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ABSTRACT  The toxicity of oral 2,4,6-trinitrophe-
nol (TNP) was determined in newborn rats, and com-
pared with that in young rats. In newborn rats, males
and females were given TNP at 0, 16.3, 81.4 or 407 mg/
kg per day on postnatal days (PND) 4-17 for the dose-
finding study, and at 0, 4.1, 16.3 or 65.1 mg/kg per day
on PND 4-21 for the main study. Deaths, lower body
weight (BW) and behavioral changes were found at §1.4
and 407 mg/kg per day in the dose-finding study, and
lower BW was observed in males at 65.1 mg/kg per day
during the dosing period of the main study. In young rats,
5-week-old males and females were given TNP at 0, 20,
100 or 500 mg/kg per day for 14 days as the dose-finding
study and at 0, 4, 20 or 100 mg/kg per day for 28 days as
the main study. Deaths were observed at 500 mg/kg per
day in the dose-finding study. Deaths or changes in BW
were not found at 100 mg/kg per day or less. At 100 mg/
kg per day, hemolytic anemia and testicular toxicity were
found. In conclusion, toxicity profiles induced by TNP
were markedly different between newborn and young
rats.

Key Words: 2, 4, 6-trinitrophenol, newborn rats, picric acid,
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INTRODUCTION

The adverse effects of environmental chemicals including
endocrine disruptors on not only contemporary but also
future generations are causing increasing concern. The pos-
sible toxic effect of chemicals on fetuses and newborns has
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aroused great concern among the public, and the protection
of fetuses and newborns has become a major scientific and
political issue.

Comprehensive statements for children’s health, consider-
ing their special vulnerability to certain toxic substances, are
shown in the US Environmental Protection Agency Chil-
dren’s Environmental Health Yearbook (US EPA 1998).
Infants and young children have greater respiratory and cir-
culatory flow rates, as well as energy and fluid requirements
than adults, giving rise to a greater potential for respiratory
and intestinal exposure to chemicals per unit body weight
(BW) (WHO 1986). Children live close to the ground
because of their behavioral patterns of play and their height
and perform hand-to-mouth activities, which would expose
them to much larger amounts of pollutants in dust and soil
(US EPA 1998). However, children could be less sensitive
than adults to some chemicals {NRC 1993) because infants
have more extracellular water that is the only avenue con-
necting cells with the outside world (Fomon et al, 1982),
enough amounts of toxic metabolites are not produced in
infants due to their immature metabolic capacities (Kearns
& Reed 1989), or the developing brain has increased
plasticity.

Because of these unique characteristics, children react
differently from adults. Differences in susceptibility to
toxicants between children and adults may result from a
combination of toxicokinetic, toxicedynamic and exposure
factors (Schwenk er al. 2002). The potential toxic effects of
chemicals on children cannot be anticipated using data on
adults, and a data set on exposed children is essential for the
assessment of children's health. Although gathering infor-
mation on the toxicity of chemicals in newborns is very
important to evaluate children’s health, toxicity data on
chemical compounds in newborns are limited.

We have already reported the differences in the suscepti-
bility to toxicities of chemicals between newborn and young
rats (Koizumi et al. 2001, Koizumi 2002, Koizumi 2003;
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Fukudz ¢f af. 2004). We demonstrated that the toxic response
in newborn rats was at most four times {4-nitrophenol
and 2.4-dinitrophenol), approximately three times (3-
aminophenol), and three to four times {(3-methylphenol)
higher than that in young rats, The toxicological profiles of
4-nitrophenol (Koizumi eral. 2001), 2,4-dinitrophenol
(Koizumi er al. 2001), 3-aminophenol(Koizumi ef af. 2002),
and 3-methylphenol (Koizumi er of. 2003) were similar in
newborn rats and young rats. The nephrotoxicity of tetrabro-
mobisphenol A was specific for newborn rats (Fukuda er af.
2004).

2,4,6-Trinitrophenol (TNP) was listed in the Organisation
for Economic Co-operation and Development {OECD) High
Production Volume Chemical Table in 1999, meaning that it
is produced at levels greater than 1000 tonnes per year in at
least one OECD member country. TNP is known as picric
acid, has a yellow color and is explosive. This compound is
used in the production of gunpowder, fireworks, agricultural
chemicals and dyes, and is widely used in industry, by the
military, and as a research/clinical chemistry reagent. Much
of the human toxicity data showed that exposure to picric
acid was primarily through inhalation of dust or through skin
contact {Wyman et al. 1992). This chemical caused irritation
of eyes, a transient yellowish appearance, and skin sensiti-
zation in humans (Health Council of the Netherlands 2002).
Wyman et al. (1992) investigated the acute toxicity, distribu-
tion, and metabolism of TNP using Fischer 344 rats. The
values of oral LD50 in male and female rats were 290 and
200 mg/kg, respectively. TNP was found to bring about
severe acidosis during acute intoxication. Recently, a 28-day
repeat dose oral toxicity study of this compound in young
rats was conducted as part of the Japanese Existing Chemical
Safety Program (MHLW 2001), in which the no observed
effect level (NOEL) and toxicity profile of chemicals were
evaluated.

In the present paper, we re-evaluated the toxicity of TNP
in young rats (MHLW 2001), determined the toxicity of TNP
in newborn rats, and compared the findings.

MATERIALS AND METHODS

Chemicals

TNP (2,4,6-trinitrophenol, CAS. no. 88-89-1, purity: 81.4%)
was obtained from Mitsui Chemicals (Tokyo, Japan) and
suspended in a 0.5% CMC-Na (carboxymethyl cellulose
sodium salt; Nacalai Tesque, Kyoto, Japan or Iwai Chemi-
cals, Tokyo, Japan) aqueous solution mixed with 0.1%
Tween-80 (polyoxyethylene sorbitan monooleate; Nacalai
Tesque, Kyoto, Japan or Difco Laboratories, Detroit, USA).

Animals
In the newborn rat study, pregnant SPF Crj:CD(SINIGS rats
{gestation day 13) were purchased from Atsugi Breeding
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Center, Charles River Japan ( Yokohama, Japan) and allowed
to deliver spontaneously. The animals were maintained in an
environmentally controlled room at 24 + 2°C with a relative
humidity of 55 £ 10% and a 12:12 h light/dark cycle. New-
born rats were separated from dams on postnatal day (PND) 3.

In the young rat study, 4-week-old males and females of
the same strain were purchased from the same farm. The
animals were maintained in an envirommentally controlled
room at 22 £ 2°C with a relative humidity of 55 + 15% and

a 12:12 h light/dark cycle.

All animals in the newborn and young rat studies were
allowed free access to a sterilized basal diet (MF, Oriental
Yeast, Tokyo, Japan) and water. Rats were euthanized by -
exsanguination under anesthesia using sodium pentobarbita)
in the newborn rat study and sodium thiopental in the young
rat study.

Repeated dose study in newborn rats
Time schedule of the newborn rat studies is shown in
Figure 1.

Dose-finding study

Sixteen males and 16 females were randomly selected and
assigned to four dose groups, including a control group. Four
foster mothers were used. One foster mother suckled the four
males and four females. Pups {4/sex per dose) were given
TNP by gavage at 0, 16.3, 81.4 or 407 mg (as TNP)kg per
day on PND 4-17 (14 days) and killed on PND 18 after
overnight starvation. General condition, BW, hematology,
blood biochemistry, necropsy, and organ weights were
examined.

Main study
Forty-eight males and 48 females for two autopsy groups
(the ends of the dosing period and recovery-maintenance
-period) were randomly selected and assigned to four dose
groups, including a control group. Twelve foster mothers
were used. One foster mother suckled the four males and
four females up to weaning on PND 22, After weaning, rats
of the recovery-maintenance group were individually main-
tained for 9 weeks. Pups (6/sex per dose) were given TNP
by gavage at 0, 4.1, 16.3 or 65.1 mg (as TNPykg per day on
PND 4-21 (18 days), and killed after overnight starvation
following the last treatment. The dosage levels were
determined based on the results of the dose-finding study
in newborn rats. Recovery-maintenance groups (6/sex per
dose) given the same dosages were maintained for 9 weeks
without chemical treatment and fully examined at 12 weeks,
almost the same age as at the end of the recovery period of
the main study of young rats. ‘
General condition was observed two times per day (before
and after administration} for pups (separated from each fos-
ter mother) and foster mothers during the dosing period, and
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Newborn rat study
Pestnatal day
Dose-finding study 0 4 17
4 rars/doselsex
Dose: 0, 16.3, 81.4, (407} mghg/days

Main study 2]
6 rats/dosel/sex 18 days

M. Takahashi et al.

14 days lAutopsy (day after the last treatment)

Autopsy {day after the last treatment)

6 rais/dosefsex 18 days

84]Aulopsy (9 weeks after the end of reatment)

Dose: 0, 4.1, 16.3, 65.1 mg/kp/day Dosing Period

Young rat study

Recovery—maintenance period

Postnatal week

Dose-finding study 4

5

7

Dose: 0, 20, 100, (500) mg/kg/day 3 rats/dose/sex

14 days ]Autopsy (day after the last treatment)

Main study

9

Dose: 0, 4, 20, 100 mg/kg/day 6 rats/dose/sex

28 days

Autopsy (day after the last treatment)

6 rats/dose/sex

28 days

lAutopsy (2 weeks after the end of treatment)

Fig.1 Time schedule of the newborn and young rat studies.

daily for pups during the recovery-maintenance period. BW
and food consumption were measured more than two times
per week. All pups were examined for developmental Jand-
marks; pinna detachment on PND 4, piliation on PND 8,
incisor eruption on PND 10, gait and eye opening on PND
15, testes descent on PND 21, preputial separation on PND

Dosing period

42, and/or vaginal opening on PND 42. BW was measured

. on the day of testes descent, preputial separation and/or
vaginal opening. All pups were examined for the assessment
of reflex ontogeny; surface righting reflex and ipsilateral
flexor reflex on PND 5, visual placing response on PND 16,
and Preyer’s reflex on PND 28.

In urinalysis, color, pH, occult blood, protein, glucose,
ketone bodies, bilirubin, urobilinogen, urine sediment, spe-
cific gravity, osmotic pressure and volume of urine were
examined only at the end of the recovery-maintenance
period. Rats were killed on PND 22 or PND 85, On the day
that the rats were killed, blood was collected from the
abdominal vein. Hematological parameters, such as the red
bload cell count (RBC), hemoglobin (Hb), hematocrit (Ht),
mean corpuscular volume (MCV), mean corpuscular
hemoglobin, mean corpuscular hemoglobin concentration
(MCHC), white blood cell count (WBC), platelet counts,
reticulocyte ratio (Ret), differential leukocyte count, and
blood clotting parameters, such as prothrombin time and
activated thromboplastin time, were determined. The blood
biochemical parameters, such as the total protein, albumin,
albumin-globulin ratio, glucose, total cholesterol, triglycer-
ides, total bilirubin, urea nitrogen, creatinine, aspartate
amjnotransferase (AST), alanine aminotransferase (ALT),

Recovery period

Y-glutamyl transpeptidase (y-GTP), alkaline phosphatase,
phospholipids, calcium, inorganic phosphorus, sodium,
potassium and chloride levels in serum, were also deter-
mined. After a gross examination, the brain, pituitary gland,
heart, thymus, liver, kidneys, spleen, adrenals, thyroids,
lungs, testes, epididymides and/or ovaries were weighed.
The organs were fixed with 10% buffered formation-
phosphate (2.5% glutaraldehyde's prefixation for the eyes,
Bouin's prefixation for the testes and epididymis) and
paraffin sections were routinely prepared and stained with
hematoxylin—eosin for microscopic examination. The study
using newborn rats was conducted at Panapharm Laborato-
ries Co., Ltd. (Uto, Japan) under Good Laboratory Practice
(GLP) conditions (OECD 1981; MHW 1988).

Repeated dose study in young rats
Time schedule of the young rat studies is shown in Figure 1.

Dose-finding study

Five-week-old rats (3/sex per dose) were given TNP by
gavage at 0, 20, 100 or 500 mg (as TNP)/kg per day for
14 days and killed the day following the last administration
after overnight starvation. General condition, BW and food
consumption, hematology, necropsy, and organ weights were
examined.

Main study

Fiye-week-old rats (6/sex per dose) were given TNP by
gavage at 0, 4, 20 or 100 mg (as TNP)/kg per day for 28 days
and killed after overnight starvation following the last
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treatment. The dosage levels were determined based on the
results of the dose-finding study in young rats. Recovery
groups (0 or 100 mg/kg per day) (6/sex per dose) were main-
tained for 2 weeks without chemical treatment and fully
examined at 11 weeks of age. Rats were examined for gen-
eral condition, BW, food consumption, urinalysis, hem-
atology and blood bicchemistry, necropsy findings, organ
weights and histopathological findings. The study using
young rats was conducted at Kashima Laboratory, Mitsub-
ishi Chemical Safety Institute Ltd. (Kashima, Japan} under
GLP conditions (MHW 1988; OECD 1997).

Statistical analysis

Continuous data were analyzed with Bartlett’s test for homo-
geneity of variance. If the data were homogeneous, Dun-
nett’s test was conducted for group comparisons between
control and individual TNP-treated groups. If not homoge-
nous, the data were analyzed using Steel’s test. Quantitative
data for histopathology were analyzed with Mann-
Whitney’s U-test or Fisher's exact test. In the newborn rat
study, the chi-square test was conducted for physical and
sexual development and reflex ontogeny. The 0.05 or 0.01
level of probability was used as the criterion for significance.

RESULTS

Repeated dose study in newborn rats

(dose-finding study)

Death occurred at 81.4 mg/kg per day in one male on day 3
of the dosing period, two females on days 6 and 7 of the
dosing period, and at 407 mg/kg per day in all rats by day 4
of the dosing period. In these dead rats, hypoactivity, bradyp-
nea and hypothermia were observed. Only hypoactivity was
found in surviving rats at §1.4 mg/kg per day on days 3, 5,
or 8 of the dosing peried. Yellowish fur was observed in all
TINP-treated rats,

A significantly lower BW (max. 16% decreased) in males,
and suppression of weight gain (max. 35% decreased) in
femmales were noted at 81.4 mg/kg per day. The organ
weights are summarized in Table 1. At 81.4 mg/kg per day,
a significantly higher relative weight of the liver (13%
increased) and lower relative weight of the kidney (14%
decreased) were observed in males.

No consistent changes related to the administration of
TNP in hematological or blood biochemical parameters or
necropsy findings were found at any doses.

Repeated dose study in newborn rats (main study)

There were no deaths throughout the experimental period in
males and females, even at 65.1 mg/kg per day. Yellowish
fur was observed in all TNP-treated rats. A significantly
lower BW (max. 7% decreased) was found in males on days
4 and 8 of the dosing period at 65.1 mg/kg per day. During

the recovery-maintenance period, no dose-dependent effects
on BW and food consumption were observed.

No toxicological effects of TNP on physical development,
reflex ontogeny, and sexual maturation were detected at any
doses in the newborn rat study.

The organ weights are summarized in Table 1. Signifi-
cantly higher relative weights of the liver in males and
females (13 and 12% increased, respectively) were observed
at 65.1 mg/kg per day.

No consistent changes related to the administration of
TNP were found in hematological or biochemical parame-
ters, urinalysis or histopathological findings.

Repeated dose study in young rats (dose-finding study)
All male rats and one female rat at 500 mg/kg per day died
by day 2 of the dosing period. No death was found at 20 and
100 mg/kg per day. Yellowish fur was observed in all TNP-
treated rats. BW of males and females at 20 and 100 mg/kg
per day were not significantly different from controls during
the dosing period.

The results of hematological examinations are summa-
rized in Table 2. Significantly lower values of Hb and Ht,
and a higher value of Ret were detected in females at
100 mg/kg per day.

The organ weights are summarized in Table 3. At 100 mg/
kg per day, a significantly higher value of relative spleen
weight (14% increased) in males, and a significantly higher
value of relative liver weight (18% increased) in females
were observed.

Repeated dose study in young rats (main study)

There were no deaths throughout the experimental period
even at 100 mg/kg per day. Yellowish fur was observed in
all TNP-treated rats. A yellowish color change of urine was
also found in all TNP-treated groups during the dosing
period and this coloration disappeared during the recovery
period. BW of malés and females in the TNP-treated groups
were not significantly different from controls during the dos-
ing and recovery periods. No consistent changes in food
consumption were found in the TNP-treated groups.

The results of hematological examinations are summa-
rized in Table 2. Significantly higher values of WBC and Ret
and lower values of RBC and Hb were observed in males at
100 mg/kg per day. At this dose, significantly higher values
of WBC, MCV and Ret, and lower values of RBC, Hb and
MCHC were also found in females.

The organ weights are summarized in Table 3. Signifi-
cantly higher values of relative liver weight (12% increased)
and relative spleen weight (45% increased) and significantly
lower value of relative epididymides weight (21%
decreased) were observed in males at 100 mg/kg per day at
the end of the dosing period. A Significantly lower value of
relative epididymides weight at 100 mg/kg per day was also
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noted at the end of the recovery period. At this dose in
females, significantly higher values of relative liver weight
(23% increased) and relative spleen weight (100%
increased) were noted. No other changes related to the
administration of TNP were found.

At the end of the dosing period, enlargement of the spleen
and erosion or ulcers in the cecum were observed in males
and females at 100 mg/kg per day. Small testes were found
at 100 mg/kg per day at the end of the recovery period.

The histopathological findings are summarized in Table 4.
Significant changes were noted at 100 mg/kg per day.
Spleens with the development of a germinal center and
extramedullary hematopoiesis were observed in males and
females at 100 mg/kg per day at the end of the dosing period.
Hemosiderin deposition in the spleen was found in males
and females at 100 mg/kg per day at the end of the dosing
and recovery periods. Centrilobular hypertrophy of hepato-
cytes in the liver and uleers in the cecum were observed in
males and females at 100 mg/kg per day at the end of the
dosing period. Testes with diffuse atrophy of seminiferous
tubules were noted at 100 mg/kg per day at the end of the
dosing period, and severe atrophy was observed at the end
of the recovery period. A decreased number of sperm and
lumen with cell debris were observed in the epididymides at
100 mg/kg per day at the end of the dosing and recovery
periods.

There were no consistent changes related to the adminis-
tration of TNP in biochemical parameters for blood or urine.

DISCUSSION

In the present study, we re-evaluated the toxicity of TNP in
young rats in terms of the NOAEL and toxicity profile, and
determined the toxicity of this chemical in newborn rats,
then compared the toxicity in newborn and young rats. We
showed here that TNP had a markedly different toxicity
profile between newborn and young rats.

As for the yellowish fur in all newborn and young rats
ireated with TNP, their hair roots and skin showed no anom-
alies therefore it does not seem to be an adverse effect of
TNP. '

In the newborn rat study, the major toxicity was death
and low BW without any other toxicologically significant
changes at 81.4 mg/kg per day in the dose-finding study,
Deaths occurred in days 3-7 after dosing onset. At the lower
dose, 65.1 mg/kg per day in the main study, a slightly low
BW in males was observed only at 4 and 8 days after dosing
onset. This slight and transient loss of BW might be accepted
as having no toxicological significance in general, but we
considered it to be closely related to the death that occurred
at the higher dose, 81.4 mg/kg per day, because death and
low BW were observed on the same days after dosing onset
(late in the first week). Slight changes in relative liver and
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kidney weights were observed but not considered toxicolog-
ically significant because there were no changes in biochem-
ical and urinary parameters, or histopathological findings.
Based on low BW at 65.1 mg/kg per day in males, the
NOAEL for newborn rats was considered 16.3 mg/kg per
day.

In the MHLW (2001) report, the NOEL was concluded
4 mg/kg per day based on yellowish fur and decreased level
of urine potassium in young rats. The major adverse effects
of TNP were hemolytic anemia and testicular toxicity with-
out death or changes of BW at 100 mg/kg per day in the
main study with young rats. No toxic effects were detected
at 20 mg/kg per day or less after administration of TNP in
the dose-finding or main study with young rats. Based on
these findings, we re-evaluated that the NOAEL for young
rats was considered 20 mg/kg per day.

TNP, at 81.4 mg/kg per day or more, caused behavioral
changes in the newbom rat study but not in the young rat
study at 100 mg/kg per day. The immature blood-brain bar-
rier in newborn rats may explain these phenomena. The
diffusional resistance is primarily the result of tight junctions
between endothelial cells, the absence of pores within the
cells and a thicker, more developed basement membrane
surrounding each cell (Reese & Karnovsky 1967; Scheuplein
etal. 2002). In rats, capillary diffusion decreases during
postnatal weeks 3—4 (Bir & Wolff 1972).

Histopathological and hematological examinations
revealed hemolytic anemia as evidenced by reductions of
RBC and Hb and hemosiderin deposition and extramedul-
lary hematopoiesis in spleen at 100 mg/kg per day in the
young rat study, but not in the newborn rat study at 81.4 mg/
kg per day. Hemolytic anemia can be induced by various
kinds of medicines and chemicals including some. aromatic
amines due to oxidation (Bloom & Brandt 2001). TNP may
not be the causal substance because it occurred in young rats
but not in newborn rats whose metabelic capacity is imma-
ture, such as Jower total cytochrome P-450 levels (Imaoka
et al. 1991). Thus, TNP metabolites might be the cause. As
for absorption and excretion of TNP in rats, Wyman e? al.
(1992) reported that fasted rats would absorb about 60% of
orally treated TNP in 24 h and the main metabolite was
picramic acid following oral dosing in rats. Picramic acid, a
type of aromatic amine, would be the most likely candidate,
although there is no evidence of hemolytic anemia caused
by picramic acid. The information together suggests that the
absence of hemolytic anemia in newborn rats may be dué to
insufficient amounts of picramic acid produced as a metab-
olite of TNP. .

As for the testicular toxicity, degenerating primary sper-
matocytes and alterations in Sertoli cells were caused by
di(2-ethylhexyl) phthalate in 5-week-old, but not 3-week-
old, rats (Sjoberg eral. 1985). TNP also had toxic effects
on the testes and epididymides in young rats, but not in
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Table 4 Histopathological findings at the end of dosing and recovery periods in the young rat main study of 2.4,6-
trinitrophenol :

Dosing periodt Recovery period
Dose (mg/kg per day) 0 4 20 100 0 100
Males
No. animals examined 6 6 6 6 6 6
Spleen
Development, germinal center + 0 0 0 5 * 0 0
Extramedullary hematopoiesis, erythrocyte + 0 0 0 6 0 0
Hemosiderin deposition Total 0 0 0 4 0 6
+ 0 0 0 3 0 6 o
++ 0 0 0 1 0 0
Cecum
Ulcer Total 0 0 0 4 0 0
+ 0 0 0 1 0 o
++ 0 0 0 2 0 0
+++ 0 0 0 1 0 0
Liver
Hypertrophy, hepatocytes, centrilobular + 0 0 0 4 0 0
Testis
Atrophy, seminiferous tubules, diffuse Total 0 0 0 6 0 5
+ 0 0 0 6 | *x 0 2 0w
++ 0 0 0 0 3
Epididymis '
Cell debris, lumen Total 0 0 0 4 0 1
+ 0 0 0 3 0 1
++ 0 0 0 1 0 0
Decrease in sperm Total o 0 0 6 0 3
+ 0 0 0 5 1 0 0
++ 0 0 0 1 0 1
+4 0 0 0 0 0 2
Females
No. animals examined 6 6 6 6 6 6
Spleen
Development, germinal center + 0 0 0 5 * 0 0
Extramedullary hematopoiesis, erythrocyte + 0 0 0 6 0 G
Hemosiderin deposition Total -0 0 0 6 0 6
T+ 0 0 0 3 e 0 6 ok
++ 0 0 0 3 0 0
Cecum
Ulcer ' ++ 0 0 0 3 0 0
Liver
Hypertrophy, hepatocytes, centrilobular o+ 0 0 0 3 0 0

Grade sign: +, mild; ++, moderate; +++, marked. tRats were killed at 7 weeks of age; frats were killed at 9 weeks
of age. *P < 0.05 and **P < 0.01 indicate significantly different from control group.
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newborn rats. The Sertohi cells play an important role in the
establishment and maintenance of the specific microenviron-
ment of the adluminal compartment of the seminiferous epi-
thelium and this is a prerequisite for normal spermatogenesis
(Sjsberg er al, 1986). In rats, Sertoli cells proliferate rapidly
from day 19 of gestation to PND 135, then slow down and
cease multiplying on approximately PND 20 (Orth 1982,
Orth 1984; Toppari eral. 1996). The dosing periods were
PND 4-21 and postnatal weeks 5-8 in the newborn and
young rat studies, respectively. Therefore, TNP seems
unlikely to affect the differentiation and proliferation of Ser-
toli cells, and seems likely to affect the maturation of sper-
matids, although it remains to be elucidated whether this is
a direct effect of TNP or some kind of TNP metabolite.

In conclusion, in the newborn rat study, the NOAEL for
TNP were 16.3 mg/kg per day, low BW at 65.1 mg/kg per
day or more, and death at 81.4 mg/kg per day were observed,
In the young rat study, the NOAEL for TNP were 20 mg/kg
per day and hemolytic anemia and testicular toxicity were
found at 100 mg/kg per day.
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ABSTRACT — The revision of the Japanese drinking water quality guidelines was established in May
2003. The WHO drinking water quality guidelines for the 3" edition were also revised and the draft has
been open to the public since last year. Most guideline values of each chemical in both Japan and WHO
were quite similar; however, there are different overt values for three chemicals. In this short communi-
cation, we describe them and discuss the reason for taking the different toxicity endpaints and derlvatlon
method for these three chemicals, di(2-ethylhexyl) phthalate, toluene and vinyl chloride.

KEY WORDS: Drinking water quality guidelines, Di(2-ethylhexy!) phthalate, Toluene, Viny! chloride

INTRODUCTION

The revision of the Japanese drinking water qual-
ity guideline was established in May 2003 and imple-
mented on May 2004. In this revising, regulated
chemical lists were modified because of the past detec-
tion trend or exposure prospect. The chemicals already
listed in the previous version were reevaluated and
chemicals newly listed in this revision were assessed
with the latest toxicity information. The Japanese
guidelines derivation has referred to the concurrent
WHO revision, and both of the general principles for
the guidelines (GD) derivation are almost the same.
Although most guideline values of chemicals in Japan
were similar to those of WHO, some minor differences
between WHO and Japan exist because of different
default body weight application for the guideline ealcu-
lation (50 kg/Japan vs. 60 kg/WHO). Furthermore, in
some cases, different drinking water contribution ratios
(allocation) to total exposure media were used for the
guideline values calculation from tolerable daily intake

(TDI) on account of the regional chemical expoéure
assessment. These differences were not owing to the
difference of health risk assessment per se. However,
the different guideline values for di(2-ethylhexyl)
phthalate (DEHP), toluene and viny! chloride between
the Japanese guidelines revision (2003) and the latest
rolling revision of WHO drinking water quality guide-
line were mainly caused by the health risk assessment
variation. In this short communication, we describe the
reason for taking the different toxicity endpoints or der-
ivation method of the guidelines. Table I shows the
guideline values for three chemicals of the WHO 2™
edition (WHO, 1996) established in 1994 and rolling
revision in 2003, and previous and present Japanese
versions.

DERIVATION OF GUIDELINE VALUES
Di(2-ethylhexyl) phthalate (DEHP)

“As the guideline value of DEHP by the WHO 2
edition, 0.008 mg/L was derived from a no observed
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adverse effect level (NOAEL) of 2.5 mg/kg/day in arat 40 pg/kg/day of TDI using 10% of allocation, and 2 L
feeding study (Morton, 1979) for 7 days according to of daily water intake for 50 kg body weight of the Jap-
no induction of hepatic peroxisome proliferation. The anese population. .
hepatic tumors were considered to be the most critical
endpoint and hepatic peroxisome proliferation to be Toluene
closely related to the carcinogenic mechanism. An In 1994, WHO tried to re-assess the toxicity data
uncertainty factor of 100 was applied only because of of toluene and made the same conclusion as the previ-
the animal most sensitive to peroxisome proliferation, ous value, 0.7 mg/L. A TDI of 0.223 mg/kg/day was
and the allocation of 1% that was used as DEHP is gen- derived using the lowest observed adverse effect level
erally not contained in food (WHO, 1996). For the lat- (LOAEL) for marginal hepatotoxicity in mice of 312
est WHO assessment, the guideline value of DEHP mg/kg/day (equivalent to 223 mg/kg/day, as there were
was not changed from the 2™ edition, because it was 5 days per week) (NTP, 1990) and applying an uncer-
not listed for the detailed reevaluation, tainty factor of 1,000 (100 for inter- and intra-species

In 1994, the Japanese government decided to use variation and 10 for the short duration of the study and
the same data and derivation method for domestic use of a LOAEL instead of a NOAEL). This TDI yields
drinking water guidelines except for 10% allocation a guideline value of 0.7 mg/L (rounded figure), allocat-
and 50 kg instead of 60 kg for human body weight. The ing 10% of the TDI to drinking-water (WHO, 1996).
guideline value was 0.06 mg/L. The Japanese government used the same data and

However, the Japanese government establ:shed a derivation method for the domestic drinking water
TDI for DEHP in 2001 when high contamination was guideline except for 50 kg instead of 60 kg for human
found in some specific foods and the health risk was body weight. The guideline value was established as
deeply concerned (Koizumi et al., 2001). In this 0.6 mg/L in 1994.
assessment, TDI ranging from 40 to 140 ug/kg/day For the new revision, the Japanese Government
was established from a NOAEL of 3.7 mg/ke/day for used a different toxicity endpoint, neurotoxicity, which
testicular toxicity in a rat study (Poon et al., 1997) and is the most typical toxicity for toluene, In the case of
14 mg/kg/day for reproductive toxicity in a mouse neurotoxicity with histopathological changes as well
study (Lamb et al., 1987), respectively, applying an as carcinogenicity and developmental toxicity without
uncertainty factor of 100 for intra- and interspecies dif- maternal toxicity, some additional uncertainty factors -
ferences. As for hepatic peroxisome proliferation, it - should be considered to derive a TDI, Toluene showed
was taken out for extrapolation to humans because neuropathological effects in the brain consisting of
IARC (2000) concluded that the hepatic tumor due to neuronal cell necrosis in the dentate gyrus and
DEHP in rodents (in association with peroxisome pro- Ammoen's homn of the hippocampus at 1250 and 2500
liferation) is not relevant to other animal species mg/kg/day. NOAEL for neurotoxicity was 625 mg/kg/
including humans (Group 3). Although it is clearly day (equivalent to 446 mg/kg/day, as there were 5 days
shown that there are strong species differences in tes- per week) and a TDI of 0.0892 mg/kg/day was derived
ticular toxicity such as severely toxic in rats and guinea by application of an uncertainty factor of 5,000 includ-
pigs, weakly in mice but not in hamsters, marmosets ing additional uncertainty factors of 5 for short expo-
and cynomolgus monkeys, the potential of testicular sure duration and 10 for neuropathological changes.
toxicity in humans cannot be excluded at this moment, This TDI yields a guideline value of 0.2 mg/L (rounded
Therefore, the guideline of 0.1 mg/L was derived from figure), allocating 10% of the TDI to drinking-water.

Table 1. Comparison of three guideline values (mg/L) between WHO and Japanese drinking water.

WHQO Guideline _ Japanese Guideline
1994 - Revising 2003 . 1994 2003
(2¥ed.) ) (3¥ed.)
DEHP 0.008 0.003* 0.06 0.1
Toluene 0.7 0.7 0.6 02
Vinyl chloride 0.005 0.0003 No setting 0.002

*. No detailed reevaluation draft.

Vol. 29 No. §
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Revision of the Jupunese drinking water quality guidelines.

Vinyl chloride

It has been generally accepted that a mathemati-
cal model such as a linearized multistage is appropriate
to estimate a low-dose cancer risk of a genotoxic car-
cinogen. There is sutficient evidence showing that
vinyl chloride is a multiple site carcinogen and its
metabolites are genotoxicants. Table 2 shows the inci-
dences of hepatic tumor-related lesions in studies
reported by Feron et al, (1981) and Til et af. (1991},

In the WHO 2™ edition, a linearized multistage
model was applied to the incidence of angiosarcomas
in temale rats which was reported by Feron et al.
(1981) only because of a good relationship with the
human incidence at that time. An excess cancer risk at
10-% was 0.010 mg/L. The guideline value was 0.005

mg/L, applying an uncertainty factor of 2 for double

risk by exposure from birth (WHO, 1996).

On the other hand, in the WHO rolling revision,
total liver tumors (angiosarcomas, hepatocellular car-
cinomas and neoplastic nodules) from the same study
are incorporated to derive the guideline value including
conversion to human equivalent doses (using the phys-
iologically based pharmacokinetic (PBPK) model of
U.S. EPA, 2000, Clewell et al., 2001). A linear low-

v

dose extrapolation was conducted by drawing a
straight [ine between 10% of the low estimate dose
(Benchmark dose approach) and the origin {zero dose).
The results were nearly identical with those derived

‘using the linearized multistage model. The concentra-

tions in drinking-water of 0.0005 mg/L were calculated
as being associated with excess risks of liver tumors of
10-% for lifetime exposure beginning at adulthood.
Exposure from birth would double this risk (U.S. EPA,
2000). This would result in a rounded guideline value
of 0.0003 mg/L for a theoretical risk of 107,

The guideline for vinyl chloride was not set in the
previous Japanese guideline.

As described in Table 2, Feron et al. (1981)
obtained clear evidence of carcinogenicity in rat liver
in a three-dose setting study but the low dose of .7
mg/kg/day was still carcinogenic in female rats. The
same group (Til et al., 1991) conducted a further study
up to 0.014 mg/kg/day and showed that the middle
dose of 0.13 mg/kg/day was a non-carcinogenic dose.
As both studies had been conducted under mostly the
same experimental conditions, these data would be
considered from a single study with doses ranging
1,000 times. For derivation of the newly established

Table 2. Summary incidence of hepatic tumor-related leisions for two rat carcinogenicity studies conducted by the

same group.

Til et al., 1991

Feron et al., 1981

mg/kg/day 0 0.014 0.13 1.3 0 1.7 5.0 14.1
Male
Neoplastic 0/99¢ 0/99 0/99 1/4% 0/55 1758 7756 23%759
nodules () ()] ()] (2.0) {0) (1.7 (12.3) 39.0
Hepatoceltular 0/99 0/99 0/99 3%149 0/55 1/58 T*156 23*/59
carcinoma ()] {0) Q)] (6.1) 0y (.7 (12.5) (39.0)
Angiosarcomas 0/99 0/9 0/99 1/49 0/55 1/58 2/56 8%/59
) ()] 0 (2.0) () (L.7) (3.6) (13.6) -
Female
Neoplastic 0/98 0/100 1796 9%/49 2457 26%%/58 39%/59 44*/57
nodules ()] (0 (1.0 (18.4) (8.8) (44.8) {66.1) (77.2)
Hepatocellular 1198 0/100 1796 3/49 0/57 4*/58 19%159 29%/57
carcinoma (L.0) (O (1.0) (6.1 [(0) (6.9) (33.2) (50.9)
Angiosarcomas 0/98 0/100 0/96 2/49 0/57 0/58 2/59 9%/57
Total liver 257 28/58 49/59 56/57
tumors® (8.8) (48.2) (83.1} {98.2)
“. Number of lesien-bearing animals / number of analyzed animals.
®: Percentages of incidences.
¢ The total number of animals with tumors derived from US IRIS(2000) / nurmber of analyzed animals.
Statistically significant compared to the controls with *p<0.05 or **p<0.01 was reported in the original articles.
Vol. 29 No. 5
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Japanese guideline value, the neoplastic nodules were
not taken into account for the following reasons. As
there was no diagnosis of nodular hyperplasia in those
reports, there is a possibility that the neoplastic nodules
may include not only hepatocellular adenoma but also
nodular hyperplasia, which is not considered to be a
neoplastic leision. The high incidence of neoplastic
nodules at 1.7 mg/kg/day in females quickly dropped
to less than half at 1.3 mg/kg/day and virtually no inci-
dence at (.13 mg/kg/day. This dose-response may not
be appropriate for extrapolation to low doses. The inci-
dence slope of total liver tumors mostly reflected the
high incidence of neoplastic nodules rather than the
real cancer incidence. In addition, because hepatocel-
lular carcinomas and angiosarcomas originate from
different cells, liver and vascular cells respectively, the
evaluation of combined incidences may draw a con-
flicting conclusion, Therefore, the dose-response inci-
dences of hepatocellular carcinoma in femalé rats were
considered to be most appropriate for application to
dose-response analysis, in view of data from the two
reports. After dose conversion based on the PBPK
model, an excess risk of 107% by the multistage model
was calculated to be 0.0875 mg/kg/day as a virtual

safety dose (VSD). The guideline of 0.002 mg/L was
derived using 2 L of daily water intake for 50 kg body
weight of the Japanese population. The allocation fac-
tor was not applied for the mathematical model
approach because of large uncertainty caused by
highly lower dose extrapolation.

DISCUSSION

Table 3 summarizes the derivation processes of
all three chemicals. Although the detailed reevaluation
draft for DEHP has not been published in the 3¥ WHO
water quality guideline, it was presumed that the deri-
vation process would be same as the 2™ edition
because were no changed guideline values. The gen-
eral principle for the derivation of TDI and VSD is the
same between Japan and WHO; however, the differ-
ence in the choice of critical endpoints leads to varied
guideline values. In the Japanese assessment, testicular

toxicity of DEHP and neurotoxicity of toluene were -

used to derive a TDI instead of their hepatotoxicity
adopted by WHO. In the case of vinyl chloride, the
same critical study was used for the guideline deriva-
tton, but the adopted neoplastic endpoints were differ-

Table 3. Summary of guideline value derivation in WHO (3% ed.) and Japan (2003).

uncertainty factor

TDI or body water  guideline

NOAEL

endpoint inter~  intra- useof study

nature of ysD*

allocation .
weight consump.  value

(mg/kg/day) species species LOAEL period toxicity {(mg/kg/day) (%) (kg) (L) {mg/L)

DEHP(WHO)

hepatic 2.5 10 10 0.025 ! 60 2 0.008

peroxisome

proliferation
DEHP(Japan)

testicular toxicity 3.7 10 10 0.04 10 50 2 0.1
Toluene(WHO) ! J

hepatotoxicity 223 10 10 10 0.223 10 60 2 0.7
Toluene{Japan)

neurotoxicity 446 10 . 10 10 0.0892 10 50 2 02
Vinyl chloride(WHO)

total liver tumors 0.00031

(angiosarcomg, hepatocellular carcinoma and neoplastic nodules)

Vinyl chloride(Japan)
hepatocellular carcinoma

0.0875* 50 2 0.002

% Derived from the 2" edition.

T At the initin) calculation from experimental animal data, the guideline concentration of 0.0005 rg/L was derived as 10-% excess risk
concentration during adulthood, Then the concentration was decreased to half because of doubled risk for exposure from birth.

*: Virtua) safety dose corresponding to an excess cancer risk of 10-5,
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ent from each other because of the ditferent
interpretation on the cancer risk assessment. The
adverse effects in experimental animals for the human
health assessment are chosen by consideration of
appropriate extrapolation to humans, which is expected
from the nature of the toxicity, toxicity mechanism,
etc. With regard to taking appropriate toxicity end-
points for derivation, the latest Japanese decision is
considered to be more suitable on the basis of recent
scientific consideration as described before. Because
the revisions for the 3™ edition of water quality guide-
lines in the WHO are still ongoing, the assessment and
the guideline value may be changed until the fixed ver-
sion is published.

As for the derivation of the guideline value from
the TDI, the estimation of the exposure contribution
ratio (the allocation) is another important issue. In the
case of DEHP, both levels of TDIs or NOAELs esti-
mated in Japan and WHO are similar, although the crit-
ical endpoints are different. The guideline values were
different at one order of degree from each other,
because the allocation factor for drinking water of the
TDI estimated in WHO was one-tenth of that in Japan.
The allocation depends on environmental circum-
stances as well as chemical physical properties, and
local exposure assessment is necessary for the estima-
tion of the allocation factor of the respective chemical.
Although the DEHP exposure contribution for drink-
ing water in the WHO 2™ edition was estimated to be
considerably lower, the allocation of 10% was applied
in Japan as the default value when the exposure assess-
ment was not elucidated.

Given the risk management of drinking water
supplied by the Waterworks, the derivation of the
guideline values of chemicals may be a regional issue.
However, a large amount of drinking water bottled as
mineral water has been circulating worldwide and the
regulated values of chemicals will also be based on the
drinking water guideline. Therefore the need for the
international harmonization of chemical risk assess-
ment will be required even more in the future.
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The recent TDI derivation of the dioxin based on the reproductive and developmental toxicity.

Akihiko Hirose and Makoto Ema
Division of Risk Assessment

SUMMARY

In 1998, WHO-IPCS re-assessed the TDI of dioxin, which was derived from the body burdens of TCDD exposed
to the experimental animals. Then, the international assessment agencies and governmental assessment agencies
have conducted the dioxin fs health assessment using the similar method to the WHO-IPCS approach. The key
endpoints were reproductive and developmental toxicity caused by in utero and lactational exposure. Each as-
sessment agencies used the similar dara set of the toxicity studies, however, there are some differences about the
TDI derivation method and the selection of adverse endpoints, This report reviewed the recent reproductive and
developmental toxicity studies of the dioxins and summarized the health assessment in the internationa! or gov-
emmental agencies, and discussed the appropriate TDI derivation.

Key Word: dioxin, tolerable daily intake, reproductive and developmental toxicity

([ . ]

1998 £ WHO-IPCS B8, XA A+ U OURAZHEEE
BLTHHNAFELVSESEAWT, A O8NS
(Ton DEFMETo70 . WHABETE 1999 £, kHE
BIRFRBICLTIDIORERTH>TVBD. Chllgid, 2
MANEREHOEWI V FRAVFELTTDIRSEL
TWEh, COEABERELVWIYZLERAVSC EICE
D, FIRHIRURASRTEICE 3 RERADOBEAL 0 RSt
OBVEREELEZC EAEOMNC 5T, TOHR, ©
NLBERE T — O w S BED JECFA 73 E DFEMAA T, ©
OFHEEIC IR ARSI HEL TE TV S, AR
Tk, TOMEEDRE T FRA VM THEIXA AT
VI K AERBESTICIEL T, 1998ELEOH LWEER
L BEBIUERFMBBETOTDIEEREEE LS
LI, RS TOEYZTDINS D AICDNTERL.

KRB ER & TDI

=T, KAERELRA VI TDI OEEEIC OV TGS
Y. —IRC{CEMEOR BRI, RLBESIEOHWE
HENLY FRA MERICHES NS, e FERSEELE
ERATETMEOBRVWEZMEL FOMRYL A& T
NERGBN, OFIIERZEOTHBEF 22 RT3 T
EEHEL <, WtESNC B B bEmE RS AR RIC,
E MIBW BEMHEREZ B LT 5. 1990580188
ETUFMAF L TRVESHEOEVELE, (Fo
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BEEICHT 2RVANTHE B EEZAONTED, SFEEYD
Z, Ty FERVIDREMOERRREHIRC B B g
PEEt (NOAEL) ! Ing/kg/day Z48iC, FEEEGFE (813
100) Z2@AL THE 1 BEREEREL TV, LHvL,
1998 D WHO-IPCS1) TOEFMELIHIR , A+ 0HD
KO IHEEELEH L, B, BVOEREMNMIT
TRACARICIEEMBENERL TV TER, e b ET v R
TREBEZLHEEENARZBI LMD, RESLERUNE
(=tkHNALER) AR ISy FTELLERB DL
iCxh, #EEEN-AICLTESERRE LRI Z0HEY
TREWEREIEN. &, A4S VBIcE 2 ERR
REBEHETHIRNAERRICHEELTRELTVWSC L
MREN, EFR, TORNARREREICE B RS
ZITD &5 oM, COBNERREVSITELERWVS

CEicEh, tERORPAKE DS, IERARUELRT
ICEBRMRADHENL DRSO TNEEERL 23
CENRLMI Ao, CORE, BERE L N ETS & O
Hiz 0a2R—= AV b EFLOBRKELCBITS , T
OEMNTRICENTES.

HHLE (ng/kg/day) = [tk B R (ng/kg) X 1n()) /[
B (day) X TUREE]

T, e P PHRIMMCBEST 2R AR LD, e b3



RIf i q1224 (2oud)

M TRECANATTETHEENRRT 3 L MENT
WA, LMo T, TDIERDBCIE, £9ipdic By
TREECEABNRTRRT I FRA M EEEL,
FOUAAERBICEVTId e FTLRENEESIND &
RET%. F0ig, LEOXN S ZOEARATAICHEYT 2
EMCBOZIAHREEEBL, Oy UTHERZ
HEMEMLT, TDIRFEETI LW FEERSC &Lk
a5,

FAFF BT DERERESM

1998 FELIRRIC/NE T NI 2,3, 7, 8- ML IRV VIS Y
FF 2/ (TCOD) DEFREEMICET 2N OAFIT DN
THETL 72 (Table 1).

SD v HDLEHE 15 Bic 200 F7zlE 1000 ng/kg O TCDD
EHEEGFHEORS LIc& T AY |, B TCDD IR5E TRHA
FEAMET L, 1000 npg/kg REBTRHERBOR LA
SNhY, HIROBEIZWE TCDD REDBERBER T N
odz . HEROER 30 BBV T 1000 ng/kg REEET 17-
L RO S—EEERUBHEATROMET, £1%458
KO3 g~-RUIT - FaxyR 5oL FFe Fo
Tt 5 a-VE7E~CEEERRULERT >V Fa
FUBEDETIED N,

Holtzman 5+ + OEYR 15 B 250 ng/kg O TCDD £ E[@E
EARRORE LY &I, TCODRSOMIRICHEE L
ERFROED, SIREROETIAREEI NN, ML
MAZEACRATERE (AGD) , 1ERUFA, $EB0O | ATELE,
HERRUMARER < BILMERERIC TCDD 5 08%
o hixhoiz,

Holtzman 5 v + DYEHE 15 BiZ 1000 ng/kg ¢ TCDD A B
ERERHEOIRE LY LT3, 1851% 4 BOMRRTI 2
S—EREOMFHRONE, 2 25 —EMSDEE, YU
TEBRTOMENMER TN, ThHARARI Evaginal thread
(BR)DEFERTH B ENRM N

Long Evans 7 FOfEHR 15 BIC 1000 ng/kg O TCDD #
EEREHRORE LY, HROBBICDWTHARL. BIEA
BRUBEERICIERIZAETTCOD RS LB E
OcER B SN0 Y, 49 BUUFE T3 TCDD {358
KEWTETHAESHONE. TCODRSUTRIRELED
MERUHERETIRECLICE T, BBORERER
THIEMNTREE N

Syrian/ > L A X — DR 11,5 BiC 2000 ng/kg O TCDD %
SEREEORS LIZ L C A, BIEKDEEFERRUKE, Wi
TCOD IRESDNFFIHONAh o /=H, TCDD REMDFI
WO ETES MG, FEDEE, BRERINOE{ESRM SN
fo. iR TRIBHEOREHEMNRE I NIAY, vaginal thread
X o, MR RIRIUE oM L RERE g b T
A, TCOD R ERTUIRSHET L, dFdRNNL A 2 —DIEL
FUF, DRI, SRR TAREI N, Th

SOOI S | ATIREHAC TSR ER L R E L VG RTO
TCDD MO, WERIHAE, Y MES oD s I 1 Ky
ETCEAPELSMIR ST,

I Wistar 2 BIC 25, 60 7214 300 ng/kg ¢ TCDD %
ZEECHT 2 NS TS U, SCHCAT, 288adr, SRR N U IR
FLbEMC T, 5, 12 %722 60 ng/kg O TCOD 28 1 B
TiRE LI (300/60 ng/kg RS TES v ORI
ETL, @®ROhESR7A 270 VilEOETFHAELLN
7o. R TCOD RS HOM R THRE EAORTE, o 1
HBRTFEERUBFEBROET, REMFUEOLR,
TEROEBFEHBEEI NS, | HETFEELAOT , FHA
¥ MBS EAR-RICHFREH SN . Rt
£33 25/5 ng/kg (0.8 ng/kg/day IKHEE) THo/z.

Holtzman v FOOWEUR 15 81 12.5, 50, 200 =42 800
ng/kg @ TCOD ZEEIMHIEOIRE L & EDRICHT B2
EOMFTHEIIREMARM TITb /.50 ng/kg THE 63
RU120 BIc B 5 HROACDHER L, 12.5 ng/kg TLE
120 OB AIRTSIARE BB UIz™ . 4142, 49%721363
BICiERERE L2 T 5,800 ng/kg T ADC DIFHIN'H 5
Nl | BREFEERUHE RO FREICELE
Bhohizhofam | %49 /22120 BORBERETIE,
200 ng/kg AL TREERFILIRE R DX TARBE T 1, 50 ng/
kgL ETAZ 120 BV THROAD AR LA, 15
DERRUCHSEEYNRE, | BREFEL, HELKE
B, B LERERORTRE, OERLE 2 LI TCDOD
REOREEIESH N Eho Y L Bz, 412 49 HOHER
ONFEE IR BT 200 ng/kg LLET 5 @ —reductase type
2 mRNA L0 L5, 50 ng/kg LA LT androgen receptor
mRNA L-ULOETARBRS N1 £ 5 BOBAD
BAHRD CYPIAI mRNA induction 48200 ng/kg A ETH SN
T3 (1 B 3 FIORERTH DRI DWTIETRH)

A, FIROE R UEEEICIE 800 ng/kg TE TCDD OF

BIRgThiah-icw

Long Evans 5 +O4E4R 15 BiC 800 ng/kg © TCDD %4
BELf-bE, EROZRTUVOELFRINT VAW | &
7z . BEHR 15 10D Long Evans F v M 100, 300 7212 1000
ng/kg O TCDD % HEFMECHRE L, Fa OMAE THIR
L7z 3, FLIZEWT 1000 ng/kg THERDAIIIRE G
DETRUTA AT L~ULOETF, EROFERUYR
HEROBTAFRSA, AGD, FETIE6E, MiEmkEA,
EEICIE TOD OEBIRBHONT , F2 LIS AUCHT 3
ERgmEIhEhoicm

BEUR 18 HEC 20, 60 F =4 180 ng/kg O TCOD % Hifu)ih
HE2 1 5. U 7= Holtzman 7 v FORERIC B SR TT
DITINZE(CA 180 ng/kg TEBHENTNE ™ |
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Table 1. Sutmmary of the reproductive and developmental
elfeets by TCDD {published aficr 1988)
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tneahre
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AL Hehrn) e pavaqe m 1S rcpaansy 133,00 T diirrased ATHD ey i 50 mg g
Ao VT A LG O b T T g K

o Hevw i ol i s, bl Wovptel.

s Lo Bl cmghe greag m dar ]S o0 peegm - ahaaioal et hebvan sl

B, KA (U s caned kot wicres s ovary wrighta mt £ 1 8 1190 ug by
e etbente s ACH, e v, st vkl ik i 1 N, w cifecte 0
o i rymrdiior caydy e F2 8 14§

rate lowg Ersmal  sanle givact om derdh of pegsan

vatntthohmitt gl pavape o ey 150 e gy oo DI i e v i oy it o, comget 30 gy

1998 SELIEOER A S L UEEO A 1 431 51

1998 £ WHO-IPCS TiITh NIz A4 A% VED TDIL BT
L%, A EEGHBERRRUERBETY M 4F
ORISR e N EHIEDE SRS DV TLLTIIR
F & &7 (Table 2).

1998 £ WHO-IPCS HHMREE& T, Ll L &SI
TCDD DEFEANYE FEF S EHETRELLBRZ &b
5, FRABRR LV RSERAWTE PADEREZTY, &
FOEAGEENL IHERELFERLUIE, TDIELTI
~4 pg TEQ/kg/day EEiE Lz, oLk E, RHDHE L x>
ERLIENVMEAREE TENSEEL L TR, YNICBTS
FERBRERUBETHZENESEANORE LT >HEOR
Raf  REARBIC L3 XML MIETRERE - L&
WThyh, RIEFERRANGRESE LTIE28~73 ng/kg
ERFEL LN, WHO-IPCS TIIChLDEMRD S B LA
ETDIEEDEMET2HUTiIEAL, LYV ELTE
AEDH S TOIEEET AT kicizo/zv.

HYNETIZI99E, BEE4 LRETFOSRAEMRESE (W
REEFASRERESS, FRREENS, ARHERE
£) IKBWVWT, WHO-IPCS)DEXFEZERLL, TCDD
LB BHEBEETEZANAFEDREELL, FRELT
FOROBMBYE /SEHARBI X3 REROEHBERER
e REHHLCE T 2 E % TDI OREEM E U THRL
fo. ZOR, REBEVWEABFEEZRLULIOE Fagi 569 D
T 27 ng/kg. i Ohsako 5V 5 [HRIRERERD
F=2EF| AL D43 ng/kg THoTeh, TNOHOHET
DERFATEIOTIH R, EROEHLFREEERL,
FOMDEEOBRLELIET 2 &, #4286 ng/kg LLETH
PHENBETHCTENEYTHD LWL £z, D

b &V OTENBME & R TTREA OB RORER

(&, ZOERFECEREAERT LV O TEERHNIC
RN EE L. TOE, ARBEMHESS ng/kg®
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TDUEGEDWIES & U, FIEREH 10 2T, TDI% 4
peTiQ/kg/day & Liz? .

LT EPA 02 2000 OB R T 7 Mk, K4 4F2 Y
Ktz B apis e Atiic b 2 £ L, IJJ?’/J%'?I&U&
FOEFEEO L EEH I NLRNEM L L BICEDA
TEDV R 7 ZEEE LIz, ZOREH 1 pgTi‘Q/kg/day Hizh
DFEVAVATEI0007D 1 THILL, BEDR» TS
FUFLNIVORIIZBF B Y X7 100~ 10005700 1 0
fillcHh Bz LEIM LT, R, REGSEHEINZITHA 50
FBH ECFH M9 3 Reference dose i DWW THE, B RSy
GTZYEREUARANLNERELTEARIENSRELT,
WHO-IPCS TEFM L 72 1 ~ 4 pgTEQ/kg/day &5 TDI XY
ATRE=TVAVFDEAELTREYTHLLLTNE
iy

EC ¢ Scientific Commitiee on Food (SCF)AS2000 & 11 H
WKITo I EA A5 AEFFEMTIE, WHO-IPCSY TOFFME
ERRIC, AABTEDIESZAW, BEANAREOI VK
RAFELT, HIIZ B 5 TEABERU BTN
RENDTZE LT > WHEORRE /BEILRGICL 2 K1
ROLEBERERY - RGNHERY BT, COEED

© ENAREE 25 ~60 ng/kg (WHO-IPCS) EFILF—%

Ty PEAVTWAA, EICHENRINEE 60% LD LED
WIKCRELTWS T &, BERSOERER BIBNHARO
ERTHONOBRLHUBTELALSKHELTHA 18
BlRoffEti->T3) LREIY, THERRFRR. 6,15
TDI & UTid 1 ~3 pglEQ/kg &EtE L7z, SCFTTOL
YITHEZ 6Nz TDI DR 5 B—DOER R T 350
BRUCZ LT &, BEMZTDIE LT, 1 pgTEY/ kg
IKERETHI LOMEMCIEs 2 L, 44322088
DEWMEANBEMZEEL T, 1 AMEMONREHENE: L
T 7 pgTEQ/kg/week (-—-TWT : temporary tolerable weekly .
intake) ZEIEG A Liddxo2™ .  LAL 2000 E5AIC
i, FiioRINRELMA, YEBEORBELZ1T>
fo. $l=iS, Faqi B2 ¥ Ohsako 5V OF—ZEEBML, &
EEEEREMNABRE L T40~100 ng/kg, BBEERA
HEE LT 20 ng/kg 2T NEThEHLL . BEEENANR
M5 TDIREHT 5L, 3 pglEQ/ke/day £/ 34%, Fagi ©
Y D Wistar 7 P ERAVIEAD, BEESFNEEISN,
40 ng/kg MO TDIREIMT 5 & 2 pgTEQ/kg/day L ko 7z
WE DTV OBER S EIZEOFHNL Y FRA b
LTEDHIFSNTWED, SROEHEEIMRTER
Molefedh, SEIEER LMo, THII, BRI,
ATEl & R, RWIEPIER RIS L, 1 AR EEI
mE LT 14 pgTEQ/kg/week & Lizw |

2001 £ 6 AICfTd N7z FAO & WHO O SRSk SE
PIREME T, EC-SCF" TOMIMIILBMOT -2ty b
ZRWT, FHIEIT 2AY, MERARSE E LTIRERFDERE
WEBAZENEIC, ECOMEI D RVHIE L7y BHFER
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(TMD) ZEIE L. BERRE L2 RNARELLTE
SCF D&Ml & FHC RIEBERIRANEETR Faqi 5% O
7T—&) LEEEENARER (Ohsako 5 OF—X) 28
KERZTo 12N, ZOBORMRS T 2 MERTF-
HHRBRBOHESEIL, Linear fit model (BIEIREF
) & Power fitmodel (NERERTFIL) L5 2004
EEZHHPTHD . TNEOREEFE LIZ SCF LA TMI
ZRIHT 5 & 40~100 pg TEQ/kg/month DIEHIZI 0 | 5
ETHL & LTIPRHEEE - T, 70 pgTEY/kg/nonth % &%
Lf: m)_ .

FE D YK-Food Standards Agency (FSA) Tl EC-SCFW
UIECFAWDEI AR BEAMICIEA LY, SRS HOT
IYFRAPELT, Ty FHEANOEMBEEORERY
(FHIHFERADEE ERVTVLAY, AREHEON
Eid, EC-SCFWRJECFAM LRI, BLRBTHNE
RAEEIRISHE L, COMBORROENEH R L Bk
OFEABFERLOLERVWTERRS L RERSTELO
BERNAFREOEDHEEITo> /2. TOER, FagibDF—
RICEDOTHELNIMEE 16 BOBEROENEHBIE 33
ng/kg/day & RIL 5z, TOfEH S EC-SCF R U JECFA
EEERDTFESR LRI (9.6) ZAVWTTDI & LT 2 pgTEQY/
kg/day ZEIHE L7z . EC-SCFW JECFA Tld 1 BRI 14
RBIEDOMBBEL LTEIELTWSA, TDI L LTER
TBRANEYT, bhOPTETZEHT, TDITOES
EERALTVEY, RICEHMTTDI 2 208N
HoTHLEARRRAKRECERT AT L, B

Table 2. Summary of tolerable intake derivations for TCDD in
the assessment agencies

At L [EE [ Vb s i
i (gt iy sk s v
WIRLIPCS  dreremnal s cmieH il 14 pe Sytey
Y SR—— Ben 8 e gy " Lbeelcdsy .
et e Aotrmee ia feusde (run, 2 pr gty
imriutechaveural eMere pmeh oy 2 vy
Lapam il s Gt (14, itramed pomsd - a Srripdey dyckedey
o, o), S S LA 1 ]
POACE el e e L) - gy b L g gk
12py rpaamy
F=/8 drrtimnd upom g i ¢t Lwy 420 430y by e e TP
vt ol wmpemal dnami o ot [Pi] How 2} 7w Y g 22 10 gy ey
LW,y 17 perpiay "

drcrrasrd apes pusdrymn i 1. »n

Imhiday

Do EEENTH 2 TENIESEENENZC i
BOTHB3 L0 TEMNFHMEENTHED

HEH

BIAD EC, JECFA, UK DHA A X VHEEMITIRER
ENTWBT—&ty M, 19995 RATRTITbh - B
lTRAVENILDEIZERICTHEN, FqiB® O 1 B
HTEEE R T Ohsako 5 ' DOHERD AGD BBOMEHE
LEEMOBVWIYFRS P THB L LTHRHNBES S
FEL, TDIREDO:HOURSAE LTHBLTYWS. =

EZIE, SCRIMICR IRV ARIE TRITY 3 TCDD Df
BE LT, HoltzmanZ v FDEERIC VT4 ng/kgld Eo
REETIRESN | BEFREERTNUR R AT
DA | Long Evans T +OERIC U T 50 ng/kg &L
L ORE & TRES N BIREE N U 5 e |
Wistar 7 OREIUZ BT 25/5 ng/kgbd D58 TR
mENI 1 BRTEEETRUEITHOREY , Holtzman
7 FOBRICEBWT 50 ng/kg UL DRSS EBTHREE N
AGDFZHE"™ ARBENT LS.

Gray 5% ORE LI FRIGER | BEFOEBNTSHD,
ENFORREFENEEAOND. i, SR THIC OV
TR CORBBRTEELHRMNIEHRESR D00 ng/kgl?
HCRBOHENLDTHD , §iE™ ORIFL 8T

WUET B L 50 ng/kg UL THEEAED SN LE S R

THd. ThEDRMEE TDI BEDIRMRE T3 LIkl
MmeFEZLNES . ‘

Faqi 5% OWE LB ROBITFHOTLICIIAR - BiS
BFEILERSD SNz,

Ohsako 5% {T & DR AGD IEHEAME S NTVS.
AGD DIEEIC L BHIEE (AGD/cube root of body weight)
BREINTELST, AGDEHROEERIEETSHH, ROE
%63 Y LAKIA"Y KEENICEDSNETETS
H, BEENEBERERITFVWEEILNS.

TCODOREFHITR, BT T 2B DN TIIE { O
ENH LN, TCDD DRFHIRE, ¥FICx$ 5 TCDD OF
FCMEBTELNBENS . Ohsake 59 10 LA FAEER
RURROREERZHIATRICIZ 800 ng/kg £ THTCDD -
REOZEERDSNEN 2L LTWE ., X5 14) 1
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