concentrations of the target substances in raw and purified water measured in each water
purification plant. Frequency of measurements is generally varied from monthly to yearly
depending on the level of concentrations of substances in raw water, or some other
unspecific reasons by the water purification plant. In this study, the annual average con-
centration of target substances was used because cancer is a chronic effect, and hence
cancer risk is not directly concerned with the maximum concentration but with the aver-
age one. When the average concentration is below the limit of determination, which is
normally 10% of the standard value, 10% of the determination limit was assigned except
for THMs. For THMs, O was assigned as raw water concentration and 50% of the deter-
mination limit was assigned as purified water concentration. The reasons for this assump-
tion are that there are generally no THMs in raw water, and there must be some THMs in
purified water because chlorination is legally required in Japan.

Furthermore, there were some cases where a concentration was abnormal value and
suspected to be an error such as a typo. In those cases, the average concentration of the
fiscal vear 2000 JWWA, 2002) and 2002 (JWWA, 2004) was assigned instead of the
abnormal value of the year 2001.

Calculation of representative concentrations of target substances in each municipality. If
there are multiple water purification plants in a municipality, the representative
concentrations in the municipality should be calculated in order to create the cancer risk
maps by the municipality unit. Using the daily average volume of purified water as
weighting function, the weighted average concentrations of the water purification plants in
the municipality were calculated for each target substance and assigned as the
representative concentrations of the municipality.

Estimation of the total cancer risks in each municipality. Total cancer risk in a
municipality was estimated using equation 1.

Total cancerrisk = ZUR,— X C; 49
7

where UR; is the oral unit risk of substance i, and C; is the representative concentration
of substance i in a municipality.

In estimating the total cancer risks, the following two assumptions were adopted. One
was that arsenic both in raw and purified water was in inorganic form. This may be valid
except in some special cases. The other was that the cancer risks of multiple substances
were additive in terms of toxicological effects. This seems valid for the substances which
have the similar mode of action to develop tumors, but it does not necessarily seem
valid for the substances which have the different mode of action. The validity of the
assumption has been a controversial issue for toxicologists and beyond the compass of
this study.

A Mapping and statistical analyses R

Based on the total cancer risks estimated by the municipality unit, nationwide cancer risk
maps of raw and purified water were drawn. As a GIS tool for drawing maps, Arc View
8.2 software (ESRI, USA) was used. Furthermore, some statistical analyses were
implemented in order to investigate the characteristics of spatial distribution of cancer
risks in municipalities. As tools for statistical analyses, Statistica software (Statsoft, Inc.,
USA) was mainly used.
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Results and discussion

Estimation and mapping the nationwide cancer risks by the municipality unit

The total cancer risk maps of raw and purified water were drawn by the municipality
unit. As an example, drawn maps of the northern and eastern part of Japan are shown in
Figure 1. It should be noted that the original maps are nationwide and colorized, and thus
it is easier to distinguish a difference. Drawing the maps such as Figure 1 can facilitate
understanding of the characteristics in terms of water quality. For example, the differ-
ences in cancer risks between raw and purified water in the same municipality can be
understood easily.

Seeing Figure 1, it is suggested that the total cancer risks of purified water become lar-
ger than those of raw water in many municipalities. To examine this, statistical analyses
were carried out. Figure 2 shows the box and whisker plot of the total cancer risks in log-
arithmic scale. The large variations can be seen in the total cancers risks among munici-
palities in Figure 2, the lognormal distribution was applied as the distribution type
instead of the normal distribution. Therefore, G-mean and geometric standard deviation
were calculated and indicated in Table 2 with median values. As a result, G-mean of the
total cancer risks were 1.16 X 10™7 in raw water and 2.18 X 107> in purified water. Fur-
thermore, medians in raw and purified water were 5.34 X 107° and 2.13 X 1073, respect-
ively. Therefore, the result that the total cancer risk in the purified water was larger than
that in raw water was obtained by comparison of G-mean and also of median. Reasons
for this will be further discussed later.

One more thing to be mentioned here is the large difference between the median and
the G-mean of total cancer risks in raw water. As shown in Figure 2, median, 25th
percentile and 1st percentile in raw water were all in similar values. This is deeply
associated with the lower determination limit of arsenic. In almost all municipalities, the
lower determination limit of arsenic is 0.001 mg/L, and when the average arsenic concen-
tration of the municipality is lower than the limit, 10% of this value was substituted as
arsenic concentration in the municipality in accordance with the assumption in this study.

Raw water v 13

Figure 1 Total cancer risk maps of raw and purified water drawn by municipality unit (example
of the northern and eastern part of Japan)
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Figure 2 Box and whisker plot of total cancer risks (in log scale)

In this case, 5 X 107% was calculated as the cancer risk posed by arsenic. This value is
almost the same as the median of total cancer risks in raw water. Therefore, it can be
said that total cancer risks in raw water in more than half of the municipalities are over-
estimated because of the determination limit of arsenic.

Contribution of each substance to the total cancer risk

Contribution ratio of each substance to the total cancer risk is shown in Figure 3 (raw
water) and Figure 4 (purified water). This was calculated on the basis of the G-mean of
cancer risk of each substance, therefore the variability among municipalities was not
taken into account in this section. The contribution of arsenic was the largest both in
raw and purified water, and it accounted for 97% and 44%, respectively. The main
cause for this is that the cancer risk compared to the Standard value (5 X 107%), is quite
high. However, it should not be concluded that we must remove much more arsenic in
the water purification processes. There are several reasons for this. First, the oral unit
risk of arsenic is estimated on the basis of the data of skin cancer (US-EPA, 2005). The
lethality of skin cancer is relatively low compared to the cancer of many other parts,
and thus the risks in units of mortality rate may be different even if the cancer risks are
the same. Secondly, there may be some overestimation in the cancer risks of arsenic
because of the aforementioned problem on the determination limit. Thirdly, the treat-
ment achievability and the cost-efficiency should also be considered in establishing a
standard. In terms of the treatability of arsenic, the G-means of cancer risks posed by
arsenic in raw and purified water are 1.15 X 107 and 7.54 x 1078, respectively. There-
fore, arsenic could be removed well during the water purification processes in many
municipalities, for the least arsenic cancer risk estimated in this smdy is 5X 1076
because of the determination limit. Kang et al. (2003) mentions that arsenic can be
removed by coagulation.

Table 2 Statistical indicators on the total cancer risks estimated

of Icipalities Moadi G tric mean e oy dard D

()] {G~mean) (GSD)

Raw water 1992 534%x107%  1.16x107° 3,18
Purified water 2119 213x10"%  218x107° 2.10
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Raw water
G-inean of total cancer risks = 1,16x10

Benzene
0.8%

1,2- Dichloroethane

= 0.7%
1,3-Dichloro-

Dichloro- iy
methane propene
0.3(% 0.3%

Figure 3 Contribution ratio of substances to the total cancer risk of raw water

As for purified water, the cancer risks posed by 4 THMs (chloroform, bromodichloro-
methane, dibromochloromethane and bromoform) accounted for 54% of the total risk.
THMs are produced as a result of chlorination. Although G-mean of cancer risks of the
THMs is about the level of 107> and not so high, the optimization of chlorination dose
should be further developed to reduce THMs production.

Cancer risks in relation to the population size

Figure 5 shows the G-mean of total cancer rigsk in relation to the population size of
municipalities. The big cities with the population.more than a million had higher risks
both in raw and purified water than the smaller municipalities. In the case of raw water,
arsenic concentrations were higher in the big cities. The reason for this was not apparent
and should be further investigated, although there are some big cities that have a natural
arsenic contamination source in the upstream. For purified water, concentrations of the
total THMs were higher in the big cities. This may be because the raw water quality is
worse in the big cities with respect to THMs formation potential, Furthermore, it should
be noted that the concentrations of chloroform and bromodichloromethane were relatively
higher in the big cities, however, those of dibromo- chloromethane and bromoform were
similar to that in the smaller municipalities. One plausible reason for this is a larger
chlorination dose in the big cities due to their huge water supply areas, but. it is also
uncertain and should be further investigated.

Purified water
) G-mean of total cancer risks = 2.18x10°°
Bromodichloro- ’
methane Dibromochioro- Chloroform
24.7% methane 3.3%

Bromaoform
1.3%
1,2-Dichloro-

ethane

0.5%
1,3-Dichloro-
propene
02%

o Dichidro-
43.6% . - methane

0.2%

Figure 4 Contribution ratio of substances 1o the total cancer risk of purified water
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Figure 5 Total cancer risks in relation to the population size of municipalities

Conclusions

The total cancer risks of raw and purified water by the municipality unit were estimated
by use of statistical water quality data and GIS. As a result, the total cancer risks of puri-
fied water were larger than that of raw water. This was mainly because of the THMs pro-
duced in the chlorination process. In raw water, arsenic has almost all of the contribution
to total cancer risks, but it can be removed well during a water purification processes

such as coagulation. As for the population size, the big cities with the population more -

than a million had higher cancer risks both in raw and purified water than the smaller
municipalities. _ . )

Although there may be another carcinogenic substances that have large risks, they
could not be included in this study. However, we can revise the estimation result when
their unit risks and concentration data become available. Finally, an integrated analysis of
statistical drinking water quality data and GIS may be one of the new methods to help
the comprehensive understanding of drinking water quality and this may lead to improve-
ments in the drinking water quality.
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Development of evaluation methods to introduce a
nanofiltration membrane process in drinking water
treatment
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Abstract The objective of this study was to develop a new prediction method for evaluating performance of
full-scale nanofiltration (NF) pilot plant by using small-scale pilot plants, Operating experiments using both
multistage array pilot plant and two small-scale pilot plants in parallel had been conducted for about a year.
From this experiment, it was revealed that data obtained from small-scale pilot plants could predict the
performance of multistage pilot plant from the viewpoint of flux and rejection. In other words, both permeate
water quantity of multistage pilot plant without noticeable fouling caused by aluminium from coagufant and
permeate water quality of multistage pilot plant could be estimated.

Keywords Aluminium; multistage array; nanofiltration; prediction method; small-scale

Introduction

Recently, there are a water shortage areas in Japan. The water resources for these areas,
for example, stream water and reservoir water, are polluted by household effluent or
farming effluent or eutrophication. These waters are used for drinking water in these
areas. The drinking water will have a musty smell and taste and contain higher amounts
of disinfection by-products. In order to solve these problems many drinking water treat-
ment plants have introduced advanced drinking water treatment processes such as ozone
oxidation and activated carbon adsorption. These processes have good treatment perform-
ance to decrease dissolved organic matter. Recent amendment of WHO drinking water
quality guidelines and Japanese drinking water quality standards require stringent treat-
ment to comply with disinfection by-products guidelines or standards. However, there are
many problems to be solved in these processes. In the ozone oxidation process, reacting
the bromide ion with ozone generated bromate which is extremely carcinogenic. In bio-
logical activated carbon adsorption, there is leakage of nuisance microorganisms, which
grow through this process. Additionally, it is impossible for ozone oxidation and acti-
vated carbon adsorption to remove hazardous metals such as arsenic and antimony and
inorganic substances such as calcium that cause hard water. Therefore, the nanofiltration
(NF) process is an alternative advanced drinking water treatment process to solve the
existing problem for drinking water treatment. However, there is little experience using
NF process for advanced drinking water treatment in Japan. For this reason, experiments
with the pilot plant must be implemented for about 612 months before introducing it to
drinking water treatment plants, so more energy, money and time have to be spent if full-
scale pilot plant is to be constructed for the experiment. Therefore, in order to easily
introdace the NF process, it is desired to establish simple methods for
performance evaluation by using small-scale plants without constructing a full-scale
pilot plant. In a previous study, the possibility of simulating downstream elements of
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multistage NF plant by using a small-scale plant with returning concentrate water to feed
water and concentrating feed water quality was shown (Itoh and Magara, 2004).

In this study, multistage array pilot plant and two small-scale pilot plants were
installed and operated in parallel, and then performance of the multistage plant was pre-
dicted by using data obtained from small-scale plants.

Method

Equipment .

A schematic diagram of the multistage array pilot plant is shown in Figure 1. The multi-
stage plant consisted of 8-4-2-1 typed vessel array from upstream and each vessel con-
tains five membrane elements (total membrane elements installed were 75). The water
recovery ratio of the multistage plant was up to 95% and total permeate flow rate was
315m*/d. A schematic diagram of the small-scale plant is shown in Figure 2. The small-
scale plant consisted of two membrane elements which were connected in series and
could operate by returning a portion of concentrate water to feed water. Two small-scale
pilot plants were used.

In order to compare performance of the multistage plant with the small-scale plant, a
partition was installed in the product tube of one vessel of first stage and the fourth stage.
The partition was set between second and third element in the first stage, and between
the third and fourth element in the fourth stage to collect permeate samples from two
membrane clements (hatched elements in Figure 1). The performances of hatched
elements in Figure 1 were compared with that of small-scale plants.

The membrane element used in this study was SU-610 (Toray, Japan, spiral wound
module, nominal NaCl rejection: 55%, membrane surface: 7m®). The water into NF sys-
tem of this experiment was obtained from Ishikawa drinking water treatment plant in
Okinawa after coagulation and sedimentation by PACI (polyaluminium chloride), and
pretreated by microfitration (MF, Toray, Japan, nominal pore size: 0.1 pm) to remove
particulate maiter before entering NF system. Water quality item of pretreatéd water by
MF is shown in Table 1. FI value, which is fouling index for reverse osmosis (RO) sys-
tem, of MF filtered water was measured during experimental period every week. These
values were always no more than 3, therefore this MF filtered water was seemed to be
adaptable enough for NF system.
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Figure 1 Schematic diagram of the multistage array pilot plant




MF filtered Concentrate Concentrate

water recycled (Q,) discharged (Qg)
v v g
Concentrate

Feed . element

water

tank Feed ; ;
water ! !
Q9 e b B

Permeate (Qp)

Figure 2 Schematic diagram of the small-scale pilot plant

Experimental procedure

The operating condition of the multistage plant were as following; vessel array: 8-4-2-1,
water recovery ratio of system rs (rs = total permeate flow rate/feed water flow rate):
95%, average permeate flux of each stage: 0.6m/d. So as to keep permeate flux constant,
transmembrane pressure was controlled at each stage. Before the continnous operation, this
plant was operated at the above operating condition. As a result, the fourth stage’s flux had
decreased rapidly and permeate flow rate had become nearly zero in a day. Therefore, in
order to perform NF plant without noticeable flux decline, acid addition was implemented.
In RUNI, acid addition was introduced at second stage feed water and pH value of fourth
stage feed water was adjusted about to 5. In RUN2, acid addition was introduced at first
stage feed water and pH value of first stage feed water was adjusted about 4.

The operating condition of small-scale plants is shown in Table 2. One small-scale
plant simulated first and second elements of first stage, the other simulated fourth and
fifth elements of the fourth stage. These flow rate conditions were decided by flow rate
calculation result obtained from assuming that the water recovery ratio of each element
within a vessel was constant. By making this assumption, permeate flow rate of any two
elements could be calculated simply. It was normally impossible to measure permeate

flow rate of two elements within a vessel, however in this study, it was possible to

measure this permeate flow rate by the partition installed in the product tube. These cal-
culated permeate flow rates were almost the same as measured values. In the fourth
stage’s simulating small-scale plant, by returning a portion of concentrate water to feed
water, the water recovery of the system was also set the same as target elements of multi-
stage plant in order to reach water quality of feed water to that of target elements of
multistage plant. Acid addition was also implemented in small-scale plants in order to
agree pH value of smali-scale plant with that of target elements of multistage plant.

In the operating conditions mentioned above, multistage plant and small-scale plants
in parallel had been operated continuously in both RUNI1 and RUN2 for about three
months. Before RUN2 was started, chemical cleaning using alkaline solution (pHI0,
sodium hydroxide solution) and acidic solution (pH2, hydrochloric acid solution) was
implemented in both multistage plant and small-scale plants in order to remove foulant
inside the NF plants, which accumulated dﬁring operation RUNI1.

Table 1 Water quality of MF filtered water

Htem Conc, Hem Conc.
E.C. (nS/cm) 185 SiO, {mg/L) 12.7

Na (mg/L) 18.6 Al (mg/L) 0.0297
Ca (mg/L) 10.6 Mn {mg/L) 0.0151
CI™ (mg/L) 27.3 TOC (mg/L) - 0.927

SO7™ {mg/L) 13.6 E260 (1/cm) 0.014
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Table 2 Flow rate conditions of small-scale pilot plants

Simulating elements 1st stage’s 4th stage's
1,2 elements 4,5 elements
Feed water (m®/d);Q¢ 415 23.4
Permeate (m®/d);Q, 10.2 6.4
Recycled (m®/d);Q, ) 0 : 16.6
Discharged (m®/d);Qq 31.3 0.4
Flux (m/d) 0.73 0.46
Element recovery (%0);r 24.7 27.6
System recovery (%);r, 24.7 94.8

Measured item

In the multistage plant, permeate flow rates of upstream of first stage’s partition and
downstream of fourth stage’s partition, transmembrane pressures and feed water tempera-
tures of first and fourth stages were measured. In small-scale plants, permeate flow rates,
transmembrane pressures and feed water temperatures of both upstream simulating plant
and downstream simulating plant were measured. These items were measured automati-
cally and stored in the computer once per hour. By using these data, fluxes at 25°C and
1 MPa of both plants were calculated and flux changes of multistage plant were compared
with that of small-scale plants.

Waters were sampled every week and measured following items: pH value, electric
conductivity (E.C.), sodium (Na), calcium (Ca), chloride ion (C17), sulfate ion (85027,
silicate (5i0,), aluminium (Al), manganese (Mn), total organic carbon (TOC), ulraviolet
absorbance at 260nm (E260). Sampling waters of multistage plant were feed water,
permeate and concentrate of each stage, permeate of upstream of first stage’s partition,
permeate of downstream of fourth stage’s partition and total permeate. Sampling waters
of small-scale pilot plant were feed water, permeate and concentrate of both upstream
simulating plant and downstream simulating plant. By using concentration data obtained
from the small-scale plant, substance rejection was calculated every sampling, and aver-
age rejection of all sampling times was calculated. Then, by using rejection data of
small-scale plant and the equation that was formulated by rejection’s definition, water
recovery’s definition and flow rate mass balance, substance concentrations of both perme-
ate and concentrate of multistage plant were calculated, and then measured values were
compared with calculated values. :

Results and discussion

Water quantity prediction

Figure 3 shows flux changes in time in the upsiream elements of multistage plant and
small-scale plant in RUN1. The upstream elements were the first and second elements of
the first stage of multistage plant. For the first three weeks, fluxes of both plants were
almost the same. After that, however, flux decline rate of the small-scale plant was
greater than that of the multistage plant. This reason was that the third to Fifth elements
fouled faster than the first and second elements in the multistage plant. In this way,
permeate flow rate obtained from first and second elements of the multistage plant was
faster than the predicted flow rate for the small-scale plant. Therefore, differences of flux
change between both plants had appeared.

Figure 4 shows the flux changes in time of downstream elements of the multistage
plant and the small-scale plant in RUN1. The downstream elements were the fourth and
fifth elements of the fourth stage of the multistage plant. Flux of the small-scale plant
was greater than that of the multistage plant for almost all the operating periods. This was




Multistage plant

| E Wmmm%%@n

Flux (m/(d:MPa) at 25 °C)

' \
0 Small-scale plant
0 20 40 60 80

Operating time (day)
Figure 3 Flux change of upstream elements in RUN1

due to insufficient acid addition. Furthermore, due to the shortage of acid, the flux of the
multistage plant decreased rapidly many times. By adding sufficient acid, flux recovered
the setting value.

In order to reveal the differences of flux decline rate between the multistage plant and
the small-scale plant, foulant was investigated. In the previous study (Nishimura ez al,
2004), it was revealed that calcium was one of the foulants for NF system, so Langelier’s
index (LI), the differences between actual pH value and the theoretical pH value (the pH
value when calcium carbonate is not solved and not precipitated in equilibrium) was cal-
culated in order to investigate the occurrance of calcium scale. However, LI is a minus
value for all the operating times, so it was revealed that calcium scale did not occur.
Next, the relationship between pH value and dissolved aluminium concentration was
investigated. Aluminium is also known as one of the foulants for NF system. Figure 5
shows the relationship between pH value and aluminium concentration. As shown in this
figure, aluminium concentrations were all in precipitate zone at Ist stage because of no
acid addition. At the fourth stage, aluminium concentrations were almost in precipitate
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Figure 4 Flux change of downstream elements in RUN1
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zone because of insufficient addition. It was revealed that -aluminium precipitated at both
first and fourth stages. Therefore, it was decided to implement acid addition at first stage
feed water and to add more amount of acid. In RUN2, experiment was carried out in this
acid adding condition.

Figure 6 shows flux changes in time in upstream elements of the multistage plant and
the small-scale plant in RUN2. Except the first 20 days, flux changes of small-scale plant
showed good agreement with that of multistage plant. During the first 20 dayé, the acid
addition pump of small-scale plant was not working properly, so adjusting pH was not
appropriate, and thereby flux of small-scale plant decreased more significantly than that
of the multistage plant. Finally, it was revealed that flux decline rates of both plants
could be the same by controlling aluminium fouling by adding acid into the first stage
feed water.

Figure 7 shows flux changes in time in downstream elements of both plants in RUN2.
Except two occasions of rapid flux declines, flux changes of both plants were almost the
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Figure 6 Flux change of upstream elements in RUN2
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Figure 7 Flux change of downstream elements in RUN2

same. These rapid flux declines happened because of shortage of acid addition. By adding
more amount of acid and properly adjusting the pH value, flux recovered to the setting
value. Also, flux decline rates of both plants could be the same by controlling aluminium
fouling in the fourth stage.

Next, the relationship between pH and aluminium was also investigated in RUN2 in
order to check whether aluminium was the main foulant. Figure 8 shows the relationship
between pH value and aluminium concentration in RUN2., As shown in this figure, alu-
minium concentrations of MF filtered water were in precipitate zone, but in the first and
fourth stage feed waters aluminium concentrations were all out of the precipitate zone.
Therefore, the significant flux decline was not observed in RUN2. Comparing the results
in RUN1 and RUN2, the aluminium concentrations were almost the same and this
concentration was not so high compared to the water quality standard value, which was
0.2 mg/L. However, severe fouling occurred when acid addition was insufficient. There-
fore, it may be better to use ferric coagulants instead of aluminium coagulants for the
pretreatment of NF in order to avoid excessive acid addition.
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Figure 8 Relationship between pH and Al in RUN2
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From water quantity prediction results, it was revealed that without significant flux
decline, flux changes of multistage plant were the same as those for small-scale plant. In
other words it was possible to trace fouling pattern of full-scale plant by using small-
scale plant.

Water quality prediction

Figures 9 and 10 indicates simulation results of total organic carbon concentrations
(TOC) in RUN1 and RUN2, respectively. As shown in these figures, calculated values
were the same as measured values in both RUN1 and RUN2. In the other water quality
parameter, the same results were also obtained. Therefore, it was possible to predict
water quality of multistage plant by using rejection data obtained from small-scale plant
regardless of fouling occurrence. :
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Conclusion
In this study, multistage array pilot plant and two small-scale pilot plants were installed
- and operated for about a year. The following was revealed. First, permeate flux changes
of multistage plant can be predicted by flux data obtained from small-scale plant without
noticeable fouling. Prime foulant of NF was aluminium from PACI. Secondly, substances
concentration of permeate and concentrate of the multistage plant can be predicted by
rejection data obtained from the small-scale plant. Thereby, it was revealed that data
obtained from the small-scale plant can estimate the performance of the full-scale plant,
so introducing NF plant to drinking water treatment plant becomes easier.

In a further study by using ferric coagulant in pretreatment, possibility of operating
these NF plants for a longer time without noticeable flux decline and getting better oper-
ation results will be investigated.
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Estrogenic activities of chemicals related to food contact plastics and rubbers
tested by the yeast two-hybrid assay
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Abstract : ’
Food contact plastics and rubbers possibly contain many kinds of chemicals such as monomers, oligomers, additives,

degradation products of polymers and additives, and impurities. Arhong them, bisphenol A, nonylphenol, benzylbuty!
phthalate, styrene oligomers and hydroxylated benzophenones have been reported to possess estrogenic activities. In this
study, other chemicals related to food contact plastics and rubbers, and their metabolites induced by the S9-mixture
were tested for their estrogenic activities using the yeast two-hybrid assay. Among the 150 chemicals, 10 chemicals such as
bis(4-hydroxyphenyl) methane, 4-cyclohexylphenol, 4-phenylphenol, 4,4'-isopropylidenediphenol alkylphosphite, two type
of styrenated phenol (including mono type), tris(nonylphenyl) phosphite, 2,2'-dihydroxy-4-methoxybenzophenone,
2-hydroxy-4-methoxybenzophenone and 2,4-diphenyl-4-methyl-1-pentene, their metabolites and the metabolites of
6 other chemicals, such as 2-(phenylmethyl) phenol, styrenated phenol (di and tri type), 1-(N-phenylamino)naphthalene,
4-tert-butylphenylsalicylate, nonylphenol ethoxylates and 2-methyl-6-tere-butylphenol, displayed estrogenic activities. All
of them contained a phenol group in their chemical structures or formed one easily by hydrolysis or metabolism.
However, most of the chemicals related to food contact plastics and rubbers, and their metabolites did not show any

estrogenicity.
Keywords: Estrogenic activity, food contact plastics, rubbers, yeast two-hybrid assay, 2-(phenylmethyl) phenol,

4,4 ~isopropylidenediphenol alkyl(C12-Cys) phosphite, 1-(N-phenylaming) naph_thalene, styrenated phenol, tris(nonylphenyl)
phosphite, 4-tert-butyiphenylsalicylate, 2,4-diphenyl-4-methyl-1-pentene, 2-methyl-6-tert-butylphenol

Introduction

Food contact plastics and rubbers may contain many
kinds of chemicals such as free monomers, oligo-
mers, additives, degradation products of polymers
and additives, and impurities. Among these sub-
stances, several are recognized as endocrine disrup-
tors that have estrogenic activities. Bisphenol A, a
monomeér for polycarbonate resin and epoxy resin,
has been reported to have an estrogenic activity in
ovariectomized rats (Dodds and Lawson 1938),
in MCF-7 human breast-cancer cells (Krishnan
et al. 1993) and in the rat uterine-cytoplasma fraction
(Olea et al. 1996), and another report has shown that
the prostatic weight of the male offspring was
increased 6 months after birth (Nagel et al. 1997).
Nonylphenol is well-known for its estrogenic activity
in MCF-7 cells and in ovariectomized rats after

release from a polystyrene test tube (Soto er al.
1991), and it was also determined in several kinds
of food contact: plastics which originated from
the degradation of tris(nonylphenyl) phosphite or
tris(mono and/or dinonylphenyl) phosphite used as
an antioxidant (Kawamura et al. 1999, 2000).
Benzylbutyl phthalate, a plasticizer used for polyvinyl
chloride, has been reported to have a weak binding
property against the estrogen receptors in MCF-7
(Jobling et al. 1995). Styrene dimers and trimers
have been found in polystyrene products (Kawamura
et al. 1998a) and also in instant noodles where they
had migrated from the polystyrene cup (Kawamura
et al. 1998b). Their estrogenic activity in a yeast two-

. hybrid assay, MCF-7 assay and competitive binding

assay have been reported (Nishihara et al. 2000;
Ohyama et al. 2001). UV stabilizers, 2-hydroxy-4-
methoxybenzophenone have also been reported
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