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Aquatic Fate of Sunscreen Agents Octyl-4-methoxycinnamate
and Octyl-4-dimethylaminobenzoate in Model Swimming
Pools and the Mutagenic Assays of Their Chlorination
Byproducts
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Reactions of sunscreen agents, octyl dimethyl-p-aminobenzoate (ODPABA) and octyl-p-methoxycinnamate
(OMC), with hypochlorite in aqueous solution were investigated under the conditions that simulate swimming pool
disinfection sites. Chlorination byproducts were determined by GC-MS. At a concentration of 9µM, ODPABA
reacted rapidly with free chlorine in the buffered solution at pH 7.0, OMC reacted with hypochlorite reasonably
slowly under the same condition. ODPABA and OMC produced chlorine-substituted compounds as intermediates,
which were decomposed to cleavaged products of ester-bond during the aqueous chlorination process. The chlori-
nation intermediates of OMC exhibited weak mutagenic on Salmonella typhimurium TA100 strain without the S9
mix. The extent of the reactions depended on the chlorine dose, solution pH, and compound structures.
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INTRODUCTION

The focus of environmental research has been
extended from traditional pollutants, such as poly-
chlorinated biphenyls, polycyclic aromatic hydro-
carbons, and pesticides, to emerging pollutants
such as pharmaceuticals and personal care prod-
ucts (PPCPs), some of which may be carcinogenic,
mutagenic and reproductively toxic.1–3) Pharma-
ceutical substances are used in human and vet-
erinary medicines and can enter to the aquatic
environment following their manufacture, use or in-
gestion/excretion. The rapid increase in the use
of pharmaceutical products is a new environmen-
tal concern and has attracted considerable attention
worldwide.4–6)

Recent studies illustrate the omnipresence of
numerous PPCPs in municipal wastewater effluents
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and affected surface waters.7) A class of compounds
that are known as sunscreen agents as well as their
structurally related transformation products are ex-
pected to present in aquatic environments8–10) on
the basis of their production and use. However,
none of the major field studies completed thus far
have included parent compounds in their analysis
suite. It has been estimated that than less 15% of
the PPCPs predicted to occur in the environment are
actually sought analytically.11)

Structures of the sunscreen agents that were in-
vestigated in the present study are shown in Table 1.
The increased use of sunscreens has raised ques-
tions regarding the environmental impact of sun-
screen ingredients. Sunscreens applied to the skin
may be introduced into the chlorine-treated water
and then the surface water when they are released
from the skin during swimming and bathing. Al-
though several papers8–10) have reported the detec-
tion of sunscreens in chlorinated water and natural
waters, only few papers have reported the fate of
sunscreen agents in chlorinated waters such as that
swimming pools.12, 13) The possible endocrine dis-
rupting effect of certain sunscreens is a matter of
concern14) and some of these compounds have been
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Table 1. Physicochemical Properties of the Sunscreen Agents, ODPABA and OMC: Chemical Structure, Molar Formula,
CAS Number, Molecular Mass and Octanol-water Partition Coefficients (Kow)

Compounds Chemical structure Chemical CAS-No. Molecular Log
formula mass Kow

Octyl dimethyl-p- C17H27NO2 21245-02-3 277.41 5.76
aminobenzoate
(ODPABA)
Octyl-p-methoxy- C18H26O3 466-77-3 290.41 5.80
cinnamate
(OMC)

detected in fish from lakes used for bathing15) and
also from sediments and soils.16)

In order to provide further insight into the pos-
sible role of organic compounds in the forma-
tion of chlorine-substituted compounds and that
of chlorine-induced mutagens, we continued our
study on the chemistry of aqueous chlorination
of organic compounds.17, 18) The objectives of the
present study are to quantify the reaction kinet-
ics of octyl dimethyl-p-aminobenzoate (ODPABA)
and octyl p-methoxycinnamate (OMC) with free
available chlorine (HOCl) at various pH values, to
identify the probable transformation products under
conditions relevant to chlorine-based processes for
swimming pool disinfection, and to evaluate muta-
genic responses of both the reaction products and
the parent compounds.

MATERIALS AND METHODS

Chemicals —— ODPABA and OMC of analytical-
reagent grade were purchased from Kanto Chem-
ical Co. Ltd. (Tokyo, Japan) and their purities
were over 98% in gas chromatographic analy-
sis. Several OMC degradation products, such as
p-methoxycinnamic acid, p-methoxybenzoic acid,
p-methoxybenzaldehyde, methoxybenzene and oc-
tanone, which are probably formed when OMC re-
acts with hypochlorite in dilute aqueous solution,
are commercially available reagents. The standards
of these compounds, both individually and as a mix-
ture, were prepared by dissolving the compounds in
methanol and performing subsequent dilutions. The
organic solvents (methanol 300, n-hexane 300, and
ethyl acetate 300) used in this experiment were of
analytical-reagent grade for pesticide residue anal-
ysis (Wako Pure Chemical Industry Co. Ltd., Os-
aka, Japan). Hypochlorite solution were prepared
by diluting the sodium hypochlorite solution (ca.

5% available Cl; Kanto Chemical Co. Ltd.) with
distilled water. The pH values of the solutions were
adjusted to the required level by adding 0.1 M phos-
phate buffer solution. The hypochlorite concentra-
tions were determined by means of iodometric titra-
tions.
Aqueous Chlorination of Sunscreen Agents ——
A mixture of 100 ml buffered solution of sunscreen
agents and 1 ml hypochlorite solution was shaken
in a brown separatory funnel to avoid its photo-
degradation at room temperature (ca., 20◦C). Af-
ter the required reaction time, unreacted chlorine
was removed by bubbling with dry nitrogen gas
for 15 min at room temperature. The reaction mix-
ture was then acidified to pH 2 by using 6 M hy-
drochloric acid before extracting 20-ml portions of
n-hexane/ethyl acetate (1 : 1). The extracts were
dried over anhydrous sodium sulfate and concen-
trated under reduced pressure at 40◦C to volumes
that are suitable for GC analyses, GC-MS analyses
and mutagenicity tests.
Product Resolution and Determination —— The
extracts were analyzed using a Varian CP-3800
gas chromatograph coupled to a Saturn 2200
ion trap GC-MS (Varian, Walnut Creek, CA,
U.S.A.) equipped with a TC-1 capillary column
(30 m× 0.25 mm i.d., and 0.12 µm film thickness,
GL Science Inc., Tokyo, Japan) under temperature
ranging from 80 to 270◦C at the rate of 10◦C/min.
The helium gas flow-rate was 1 ml/min. The elec-
tron ionization conditions were as follows: ion en-
ergy, 70 eV; ion source temperature, 230◦C; m/z =
50–600 full scan for qualitative analysis. A sample
volume of 1 µl was splitlessly injected into the GC-
MS at 270◦C. The products were identified by com-
paring their retention times and mass spectra with
those of authentic compounds.

Quantitative analyses were performed using a
Shimadzu GC-14B gas chromatograph (Shimadzu,
Kyoto, Japan) equipped with a flame ionization de-
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Fig. 1. Time-course Changes in HOCl Consumption by the Sunscreen Agents (A) and Residual Amounts of OMC and ODPABA
(9 µM) (B) in Buffered Water at pH 7.0 and Room Temperature

tector (FID). The analytical column and chromato-
graphic conditions were the same as those described
above. Both injector and detector temperatures were
set at 270◦C. A Shimadzu C-R6A data processor
was used to determine the retention times and peak
areas of the chromatograms. Octadecane was used
as an internal standard throughout the GC analyses
of the reaction mixtures.
Mutagenicity Assay —— Mutagenicity of the sam-
ples was tested according to the methods of Malon
and Ames19) with some minor modifications. Be-
cause most of the mutagens formed during the re-
actions of the organic compounds with the chlo-
rine in water have been shown to be positive in
Salmonella typhimurium strain TA100 strain with-
out the S9 mix,20) this strain was used throughout
the experiments. The samples were dissolved in
dimethyl sulfoxide (DMSO) and preincubated with
a test strain in a phosphate buffer at 37◦C for 20 min.
After the addition of the test samples, the plates
were incubated at 37◦C for 2 d. The assay was per-
formed in triplicate for each sample, and the mu-
tagenic responses were expressed as the mean of
the total number of revertants observed. The muta-
genic responses of the sunscreen agents and chlori-
nation products were estimated by the least-squares
regression analysis of the initial slopes of the dose-
response curves.

RESULTS AND DISCUSSION

Kinetics of the Hypochlorite Reactions
In a preliminary examination of the reactions

of the sunscreen agents (ODPABA and OMC) with
hypochlorite in a dilute aqueous solution at pH 7.0,
the decrease in the concentration of HOCl during
contact with each of these compounds was mea-

sured by using a Model RC-1 Resiclocorder (Bion-
ics Instrument, Tokyo, Japan) at 20◦C. The decrease
in the concentrations of these sunscreen agents was
also determined under the same conditions by GC-
FID analyses of the reaction mixtures. Furthermore,
the individual reactions of the sunscreen agents with
hypochlorite in water at pH 5.0, 7.0, and 9.0 were
measured by iodometric titrations.

Figure 1 shows the time-course changes in
HOCl consumption induced by the sunscreen agents
(initial concentration = 9µM) and the residual con-
centrations of the parent compounds in the buffered
solution at pH 7.0. As shown in the figure, HOCl
was rapidly consumed by ODPABA during the first
10 min and considerably slower thereafter: approx-
imately 50% of the active chlorine was consumed
within the first 1 hr of the 24-hr reaction (ca., 18.0
moles of HOCl/mol of ODPABA) with ODPABA
(Fig. 1A). The original ODPABA in the buffered so-
lution at pH 7.0 disappeared completely within 1 hr
after exposure to aqueous chlorine under the same
condition (Fig. 1B).

In contrast to the ODPABA-hypochlorite reac-
tion, a rapid but small consumption of HOCl by
OMC occurred during the first few minutes, fol-
lowed by a considerably slower secondary reaction
(Fig. 1A). In addition, the GC analyses showed that
original OMC was decomposed rapidly within the
first reaction step, but some OMC remained in the
buffered solution at pH 7.0, despite of the presence
of excess of chlorine (Fig. 1B). The difference in the
reactivity of ODPABA and OMC toward chlorine in
water can be explained by the chemical structures
of their substituents (methoxy and dimethylamino
groups) in the benzene ring (Table 1).

Table 2 summarizes the chlorine consumptions
by the 2 individual sunscreen agents in the pres-
ence of buffer reagent in chlorinated water at pH
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Table 2. Chlorine (Cl) Demands of ODBABA and OMC in a
9 µmol/l Solution for 1 and 24 hr, Respectively, with
Excess of Hypochlorite at 20◦C

Chemicals Solution Cl demand (mol/mol)
tested pH after 1 hr after 24 hr
ODPABA 5.0 9.50 18.35

7.0 9.30 18.10
9.0 8.50 18.00

OMC 5.0 1.75 2.50
7.0 1.50 2.00
9.0 1.45 1.85

5.0, 7.0, and 9.0. As a general trend, the rate of
chlorine consumption by both the sunscreen agents
decreased with an increase in the solution pH dur-
ing the first 1 hr of the hypochlorite reactions. The
chlorine demands of both the sunscreens in acidic
solutions after 24 hr were also found to be some-
what larger than those observed under alkaline and
neutral conditions. This can be explained in terms
of the concentrations of undissociated hypochlorous
acid (pKa = 7.5) in the chlorinated water.

Chlorination Byproducts of Sunscreen Agents
Figure 2 shows the typical chromatograms (with

FID) of n-hexane/ethyl acetate extracts of the chlo-
rinated ODPABA and OMC solutions at pH 7.0 af-
ter treatment with hypochlorite at 20 equivalents of
HOCl per mol of the compound for 24 hr in the dark.
The mass spectra of the typical peaks in Fig. 2B are
also presented in Fig. 3.

The chromatogram (Fig. 2A) of the n-
hexane/ethyl acetate extracts obtained from
the chlorinated ODPABA solution shows 7 re-
action products with comparatively large GC
peaks and several compounds with small GC
peaks. A previous study12) has reported that
chlorine-substituted compounds and dealkylation
intermediates are major products of ODPABA after
its exposure to an aqueous solution of chlorine. In
the present study, similar chlorination byproducts,
such as C17H25Cl2NO2 [Cl2-ODPABA] (peak 1 in
Fig. 2A), C17H26ClNO2 [Cl-ODPABA] (peak 2),
C16H24ClNO2 [Cl-octyl-p-monomethylamino
benzoate (OMPABA)] (peak 4), C16H23Cl2NO2

[Cl2-OMPABA] (peak 5), C15H22ClNO2 [Cl-
octyl-p-aminobenzoate (O-PABA)] (peak 6), and
C15H21Cl2NO2 [Cl2-O-PABA] (peak 7) were
detected in the n-hexane/ethyl acetate extracts.

Considerable reaction products including com-
pounds that had a retention time less than and
greater than that of octadecane (C18: used as

Fig. 2. Gas Chromatograms (FID) of n-Hexane/ethyl Acetate
(1 : 1) Extracts of Aqueous ODPABA (A) and OMC (B)
Solutions (70 µM) after Treatment with Hypochlorite
(20 Equivalents of HOCl per mol of the Compound) at
pH 7.0 and Room Temperature for 24 hr

an internal standard) were observed on the chro-
matogram (Fig. 2B) of the n-hexane/ethyl acetate
extracts obtained from the chlorinated OMC solu-
tion. However, the nature of the compounds having
small retention time, except for the octanone (C8),
could not be determined because these compounds
exhibited smaller GC peak areas and different reten-
tion times as compared to the standard compounds
tested in the present experiment.

Pattanaargson et al.21) and Huong et al.22)

have demonstrated that when exposed to sun-
light, octyl-p-methoxy-trans-cinnamate (E-OMC)
rapidly transformed into octyl-p-methoxy-cis-OMC
(Z-OMC) in several polar solvents, as shown in
Fig. 4. In the previous paper,23) the presence of a
new peak at 24.34 min, which seems to be Z-OMC,
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Fig. 3. Mass Spectra of Peaks 8 (A) and 13 (B) in Fig. 2B

Fig. 4. Structures of E-OMC and Z-OMC

and the original peak at 26.15 min due to E-OMC
could be observed on the gas chromatogram of
the n-hexane/ethyl acetate extract from the aqueous
OMC solution after exposure to sunlight. Further
experiments23) also showed the presence of simi-
lar chromatographic peaks to that given in Fig. 2B
when the aqueous OMC solutions exposed to sun-

light and then followed by treatment with hypochlo-
rite.

Compounds corresponding to peaks 8, 10, 11,
and 12 in Fig. 2B yielded the same molecular ion at
m/z 324 (C18H25ClO+3 ) [Cl-OMC] having 1 chlo-
rine atom and the most abundant fragment ions
at m/z 212 (C10H9ClO+3 ), 195 (C10H8ClO+2 ), 176
(C10H8O+3 ), 148 (C9H8O+2 ), and 132 (C9H8O+)
(Fig. 3). On the basis of their mass spectra and
GC retention times, these compounds were consid-
ered to be present in the chlorinated water, as their
isomers of the E-OMC and Z-OMC. Furthermore,
the compounds corresponding to peaks 13 and 14
in Fig. 2B yielded the same molecular ion at m/z
358 (C18H24Cl2O+3 ) [Cl2-OMC] that had 2 chlorine
atoms and the most abundant fragment ions at m/z
246 (C10H8Cl2O+3 ), 229 (C10H7Cl2O+2 ), and 210
(C10H7ClO+3 ) (Fig. 3). The molecular ions and their
fragmentation patterns also indicate the occurrence
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Table 3. GC Retention Times and Mass Spectral Data of Major Chlorination Byproducts of Ethyl Acetate/n-hexane Extracts
Obtained from Chlorinated Aqueous ODPABA and OMC Solutions

Peak No. Retention Molecular Fragment ion Proposed formulae (abbreviation)
in Fig. 2 time (min) ion (m/z) m/z (relative intensity, %)
ODPABA-hypochlorite reaction

1 25.160 345 345 (76), 232 (100), 216 (26), 118 (17) C17H25Cl2NO2 (Cl2-ODPABA)
2 25.587 311 311 (74), 198 (100), 182 (32), 118 (14) C17H26ClNO2 (Cl-ODPABA)
3 25.663 277 277 (47), 165 (100), 148 (51), 120 (7) C17H27NO2 (ODPABA)
4 26.282 297 297 (15), 185 (100), 168 (31), 140 (7) C16H24ClNO2 (Cl-OMPBABA)
5 26.713 331 331 (26), 219 (100), 202 (30), 147 (57) C16H23Cl2NO2 (Cl2-OMPABA)
6 27.368 283 283 (4), 171 (100), 154 (52), 126 (12) C15H22ClNO2 (Cl2-O-PABA)
7 28.362 317 317 (4), 205 (100), 186 (40), 124 (24) C15H21Cl2NO2 (Cl2-O-PABA)

OMC-hypochlorite reaction
8 25.477 324 324 (25), 212 (100), 195 (11), 176 (75), 132 (19) C18H25ClO3 (Cl-OMC-1)
9 26.147 290 290 (4), 178 (100), 161 (47), 133 (15) C18H26O3 (OMC)

10 26.875 324 324 (19), 212 (100), 195 (11), 176 (64), 132 (19) C18H25ClO3 (Cl-OMC-2)
11 27.208 324 324 (21), 212 (100), 195 (12), 176 (60), 132 (17) C18H25ClO3 (Cl-OMC-3)
12 27.708 324 324 (21), 212 (100), 195 (13), 176 (74), 132 (15) C18H25ClO3 (Cl-OMC-4)
13 28.405 358 358 (12), 246 (100), 210 (66), 151 (11) C16H24Cl2O3 (Cl2-OMC-1)
14 29.407 358 358 (17), 246 (100), 210 (35), 151 (11) C16H24Cl2O3 (Cl2-OMC-2)

of 2 isomers of dichloro-substituted OMC in the n-
hexane/ethyl acetate extract.

A summary of the chlorination products identi-
fied or determined from the GC retention times and
mass spectra is presented in Table 3. According to
Knowland et al.24) ODPABA is similar to an indus-
trial chemical that generates free radicals when illu-
minated and is harmless in the dark but mutagenic
in sunlight, where it attacks DNA directly. It is,
therefore, necessary to reveal the fate of these com-
pounds reported here (Table 3) in chlorinated water
or in an outdoor aquatic system.

Factors Affecting the Sunscreen Agent-
hypochlorite Reactions

Although several reports have been published
on the photodecomposition of the sunscreen agents
in water,12, 21, 22) no study has been reported on the
fate of the sunscreen agents-OMC and ODPABA-
on exposure to hypochlorite in water. Figure 5
shows the time-course changes in the reactions of
the sunscreen agents with an excess of hypochlo-
rite at room temperature in the buffered solutions at
pH 7.0.

On exposure of ODPABA to aqueous hypochlo-
rite solution, the amount of the original com-
pound rapidly decreased with the formation of
chloro-substituted compounds (Fig. 5A). Dichlo-
rinated ODPABA (Cl2-ODPABA) and OMPABA
(Cl2-OMPABA) were present at higher concentra-
tions in water when ODPABA was treated with

hypochlorite for a short time (Fig. 5A) and at low
molar ratios of hypochlorite to the compound (data
not shown). These findings suggest that chloro-
substitution to the parent compound and demethy-
lation of Cl2-ODPABA to form Cl2-OMPABA and
then dichlorinated O-PABA (Cl2-O-PABA) in the
chlorinated water occurs rapidly during the first re-
action step.

Monochloro-OMC isomers were present at
higher concentrations in water when the parent
compound was treated with hypochlorite for a short
reaction time (Fig. 5B) and at low molar ratios of
hypochlorite to the compound (data not shown).
This was followed by the formation of a small
amount of dichloro-OMC isomers and subsequent
destruction of these chloro-substituted compounds.
The amounts of n-hexane/ethyl acetate extracts and
those of compounds that could be studied chro-
matographically decreased with increasing contact
time. These findings indicate the formation of
highly water-soluble and non-volatile compounds
during the secondary reactions in chlorine-treated
OMC solution.

Figure 6 shows the GC determinations of n-
hexane/ethyl acetate extracts from aqueous solu-
tions of the sunscreen agents after treatment with
hypochlorite at 20 equivalents of HOCl per mol
of the compound and at various pH values for
1 hr in the dark. High concentrations of Cl2-
ODPABA (column 2 in Fig. 6A) and Cl2-OMPABA
(column 6) were detected in the chlorinated wa-
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Fig. 5. Residual Amounts of the Reaction Products in Aqueous ODPABA (A) and OMC (B) Solutions (70 µM) after Treatment with
Hypochlorite (20 Equivalents of HOCl per mol of the Compound) at pH 7.0 and Room Temperature

Fig. 6. Residual Amounts of the Reaction Products of Aqueous ODPABA (A) and OMC (B) Solutions (70 µM) after Treatment with
Hypochlorite (20 Equivalents HOCl per mol of the Compound) at Room Temperature for 1 hr and at Various pH Values

ter, whereas lower concentrations of total degra-
dation products (column 1) and Cl-O-PABA (col-
umn 7) were detected in the chlorinated ODPABA
solutions. These findings indicate that the former
2 products are stable, but the latter 3 chlorination
byproducts are unstable in the chlorinated water. In
addition, the total residual amounts of chlorination
byproducts were found to be fairly higher in acidic
chlorinated water than in the neutral and basic solu-
tions.

In contrast to the results of ODPABA-
hypochlorite reactions, aqueous solutions contained
monochloro-substituted OMC isomers (columns 2,
4, 5, and 6 in Fig. 6B) at higher concentrations. This
tendency was remarkable in neutral and basic condi-
tions. Low concentrations of unreacted OMC (col-
umn 3 in Fig. 6B) indicate that OMC reacts with

hypochlorite more rapidly in acidic water than in
neutral and basic solutions.

At the typical pH ranges observed during the
course of most water treatment processes (pH 5–
9), the major form of activated chlorine species can
range from entirely hypochlorite (−OCl) to entirely
hypochlorous acid (HOCl, pKa = 7.5 at 20◦C). It
has been observed that chlorine is more readily in-
corporated into aromatic systems at low pH val-
ues: this result is parallels with the observation
that disinfection ability increases with decreasing
pH. Thus, it seems that reactions of the sunscreen
agents, ODPABA and OMC react with chlorine in
an aqueous solution rapidly when acidic swimming
pool water or wastewater is treated with an excess
of hypochlorite.
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Fig. 7. Time-course Changes in the Mutagenicity of Aqueous ODPABA and OMC Solutions (0.5 mM) after Treatment with Hypochlo-
rite (20 Equivalents of HOCl per mol of the Compound) at Room Temperature and pH 7.0

Mutagenic activity was expressed as the mutagenic ratios at 1000 µg of the starting material per plates.

Table 4. Mutagenicity Tests of Sunscreen agents ODPABA and OMC on Buffered Solutions (Initial Conc., 200 mg/l)
Performed Using Salmonella typhimurium TA100 without the S9 Mix after Treatment with Hypochlorite at
20 Equivalents of HOCl per mol of the Compound and Room Temperature for 1 hr

Exp. Compound or Mutagenicity ratios (number of revertants/spontaneous revertants)a)

no. product tested dose (µg) as starting material
50 100 250 500 1000 2000

1 ODPABA standard 1.00 1.00 0.93 1.16 0.97 1.08
2 Chlorination product 1.20 1.22 1.19 1.05 0.54 0.28

of ODPABA at pH 5.0
3 Chlorination product 0.91 1.38 1.13 0.81 0.63 0.56

of ODPABA at pH 7.0
4 Chlorination product 1.27 1.31 1.41 1.31 0.92 0.63

of ODPABA at pH 9.0
5 OMC standard 0.85 1.14 1.36 0.87 0.91 1.13
6 Chlorination product 0.89 1.02 1.28 1.59 2.02 4.72

of OMC at pH 5.0
7 Chlorination product 1.24 1.35 1.61 1.81 2.75 5.09

of OMC at pH 7.0
8 Chlorination product 0.97 1.35 1.61 1.38 2.55 4.52

of OMC at pH 9.0
Spontaneous control (DMSO) 60– 80
Positive control (NaN3) 1 µg/plate 500–700

a) Average of 3 plates per dose in each test.

Mutagenicity Tests of the Chlorination Byprod-
ucts

Treatment of ODPABA and OMC compounds
with chlorine in the aqueous solution and subse-
quent mutagenicity assays of their n-hexane/ethyl
acetate extracts were performed to evaluate the mu-
tagenic potentials of the parent materials and their
reaction products. Table 3 shows a summary of the
experimental conditions for aqueous chlorination of
sunscreen agents and the results of Ames tests for
the n-hexane/ethyl acetate extracts.

ODPABA and OMC compounds were not muta-
genic before aqueous chlorination in the Salmonella
typhimurium TA100 strain without the S9 mix

(Table 4). Aqueous chlorination not only generated
mutagens from the non-mutagenic OMC compound
but also toxicants from ODPABA against the tester
strain TA100 without the S9 mix. The addition of
the S9 mix reduced both mutagenic and toxic ef-
fects of these chlorination byproducts on the tester
strain. In general, most of the mutagens formed dur-
ing the reactions of organic compounds with chlo-
rine in water were detected in the Salmonella ty-
phimurium strain TA100 without the S9 mix20) ex-
cept for the polycyclic aromatic hydrocarbons.25, 26)

Figure 7 shows the time-course changes in the
mutagenicity of aqueous sunscreen agent solutions
after treatment with hypochlorite (20 equivalents of
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HOCl per mol of compound) at room temperature
and pH 7.0. The increase in the mutagenicity dur-
ing the first reaction step indicated the formation of
mutagenic substances due to the hypochlorite-OMC
reaction in water. However, a decrease in the mu-
tagenicity of the OMC solution was observed for
6 hr after the completion of the reaction. This in-
dicates that the mutagenic substances formed in the
first step are unstable in chlorinated water and are
then converted into non-mutagenic compounds in
the subsequent reactions. Therefore, no further ex-
periments to investigate the chemical structure of
the mutagen formed in the first step were performed
in this study.
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