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Introduction|

Safety assessment of industrial chemicals in Japan is carried out based on the Chemical Substances Control Law (CSCL). The government has been taking
responsibility for carrying out safety assessments of the 20,000 chemicals to which the CSCL currently applies; however, it has measured about 1,600
chemicals in the past 30 years. It is clearly not realistic, in view of cost and time, to test all previously untested chemicals. Use of the category approach and
Quantitative Structure-activity relationships [(Q)SAR] is regarded as a promising alternative to actual tests. However, no predictive method has yet been
established for bioconcentration of general chemicals using the category approach. In the present study, we have developed categories based on mechanistic
rationales for predicting the bioconcentrations of chemicals based on BCF data on existing chemicals under CSCL in Japan.

Materials and Methods

Tablel. Parameters relevant to the bioconcentrations of chemicals

Data set The CSCL bioconcentration test is conducted as a part of Method 305, Parameters "1 KOWWIN ver.1.67. (US EPA)
established under the Organization for Economic Co-operation and 1D0gP0w (observed vzl_ue), logPo%N (;alculited valiue)" W enclose 2 Database Manager ver 1.3, (OASISLMC)
Hali ; ; ) t t that t :
Development (OECD) guidelines for testing chemicals The test fish (carp) are mg}:‘ul(e‘)‘fi“‘m“m fameter of the sphere that would enclose  the Conversionmode: Automated OASS;
. . . onformer generation: Rapid; Calculation
exposed to two concentrations of the test chemical in water, under flow-through 2 (square of dipole moment)™2 method: AM1.

conditions. We obtained BCF values for fish from the CSCL database[1] and MR (Molecular Reftaction, a value proportional to polarizability(e))"®  *3 MOE2009.10. (Chemical Computing Group,

. : : : TPSA (Topological Polar Surface Area)™ Inc.)
screened 371 chemicals for categorization, whose test concentrations are lower Hy ace (I\fumbge + of hydrogen bond acceptor atoms)™ +4 Hy, accand Hy_don are used togetherasa set.
than their solubility in water. Hy_don (Number of hydrogen bond donor atoms)*3# *5 If the pKa value for a chemical was not
Parameters Nine parameters relevant to the bioconcentration for chemicals pKa (observed value), pKa (calculated value)™ measured, the value was calculated using ACD
.. N Lo logD (calculated value)"~5 pKa DB ver.12.0 (Advanced Chemistry
were used to investigate the predictive approach of each category (Table1). Dev ,Inc.)

Results and Discussion

The Concept of the Category for Bioconcentration in Fish
In view of the bioconcentration mechanism, the bioconcentration of chemicals in fish could be
categorized according to the following three factors;

1) The mechanism of absorption (e.g., passive diffusion, active transport, the paracellular

(Categorv 11-B: chemicals with a polar
functional group (hydrogen donor)

A multiple regression analysis was conducted on
the observed logBCF values of the chemicals
placed in Category II-B using the nine parameters.

pathway and endocytosis) However, no significant correlation could be
2) The interactions between molecules in living tissue (e.g., the Van der Waals force, obtained between logBCF and these parameters.
dipole-dipole interaction, hydrogen-bonding interaction and ionic interaction) The logBCF of most chemicals in Category I1-B
3) The reactive property of chemicals in living tissue (e.g., protein binding and falls below the 95% confidence limit of the
metabolism). equation for Category |, implying the effect of the
hydrogen bonding to biomembrane.
fCategorv | : chemicals without any polar ) ; ; ; ; I Fa.1
* In these categories, the chief mechanism of chemical uptake 4 Equation 1
functional groups by fish is biomembrane penetration by passive diffusion -3 200, e meta)
The correlation between logPow and logBCF Ve B ~ = ®: Single cyclic Alky anilines with
for the chemicals with logPow < 6 and with 8A ! ) 8 2 O
< Dmax < 11A was close. The regression Principal interaction between Principal interactions between 21 X'C’h';‘f:‘z‘ls’;“f:c‘:;j:v‘igand
equations were obtained. molecules: molecules: o o o &Y. DmaxZ 1A (47chemicals)
5 :| « Van der Waals' force * Van derWaals' force 0”0 ®o
4 O CF = 103 X logPow -1.48 (e.g., aliphatic and halogenated * Dipole-Dipole intleractior] 32101234567
(R2= 0.890, Q2=0.878, n=54) hydrocarbons) * Hydrogen-bond interaction logPow(calculated value)™ [-]
— @: Chemicals with logPow<6 and H i ! il i il
‘L:_—‘ 3 . 8A<Dmax<1lA1g54cEmiAcals) V (e_g_7 alcohol, am|d0_) Fig.3 z:fergeol:\tllﬁ?;hlpbetween logPow and logBCF for chemicals placed in
: Chemicals with Dmax=8
% 2 (23chemicals) . Therefore, we studied the prediction by using
: Chemicals with Dmax= - . - IR
o1 D'fgchemala\s;thD " I-A n read across. Single cyclic alkyl anilines in this
0 X hemicals wythlogPow Ze. Principal interactions between Principal interactions between category with the same logPow level show
4 molecules: . mollce)::‘ullzrs]. . approximately the same logBCF value. An
01234567 * Van derWaals _force . SRS I:— example of this for single cyclic alkyl anilines
logPow(calculated value) [-] ° DIl Dl il [ EREer (e.9., carboxylic and sulfonic using the read-across is shown Table 2
Fig.1 The relationship between logPow and logBCF for chemicals placed (e.g.Y ether, ketone.) aC|dS) .
_ in Category . Y, 7 Table2 Example of data gap filling for single cyclic alkyl anilines using read-
across
Ve " - ~ . . . . X Untosltod
Category lI-A: chemicals with a polar t} High reactivity in vivo. No. chemical ! 2
_________________________________________ ~ CAS No. 95-53-4 95-68-1 95-78-3
functional group (hydrogen acceptor) v v .
. _di . . . 1 g " 1 Molecular @ NH.
The dlp.ole dipole |nter.:=1ct|on of f:hemlcals i | These chemicals bind protein These cr}emlc_als_a.re re.adlly ! Structure NH, { &NH2 A
placed in Category II-A is not an important 1 p metabolized in living tissue 1
) oor ! | Imolecules (e.g., thiols) 1 040 050
factor in their bioconcentration. We therefore \ (e.g., esters) 1 logBCF (read across) | (observed value) | (observed value)
conclude that the BCF value of most chemicals \ - - - - - - - - - - - e ) Dmax*? [A] 80 90 90
in Category II-A can be predicted by using the N I ogPov| et e 133 1.68 187
same correlation equation as for Category |. Chemical uptake by fish via % lalated vaud 182 217 217
mechanisms other than P
Equation 1: . . .
q \égﬂtF:melugPow -1.48 _aSSIVe diffusion through Categorv I": ionic chemicals
(R?=0.890, 0?=0.878, n=54) biomembranes " -
®: Chemicals with MR<7.19, Acid dissociation constant (pKa) and
2<10.90 and Dmax<11A 4 AY . .
ovijl:ch.emlicalézh s \4 Category V: chemicals that are readily logD were |nve.st|gated as p.ara.meters
Chemcls win MR<T19, Uptake mechanism is metabolized in living tissue Flescrlblpg the influence of ionic )
Agl:m"if;'::ﬂh VRE719 paracellular transport or hi i chemicals of th hemical interaction. However, the correlation
o0 ot et A active transport Thirty-six chemicals of the 371 chemicals, between logBCF value and these
25chemicals) i i
B oot il 27,19, (e-g., proteins and amino such as esters and organophosphates, and organophosphates parameters of the Category Ill was
1221090 or Dmax=11A acids) were placed in Category V. It would be weak
(10chemicals) e . . Weak.
logPow(calculated value)™ [-] d'ﬁ'C_UIt to estlmat.e n.”letabohc rate to On the other hand, linear-chain
Fig.2 The relationship between logPow and logBCF for chemicals placed prEdICt BCF quantltatlve'y~ [21 3] carboxylic acids in thIS category Wlth the
in Catt II-A.
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