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Watanabe found the floc density function that can be express as equation (2) (Tambo and

Watanabe, 1979, Tambo 1991).
a

Pe = @inF

where g and KX coefficients of the floc density function (g/cm3 and non-dimensional,

respectively) and 1: a unit to adjust dimension (cm).

Itis confirmed that this function can be applied to PSI. As for the aluminium coagulants,
floc density was not affected by pH but greatly affected by AIT ratio (Tambo and
Watanabe, 1979). But in the case of PSI, either FeT ratio, pH, or rapid mixing speed has
little effect on floc density (plots on Figure 2 include the results under various pH and rapid
mixing speed conditions).

Figure 3 shows the floc density functions derived by ferric coagulants (PSI and FeCly)
and alum {AIT ratio 1:20). At the same floc size, floc density of ferric coagulants is much
higher than that of alum, Additionally, floc density functions of all ferric coagulantsin this
experiment, i.e. PSI-1, 3,5 and FeCl,, can be expressed by almost the same equation,

(2)

Flo¢ growth pattern over time
Flocsize distributions stirring at 300 rpm for designated time, are shownin Figure 4 (PSI-1)
and Figure 5 (alum). Lines in these figures are based on log-normalized probability plots.
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Thin lines are the size distributions of kaolinite clay particles in test water, and thick lines
are those of formed flocs after designated stirring time. As shown in Figure 4, PSI-1 is
strong enough to produce well grown flocs at the stirring speed of 300 rpm and the best-
grown flocs are formed after 7 minutes of stirring. Flocs after 60 minute stirring are smaller
than those after 7 minute stirring. This indicates that breakdown of flocs occurs at excessive
stirring time. In the case of alum, this stirring speed s too fast to make well grown flocs and
many micro flocs remain although a part of them become large flocs (Figure 5).

To confirm the removal ability, residual turbidity after sedimentation was measured.
Results are shown in Figure 6. Stirring at 300 rpm for 7 minutes, residual turbidity becomes
0.35 mg/L as kaolinite clay after 15 minute sedimentation, which shows better removal
than rapid mixing at 120 rpm for S minutes followed by slow mixing at 40 rpm for 25 min-
utes. Therefore, it can be said that PSI produces well grown flocs at the stirring speed of 300
rpm and does not require slow mixing process that is essential for aluminium coagulants.

Strength of floc
Relationship between the effective energy dissipation rate, &, (W/m?) and the maximum

floc diameter, d__ . (cm) is shown in Figure 7. To plot this figure, relationship between
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gyand the stirring speed, s (rpm) was examined since this is specific to the apparatus. For the
authors’ apparatus, it was roughly estimated as equation (3).

gp =527 x107¢ (3)

Also, floc size distributions were measured for each stirring speed designated (for
PSI-1: 120, 300 and 500 rpm and for alum: 120, 300, 600 and 800 rpm). The 90%-value of
the floc size distribution when the best-grown floc distribution was observed was allocated
tod .. AsshowninFigure 7, PSI-1 produces larger flocs than alum at the same energy dis-

sipation rate. Tambo and Hozumi (1979) proposed the relative floc binding strength

expressed as equation (4).
-2/3 2/3
% _ (“—2) phosil *
q (dmax—l / 1)3+K1

g

where (0,/0,): the relative floc binding strength, 1: a unit to adjust dimension {cm) and the
suffixes 1 and 2 denote the characteristic values of floc 1 and 2, respectively.

Here, alum and PSI-1 are allocated to floc 1 and 2, respectively, and &, is estimated to
1.47, which is equivalent to the stirring speed at 300 rpm in the authors’ apparatus.
Substituting a, K (Figure 2) and d_,, (Figure 7) to equation (4), Opg).j/ O 4 18 €stimated as



25.3. Tambo et al. (1970) estimated the relative floc binding strength of PACI to alum and
obtained 2,74. Since these are the results obtained from different coagulation conditions,
they cannot be compared quantitatively. But, roughly speaking, it is suggested that PSI-1
produce much stronger flocs than PACL

Parameters required for the flecculator design

Tambo and Watanabe proposed three parameters required for the flocculator design pro- -

cedure (Tambo, 1991). These are: m, dimensionless fiocculation time; S, , normalized
maximum floc volume (non-dimensional); and X, a coefficient of the floc density function
(non-dimensional). The X value for PSI-1 was discussed above and estimated as 1.02, for any
FeT ratio (Figure 2). Parameters mand S, are defined as equations (5) and (6) (Tambo, 1991).

m=1.22 ffo—,dfnoz (5)
7

, |
- (dL) . (6)
dl

S,

m

where p': viscosity of water (Pa . s), a’1 diameter of initial particles (cm), ny: number concen-
tration of initial particles (cm™3)andt: flocculauon time (s).

Supposing the initial particles of kaolinite clay have the density of 2.6 g/cm? and the
diameter of 2.5 x 107 c¢m, ny = 2.35 x 105 cm™3 is given when the initial concentration of
kaolinite clay is 50 mg/L. Thus, applying equation (5) and (6) to the plots on Figure 7, rela-
tionship between S, and m can be drawn as Figure 8. As far as following the line segments
in this figure, the best flocculation is expected. In this occasion, it can be also expected that
the number of smaller flocs has decreased. Accordmgly, this ﬁgure can be utilized to obtain
m from §, in flocculator designing. : :

Practical design of flocculator
By applying the results yielded above, desirable effective energy dissipation rate and stir-
ring time are to be estimated if the initial particles condition and design condition, in this
example, the settling velocity of the maximally grown floc V| . (cm/s) are set.

Setting the initial condition of the diameter of initial particles, d;= 2.5 x 10~ ¢m and
the number concentration of them n, = 2.35 x 108 cm™ (50 mg/L as initial kaolinite clay
particles) and design condition V= 0.35 cm/s, the maximum floc size d,,, is given as
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Table1 Examples of design parameters

Ve fems] 0.35 0.4 0.5 08 07
d,,, [om] 0.026 0.030 0.037 0.045 0.053
£ [W/m?3j 1.32 0.77 0.32 0.15 0.082
(Stirting speed [rpm]}* (287) {232) {162) (120) (94)
t [min] 5.8 6.3 7.3 8.2 2.0

*Inthe case of authors' apparatus.

2.6 x 1072 cm by applying equation (1) and Figure 3. Then from Figure 7, the effective
energy dissipation rate to let the floc grown to this size is calculated to be 1.32 W/m3,
approximately 290 rpm in the authors’ apparatus. In this way, normalized maximum floc
volume, S, and dimensionless flocculation time, m are determined as 1.1 x 108 and 0.57,
respectively. Finally, the stirring time is estimated as # = 347 (s) =5.8 (min) applying equa-
tion (5). According to this estimation, it is suggested that slow mixing process, which is
essential for the conventional water purification system using aluminium coagulants, can
be eliminated by using PSI. It might lead to diminish the required size of the water purifica-
tion plant and be useful to construct or renovate the plant in densely populated areas, where
open space is scarce. On the contrary, the flocculator proposed above increases the energy
consumption rate, Still it is not obvious whether it really consumes more power in full-
scaled equipment and it should be examined by pilot plant study or some other way.

The design parameters calculated under various design condition V__ , are shown in
Table 1. When V__, increases, the size required for the sedimentation tank and the energy
consumption rate may decrease, on the other hand, the size of flocculator increases.
Minimum size of flocculator with sedimentation tank is not discussed in this paper, where
flocculation process is especially focused on and the design of sedimentation tank is not
considered. Future research is necessary for the optimal design of the rapid sand filtration
System.

Conclusions , _ ,
Physical characteristics of flocs formed by new polymeric inorganic coagulant, PSI, were
investigated in this paper and the following results were obtained.

1. The floc density function proposed by Tambo and Watanabe could be also applied to the
ferric coagulants, ferric chloride and PSI. Flocs formed by ferric coagulants showed
higher floc density than those formed by alum. 7

2. Either FeT ratio, pH, or rapid mixing speed had little effect on floc density of the flocs
formed by PSL

3. PSIcould produce well grown flocs at the stirring speed of 300 rpm. Stirring at 300 rpm
for 7 minutes, residual turbidity after 15 minute sedimentation became lower than rapid
mixing at 120 rpm for 5 minutes followed by slow mixing at 40 rpm for 25 minutes.

4. Flocs formed by PST was much stronger than those formed by alum.

Using the data obtained in the experiments, practical design of flocculator was esti-
mated. According to the estimation, it was suggested that rapid mixing process alone can
produce well grown flocs and slow mixing process can be eliminated by use of PSI. It might
lead to diminish the required size of the water purification plant. PSI coagulant has very
much different characteristics from aluminium coagulants and should be evaluated under
appropriate operating condition for PSI.
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1,4-Dioxane has been classified by the US Envi-
ronmental Protection Agency and the International
Agency for Research on Cancer as a compound that
may be carcinogenic in humans. Although there are
several reports of 1,4-dioxane being detected in the
environment, such as in tap water, there have been few
reports on the content of 1,4-dioxane in food. We there-
fore studied the intake of 1,4-dioxane in food based on
the average intake of food in the Kanto area of Japan
as reported by the Ministry of Health, Labor and Wel-
fare. The food was cooked in the normal manner and
then homogenized in a mixer. A 20 g of sample of the
homogenate was added to a solution of the purified
water with 0.2 pg of 1,4-dioxane-d, as a surrogate and
the 200 ml azeotropic solution was recovered using the
steam distillation method. This solution was applied
to a pair of active carbon solid-phase cartridges and
the analyte was eluted from each cartridge with
dichloromethane, The eluted solution was prepared for
gas chromatographic/mass spectrometric analysis by
reduction to a volume of 1 mi under a gentle stream of
nitrogen. The detection limit of the analysis was 2 g/
kg. We found that the 1,4-dioxane content of 12 food
groups ranged between 2 pg/kg and 15 pg/kg. From
these results, the total daily intake of 1,4-dioxane was
calculated to be 0.440 ug. An intake of this magnitude
corresponds to 0.055% of the calculated total daily
intake (TDI) (16 ug/kg body weight/day). This study
indicates that the amount of 1,4-dioxane intake con-
tributed by food is very low and that this value does
not represent a potential problem as it does not raise
the risk of carcinogenesis.
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INTRODUCTION

1,4-Dioxane is used extensively as an industrial
solvent in dyes, paints, lacquers, varnishes, oils,
waxes, and resins and is also added as a stabilizer to
chlorinated solvents.” 1,4-Dioxane is highly soluble
in water, forming an azeotropic mixture, and when
discharged into the atmosphere it returns to the sur-
face as rainwater. As a property of its low adsorp-
tion to soil, 1,4-dioxane then permeates into the
groundwater and causes water pollution over the long
term. Therefore 1,4-dioxane has the potential to
cause widespread contamination of the environment.
There are reports of 1,4-dioxane being detected in
river water at levels between 0.1 and 16.0 mg/1, and
in groundwater at a maximal concentration of
94.8 mg/l in Japan.? Several other studies have also
shown high levels of 1,4-dioxane pollution in
groundwater.”™® As the removal of 1,4-dioxane in
water purification systems is difficult, these find-
ings raise concerns regarding chronic exposure to
i,4-dioxane in drinking water.

1,4-Dioxane has been classified as a carcino-
genic compound by both the USA Environmental
Protection Agency® and the International Agency for
Research on Cancer (JARC).® Long-term oral ad-
ministration of 1,4-dioxane has been shown to cause
tumors in the liver and gallbladder in guinea pigs,”
and in the nasal cavity and liver of rats.®!V | 4-Di-
oxane has also demonstrated promoter activity in
studies in mice using a two-stage carcinogenic test,'?

Levels of 1,4-dioxane between 0.2 mg/l and
1.5 mg/l were also detected in tap water samples col-
lected during 1995 and 1996 from six cities in
Kanagawa prefecture, Japan.'® This finding raises
the possibility that food may also have become con-
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taminated. Although 1,4-dioxane is now included in
the quality standards for drinking water in Japan,
there have been few reports on the contents and in-
take of 1,4-dioxane in food. To safeguard human
health, it is important to determine the Japanese in-
take levels of 1,4-dioxane through food. This paper
describes a study on the intake of 1,4-dioxane
through food in Japan using the market-basket
method.

MATERIALS AND METHODS

Chemicals 1,4-Dioxane was purchased from
Tokyo Chemical Industry Co. Ltd. (Tokyo, Japan),
1,4-dioxane-d; from Sigma-Aldrich Co. Ltd. (St.
Louis, MO, U.S5.A.), dichloromethane from Kanto
Chemical Industry Co. Ltd. (Tokyo, Japan), ethanol
from Katayama Chemical Industry Co. Ltd. {Osaka,
Japan), acetonitrile and acetone from Wako Chemi-
cal Industry Co. Ltd. {Osaka, Japan), and the
antifoaming agent silicon TAS730 from Toshiba Sili-
con Co. Ltd. (Tokyo, Japan). All solvents were of
the highest reagent grade. Purified water was pre-
pared using a Milli-Q water purification PSS20 sys-
tem (Millipore Corp., Bedford, MA, U.5.A.).

Preparation of Standard Solutions A stock
solution of 1,4-dioxane (1 mg/ml) was prepared in
dichloromethane, and a stock solution of 1,4-diox-
ane-d, (10 mg/mi) was prepared in ethanol. The stock
solution of 1,4-dioxane-d, was then diluted with
dichloromethane to a final concentration of 40 ug/
ml. The 1,4-dioxane stock solution was diluted with
dichloromethane and used to prepare the working
standard solutions containing 1,4-dioxane-d; 0.2 ug/
ml in the concentration range of 0.04-1 ug/ml. A
solution of 1,4-dioxane-d, 2 ug/ml was prepared in
acetonitrile and was added to samples to determine
the recovery rate of the analytical procedure.

Preparation of Focd Samples The foed in-
gredients were purchased at a general market in
Setagaya-ku, Tokyo, Japan in April and May 2000.
The quantity of each food item was determined on
the basis of the results of the average intake of food
in the Kanto area reported by the Ministry of Health,
Labor and Welfare (Table 1), using six times the
weight of each food group for preparation. Food was
cooked in a manner similar to that used in normal
homes and was then homogenized in a mixer
(Hamilton Beach/Proctor-Silex, Inc., Washington,
NC, U.S.A., Model 911). Food that was difficult to
homogenize was made uniform by the addition of

purified water. In the preparation and cooking of the
food, utensils made from wood, aluminum,
flucroresin iron, and plastic were used and included
items such as a chopping block, pots, and pans. These
utensils were washed in a manner similar to that used
in normal homes, and tap water was used for cook-
ing. The food homogenates of each group were
stored in glass bottles with silicon seals and were
kept frozen at —20°C until analyzed.

Extraction of 1,4-Dioxane A 20 g of sample
of each homogenate was placed in a 500 ml egg-
plant-type flask, followed by the addition of 150 ml
of purified water and 100 4 of 2 pg/ml 1,4-dioxane-
d, solution. Two hundred milliliters of aqueous so-
lution was recovered from the sample mixture vs-
ing the steam distillation method. This solution was
then passed through a pair of active carbon solid-
phase cartridges equilibrated with 20 ml of
dichloromethane, 30 ml of acetone, and then 40 ml
of purified water. Extraction of the water samples
was carried out at a flow rate of 10 ml/min. After
the water sample had passed through the cartridges,
the cartridges were washed with 5 ml of purified
water at the same flow rate. Dried nitrogen gas was
then passed through the cartridges for 30 min, and
the analyte was eluted from the each cartridge, with
the cartridge for the water adsorption attached at the
bottom with dichloromethane 3 ml. The cartridge for
water adsorption was washed with dichloromethane
20 m! prior to use. The eluted solution was then re-
duced to a volume of 1 m] under a gentle stream of
nitrogen for gas chromatographic/mass spectromet-
ric (GC/MS) analysis.

GC/MS Analysis An Agilent 6890/5973N
(Agilent Technologies Inc., Palo Alto, CA, U.S.A)
instrument was used for the GC/MS analysis, with
separation carried out on a SPB-624 capillary col-
umn (60 m % 0.25 mm i.d. x 1.4-um film thickness)
(Sigma-Aldrich Co. Ltd.). Helium was used as the
carrier gas with a column flow rate of [ ml/min in
the constant flow mode. The column temperature
was kept at 60°C for 1 min, then programmed to
increase by 5°C per minute to 130°C and then 20°C
per minute to 230°C. Pulsed splitless injection was
used with a pulse pressure of 400 kPa (1 min). The
ion source temperature was kept at 230°C with the
mass spectrometer operated in the EI mode. In the
selected ion monitoring (SIM) mode, the monitor-
ing ions were 58 and 88 for 1,4-dioxane and 64 and
96 for 1,4-dioxane-dg. The injection volume was
2.0 pul. A calibration curve was prepared from the
ratio of the peak height of 1,4-dioxane and 1,4-di-
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Table 1. List of Food in the Total Diet Study

Group Food Group Food Daily Intake (g)
1 Rice Rice 148.0
Rice products Rice vermicelli 4.1
II Barley Oatmeal 02
Flour Wheak fiour 8.3
Bread Bread 36.1
Sweet bun Bean-jam bun 8.6
Noodles Japanese wheat noodles 352
Noodies, macaroni Buckwheat 6.5
Instant noodles Instant noodles 37
Grain Cornflakes 2.5
Seed Crushed almonds 2.0
Sweet potato Sweet potato 8.6
Potato Potato 359
Tubers and roots Taro 104
Product of tubers and roots Konjak 13.5
I Sugar Granulated sugar 7.6
Jam Strawberry jam 1.6
Candy Caramel 0.3
Rice cracker Rice cracker 2.0
Cake Pound cake 4.0
Biscuit Biscuit 33
Other snacks Japanese fried-dough cookies 15.0
Azuki bean jelly
Chocolate
v Butter Butter 1.3
Margarine Margarine 1.7
Vegetable oil Soybean oil 10.4
Animal oil Lard 02
Mayonnaise Dressing 57
\' Sovbean paste Soybean paste 12.8
Beancurd (tofu) Beancurd (tofu) 354
Product of beans Deep-fried beancurd 6.0
Soybean products Freeze-dried beancurd 99
Beans 26
VI Citrus Navel orange 30.6
Apple Apple 26,6
Banana Banana 1.7
Strawberry Strawberry 0.2
Fruit Watermelon 45.0
Loquat
Japanese apricot
Juice Tomato juice 17.0
VII Carrot Carrot 240
Spinach Spinach 19.7
Green pepper Green pepper 4.7
Tornato Tomato 217
Green znd yellow vegetables  Broceoli 30.8
Celery

Okra
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Table 1. Continued

_Group  Food Group Food Daily Intake (g}
VI Japanese radish (daikon) Japanese radish 36.0
Onion Onion 2179
Cabbage Cabbage 24.8
Cucumber Cucumber 14.7
Napa cabbage Napa cabbage 18.2
Vegetables Burdock {(gobo root) 44.5
Beansprouts
Eggplant
Pickles Pickles {(nozawa-na) 6.5
Pickled Japanese radish Fukujinn-zuke 15.5
Mushrooms Mushrooms 12.8
Seaweeds Green laver 5.6
X Soy sauce Soy sauce 19.9
Sauces Ketchup 54
Salt Salt 1.3
Seasoning Sauce 11.6
Sake Sake 15.5
Beer Beer 4.2
Ligquor Wine 12.4
Soft drinks Soft drinks 69.4
Tea
X Salmon and trout Salmon 3.3
Tuna ' Tuna 8.8
Bream and flatfish Flatfish 8.0
Horse mackerel and sardine  Horse mackerel 12.5
Raw fish Ayn 6.4
Kisu
Halfbeak
Cuttlefish, octopus, and crab ~ Octopus 13.6
Shellfish Scallop 47
Salted fish Salted cod 8.7
Dried fish Dried sardine 9.5
Canned fish Bonito 29
Cooked fish Smelt 0.7
Cooked fish paste Hannpen 12.2
Fish product Fish sausage 0.3
X1 Beef Beef 21.7
Pork Pork 31.9
Chicken Chicken 19.8
‘Whale 0.0
Other animal meat Lamb G2
Ham and sausage Pork loin ham 11.0
Eggs Chicken eggs 38.3
XII Milk Milk 116.4
Cheese Cheese 28
Daiury products Yoghurt 21.1
Others Sake sediment 5.8
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oxane-d,. Quantitative analysis of the food samples
was carried out using methodology identical to that
used in the preparation of the calibration curve.'®

RESULTS AND DISCUSSION

Detection Limit in Food Samples

The minimum detection level of 1,4-dioxane-d,
added as an internal standard was 0.04 ug/l (S/N =
10). The minimum detection limit of 1,4-dioxane in
the prepared food was calculated to be 2 ug/kg us-
ing the following formula: (0.04 pg/1 x 1 m1)/20 g =
0.002 pg/g = 2 ug/kg , in which 1 m! indicates the
final volume for GC/MS analysis and 20 g indicates
the weight of the food homogenate.

Recovery Test of 1,4-Dioxane

The concentration of 1,4-dioxane in the purified
water and tap water used in the analysis and in the
preparation of the food samples was less than
0.04 pg/ml. This level represented the minimum de-
tection limit when the analysis was carried out in
the manner used for the food samples.

After the addition of 1,4-dioxane 0.2 ug and 1,4-
dioxane-d; 1 ug to 4 g of the prepared food samples,
the recovery rate of 1,4-dioxane was obtained using
the method described in the MATERIALS AND
METHODS section, Table 2 shows that the recov-
ery rate was between 99% and 111% in the 12
groups. These results indicate there was no problem
with the efficiency of extraction when 1,4-dioxane
was added to the food samples at a concentration
<0.2 ug/4 g (50 pg/kg).

Content of 1,4-Dioxane in the Food Samples

The extraction of 1,4-dioxane from each 20 g
prepared food sample was carried out according to
the method described in the MATERIALS AND
METHODS section. Table 3 shows that the content
of 1,4-dioxane in the 12 food groups was between
2 ug/kg, the detection limit of the analysis, and 15 ug/
kg. If the food sample was difficult to homogenize
after cooking, an appropriate quantity of purified
water was added to achieve homogeneity (i.e.,
groups I, II, III, and X in Table 4). The weight of
the food used for the extraction of 1,4-dioxane be-
fore and after cooking was then calculated.

The intake of 1,4-dioxane was calculated based
on the average intake of food in the Kanto area as
reported by the Ministry of Health, Labor and Wel-
fare. For example, the calculation in group II in-

Table 2. Recovery Rate of 1 4-Dioxane Added to
Food Samples

Group Recovery Rate (%)
I 104
II 101
I 105

v 101
v 106
VI ) 100
VII 100
VIII . 100
IX 929
X 102
X1 104
XII I11

Table 3. Content of 1,4-Dioxane in Food Samples

Group Content (mg/kg)
I ND
|
I1I
v
v
VI
VII
VIII
IX
X
XI
XII
ND: not detectable.

ot
Tw ov kv 2 b0 W b o av

cluded a food sample of 1061.6 g that was added to
600.0 g of purified water for cooking and then ho-
mogenized. The actual weight of food for extrac-
tion was 18.34 g calculated as (20 g/1157.5 g) X
(1061.6 g + 600.0 g} x {1061.6 g/(1061.6 g +
600.0 g}}. Since the intake of group II food was
175.5 g, the intake of 1,4-dioxane from food in this
group was 0.057 pg calculated as (175.5 g/18.34 g)
x 6 pg/kg X (1/1000). From the results of the con-
tent of each group in Table 4, the daily total intake
of 1,4-dioxane from food was calculated to be
0.440 ug.

Risk from 1,4-Dioxane in Food

There is evidence that long-term oral adminis-
tration of 1,4-dioxane causes hepatic and nasal cav-
ity tumors in rodents,*'? and accordingly the IARC
has classified 1,4-dioxane as a group 2B carcino-
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Table 4. Intake of 1,4-Dioxane from Food
Group Weight before  Weight of Added  Weight after Actual Weight of  Intake of Contentin Intake of

Cooking Water Cooking Food for Extraction Food Food 1,4-Dioxane
(g) . (® (g) (g)" () (pglke) (1)
I 8940 1143.3 1715.0 10.43 153.1 ND 0.000
i 1061.6 600.0 1157.5 18.34 175.5 6 0.057
III 202.8 100.0 202.8 20.00 338 6 0.010
v 1114.0 1114.0 20.00 19.3 8 0.008
v 7279 400.2 36.38 66.7 3 0.006
VI 981.5 981.5 20.00 131.1 4 0.026
VII 6054 609.0 19.88 100.9 3 0.015
Vil 1237.8 1143.7 21.65 206.3 8 0.076
IX 4164 416.4 20.00 199.7 7 0.070
X 550.2 300.0 524.0 21.00 921.6 5 0.022
X1 608.9 908.9 13.40 123.6 6 0.055
XII 10194 1019.4 20.00 146.1 13 0.095

a}1:20 g was used for extraction.

gen.® With regard to a cancer endpoint, a total daily
intake (TDI) of 16 pug of 1,4-dioxane/kg body weight/
day has been calculated by applying an uncertainty
factor of 1000 that incorporates 100 for inter- and
intraspecies variation and 10 for nongenotoxic car-
cinogenicity to the no observed adverse effect level
of 16 pg/kg body weight/day, as found in a long-
term study involving drinking water in rats.’*!> The
0.440 pg intake of 1,4-dioxane we measured in our
study corresponds to 0.055% of the calculated TDI
(0.440 ug/{ 16 ug/kg body weight/day x 50 kg}). We
therefore conclude that the intake of 1,4-dioxane
from food appears to be very low and that this value
does not increase the risk of carcinogenicities.
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It is still of importance to investigate renal carcinogenesis by po-
tassium bromate (KBr0Q,), a by-product of water disinfection by
ozonation, for assessment of the risk to man. Five female F344
rats in each group were given KBrO, at a dose of 300 mg/kg by
single i.g. intubation or at a dose of 80 mg/kg by single I.p. injec-
tion, and were killed 48 h after the administration for measure-
ments of thiobarbituric acid-reactive substances (TBARS) and 8-
oxodeoxyguanosine (8-oxodG) levels in the kidney. Both levels in
the treated animals were significantly elevated as compared with
the control values. In a second experiment, 5 male and female
F344 rats in each group were administered KBrO; at concentra-
tions of 0, 15, 30, 60, 125, 250 and 500 ppm in the drinking water
for 4 weeks. KBrO; in the drinking water did not elevate TBARS in
either sex at any of the doses examined, but 8-oxodG formation
in both sexes at 250 ppm and above was significantly higher than
in the controls. Additionally, the bromodeoxyuridine-labeling in-
dex for proximal convofuted tubules was significantly increased
at 30 ppm and above in the males, and at 250 ppm and above in
the females. ¢2u-Globulin accumulation in the kidneys of male
rats was increased with statistical significance at 125 ppm and
above. These findings suggest that DNA oxidation induced by
KBrQ, may occur independently of lipid peroxidation and more
than 250 ppm KBrO; in the drinking water can exert a carcino-
genic effect by way of oxidative stress. (Cancer Sci 2004; 95: 393-
398)

P otassium bromate (KBrO;)} was at one time widely used as
a maturing agent for flour and as a dough conditioner.” It
was, however, demonstrated to induce renal cell tumors in male
and female F344 rats after oral administration for 2 years in the
drinking water” and the use of KBrO, as a food additive is now
limited or prohibited, so that exposure of humans via food is
very low.? Nevertheless, there is still concern regarding this
chemical in the environment. In order to avoid the formation of
trihalomethanes, major by-products in the process of drinking
water chlorination® that are carcinogenic in rodents,” ozone
disinfection has been proposed as an alternative method.$ How-
ever, it has been shown that ozonation of surface water can
generate bromate as one of various by-products in treated
drinking water,” implying a potential hazard.

KBrQ; has been classified as a genotoxic carcinogen based
on positive mutagenicity in the Ames® chromosome
aberration®” and micronucleus tests.'® It has the potential to in-
duce 8-oxodeoxyguanosine (8-oxodG) formation both in vitro
and in vive,!'-' and since ribo- and deoxyribonucleosides of 8-
oxodG induce sister chromatid exchange in human
lymphocytes'” and 8-0xodG pairs with adenine as well as cy-
tosine, generating GC-to-TA transversion upon replication by
DNA polymerases,'® it has been postulated that this oxidized
base is responsible for the mutagenicity and carcino-
genicity." ™ The formation of oxidized base also indicates
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that the intra-nuclear redox status is altered in an oxidative
direction, and this may Jead to the induction of aberrant tran-
scriptional events. However, except for our previous paper,'®
we know of no data showing a direct correlation between actual
carcinogenic doses and 8-oxodG formation in kidney DNA.
Likewise, although it has been proposed that reactive free
radicals resulting from the oxidizing property of KBrQ; also
attack membrane lipids to induce cellular lipid peroxidation
(LPO) in male rats,®?" it remains uncertain whether LPO in-
deed occurs concomitantly with DNA oxidation during carcino-
genesis. In view of the possibie rele of various reactive alde-
hydes as end products of LPO in tumorigenesis,? % it is nec-
essary to assess their participation in KBrO, carcinogenesis.

A two-stage model using N-ethyl-N-hydroxyethyl-nitro-
samine (EHEN) as an initiator has supplied clear evidence that
KBrO, has promoting activity for renal carcinogenesis in male
and female rats.? 29 We have also shown that numbers of bro-
modeoxyuridine (BrdU)-incorporating cells in kidney tubules
are elevated in male and female rats exposed to KBrO; at a
dose of 500 ppm in the drinking water.'® 29 While we have hy-
pothesized the involvement of oxidative stress induced by
KBrO, in the promoting activity, our previous data also suggest
that the promoting action observed in male rats may be depen-
dent on cell proliferation due to accumulation of ¢t2u-globulin,
a male rat specific urinary protein.?® Elimination of this possi-
bility as a factor contributing to KBrO, promoting activity is a
prerequisite for accurate assessment of the carcinogenic risk in
humans.

In the present study, in order to confirm a positive correlation
between oxidized DNA base formation and occurrence of LPO,
we measured the levels of 8-oxodG and thiobarbituric acid-re-
active substances (TBARS) in kidneys of F344 female rats
given KBrQ; by single administration at high doses. Secondly,
we examined the dose-response effects with reference to 8-0x-
odG levels, TBARS, BrdU-labeling and a2u-globulin accumu-
lation in kidney, as well as serum creatinine (CRN) level, of
male and female rats, employing the same doses and route as
used in the previous carcinogenicity tests and promoting activ-
ity assays. The aim was to clarify the possibility that LPO and
oxidative DNA damage participate in KBrO; initiation and to
cast light on the effects of oxidative stress in the promotion
phase.

Materials and Methods

Chemicals. KBr(}; was purchased from Wako Pure Chemical
Industries, Ltd. (Osaka). Alkaline phosphatase and BrdU were
obtained from Sigma Chemical Co. (St. Louis, MO) and nu-
clease P1 was from Yamasa Shoyu Co. (Chiba).

E-mail: umemura@nihs.go.jp
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Animals, diet and housing conditions. The protocols for this
study were approved by the Animal Care and Utilization Com-
mittee of the National Institute of Health Sciences. Five-week-
old male and female F344 rats (specific pathogen-free) were
purchased from Charles River Japan (Kanagawa) and housed in
polycarbonate cages (5 rats per cage) with hardwood chips for
bedding in a conventional animal facility maintained under
conditions of controlied temperature (23+2°C), humidity
(5525%), air change (12 times per h) and lighting (12 h light/
dark cycle). The animals were given free access to CRF-1 basal
diet (Charles River Japan) and tap water, and were used after a
l-week acclimation period.

Animal treatments.

Experiment I Five female rats in each group were given
KBrO, at a single dose of 300 mg/kg by i.g. administraticn or
80 mg/kg by ip. injection. Control animals received saline at
the same volume as the i.p. administration group. All animals
were killed 48 h after the administration under ethyl ether anes-
thesia, and the right and half of the left kidneys were immedi-
ately removed and frozen with liquid nitrogen and stored at
=80°C until measurement of 8-0x0dG in nuclear DNA and
TBARS levels. The remaining kidney tissue was fixed in buff-
ered formalin and then routinely processed for embedding in
paraffin, sectioning and H&E staining, The doses and experi-
mental period followed reported conditions under which the 8-
oxodG and TBARS levels in kidney were significantly in-
creased.?” ,

Experiment L. Five male and female rats in each group were
administered KBr(Q, solution at concentrations of 0, 15, 30, 60,
125, 250 and 500 ppm in the drinking water for 4 weeks. All
animals were injected with BrdU (100 mg/kg) i.p. twice a day
for the final 2 days of the exposure and once on the day of ter-
mination, 2 h before killing. For analysis of CRN, the animals
were anesthetized with ethyl ether and blood was collected
from the aorta. Determination of CRN was carried out at SRL,
Ine. (Tokyo). At necropsy, the right kidneys were fixed in ice-
cold acetone for 3 days and processed for embedding in paraf-
fin, secticning (4 pm), and immunostaining for BrdU after his-
tochemical demonstration of y-glutamyltranspeptidase (y-GT)
activity. The left kidneys were frozen and stored as in Experi-
ment [ until measurement of 8-oxodG in nuclear DNA, and
TBARS levels and o:2u-globulin contents in the homogenates,

Measurement of nuclear 8-oxodG. The 8-0x0dG levels in kid-
ney DNA were determined according to the method of Nakae ef
al.® Nuclear DNA was extracted with a DNA Extracter WB
Kit {(Wako Pure Chemical Industries, Ltd., Osaka). The DNA
was digested to deoxynucleotides with nuclease P1 and alkaline
phosphatase and levels of 8-0x0dG (8-0x0dG/10% deoxygua-
nosine) were assessed by high-performance liquid chromatogra-
phy (HPLC) with an electrochemical detection system
{Coulochem II, ESA, Bedferd, MA).

Measurement of TBARS. Malondialdehyde (MDA, nmol/ g)
was assessed as an index of LPO by the method of Uchiyama
and Mihara.®® A 0.1 g portion of kidney was homogenized with
0.9 ml of 1.15% KCI solution and the TBARS content was
measured.

o2u-Globulin content. o2u-Globulin accumulation in kidneys
was measured using a commercially ‘available ELISA kit (Qua-
tikinine M, R&D Systems, Inc., MN). Absorbance at 450 nm
was determined using a microplate reader (Thermo Lab-
systems, Vantaa, Finland), with the reference wavelength set at
590 nm.

immunohistochemical procedures. For immunohistochemical
staining of BrdU, sections were treated sequentially with nor-
mal horse serum, monoclonal mouse anti-BrdU (Becton Dick-
insan} (1:100), biotin-labeled horse anti-mouse IgG (1:400) and
avidin-biotin-peroxidase complex (ABC) after denaturation of
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DNA with 4 N HCI. Before the denaturation step, sections were
processed histochemically for demonstration of y-GT activity
by the method of Rutenburg er al3® using L-glutamyl-4-meth-
oxy-B-naphthylamide (Polysciences, Ltd., Warrington, PA) as a
substrate in order to assist in distinguishing the three kinds of
tubules, as previously described.® The sites of peroxidase
binding were demonstrated by incubation with 3,3’-diami-
nobenzidine tetrahydrochloride (Sigma Chemical Co.). The im-
munostained sections were lightly counterstained with hema-
toxylin for microscopic examination.

Cell proliferation quantification. Cells of the three kinds of m-
bules in the kidney were identified on the basis of y-GT activity
and morphology as previously described.?) At least 3000 tubu-
lar cells in each kidney were counted. The labeling index (LI)
was calculated as the percentage of cells positive for BrdU in-
corporation.

Statistics. The significance of differences in the results from
Experiment 1 was evaluated with Student’s ¢ test. For Experi-
ment II ANOVA was used, followed by Dunnett’s multiple
comparison test.

Results

Experiment |. The data for 8-oxodG and TBARS levels in kid-
neys of female rats given KBrQ, by single administration at
doses of 300 mg/kg (i.g.) or 80 mg/kg (i.p.) are summarized in
Fig. 1. Values for both parameters were significantly (P<0.01)
elevated as compared with the controls, in line with previeus
data, Histopathological examination revealed severe nephrotox-
icity characterized by hemorrhage and protein diapedesis in
Bowman'’s capsule, accumulation of hyaline droplet-like mate-
rial and basophilic alteration in proximal tubules, and extensive
necrosis of collecting ducts (Fig. 6, A and B),

Experiment Il As shown in Fig. 2, KBrO, in the drinking wa-
ter did not cause elevation of TBARS in kidneys of either sex
at any of the doses examined. However, 8-0x0dG levels in male
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Fig. 1. 8-OxodG and TBARS levels in kidneys of female rats 48 h after
single i.g. or i.p. administration of KBrO; at the dose of 300 or 80 mg/
kg, respectively. Values are meanstSD of data for 5 rats. Significantly
different (» P<0.01) from the control group treated with saline alone.
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rats exposed to KBrO; in the drinking water were elevated at
concentrations of 250 ppm and above in a clearly dose-depen-
dent manner (250 ppm, 0.5740.19/10% dG, P<0.01; 500 ppm,
0.71£0.21/10% dG, P<0.01) as compared to the control value
(0.31£0.06/10° dG). Likewise, 8-oxodG levels in female rats
were 0.51£0.10/10° dG at 250 ppm and 0.7020.16/10* dG at
500 ppm, which were statistically significantly higher (P<0.01)
than the control value (0.25+0.05/103 dG). Histopathologically,
although degeneration of proximal tubules was dose-depen-
dently observed in the males at 60 ppm and above, there were
no overt nephrotoxicity in the females at any of the doses ex-
amined. Fig. 3 illustrates changes in BrdU-LI for each tubule
type in male and female rats treated with KBrQ; in the drinking
walter at concentrations of 0, 15, 30, 60, 125, 250 and 500 ppm
for 4 weeks. BrdU-LIs of proximal convoluted tubular cells
{PCT) in the males were elevated in a dose-dependent manner,
with significant increases at 30 ppm (1.6910.32%, P<0.01), 60
ppm (2.6710.45%, P<0.01), 125 ppm (4.2310.80%, P<0.01),
250 ppm (6.11+2.23%, P<0.01) and 500 ppm (9.10+1.40%,
P<0.01), as compared to the control value (0.87+0.32%). In
the females, although there was no change up to 125 ppm,
dose-dependent increase was subsequently observed 1o
1.2940.39% at 250 ppm and 2.2240.37% at 500 ppm, both of
which were statistically siginificant (P<0.01) as compared to
the control value (0.5910.14%) (Fig. 6C). On the other hand,
no change in BrdU-LlIs for other tubules was found at any dose
in either sex. Fig. 4 summarizes data for o2u-globulin accumu-
lation in kidneys of male and female rats given KBrO; in the
drinking water. In the males, increase was evident at 30 ppm
and above in a dose-dependent fashion, the elevation being sta-
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Fig. 2. B8-OxodG and TBARS levels in kidneys of male and female rats
given KBrQ, in the drinking water for 4 weeks at doses of 0~500 ppm.
Values are meanstSD of data for 5 rats. Significantly different
(*+ P<0.01} from the control group {0 ppm).
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tistically significant at 125 ppm (1.37+0.18 mg/ml, P<0.01),
250 ppm (1.9640.24 mg/ml, P<0.01) and 500 ppm (3.5010.26
mg/ml, P<0.01) as compared to the control value (0.80£0.16
mg/ml). In contrast, r2u-globulin contents in the females were
much lower than those in the males and were not changed by
KBrO, exposure. Fig. 5 shows the changes of serum CRN lev-
els in rats of both sexes given KBrO, in the drinking water. In
contrast to the male data, revealing a slight, but statistically sig-
niftcant elevation at 250 ppm and above, there was no change
among the female groups.

Discussion

It is generally accepted that oxygen radicals can attack DNA to
produce damaged bases, including 8-oxodG, and/or injtiate the
oxidative decomposition of cellular membranes by LPO2»
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Fig. 3. BrdU-Lls for the proximal convoluted, straight and distal tu-
bules (PCT, PST, DT) of male and female rats given KBrQ; in the drink-
ing water for 4 weeks at doses of 0-50C ppm. Values are means+5D of
data for 5 rats. Significantly different (= P<0.01) from the control
group {0 ppm).
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which not only act as intermediates for free radical chain reac-
tions, but also generate various reactive aldehydes, such as mal-
ondialdehyde and trans-4-hydroxy-2-nonenal, which directly
form exocyclic DNA adducts.?>32 A single exposure of male
rats to KBrO; at high doses causes an increase of TBARS along
with 8-0xodG formation,?” which was also confirmed in the
present study using female rats, However, exposure to carcino-
genic doses in the drinking water failed to increase TBARS, in
spite of the elevation of 8-oxodG levels. Another group has
also reported that a single dose of KBrO; at a low dose did not
elevate etheno-DNA adducts formation or TBARS levels in the
kidneys of male rats.?V In the light of the finding of no initiat-
ing activity of KBrO; with a single i.g. administration at 300
mg/kg,*» our present data indicate that LPO might not be in-
volved in the renal carcinogenesis due to this compound. In-
stead, histological findings in the present study suggest an
involvement of LPQ in the nephrotoxicity induced by KBrO,. It
has recently been reported that reduction of KBrO; by sulfhy-
dryl compounds such as glutathione and cysteine yields bro-
mine oxides and bromine radicals, which can effectively
oxidize guanine.>® A large amount of cysteine is supplied as a
result of metabolism of glutathione by y-glutamyltransferase on
the proximal tubule brush borders,?® where KBrQ, reduction
might give rise to bromine oxides. Since they are stable in com-
parison with radicals, they might move into the nuclei, where
further reduction could generate bromine radicals in close prox-
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Fig. 4. oc2u-Globulin levels in kidneys of male and female rats given
KBrQ, in the drinking water for 4 weeks at doses of 0-500 ppm. Values
are meanstSD of data for 5 rats. Note the values for females are ug/ml.
Significantly different («+ P<0,01) from the control group (0 ppm).
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Fig. 5. Serum CRN levels in male and female rats given KBrQ; in the
drinking water for 4 weeks at doses of 0-500 ppm. Values are
meansSD of data for 5 rats. Significantly different {*, »* P<0.05, 0.01)
from the control group (0 ppm).
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imity to nuclear DNA, leading to formation of 8-oxodG without
any necessity for intervention of cellular LPO.

Kurokawa er al. earlier reported significantly elevated inci-
dences of renal cell tumors in male and female rats given
KBrO; at 250 and 500 ppm in the drinking water for 110
weeks.® A further dose-response study using only male rats
showed 125 ppm to also be a carcinogenic dose.’® However, a
recent study by another group demonstrated that while KBrQ,
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Fig. 6. (A) Renal cortex of a female rat treated with KBrO, at 80 my/
kg by single i.p. injection. Note hemorrhage and protein diapedesis in
Bowman’s capsule, accumulation of hyaline droplet-like material and
basophili¢ alteration in proximal tubules, H&E staining at x720 eriginal
magnification. (B) Renal medulla of a female rat treated with KBrO; at
80 mg/kg by single i.p. injection. Note extensive necrosis of collecting
ducts. H&E staining at x 180 original magnification. {C} Renal cortex of
a female rat treated with KBrQ,; at 500 ppm in drinking water for 4
weeks. BrdU-positive cells were seen in PCT (positive enzymatic reac-
tion for v-GT), but not in DT {negative enzymatic reaction for y-GT). -
GT-BrdU immunchistochemical staining at x720 original magnifica-
tion.
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at 400 ppm in the drinking water was able to induce tumors in
male rats with significant incidences, this was not the case with
200 ppm.*” For the present, it seems equivocal whether 125
ppm has a carcinogenic potential. Accordingly, the present
demonstration of increased 8-0xodG formation in kidney DNA
of male and female rats given KBrQ; at 250 and 500 ppm, but
not at 125 ppm and below, seem to be in accordance with the
carcinogenic data. In addition, the fact that KBrOs-induced re-
nal cell tumors originate from the proximal tubules®*” allows us
to hypothesize that oxidative stress participates in the carcino-
genesis. In a previous carcinogenicity study, the mean induction
time for tumors in males was much shorter than in fenales,?
but there was no sex difference with regard to doses inducing
8-0x0dG formation in the present study. Therefore, variation in
the tumor latency period might be explained by differential sus-
ceptibility to KBrOs-induced cell proliferation, rather than oxi-
dative stress.

In the two-stage rat renal carcinogenesis model vsing EHEN
as an injtiator, promoting activity of KBrO, was apparent in
both sexes of rats.?*-2% In particular, in males, a dose of 30 ppm
in the drinking water was sufficient for development of dys-
plastic foci from initiated cells. We also showed, in the present
study, that KBrQ; at the same dose was able to cause degenera-
tion and increase of BrdU-LI in the PCT in the males. 02u-
Globulin accumulation in the kidney of male rats exposed to
KBrO, was also observed in a dose-dependent manmer at 30
ppm and above, even though the increases at 30 and 60 ppm
were not statistically significant. It has been established that
this is associated with eventual cell death and subsequent cell
proliferation.?® Despite negative mutagenicity,”*® exposure to
this kind of chemical can lead to renal cell tumors in male rats,
which implies that o2u-globulin-mediated cell proliferation
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might be sufficient for tumer development.*” Thus, it is highly
probable that KBrO;-induced cell proliferation in PCT and sub-
sequent tumor-promoting activity observed in males might in-
volve o2u-globulin accumulation. However, the finding that
KBrO, exposure of female rats also increases BrdU-LI in PCT
at doses of 250 and 500 ppm in spite of the absence of ot2u-
globulin indicates an involvement of some other mechanism.
Considering that KBrO,; might be reduced to form more reac-
tive species at PCT, the good correlation between the doses
inducing 8-oxodG formation and elevation of BrdU-LI enables
us to hypothesize that the cell proliferation observed in female
rats might result from oxidative stress.!®? Since the histo-
pathological findings and serum biochemical parameters indi-
cate no obvious nephrotoxicity in female rats treated with
KBrQ, in the drinking water at any dose tested, oxidative stress
might act via mitogenic stimulation,*2-44

Judging from the female data, it appears that the cell prolifer-
ation gbserved in male rats at 125 ppm and below might be at-
tributed to o2u-globulin accumulation and not to oxidative
stress. In other words, the increase at 250 ppm and above in the
males might reflect the combined effects of the two. For risk
assessment of KBrQ; in the human situation, it is essential to
focus on oxidative stress and to ignore a2u-globulin-mediated
effects.® The overall data allow us to hypothesize that more
than 250 ppm of KBrO; in the drinking water is able to exert
both initiating and promoting activities in the kidney of rats of
both sexes by means of the generated oxidative stress. Long-
term studies now appear warranted for confirmation.

This study was supported by Grants-in-Aid from the Ministry of the
Environment.

15. Arashidani K, Iwamoto-Tanzka N, Muraoka M, Kasai K. Genotoxicity of
ribo- and deoxyribonucleosides of 8-hydroxyguanine, 5-hydroxycytosine,
and 2-hydroxyadenine: induction of SCE in human lymphocytes and
mutagenicity in Salmonelia ryphimurium TA100. Mutar Res 1998; 403: 223
7. .

16. Cheng KC, Cahill DS, Kasai H, Nishimura 5, Loeb LA, 8-Hydroxyguanine,
an abundant form of oxidative DNA damage, causes G-T and A-C substitu-
tions. J Biol Chem 1992; 267 166-72.

17. Le Page F, Margot A, Grollman AP, Sarasin A, Gentil A. Mutagenicity of a
unique §-oxoguanine in a human Ha-ras sequence in mammalian cells.
Carcinogenesis 1995; 16: 2779-84.

18. Nakae D, Umemura T, Kurckawa Y. Reactive oxygen and nitrogen oxzide
species-induced stress, a major intrinsic factor involved in carcinogenesis
processes and a possible target for cancer prevention. Asian Pacific J Cancer
Prev 2002, 3: 313-8.

19. Umemura T, Takagi A, Sai K, Haesgawa R, Kurokawa Y. Oxidative DNA
damage and cell proliferation in kidneys of male and female rats during 13-
weeks exposure to potassium bromate (KBrO,). Arch Toxicol 1998; 72: 264
9.

20. Kurokawa Y, Takamura N, Maisuoka C, Imazawa T, Matsushima Y, Onodera
H, Hayashi Y. Comparative studies on lipid peroxidation in the kidney of
rats, mice, and hamsters and on the effects of cysteine, glutathione, and
diethy! maleate treatment on mortality and nephrotoxicity after administra-
tion of potassium bromate. J Am Coll Toxicol 1987; 6: 489-501.

21. Chipman JK, Davies JE, Parsons JL, Nair J, O'Neill G, Fawell JK. DNA ox-
idation by potassium bromate; a direct mechanism or linked to peroxidation?
Toxicology 1998; 126: 93-102.

22. Chung FL, Chen HIC, Nath RG. Lipid peroxidation as a potential endoge-
nous source for the formation of exocyclic DNA adducts. Carcinogenesis
1996; 17: 2105-11.

23. Moller P, Wallin H. Adduct formation, mutagenesis and nucleotide excision
repair of DNA damage produced by reactive oxygen species and lipid perox-
idation product, Murar Res 1998; 410: 271-90.

24. Kurckawa Y, Takahashi M, Kokubo T, Ohno Y, Hayashi Y. Enhancement by
potassium bromate of renal tumorigenesis initiated by N-ethyl-N-hydroxy-
ethylnitrosamine in F-344 rats. Gann 1983: 74: 607-10.

25. Umemura T, Sai K, Takagi A, Hasegawa R, Kurokawa Y, A possibie role for
oxidative stress in  potassium bromate (KBr(Q,) carcinogenesis.
Carcinogenesis 1993; 16: 593-7.

26. Umemura T, Sai K, Takagi A, Hasegawa R, Kurckawa Y. A possible role for

CancerSci | May2004 | vol.95 | no.5 t 397



