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Accumulation and metabolic fate of halogenated aromatic compounds originating from p
reservatives
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The present study was conducted to examine the metabolic reaction and chronic effe
ct of chlorinated parabens from a chemical perspective. The kinetic analysis indicated that chlorination
of the paraben reduced its degradation rate to approximately 1/30 of that observed in the metabolic reacti
on with rat liver S9. We identified three novel metabolites of the chlorinated paraben and developed a pr
actical route to their syntheses. Two metabolites, which contained a hydroxyl group, also exhibited arylh
ydrocarbon receptor-mediated activity in the yeast assay.

The chronic toxicity of the 12 chlorinated and nonchlorinated parabens was investigated using a 7-day Ceri
odaphnia dubia test. The mortality and inhibition of reproduction tended to increase with increasing hydr
ophobicity and decreased with the degree of chlorination of the parabens.
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Fig. 1. Time-course plots of (C/Co) for
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propyl paraben (PP) and its chlorinated
derivative (CI2PP) in the presence of the
liver S9.
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Fig. 2. GC-MS total 1ion chromatograms
(TIC) of the extractive of CI2PP with liver
S9 treatment for 120 min (A) and the blank
(without CI2PP) (B). Peak numbers
represent chlorinated compounds.
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Fig. 3. Concentrations of the identified
compounds in the metabolic reaction.
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Table 1. ER and AhR activities (EC50, nM) of the metabolites
in the yeast assays.

ER assay AhR assay

Cmpd.

EC50; nM  RA° EC10; nM RA¢
CI2HBA not acitive not acitive
CI20HiPP not acitive not acitive
CI2PP20OH not acitive 1000048200 0.00014
CI2PP30OH not acitive 13000+£1400 0.00011
E2° 0.21+0.046 1.0 not acitive
BNF" 1.420.78 1.0

2 Positive control for the ER assay. ® Positive control for the AhR
1ssay. ° Relative activity for E2 or BNF.
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Fig. 4. Plots of EC50 values of
reproduction toxicity (number  of

offspring) versus the logarithm of the
octanol -water partition coefficients (log
P) in the parabens.
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Fig. 5. Dendrogram of the cluster analysis

of 12 compounds on the basis of toxicity
units to acute (Daphnia magna) and chronic
(Ceriodaphnia dubia) toxicity tests and
yeast estrogen assay involving the medaka
(Oryzias latipes) estrogen receptor a.
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Table 2. PEC/PNEC values for parabens and chlorinated
parabens

PEC PNEC ®

Cmpd. (no/l) (ma/L) PEC/PNEC
MP 262°  0.0013 0.20

Cl,MP 12°  0.010 0.0012

PP 231 0.0025 0.092
clpP 9.7°  0.0020 0.0049
ClL,PP 28°  0.0023 0.012

iPP 46°  0.0025 0.018

BnP 2.39  0.000040 0.058

@ Kusk et al., 2011.

® Gonzalez-Marifio et al., 2001.

© Terasaki et al., 2012.

9 Yamamoto et al., 2011.

®Value by dividing NOEC or EC50 by an assessment factor of
1000.
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