyo in Coéte d'ivoire is also contaminated
by the organochlorine pesticides [6]. Besides, Ben-
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bakhta et al.[7] showed that some aquatic species in
the Moulay Bousselham lagoon in Morocco are con-
taminated with organochlorine pesticides.

In 2016, Yohannes et al[8] studied the contamina-
tion of four species of bird. This study revealed that
the maximum of 1-chloro-4-[2,2-dichloro-1-(4-
chlorophenyl)ethenyl]benzene (p,p'-DDE) concen-
trations might have been enough to cause egg shell
thinning, and have an impact on survival and breed-
ing success of the bird species in the Rift Valley
region. The rate of detection of 1-chloro-4-[2,2,2-
trichloro-1-(4-chlorophenyl)ethyl]benzene (p, p' —
DDT) permitted the authors to suggest a release of
fresh DDT into the environment.

Previously in the years 1970 certain authors [9-12]
revealed that the bioaccumulation of the organo-
chlorinated compounds is related to their high lipo-
solubility and their weak hydro-solubility. But dif-
ferent terms are used to describe the processes that
define the fate of contaminants in different compart-
ments of the environment (bioaccumulation, biocon-
centration and Biomagnification). It is thus neces-
sary to define these terms.

¢ Bioaccumulation is the process which causes an
increase of a chemical concentration in an
aquatic organism compared to that in water, due
to uptake by all exposure ways including dietary
absorption, transport across respiratory surfaces
and dermal absorption [13].

¢ Bioconcentration is the process which involves
the uptake of chemical by absorption from the
water only, can occur via the respiratory surface
and/or the skin, and results in the chemical con-
centration in an aquatic organism being greater
than in water [13].

¢ Biomagnification is a special case of bioaccu-
mulation in which the chemical concentration in
the organisms exceeds that in the organism's
diet due to dietary absorption[13].

According to the report of the French Research In-
stitute for the Exploitation of the Sea [9], biocon-
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centration in an organism is the accumulation of a
chemical substance only via water, breathing or di-
rect contact with the skin.

Biomagnification involves an increase of concentra-
tion in organisms at the upper trophic level. The bio-
accumulation or the bioconcentration or the biomag-
nification of a molecule in an organism is related to
the physicochemical properties of this molecule.
The bioconcentration factor (BCF) is then defined
as the equilibrium ratio between the contaminant
concentration in the body (Cjp) on the dissolved con-
taminant concentration in water (Cgp):

Cp
BCF = —
Cep (1)

When the bioconcentration factor is high, the chemi-
cal compound has a high capacity to store in the bio-
logical environment studied. This factor therefore
makes it possible to evaluate the capacity of degra-
dation or accumulation of a chemical compound in
the environment.

The bioaccumulation of a molecule is related to its
physico-chemical properties. If persistence is often
considered as a result of the long half-life of the pol-
lutant or its continued release into the marine envi-
ronment, it may also be the result of its bioaccumu-
lation.

The main objective of this study is to perform a
QSPR study of organochlorine compounds to deter-
mine the descriptors that influence their bioconcen-
tration factor.

2. MATERIALS AND METHODS

2.1. Materials

2.1.1. Selection of Data Set

We investigated about 30 molecules where 20 were
used for the test set and 10 for the validation set.
Their values for the bioconcentration factor of orga-
nochlorine molecules for fish are well known and
displayed in Table 1 [14].
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Table 1 : Data Set
code Compounds ‘ BCF code Compounds ‘ BCF
Test set
cw\ CT ]
1 C‘/ ; 0,900 11 I ol 0,780
1,1,2,2-tetracloroethane trichloromethane
a Lo® ‘ -
2 ‘ A 3.770 12 N 2.700
a
1.2.3 4-tétrachlorobenzéne 3.4,5-trichlorcaniline
T
M &
A |
3 A | . 3,360 13 o S 2,650
1.2.3,5-tétrachlorobenzéne 1,3-dichlorobenzéne
T . ‘ e <l
4 3,110 14 N 2520
1.2.3-trichlorobenzéne 1.4-dichlorobenzene
u\/\q o~ ‘ ]
5 0.300 15 = \ 3.870
1.2-dichloroethane 2.4.5-trichlorotoluéne
HH, °
N
| g
6 o o 1.980 16 = 2.430
2.4-dichloroaniline 2.4,6-trichlorophenol
cl ‘ S
7 “ﬁ{>°‘ 1480 | | 17 g7~ 1250
3.4-dichloroaniline 3-chlorophenol
Ha N
\ a M
8 = 0.340 18 0.230
3-chloroaniline
4-chloroaniline
Cl
9 ;I;i: 4.260 19 \ / 1.850
4 Chlorobenzene
hexachlorobenzéne
a Cl
W cw—’—cw
10 N 1590 | | 20 4 1.480
trichloroethyléne Tétracloromethane
Validation set
"
7
cl ol ‘
21 d 0950 | | 26 o NN 1500
1.1.1-trichloroethane 2 4-dichlorophenol
ol s ‘ ol P
7N
22 o o 3,760 27 _ 2330
1,2,4,5-tétrachlorobenzéne 2-chlorophenol
23 — 3,260 28 ﬁ 3.860
N/ o .
Pentachlorobenzéne
1.2.4-trichlorobenzéne
o
‘ ™ cl cl
24 e 2,480 29 C‘% I 2,920
cl 1 Hexachloroethane
1.2-dichlorobenzene
25 3,380 30 — 2.740
1.3.5-trichlorobenzene Pentachlorophenol
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2.1.2. Methods of Calculation

We used Gaussian 03 software[15] to optimize each
molecule into DFT method with Beckes three-
parameter hybrid method and the Lee-Yang-Parr
B3LYP functional [16]employing 6-311++g(d,p) basis
set. The split-valence and triple-dzeta bases (6-311 ++
g (d, p)), being sufficiently extensive and taking into
account the polarization functions are important for
taking into account the free doublets of the heteroa-
toms. The use of this method was justified by the way
that DFT methods present the best compromise among
calculation time and quality, since the electronic cor-
relation is taken into account and functional calculus
and B3LYP seems adapted well for the study of the
organic compounds [17].

2.1.3. Molecular Descriptors

Four descriptors were calculated. These descriptors
are composed of one quantum descriptor and three
physico-chemical descriptors. The combination of
descriptors ~ belonging to  different categories
(constitutional, topological, quantum-chemica) led to
improve QSPR performances[18]. This improvement
was shown in our first article [19].These descriptors
include:

Density (D): density is a steric parameter. It is calcu-
lated by ACD Lab Chem Sketch Software. This pa-
rameter is related with the bulk and size of the substit-
uents [20].

_ My (Molecular weight)

o My (Molecular volume) (2)

Partition coefficient (Log P): Partition coefficient
allows to measure the differential solubility of a neu-
tral substance between the immiscible liquids and
thereby, a descriptor of hydrophobicity (or the lipo-
philicity) of a neutral substance. LogP is usually used
in its logarithmic form(log P)[20,21]. Indeed, if logP
is positive and very high, this expresses that the mole-
cule considered is more soluble in octanol than in wa-
ter, which reflects its lipophilic character and if the
log P is negative this means that the molecule consid-
ered is hydrophilic. A null value of LogP means that
the molecule is as soluble in both middles. In this
work, the Chemsketch software [22] allowed us to
determine the values of the LogP. In practice, lipo-
philicity is expressed by the decimal logarithm of the
logP partition coefficient. So :
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If LogP> 0; then P> 1, the molecule is lipophilic. It is
soluble in the lipid phase. It is then non-polar.

If LogP <0 then P <1, the molecule is hydrophilic. It is
soluble in water. It is then polar.

Constant volume heat capacity (C,) : the constant
volume heat capacity of a compound is a size making
it possible to quantify the possibility that has a com-
pound to absorb or restore energy by heat exchange
during a transformation during which its temperature
varies. It is the energy which it is necessary to bring to
a compound to increase its temperature of one Kelvin.
It is an extensive size, i.e. increases with the quantity
of the matter.

Percentage of hydrogen (%H) : the percentage of
hydrogen atom is a quantity which makes it possible
to quantify the proportion occupied by the hydrogen
atoms on the set of atoms that compose the molecule.
A high value of this quantity shows that the molecule
contains more hydrogen atoms.

2.2. Methods

2.2.1. Descriptive Analysis

The partial correlation coefficient calculation was per-
formed using a principal component analysis that is
implemented in the XLSTAT [23] software.

2.2.2. Statistical Analysis

The choice of the best model satisfies the criteria of
statistical analysis which are:

High value of the coefficient of determination (R’
>0.6)[24]

It measures the share of the experimental variance
explained by the model compared to the total variance.
Its value is between 0 and 1. The closer the value of R?
is to 1, the more the theoretical and experimental val-
ues are well correlated. Furthermore, a weak value of
R’ means that the model has a weak explicative power
and descriptors have no effect on the property ex-
plained.

2 _ Z{jyi.theo_?exp)z
Y(Viexp—TYex

G Laxp GJ\D) (3)
where:
Yiew - The experimental value of antifungal activity
Vimeo - The theoretical value of the activity
Yiex : The mean value (average) of the experimental values
of activity.
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High value of the adjusted coefficient of determina-
tion (R agisiei20.6)

It allows to measure the robustness of a model unlike
R’. 1t is used in multiple linear regression because it
takes into account the number of descriptors of the

model.
k(1-r%)
Rgdjusted =R* - k-1 (4)
Where :
n : the sample size and
k : the number of independent variables in the regres-

sion equation.

High value of the Fischer coefficient (F).
This coefficient allows to test the overall significance
of the linear regression [25].

2
_ X (3%,theo —Jv’i,gxp) n—k-1

B )X (}’i,exp —¥i.theo }2 -

F
(6))
Where : n is the sample size and £ is the number of
independent variables in the regression equation

High wvalue of the cross-validation coefficient
(R’cy>0.5)[24]. Tt measures the accuracy of the pre-
diction on the test set.

2
_ z {J.v’z',g.rp —¥i,rtheo }

RZ, =1
cv h) (}’z‘,axp Yexp )2

(6)
Low values of the standard deviation (S): Standard
deviation is an indicator of dispersion. It provides
information on how the distribution of data is done

3. RESULTS AND DISCUSSION
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around the average. when its value is proximate to 0
the fit is good, and we have the higher reliability of
the prediction. A standard deviation greater than 0.50
indicates a large dispersion of the data around the
mean.

Z{}’i,e.rp —Vi.theo )2

n—k—1 (7)
We used Multiple Linear Regression (MLR) method
of XLSTAT to establish QSPR model.

The statistical technique of multiple linear regression
(MLR) is used to study the relationship between a
dependent variable (Property) and several independ-
ent variables (descriptors). This statistical method
minimizes the differences between the experimental
value and predicted values. It is the most common
tool for studying multidimensional data. It is based on
the following pre-programmed XLSTAT functions:

y=a+(bx;+ex, +dxg +ex,)+ (fx + gx,, + hxg, +ixy,) (8)

Where a, b, ¢, d, represent the parameters and x;, x5,
X3, X4, represent the variables.

2.2.3. Acceptance Criteria for a QSPR Model
According Eriksson et al. [26 ] and N’Dri et al
[27],the performance of a mathematical model is
proved by a value of R’.> 0.5 fora satisfactory mod-
el when R’.,> 0.9 the model is described as excellent.
According to them, for a test set, a model will be ac-
cepted if the condition R-R°.,<0.3 is respected.

The set of descriptor values for the twenty (20) organochlorine compounds in the test set and the ten (10) other

molecules in the validation set are presented in Table 2

Table 2: Physico-chemical and quantum descriptors and the bioconcentration factor (BCF) of the test and vali-

dation sets

C,(Cal/Mol- %H D LogP BCF
Test set

1 22.213 1.2 1.556 2.17
0.900

2 32.291 0.93 1.573 4.18
3.770

3 32.42 0.93 1.573 4.31
3.360

4 28.573 1.67 1.448 3.77
3.110

5 15.167 4.07 1.173 1.41
0.300
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6 30.936 3.11 1.401 2.74
1.980
7 28.682 3.11 1.401 2.51
1.480
8 24919 4.74 1.23 1.81
0.340
9 39.984 0 1.767 4.89
4.260
10 17.123 0.77 1.474 2.26
1.590
1 13.8 0.84 1.5 1.76
0.780
12 34.875 2.05 1.54 3.27
2.700
13 24.899 2.74 1.297 3.42
2.650
14 24.877 2.74 1.297 3.34
2.520
15 34.655 2.58 1.38 4.28
3.870
16 31.754 1.53 1.595 3.58
2.430
17 25.926 3.92 1.287 2.4
1.250
18 27211 4.74 1.23 1.76
0.230
19 21.058 448 1.11 2.81
1.850
18.19 0 1.697 2.86
20 1.480
Validation set
21 19.988 2.27 1.393 2.1
0.950
22 32.364 0.93 1.573 4.23
3.760
23 28.634 1.67 1.448 3.82
3.260
24 24.794 2.74 1.297 3.28
2.480
25 28.749 1.67 1.448 4.04
3.380
26 29.475 2.47 1.458 2.99
1.500
27 25.785 3.92 1.287 2.04
2.330
28 40.718 0.38 1.804 4.78
3.860
29 30.772 0 1.821 4.47
2.920
30 40.718 0.38 1.804 4.78
2.740

3.1. Matrix of Correlation

The matrix of correlation is made out with Principal component analysis. This matrix shows that no interde-
pendence exists between molecular descriptors used because partials correlation coefficients between de-
scriptors are less than 0.95 (1;<0.95)[26,28-34].The following correlation matrix displayed in Table 3 is ob-
tained.

Table 3 : Matrice de corrélation (Pearson (n)) :

Variables BCF Cv %H D LogP
BCF 1

C, 0.726 1

%H -0.542  -0.320 1

D 0.512 0.552 -0.916 1

LogP 0.923 0.804 -0.635 0.668 1

We used these descriptors to establish the QSPR model.
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3.2. Equation of Model

The equation of the QSAR model with the statistical
data is presented below. This model obtained gives
the relation between the bioconcentration factor
(BCF) and the theoretical descriptors of organochlo-
rine compounds. The negative or positive value of
the coefficient of a descriptor in the model translates
the effect of proportionality between the evolution of
the property and this parameter of the regression
equation. The negative value indicates that when the
value of the descriptor is high, the property decreas-
es. The positive sign indicates the opposite effect.

BCFpoo = 7.3549 4+ 7.5096E — 02+ C, — 0.6988 + %H — 5655+ D + 0.7989  LogP

N=20, R*=0.9833, R%jjustea= 0.979, S =0.179,
F=221.206 Pyu,e< 0.0001, a=0.005, R*cy= 0.9830,

The negative correlation coefficient between the per-
centage of hydrogen (% H) and the density (d) indi-
cate that these two variables are inversely proportion-
al, i.e. the increase of the percentage of hydrogen (%
H) or the density causes the reduction of the biocon-
centration factor (BCF) in the model.

©)
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The greatest values of R’=0.983 ; Rzajusted= 0.979 and
the lowest values of S =0.179 and P,,,.< 0.0001
shows the strong relation which exists between the
bioconcentration factor and the selected descriptors.
This model is very highly significant (high value of
Fischer parameter: F = 221.206).Then both R%*cy=
0.979 > 0.9 and prove that this model is excellent.

Analysis of QSPR model equation reveals that the
bioconcentration  increases when (C, and
LogP increase then %H and d decrease. Consider-
ing that lipophilia increases with the number of chlo-
‘ine atom, we can say that the factor of bioaccumula-
tion increases when the number of chlorine atom in-
creases.

The regression line between the experimental and
theoretical BCF of the test and the validation set is
illustrated in Figure 1. The value of the determination
coefficient R>= 0.983 and the low value of the mean
square error S =0.179 prove a good similarity be-
tween the predicted and experimental values. This
good similarity is also shown in Figure 2.

BCFtheo
5.0 7
o ®
101 ® —— e®
o
2304 P
E .- Viest = 0.9833x+0.034
B 2.0 A R?=0.9833
o st o Y'e
R 10 Qe:i® °
° o
.
0.0 . T T T T T T T T 1
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5
BCF .y,
® testset(BCF) ® validation set  ceeeeeees Linear (test set(BCF))

Figure 1: Regression line of the test and validation set

The different points of the test set are all close to the regression line. This proximity attests a good correlation
between the experimental values and those predicted. This regression line indicates that:

BCF!

heo

= 0.9833 = BCF!

exp

+0.034 (10)
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Similarity curve of model

50
40

& 3.0

@)

& 2.0
1.0
0.0

NMolecules

1234567 89101112131415161718192021222324252627282930

e=@==PB(Fexp ==@=BCFtheo

Figure 2: Similarity curve of the experimental and predicted values model

Figure 2 shows that both predicted and experimental values and almost the same. They also evolve in the same
directions. However, both the molecules 27 and 30 that belong to the validation set display different values.

Furthermore, the low standard error value (S) which is 0.179 for this model attests a good similarity between the

predicted and experimental values.

3.3.Contribution of Descriptors

The contributions of the molecular descriptors in
the prediction of the organochlorine molecules bio-
concentration factor are illustrated by the Figure 3.
The classification of the contribution of the de-
scriptors in the model is as follows: %H(-0.874)>D
(-0.812)>LogP(0.640)>C, (0.430)

According to the contribution of these descriptors,
the percentage of hydrogen (% H) displays the
high

est normalized coefficient (-0.874) followed by the
density (D) with -0.812. The constant volume heat
capacity (C,) has the lowest coefficient (0.430)
compared to other descriptors. It should be noted
that the percentage of hydrogen (% H) is the most
influential physico-chemical descriptor. Thus, to
improve the bioconcentration factor in the synthe-
sis of new organochlorine pesticides, it is neces-
sary to speculate more on the percentage of hydro-
gen (% H).

BCF/ /Standardized Coefficients (Int. of conf. 95%)

Cv; 0.430

0.5 + ‘
0

LogP; 0.640

Standardized Coefficients

-1.5

1 +
%H; -0.874

Variable

Figure 3: Contribution of descriptors
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Furthermore, we will use the cook distance (d;) [35]
to determine the applicability domain. This notion is
another measure of the impact of the respective ob-
servation on the regression equation. It represents the
difference between the calculated coefficients and the
values that would have been obtained if the corre-
sponding observation had been excluded from the
analysis. To evaluate the influence of a point i on the
regression, it is removed from the calculation of the
coefficients. Then, we compare the predictions with
the complete model constructed with all the points
and the model constructed without the point i. If the
difference is high, then, the point is assumed to play
an important role in the estimation of the coefficients.
We define subsequently the threshold value from
which we can say that the influence is exaggerated.
The simplest rule is: d;> 1. But it is considered a lit-

BAMBA Kafoumba et al.

tle too permissive, wrongly letting doubtful points
escape; we sometimes prefer the following more de-
manding provision [36,37]:

d>4/(N-k-1)
With k standing for number of predictors and N the
number of compounds.

All distances must be of the same order of magni-
tude; if not, there is good reason to believe that the
respective observation (s) bias the regression coeffi-
cient estimate. In our article, points with a great Cook
distance [d>4/(N-k-1) i.e d>4/(20-4-1) )=0.2667]
are considered to belong to the domain of applicabil-
ity. The cook distances for our molecules have been
given in the Table 4 and are visible in the Figure 4.a
and in the Figure 4.b.

Distances of Cook / BCF (training set)

tétracloromethane

chlorobenzéne 1
4-chloroaniline
3-chlorophenol
2,4,6-trichlorophenol
2,4,5-trichlorotoluéne
1,4-dichlorobenzéne
1,3-dichlorobenzéne
3,4,5-trichloroaniline
trichloromethane
trichloroethyléne
hexachlorobenzene
3-chloroaniline
3,4-dichloroaniline
2,4-dichloroaniline
1,2-dichloroethane
1,2,3-trichlorobenzéne
1,2,3,5-tétrachlorobenzéne
1,2,34-tétrachlorobenzéne
1,1,2,2-tetracloroethane

OovD<uroSw

0 0.1 0.2 0.3

Distances of Cook

Distances of Cook / BCF (validation set)

pentachlorophencl
hexachloroethane
pentachlorobenzéne
2-chlorophencl
2,4-dichlorophencl

1,3,5-trichlorobenzéne

Observations

1,2-dichlorobenzéne
1,2,4-trichlorobenzéne

1,2,4,5-tétrachlorobenzéne I

1,1,1-trichloroethane

o 0.5 1 1.5

Distances of Cook

Figure 4.a : Cook’s distance of tests molecules

Figure 4.b : Cook’s distance of validation molecules

These different figures make it possible to visualize the four compounds whose is greater than the limit value (0.267).

The analysis of the cook distance shows that all the molecules used have Cook distances lower than the limit

value (d; =0.2667) except for 4 molecules. These compounds are 4-chloroaniline (d; = 0,316), tétracloro-
methane (d; = 0,272), 2-chlorophenol (d; = 0,560), pentachlorophenol (d; = 1,367). These compounds are con-
sidered as not belonging to the applicability domain.These erroneous predictions could probably be attributed to
wrong experimental data or to the structural of theses outliers.
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Table 4 : Cook’s distance of molecules

Compounds Cook’s distance
1,1,2,2-tetracloroethane 0.100
1,2,3,4-tétrachlorobenzéne 0.044
1,2,3,5-tétrachlorobenzéne 0.141
1,2,3-trichlorobenzéne 0.002
1,2-dichloroethane 0.060
2,4-dichloroaniline 0.053
3,4-dichloroaniline 0.004
3-chloroaniline 0.012
Hexachlorobenzéne 0.001
Trichloroethyléne 0.002
Trichloromethane 0.014
3.,4,5-trichloroaniline 0.147
1,3-dichlorobenzeéne 0.006
1,4-dichlorobenzéne 0.023
2,4,5-trichlorotoluéne 0.023
2,4,6-trichlorophenol 0.012
3-chlorophenol 0.002
4-chloroaniline 0.316
Chlorobenzéne 0.037
Tétracloromethane 0.272
1,1,1-trichloroethane 0.015
1,2,4,5-tétrachlorobenzéne 0.022
1,2,4-trichlorobenzéne 0.004
1,2-dichlorobenzene 0.015
1,3,5-trichlorobenzéne 0.000
2,4-dichlorophenol 0.137
2-chlorophenol 0.560
Pentachlorobenzéne 0.026
Hexachloroethane 0.002
Pentachlorophenol 1.367
4. CONCLUSION

Organochlorine compounds are compounds well
known to be bio accumulative. The pesticides in this
family are very effective. But because of their con-
centration in the environment, these pesticides have
been banned from use. In order to give them a second
chance, we have undertaken a series of studies in
which it is located. In this study, our objective was to
carry out a QSPR study in order to understand the
phenomenon of bioconcentration. The parameters
obtained R’ = 0.9833, R’juuwea =0.979, 0.179, F=
221.206, Pyue< 0.0001, a=0.005, R*cv = 0.9830, R’-
R’cv=10.0003 show that the bioconcentration factor is
well described by the constant vapor heat capacity
(Cy) , hydrogen percentage , density and lipophilici-
ty . The QSPR equation obtained shows also that the
factor of bioaccumulation increases when the number
of chlorine atom increases. Because when the number

BAMBA Kafoumba et al.

of chlorine atoms decreases, the percentage of hydro-
gen atom increases and the lipophilicity decreases.
The above equation can therefore be used to predict
the bioconcentration factors of new organochlorine
compounds. In perspective, we will determine the
descriptors that influence the half-life time of organo-
chlorine compounds and then propose less toxic, less
bio-accumulative and less persistent organochlorine
pesticides.
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