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Surface soil and surface water are repositories of chemicals released into the environ-
ment, and contaminations of surface soil and river water with mutagens were first reported
in the 1970s. However, the identity of major mutagens in surface soil and river water
remained unclear for more than two decades. Recently, we have identified some nitrated
polycyclic aromatic hydrocarbons (nitro-PAHS), e.g., dinitropyreneisomers and 3-nitrobenzanthrone,
as major mutagensin the organic extracts of surface soil that showed strong mutagenicities
toward Salmonella typhimurium TA98 in the absence of amammalian metabolic system (S9
mix), using a bioassay-directed fractionation method. Moreover, we identified new potent
mutagens from substances adsorbed on ablue cotton (blue rayon) from river water samples,
which showed strong mutagenicity toward Styphimurium Y G1024 with or without the S9
mix. One group was the phenylbenzotriazole (PBTA)-type mutagens, which were detected
inriver water samples collected at sites bel ow textile dyeing factories. The other group has
a dichlorobiphenyl skeleton, i.e., 4-amino-3,3'-dichloro-5,4' -dinitrobiphenyl, and was
isolated from ariver water sample contaminated with effluent from chemical plantstreating
polymers and dye intermediates. Some of the nitro-PAHSs detected in surface soil, such as
PBTA-type mutagens, and 4-amino-3,3’-dichloro-5,4’ -dinitrobiphenyl are novel com-
pounds. Up to approximately 50% of the total mutagenicity of extracts from surface soils
and river waters was accounted for by nitro-PAHs, PBTA-type mutagens, or 4-amino-3,3'-
dichloro-5,4' -dinitrobiphenyl. However, major mutagens in most types of surface soil and
river water with high mutagenicity remain unknown. Because environmental mutagens may
play some role in the development of diseases such as cancer, their identification is an
important step for understanding the risks to indigenous biota and human health. Further
effort to identify these major mutagens must be made.
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1. Introduction

An unfortunate conseguence of industrialization and urbanization is the emergence of
environmental pollution. Large amounts of known/unknown harmful substances are
released into the atmosphere, lithosphere, and hydrosphere by a wide range of human
activities, e.g., industrial, domestic and agricultural activities, and diverse mutagenic/
genotoxic compounds are included among these environmental contaminants. For instance,
various mutagenic/carcinogenic polycyclic aromatic hydrocarbons (PAHS) and nitrated
derivatives of PAHSs (nitro-PAHSs) were detected in exhaust gas from motor vehiclesand in
airborne particles.*? Most of these airborne substances eventually reach the surface of the
lithosphere and hydrosphere through deposition. Large amounts of pesticides are applied
to agricultural lands, and some of them are released into surface water with runoff.G® In
agricultural soil and surface water, the possibility that non-genotoxic pesticides are con-
verted to genotoxic derivatives by microorganisms or photochemical reactions cannot be
ruled out. Many kinds of industrial wastes and effluents were demonstrated to be mutagenic/
genotoxic in vitro and in vivo,®® and partially treated or untreated industrial wastes and
effluents have been discharged into surface waters, e.g. rivers and lakes.*%* These facts
indicate that the surface soil and surface water, are repositories of chemicals released into
the environment, and surface soil and river water can be contaminated with mutagenic/
genotoxic substances. Indeed, recent studies revealed that river water®® and surface soil?
in many countries are contaminated with mutagenic/genotoxic substances, and various
mutageni c/genotoxic chemical s have been detected. |dentifying major mutagens/genotoxins
isvery important to clarify the sources of these toxic chemicals and to efficiently minimize
contamination levels.

In thisreport, we summarize the mutagens that have been recently detected and identified
in surface soil and river water in Japan. The putative sources and formation mechanisms of
these mutagens are also described.

2. Mutagensin Surface Sail

2.1 Occurrence of mutagenicity in soil

In many studies, the extracts of soil samples collected from forests,*™® roadsides, 17
agricultural land,31819 and residential sites?? in urban districts® and industrial areas®®
were shown to exhibit mutagenicity and/or DNA damaging activity. Mutagenic PAHswere
detected in soil samples from several citiesin Japan,®+9 but the contribution of the PAHs
to the total mutagenicity of the soil extracts was less than afew percent.*516)

To clarify the mutagenic potencies of surface soil in Japan, we collected atotal of 544
samples; 106 to 111 soil samplesfrom urban/suburban sitesin five geographically different
regions (Hokkaido, Kanto, Chubu, Kinki and Kyushu regions) between 1996 and 2003. The
organic extracts from these soil sampleswere examined using the Salmonella mutagenicity
assay in the presence and absence of amammalian system (S9 mix).?? Tables 1 and 2 show
the summary of the sampling sites and the results of mutagenicity assays of the surface soil
samples, respectively. Five hundred thirty three (98%) of the 544 surface soil samples
showed mutagenicity toward either Salmonella typhimurium TA98 or TA100 strain with or
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Table1

Sampling sites of surface soils.??

Region Prefecture Locations

Hokkaido Abashiri, Asahikawa, Chitose, Ishikari, Kitohiroshima, Kitami,

Kushiro, Muroran, Noboribetsu, Sapporo (Chuo-ku, Kita-ku, Toyohira-
ku, Nishi-ku, Shiroishi-ku, Minami-ku, Teine-ku, Atsubetsu-ku)

Kanto Tokyo Tokyo (Minato-ku, Shibuya-ku, Bunkyo-ku, Nerima-ku, Setagaya-
ku, Koto-ku), Hachigji, Higashikurume, Higashimurayama

Chubu Aichi Chita, Handa, Hekinan, Ichinomiya, Kariya, Nagoya (Minamiku,
Moriyama-ku, Kita-ku, Mizuho-ku, Naka-ku, Minato-ku, Nishi-ku,
Higashi-ku, Nakamura-ku, Nakagawa-ku, Atsuta-ku), Nishio,
Okazaki, Shinshiro, Toyohashi

Gifu Gifu, Kaizu, Nakatsugawa, Ogaki
Shizuoka Inasa, Shimizu, Shizuoka
Mie Ichishi, Mie, Tsu, Y okkaichi
Kinki Kyoto Joyo, Kuze, Kyoto (Kamigyo-ku, Y amashina-ku, Fushimi-ku, Ukyo-
ku, Sakyo-ku), Nagaokakyo, Sonobe, Uji
Osaka Ibaraki, |zumi, Katano, Minoo, Osaka (Sumiyoshi-ku, Minato-ku,

Chuo-ku, Konohana-ku, Nishi-ku, Suminoe-ku, Joto-ku, Higashinari-
ku), Sakai, Suita, Takaioshi, Takatsuki, Toyonaka

Hyogo Amagasaki, Ashiya, Itami, Kobe (Higashinari-ku, Chuo-ku, Nada-
ku, Nishi-ku), Nishinomiya, Takarazuka

Nara Gose, Nara, Tenri, Y amatokoriyama

Shiga Koga, Kusatsu, Moriyama, Omihachiman, Otsu

Kyushu Fukuoka Dazaifu, Fukuoka (Hakata-ku, Higashi-ku), Kitakyushu, Kurume,

Omuta, Yame

Saga Saga, Tosu

Oita Oita

Kumamoto Kumamoto

Nagasaki Nagasaki

Miyazaki Miyazaki

Kagoshima Kagoshima
(Other) Hiroshima Hiroshima
Y amaguchi Y amaguchi

without SO mix. The mutagenic potencies of surface soil extracts varied widely among
sampling sites. Eight soil samplesinduced more than 10,000 revertants per gram of soil, and
7 of them showed the highest potencies toward TA98 without S9 mix. These sampleswere
collected from Takatsuki and two sites in Osaka city in Osaka prefecture, Uji in Kyoto
prefecture, Kobe in Hyogo prefecture, and Hekinan in Aichi prefecture. The soil samples
collected from Muroran in Hokkaido showed the highest mutagenicity toward TA100 with
S9 mix. Moreover, magjor mutagens in surface soil vary with sampling sites. Inareview of
published data on the mutagenicity of soil, White and Claxton®? divided the compiled data
on Salmonella mutagenic potenciesinto three site categories, i.e., rural/agricultural, urban/
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Table2
Summary of results of mutagenic activities of surface soil samples from five regions in Japan.?

Mutagenic activity (revertants/g, soil)

TA100 TA98

—S9 mix +S9 mix —S9 mix +S9mix

n 544 544 544 544

positives 382 477 523 529

max 50,379 30,554 195,241 43,342

min 0 0 0 0

min(p) 5 38 16 21

median 135 357 216 376

mean 305 712 1,014 761

standard deviation 2,181 1,693 8,703 2,282

positive ratio (%) 70 88 96 97
datadistribution

>10° 0 0 1 0

104 -10° 1 2 7 3

108 -10* 13 86 35 66

102 -10° 304 360 389 412

<10? 64 29 91 48

0 162 67 21 15

The mean and standard deviation were arithmetically cal cul ated.

suburban, and industrial, and compared their geometric mean values. The geometric mean
value of the published datain TA98 without S9 mix for urban/suburban sites (N = 219) was
430 revertants/g of soil, and this value was much higher than that for rural/agricultural sites
(N =125, geometric mean value = 57 revertants/g of soil). The mutagenic potencies of the
seven soil samples collected from Takatsuki, Osaka, Uji and other citiesin Japan, i.e., more
than 10,000 revertants/g of soil, are considerably higher than the geometric mean value of
the soil samples from urban/suburban sites in many countries. These results indicate that
surface soil is largely contaminated with mutagens in Japan, and that there are some sites
where the contamination levels are very high.

2.2 ldentification of mutagenic chemicalsin soil

To clarify the major mutagens in the soil samples, we prepared organic extracts (3.4 g)
from 4.4 kg of soil collected from Sumiyoshi-ku in Osaka and separated the compounds by
bioassay-directed fractionation using column chromatography and the Salmonella/mutage-
nicity assay.® After four stepsin the separation process, two major mutagens were isolated.
Onthebasis of the structural analysis of these two mutagens, they wereidentified as 1,6- and
1,8-dinitropyrene (DNP) isomers. The ratios of the contributions of 1,6- and 1,8-DNP
isomers to the mutagenicity of the soil extract from Sumiyoshi-ku in TA98 without SO mix
were 13 and 29%, respectively. Thiswasthefirst study on the detection of DNPisomersin
soil. The chemical structures and mutagenic potencies of nitro-PAHs detected in surface
soil, including 1,3-, 1,6, and 1,8-DNP isomers, are shown Fig. 1. To clarify the contami-
nation levels of surface soil with 1,3-, 1,6-, and 1,8-DNP isomers, a highly sensitive
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quantification method for the detection of DNPisomersin soil was devel oped,*® and 35 soil
samples collected from various districts of amegal opolisin Japan, which consists of Tokyo,
Nagoya, Osaka and their adjacent cities, were analyzed.?>? Table 3 shows the summary
of the amounts of DNP isomers and mutagenicities of surface soilsin TA98 without SO mix.
DNP isomers were detected in all soil samples examined, and the following ranges of per
gram of soil were detected: for 1,3-DNP, from 6 to 3,270 pg; for 1,6-DNP, from 11 to 5,587
pg; and for 1,8-DNP, from 10to 6,809 pg. Asshown in Table 3, the contribution ratios of
1,3-,1,6-, and 1,8-DNPisomersto the total mutagenicities of the soil extractstoward TA98
without S9 mix were from 0.2 to 12%, from 0.3 to 12%, and from 0.5 to 28%, respectively.

NO, NO, NO,
(e OO O

NO,
1,3-DNP 1,6-DNP 1,8-DNP

(130,000 revertants/nmol) (175,000 revertants/nmol) (257,000 revertants/nmol)

NO,

3-NBA 3,6-DNBeP 1,3-CNP

208,000 revertants/nmol) (285,000 revertants/nmot) (1,220 revertants/nmol)
Cl Cl
O T
NO,

1,6-CNP 1,8-CNP

(1,140 revertants/nmol) (830 revertants/nmol)

Fig. 1. Chemical structures of nitro-PAHs detected in surface soil. Values in parenthesis show the
mutagenic activity in Salmonella typhimurium TA98 without S9 mix.
DNP: dinitropyrene, NBA: nitrobenzanthrone, DNBeP: dinitrobenzo[ €] pyrene, CNP: chloronitropyrene
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The mutagenic potencies of the soil samples toward TA98 without S9 mix correlated
significantly with the amounts of DNP isomers, and the correlation coefficients were as
follows: r = 0.86 (p<0.001) for 1,3-DNP; r = 0.94 (p<0.001) for 1,6-DNP; r = 0.93 (p<0.001)
for 1,8-DNP; and r = 0.92 (p<0.001) for thetotal of the DNPisomers. Nitro-PAHSs, including
1,3-, 1,6-, and 1,8-DNP isomers, are produced by the incomplete combustion of organic
materials such asfossil fuels?"?® and are emitted into ambient air.?*% The 1,3-, 1,6-, and
1,8-DNP isomers are potent bacterial mutagens® and are carcinogenic to experimental
animals.3 TheInternational Agency for Research on Cancer (IARC) hasclassified 1,6-
and 1,8-DNP isomers as possible human carcinogens (group 2B).3

3-Nitrobenzanthrone (NBA) is also a powerful mutagen for bacteria® and mammalian
cells.®53 Recently, we have detected 3-NBA, which was found in diesel exhaust and
airborne particles, ® in surface soil >3 Table 4 shows the amounts of 3-NBA in surface
soil and the contribution ratios of 3-NBA to the total mutagenicities of the soil extracts
toward TA98 without SO mix. The amountsof 3-NBA ranged from 144 to 1158 pg/g of soil,
and the contribution ratios of 3-NBA ranged from 2 to 38%.?® No significant correlation
was found between the mutagenic potencies and the amounts of 3-NBA.

We prepared 1.8 g of organic extract from the 2.2 kg of surface soil collected from
Takatsuki in Osaka prefecture to identify the major mutagens.®® In our assessment of the
mutagenicity of surface soil in Japan, a soil sample from Takatsuki showed extremely high
mutagenicity toward TA98 without S9 mix. Using bioassay-directed fractionation, a new
powerful mutagen in addition to the 1,6- and 1,8-DNP isomers was isolated. On the basis
of the structura analysis of this mutagen and a synthetic study, this compound wasidentified
as 3,6-dinitrobenzo[ €] pyrene (DNBeP). Theratio of the contribution of 3,6-DNBeP to the
total mutagenicity of the soil extract from Takatsuki toward TA98 with S9 mix was 15%.

Table4
Amounts of 3-NBA in soil and its contributions to mutagenicities of organic extracts
from soil toward Salmonella typhimurium TA98 without SO mix.?®

Sampling site Mutagenicity Amount of 3-NBA  Contribution ratio
(revertants/g of soil)? (pg/g of sail)® of 3-NBA (%)°
Kyoto prefecture
Uji 4,797 144+11 2
Osaka prefecture
Izumi 1,598 809t5 38
Kishiwada 1,627 295164 14
Osaka Higashiyodogawa-ku 2,710 229+12 6
Osaka Nishi-ku 1,420 274+12 15
Sakal 2 1,302 158+49 9
Takatsuki 2,408 1,158+177 36
Hyogo prefecture
Kobe Nagata-ku 496 163+33 25

aThe organic extracts were obtained from 15 g of soil (<250 mm) using an ultrasonic extractor.

bV a ues were corrected for recoveries during the purification process and are shown as meantSD (n = 3).

“The mutagenic potency of 3-NBA used to calculate the contribution ratios was 756 revertants/ng. The
mutagenicity of 3-NBA was additive in the soil extracts.
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3,6-DNBeP showed strong mutagenicity toward TA98, and its potency was comparable to
those of DNP isomers and 3-NBA, which are among the strongest bacterial mutagens
reported so far in the literature. In addition to the soil sample from Takatsuki, 3,6-DNBeP
was detected in other soil samples (n = 4) examined thus far. These soil samples were
collected from four different cities, namely, |zumiotsu and Takai shi in Osaka prefecture and
Nagoya and Hekinan in Aichi prefecture, and were found to show strong mutagenicity
toward TA98 without S9 mix during the assessment of the mutagenicity of surface soil in
Japan. 3,6-DNBeP accounted for 22—29% of the total mutagenicity in these soil extracts
toward TA98 without SO mix. These results suggest that 3,6-DNBeP isamajor mutagen in
surface soil and may be amajor contaminant of surface soil in Japan.

Recently, it has been reported that the chlorination and nitration of pyrene occurred in
the presence of a metal oxide such as titanium oxide under xenon lamp irradiation.40)
Because metal oxides are contained in surface soil, the chlorination and nitration of pyrene
could occur in surface soil. To clarify whether the chloronitro-derivatives of pyrene exist
in surface soil, three chloronitropyreneisomers, i.e., 1-chloro-3-nitropyrene (1,3-CNP), 1,6-
CNP, and 1,8-CNP, were synthesized, and surface soil samples collected from Kyoto city
in Kyoto prefecture were analysed for their presence. 1,3-, 1,6-, and 1,8-CNP isomerswere
detected in the ranges from 9.2 to 13.8 pg, from 3.4 to 4.6 pg, and from 4.3 to 5.0 pg/g soil
(n=2), respectively.®? These CNP isomers showed mutagenicity toward TA98 without S9
mix, and the potencies of 1,3-, 1,6-, and 1,8-CNP isomers were 1,220, 1,140, and 830
revertants/nmol, respectively.

Nitro-PAHSs, including DNP isomers and 3-NBA, are produced by the incomplete
combustion of organic materials, e.g., fossil fuels, and are emitted into ambient air. Some
nitro-PAHSs are formed by the atmospheric reactions of parent PAHs and nitrogen oxides.
3,6-DNBeP and CNP isomers may also be produced through an incomplete combustion
process and atmospheric reactions, because their parent PAHSs, i.e., benzo[e]pyrene and
pyrene, are among the abundant chemicals in exhaust particles from diesel engines and
ambient air. To clarify the sources of 3,6-DNBeP and CNP isomers in surface soil, the
quantification of these chemicalsin airborne particles over extensive areas and in exhaust
particles from motor vehiclesis necessary. Studies on the formations of 3,6-DNBeP and
CNP isomers under environmental conditions are also required.

3. Mutagensin River Water

3.1 Concentration method of mutagensin water

Pelon et al.“? reported on the mutagenicity of Mississipi River water samples using
Salmonella typhimurium strains TA98 and TA 100 using the Salmonella/mutageni city assay
developed by Ameset al. in 1975.%9 Since then many researchers*-5 have reported the
mutagenicites of river water in the world, and many varieties of concentration methods,
including liquid-liquid extraction, solid phase extraction and other types of column chroma-
tography, have been used. Among those reports, the Y odo River system belonged to the
group with potent mutagenicity.®*% However, the sources of mutagenic contamination and
the identification of mutagensin the Y odo River system have not yet been clarified. One
major reason involved difficulty in collecting sufficient amounts of chemicals necessary for
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the identification of the structures of mutagensin river water. In 1983, Hayatsu et al.®3
developed the blue cotton, a solid matrix with covalently linked copper phthal ocyanine
trisulfonate, that can selectively adsorb polycyclic planar moleculeswith three or more fused
rings. In 1990, Sakamoto and Hayatsu® reported that they hung a blue rayon, which was
employed as the support for the ligand and contains 2—3 times more ligand than the blue
cotton, in a plastic net in the Y odo River system for one day and demonstrated that this
method was easy to perform and enabled the mutagenicity monitoring of river water. This
result showed that the blue rayon hanging method was suitable for collecting large amounts
of target chemicals with polycyclic planar structures, dissolved at ppt levelsflowing in the
river. They also demonstrated that at least four mutagenic compounds other than polycyclic
aromatic hydrocarbonswereincluded in the adsorbates on the blue rayon. On the other hand,
Sayato et al. 5% reported that the highly sensitive detection of mutagenicity in river water
could be effectively achieved by combining the blue cotton as an adsorbent and the new
Salmonella tester strains as a sensitive bioassay. They found that the activity of the
subfractions, followed by Sephadex G-25 gel chromatography, was greatly increased by the
addition of metabolic activation, particularly in the O-acetyltransferase-overproducing
strain Y G1024 and suggested that S9-activated mutagenic aromatic amineswere present in
the Katsura River, onetributary of the Y odo River.

3.2 ldentification of mutagenic chemicalsin river water
3.2.1 2-Phenylbenzotriazol e(PBTA)-type mutagens

For the elucidation of the chemical structures of mutagensin the Y odo River system that
show high mutagenicity toward the O-acetyltransferase-overproducing strain, our group
hung 3 kg of blue cotton nine times between January and June, 1996, at a site below two
sewage treatment plants in the Nishitakase River, atributary of the Yodo River.6? We
isolated 1.1 mg of mutagenic compound | and 1.2 mg of mutagenic compound 11 by various
column chromatography methods, which accounted for 21% and 17% of the total mutage-
nicities, respectively. The structure of compound | was finally determined to be 2-[2-
(acetylamino)-4-[ bis(2-methoxyethyl)amino]-5-methoxyphenyl]-5-amino-7-bromo-4-
chloro-2H-benzotriazole (PBTA-1), and that of compound Il was 2-[ 2-(acetylamino)-4-[N-
(2-cyanoethyl)ethylamino]-5-methoxyphenyl]-5-amino-7-bromo-4-chloro-2H-
benzotriazole (PBTA-2), as determined from the X-ray analysis, UV spectra, mass spectra,
and *H-NMR spectra of both compounds and/or the debrominated derivative of both
compounds. PBTA-1 and PBTA-2 are newly identified potent mutagens, inducing 3,000,000
and 3,200,000 revertants of Y G1024 per microgram, respectively, in the presence of
metabolic activation.®"%

Using the same method, our group identified 2-[2-(acetylamino)-4-[ (2-hydroxyethyl)-
amino]-5-methoxyphenyl]-5-amino-7-bromo-4-chloro-2H-benzotriazole (PBTA-3) at asite
below the sewage treatment plant in the Nikko River in Aichi and 2-[2-(acetylamino)-4-
amino-5-methoxyphenyl]-5-amino-7-bromo-4-chloro-2H-benzotriazole (PBTA-4) at the
same site in the Nishitakase River in Kyoto.®0)

2-[(2-Bromo-4,6-dinitrophenyl)azo]-5-[bis(2-methoxyethyl)amino]-4-
methoxyacetoanilide, 2-[ (2-bromo-4,6-dinitrophenyl)azo]-5-[ N-(2-cyanoethyl)ethylamino-
4-methoxyacetanilide, and 5-amino-2-[(2-bromo-4,6-dinitrophenyl)azo]-5-amino-4-
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methoxyacetanilide, the precursors of PBTA-1, PBTA-2 and PBTA-4, respectively, are
listed as chemicals used in the textile industry as disperse dyes, although they are not widely
used. 2-[(2-Bromo-4,6-dinitrophenyl)azo]-4-methoxy-5-[ (2-hydroxyethyl)amino]acetanilide,
aprecursor of PBTA-3 was not listed as an industrial material. The Color Index name
Disperse Blue 79:1 (2-[(2-bromo-4,6-dinitrophenyl)azo-5-[ bis(2-acetoxyethyl)amino] -4-
methoxyacetanilide) is widely used in dye works throughout the world and has the 2-[2-
bromo-4,6-dinitrophenylazo]-4-methoxyacetanilide moiety in its structure, similar to the
precursors of PBTA-1, PBTA-2 and PBTA-4. We synthesized 2-[4-[bis(2-
acetoxyethyl)amino]-2-(acetylamino)-5-methoxyphenyl]-5-amino-7-bromo-4-chloro-2H-
benzotriazole (PBTA-5) from Disperse Blue 79:1 by reduction with sodium hydrosulfite and
subsequent chlorination with sodium hypochlorite. We found that the bis(2-
acetoxyethyl)amino group of PBTA-5 was easily hydrolyzed in alkaline conditions, and 2-
[2-(acetylamino)-4-[ bis(2-hydroxyethyl)amino] -5-methoxyphenyl]-5-amino-7-bromo-4-
chloro-2H-benzotriazole (PBTA-6) was formed in high yield; PBTA-6 wasfound at high
levelsin fiverivers, whereas the level of PBTA-5 in the sampleswas | ess than the detection
limit.®

We made a comprehensive survey of the levels and behavior of PBTA-type mutagens
in effluents discharged from a sewage treatment plant located along the bank of the Uji River,
atributary of the Y odo River, using both the blue rayon column method and the blue rayon
hanging method. We showed that PBTA-type mutagens were discharged from the sewage
treatment plant into the tributary of the Y odo River on aday-to-day basisasshownin Fig. 2.2
We observed atrend of lower levels of PBTA-type mutagens, and correspondingly lower
effluent mutagenicity, on Mondaysin comparison with those observed on Tuesday through
Sunday. In conclusion, we suggest that PBTA-type mutagens originate from industrial
sources on weekdays, considering thetime delay for the treatment of dye factory discharges
in the sewage treatment plant. Moreover, we detected high levels of PBTA-6 but we could
not detect PBTA-5.62 These findings strongly suggest that the bis(2-acetoxyethyl)amino
group of PBTA-5 was hydrolyzed to bis(2-hydroxyethyl)amino group inthe textile dyeing and/
or wastewater treatment process in the factories or sewage treatment plants, and the levels
of PBTA-5 were consequently not detected in river water.

The precursorsof PBTA-1, PBTA-2, PBTA-3, PBTA-4, PBTA-5and PBTA-6 havethe
2-(2-bromo-4,6-dinitrophenyl)azo-4-methoxyacetanilide moiety in their structures, and
this moiety isthought to be required for the formation of PBT A-type mutagens (Table 5).
We further synthesized PBTA-7 and PBTA-8 from disperse Blue 291 and Disperse Blue
373, respectively, and detected both PBTA-7 and PBTA-8 in river water samples collected
from two geographically different areas of Japan.®® The chemical structures of PBTA-type
mutagens identified so far are shown in Fig. 3. For detecting the presence of PBTA-type
mutagens for wide-scal e screening, we used the blue rayon hanging method because of its
simplicity and convenience. Thelevels of PBTA-type mutagens determined by this method
can be usually expressed as the amounts adsorbed per one gram of blue rayon. Therefore,
the blue rayon hanging method is a semiquantitative determination method. For quantitative
analysis, we performed the blue rayon column method by packing the bluerayoninthe glass
column. Furthermore, Moriwaki et al. developed arapid analysis method for the simulta-
neous determination of eight kinds of PBTA-type mutagen in river water based on LC/MS/MS.
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A. Blue rayon column method (May 11 - 26, 1990)
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Fig. 2. Daily changesin levels of PBTA-type mutagens discharged from a sewage treatment plant

analyzed using blue rayon column method and blue rayon hanging method.
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Fig. 3. Chemical structures of emerging mutagens detected in river water. Valuesin parenthesis show
the mutagenic activity toward Salmonella typhimurium Y G1024 with or without S9 mix. The value
for ADDB showsthe mutagenic activity without SO mix. PBTA-5 has not been detected in river water

up to the time of publication.
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Table 6 showsthe summary of levels of PBTA-type mutagens detected in river water in
Japan using these three different analysis methods and the contribution ratio (%) of each
PBTA-type mutagen to the total mutagenicity. Many water samples were taken at sites
downstream from sewage treatment plants, the abundant effluents of which from textile
dyeing factories are treated, as well as downstream from domestic wastewater or at the
outlets of sewage treatment plants. Because dinitrophenylazo dyes such as Disperse Blue
79:1 are very popular in dye worksworldwide, it is plausble that the formation of PBTA-type
mutagensfrom azo-dyes results in pollution not only in river water in Japan but also in rivers
in other countries, wherever there are textile-related industries.

3.2.2 4-Amino-3,3 -dichloro-5,4' -dinitrobiphenyl (ADDB)

We also found that extracts from blue rayon adsorbates obtained at sites along the Waka
River in Wakayama showed potent mutageni c activity toward Y G1024 without S9 mix, and
in the process we monitored many river water samples throughout Japan.?® Asin the case
of theidentification of PBTA-type mutagens, we obtained 1.1 g of concentrates using 3 kg
of blue cotton at the site, which showed the strongest direct-acting mutagenicity in the
monitoring process described.® We further collected 0.6 mg of the mutagen from the
mutagenic fraction accounting for approximately 50% of the total mutagenicity associated
with the blue cotton adsorbate, separating the fraction by low-pressure liquid chromatogra-
phy using a column packed with COSMOSIL 40C,,-PREP followed by HPLC on a
semipreparative TSK-GEL-120A column, a LUNA 5u phenyl-hexyl column or an STR
ODS-II column, monitoring the mutagenicity toward S typhimurium Y G1024 without SO
mix. Thiscompound, 4-amino-3,3'-dichloro-5,4"-dinitrobiphenyl (ADDB), wasidentified
asamajor mutagen in the WakaRiver. 1t contains a dichlorobiphenyl moiety with nitro and
amino substitution groups and could have a coplanar conformation because it has no
substituents in the 2- or 2’ -positions as shown in Fig. 3; it isanovel compound exerting
strong mutagenicity in the absence of metabolic activation. We also demonstrated that this
newly identified compound activated the human aryl hydrocarbon receptor-mediated
transport in the lac Z reporter gene assay with an efficiency almost equal to that of -
naphtoflavone, well-known to be a synthetic aryl hydrocarbon receptor agonist. Conse-
quently, these observations suggest that this compound may disrupt the endocrine systemin
vivo. We estimated that this compound was formed unintentionally via the postemission
modification of drainage water containing 3,3’ -dichlorobenzidine or 3,3’ -dichloro-4,4' -
dinitrobiphenyl, both of which are known to be raw materials for the manufacture of
polymers and dye intermediates in chemical plants. We also suggested that this compound
isdischarged from chemical plants closeto the sampling sitein the WakaRiver. We are now
analyzing this mutagen, aswell asits suggested precursors, namely, 3,3’ -dichlorobenzidine
and 3,3 -dichloro-4,4' -dinitrobiphenyl, and we are also investigating its probable formation
pathway.

4. Conclusions

Recently, several nitro-PAHs and other chemicals, i.e., PBTA-type and
dichlorodinitrobiphenyl-type compounds, have been identified as major mutagens in
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Table 6

Levelsof PBTA-type mutagens detected in river water and contribution ratios to mutagenicity of river

water samples.

1. Blue rayon/cotton hanging method followed by HPLC

Mutagen Sampling site Level? Contribution ratio Reference

(ng/g BC or BR) (%)

PBTA-1 Nishitakase River 47 21 [57]
Uji River ND 0 [62]°

PBTA-2 Nishitakase River 44 17 [58]
Uji River 2-39 0.3-28 [62]°

PBTA-3 Nishitakase River 22 NA [59]
Katsura River 35 NA [59]
Uji River 12-76 6-51 [62]°
Nikko River 140 NA [59]
Mawatari River ND-33 0-17 [59]
Asuwa River ND-59 0-21 [59],[64]
Kitsune River ND-27 0-9 [64]

PBTA-4 Nishitakase River 32 NA [60]
Uji River 0.7-63 143 [62]°
Uji River 33 NA [60]
Nikko River 21 NA [60]
Mawatari River 0.6-3 0.5-2 [64]
Asuwa River ND-6 0-9 [64]
Kitsune River ND-15 0-7 [64]

PBTA-6 Nishitakase River 21 3 [61]
Katsura River 3 0.6 [61]
Uji River 0.545 0.2-14 [62]°
Uji River 0.5-134 13 [63]
Mawatari River 1-122 0.3-17 [64]
Asuwa River ND-468 0-39 [63],[64]
Kitsune River ND-32 0-3 [64]
Tobei River 80 2 [61]

PBTA-7 Katsura River 4-51 67 [63]
Uji River 8-55 6-16 [63]
Mawatari River 3 05 [63]
Asuwa River 4 1 [63]
Kitsune River 55-101 9-16 [63]

PBTA-8 Katsura River 0.2-15 0.64 [63]
Uji River 2-31 7 [63]
Asuwa River 1 0.6 [63]
Kitsune River 2049 7-15 [63]

aRecoveries are not considered.

bData on effluents from sewage treatment plant
ND: not detectable

NA: not available
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2. Blue rayon column method followed by HPLC

T. Watanabe et al. 341

Mutagen Sampling site Level? Contribution ratio Reference
(ng/L) (%)

PBTA-1 Katsura River ND-0.5 0-10 [65]
Nishitakase River 0.03-1.9 0.2-21 [65]
Kamo River ND 0 [65]
Y odo River ND 0 [65]
Uji River ND 0 [62]°

PBTA-2 Katsura River ND-0.9 0-16 [65]
Nishitakase River ND-2.3 0-6 [65]
Kamo River ND 0 [65]
Y odo River ND-0.1 0-2 [65]
Uji River ND-6.3 0-17 [62]°

PBTA-3 Uji River 0.02-5.0 0.7-58 [62]°

PBTA-4 Uji River ND-3.3 0-54 [62]°

PBTA-6 Uji River ND-3.0 0-11 [62]°

@The amounts of mutagens were corrected for the recoveries of the compounds during the purification process
in the river water samples; PBTA-1, 56%; PBTA-2, 56%; PBTA-3, 50%; PBTA-4, 42%; PBTA-6, 50%
bData on effluents from sewage treatment plant

ND: not detectable
NA: not available

3. Solid-phase extraction followed by LC/MS/MS

Mutagen Sampling site Level? Contribution ratio Reference
(ng/lL) (%)
PBTA-1 Katsura River ND NA [66]
Nishitakase River ND NA [66]
PBTA-2 Katsura River 16 NA [66]
Nishitakase River 17 NA [66]
PBTA-3 Katsura River 16 NA [66]
Nishitakase River 4.1 NA [66]
PBTA-4 Katsura River 35 NA [66]
Nishitakase River 7.2 NA [66]
PBTA-6 Katsura River 0.82 NA [66]
Nishitakase River ND NA [66]
PBTA-7 Katsura River ND NA [66]
Nishitakase River ND NA [66]
PBTA-8 Katsura River 0.28 NA [66]
Nishitakase River 0.10 NA [66]

@The amounts of mutagens were corrected for the recoveries of the compounds during the purification processin
theriver water samples, PBTA-2, 74%; PBTA-3, 72%; PBTA-4, 94%; PBTA-6, 72%; PBTA-8, 62%

ND: not detectable
NA: not available
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surface soil and river water in several sitesin Japan. Most of these mutagens are novel
chemicals and are thought to be formed unintentionally through industrial process and/or by
the reaction of parental chemicals with environmental factors after their emissionsinto the
environment. The quantification of the levels of these mutagens in the environment, e.g.,
surface soil, ambient air and surface water, and the determination of their other biological
activitiesincluding mutation mechanisms and carcinogenicity, are necessary to estimate the
impact of these mutagens on indigenous biota and human health.

Although many chemicals were detected in the environment, major mutagens in most
types of soil and surface water with potent mutagenicity remain unknown worldwide.
Further efforts on the identification of major mutagens must be performed for a better
comprehension of risk and for the development of effective methods for preventing
environmental pollution by these mutagens.
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