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Bullet Points (these sentences will remove for submission)

Correlations between half-life of 2,3,4,7,8-PeCDF and symptoms were evaluated.
Symptoms that accelerate excretion of lipids may lead to a shorter half-life.

Red blood cells are related to the half-life of 2,3,4,7,8-PeCDF.

Further studies are required to investigate the excretory mechanism of 2,3,4,7,8-

PeCDF.

Abstract

Background

In 1968, many people developed dioxin poisoning (Yusho) in Japan. Ingestion of
2,3.4,7,8-pentachlorodibenzofuran (2,3,4,7,8-PeCDF) was considered to be the cause
of this poisoning. Although some patients had high concentrations of 2,3,4,7,8-

PeCDF in their blood, individuals” half-lives of 2,3,4,7,8-PeCDF were long.

Objectives

To evaluate the relationship between clinical and laboratory parameters and the

individual half-life of 2,3,4,7,8-PeCDF in blood.

Methods

Clinical and laboratory data were collected during annual check-ups from 2001 to
2008. We enrolled 71 patients, who were measured more than 3 times, and who had
2,3.,4,7,8-PeCDF concentrations in blood >50 pg g_l lipid. The half-life of 2,3,4,7,8-

PeCDF for each patient was estimated using linear regression. Moreover,
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relationships between clinical and laboratory parameters and individual half-life were

investigated by linear regression.

Results

A shortened individual half-life for 2,3,4,7,8-PeCDF was significantly correlated with
an increased red blood cell count, increased viscous secretions from the meibomian

glands, existing black comedones, and severe cedar pollen allergy.

Conclusions

Symptoms that accelerate excretion of lipids from the body, such as viscous
secretions from the meibomian glands, may lead to a shorter half-life of 2,3,4,7,8-
PeCDF. Red blood cells are related to the half-life of 2,3,4,7,8-PeCDF. However,
further studies are required to investigate the excretory mechanism of 2,3,4,7,8-

PeCDF.

Keywords
Dibenzofuran, cedar pollen allergy, Yusho, half-life, red blood cell, 2,3,4,7,8-

pentachlorodibenzofuran
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Abbreviations
PeCDF: pentachlorodibenzofuran
PCB: polychlorinated biphenyl

RAST: radio allergosorbent test

1. Introduction

In 1968, an unknown disease was diagnosed in patients in Western Japan who had
presented with several devastating symptoms. This disease was named “Yusho”.
These patients had ingested rice-bran oil contaminated with extremely high
concentrations of various polychlorinated biphenyls and dioxin-like compounds
(Furue et al. 2005; Yoshimura 2003). At the time, poisoning due to polychlorinated
biphenyls was thought to be the cause of Yusho. However, subsequent chemical
analyses and medical investigations revealed that the dioxin-like compound 2,3,4,7,8-
pentachlorodibenzofuran (2,3,4,7,8-PeCDF) was the main causative agent (Furue et al.
2005; Tida et al. 2003; Imamura et al. 1977; Toyoda et al. 1999: Yoshimura 2003).
Since 2001, medical examinations have been conducted annually in subjects with
Yusho to measure the concentrations of dioxin-like compounds (Kanagawa and
Imamura 2005; Todaka et al. 2003). Such dioxin-like compound measurements are
used to estimate the half-lives of 2,3,4,7,8-PeCDF in individual patients. In recent
years, our research team has published several articles on the association between
health outcomes and PCDF exposure, using a wealth of data and inter alia data-
mining methods. Also, kinetic calculations have been published earlier using the

binary logarithmic value of each dioxin concentration as a dependent variable and the
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year of measurement as the independent variable. The linear coefficient obtained from
this linear regression analysis was the negative reciprocal number of the half-life. We
previously estimated individuals” half-lives of 2,3,4,7,8-PeCDF in >100 patients with
Yusho and observed that the half-life varied among patients and that there were two
peaks. At first sight, the bimodal distribution was unexpected on physiological
grounds (Matsumoto et al. 2009). In some of these patients, the concentrations were
high and the half-lives appeared to be infinite. Ongoing ingestion of large amounts of
2,3,4,7,8-PeCDF is unlikely because of recent restrictions on dioxins and dioxin-like
compounds. The distribution of the reciprocals of half-lives is similar to a normal
distribution. It was considered that these deviations were caused by a randomness that
obeyed a normal dis&ibution. These deviations were considered to be due to
measurement errors and changes in body weight in adulthood, which obeyed a normal
distribution. The mode of the distribution of the reciprocal of half-lives indicated an
infinite half-life. It was thought that this infinite half-life was the result of removing
the randomness. Hence, this infinite half-life was not the apparent half-life shown by
Shirai and Kissel (Shirai and Kissel 1996). A clear conceptual distinction between
apparent and true half-lives is required to reduce the uncertainty in the elimination
half-lives of persistent chemicals (Milbrath et al. 2009, Ritter et al. 2011). However,
the infinite half-life reported previously is close to the true half-life, because these
half-lives were estimated for patients with high concentrations. This discrepancy of
“the true half-life is less than 1015 years”, as stated by Ritter et al. (Ritter et al.
2011). It is considered that the term “true half-life” has two meanings: one is the “true
half-life” for each individual, and the other is a representative value of the “true half-

lives” of a group. Ritter et al. used “true half-life” as a representative value of true
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half-lives. To investigate the half-life and underlying mechanisms, a physiologically
based pharmacokinetic (PBPK) model was used. Kreuzer et al. described the lifetime
body burden of 2,3,7,8-tetrachlorodibenzodioxin (Kreutzer et al. 1997). Milbrath et al.
presented another model. However, these models could not show a bimodal
distribution. A model involving discrete parameters to show the bimodal distribution
is needed.

In early studies of half-lives of dioxins, the status of patients was disregarded, and
individuals’ apparent half-lives were determined to calculate the representative value
(Masuda et al. 1995). Flesch-Janys et al. determined individuals’ half-lives to examine
the relationship between the individual half-life and patient status (Flesch-Janys et al.
1996). Ritter et al. determined the representative value of true half-lives from
measurements in healthy individuals by assuming that true half-lives did not vary
between individuals (Ritter et al. 2011). However, there are no reports on whether
individuals’ true half-lives are equal among individuals.

We aimed to evaluate the relationship between the individual true half-life of
2,3,4,7,8-PeCDF in blood and the status of individuals with Yusho. Items strongly

correlated with half-lives are good candidates to enhance the PBPK model.
2.Methods

2.1.Subjects

Of 267 patients whose 2,3,4,7,8-PeCDF concentrations in blood were measured four
times or more between 2001 and 2008, we selected 72 patients whose concentrations
of 2,3,4,7,8-PeCDF in blood were >50 pg g_l lipid. Blood concentrations of 2,3,4,7,8-

PeCDF were 52.9-1230.3 pg ¢ lipid (mean + SD, 283.4 + 226.9 pg ¢ lipid). Table
7/24
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‘1 shows the sex and age distributions among the selected patients. Normal blood

concentraions of 2,3.4,7,8-PeCDF in the general population are 3.5-41.7 pg g_l lipid
(15.2+ 8.9 pg g™ lipid). For healthy individuals, current concentrations were caused
by ongoing exposure. For individuals with high concentrations in Yusho, the effects
of ongoing exposure were small. Therefore, subjects with mean blood concentrations
0f2,3,4,7,8-PeCDF >50 pg g’ lipid were included. We initially recorded the age and
sex of patients. Using a general medical questionnaire, we then recorded body weight,
body mass index (BMI), changes in BMI, consumption of alcohol and tobacco,
nutritional state, and the prevalence of headache, general fatigue, arthralgia, diarrhea,
and cough. Dermatological manifestations (history of acneform eruptions, black
comedones, pigmentation and recent recurrence of cystic lesions) and
ophthalmological manifestations (abnormal discharge from the eyes and viscous
secretions from meibomian glands) were also documented. Laboratory examinations
included counts of white blood cells (WBCs), red blood cells (RBCs), platelets,
neutrophils, and basophils, cedar pollen allergy class based on IgE radioallergosorbent
(RAST) scores, and the bone mineral density (BMD) test. BMD test results are
expressed as the percentage of the young adult mean level (Wu et al. 2004). Each
clinical and laboratory parameter value for each patient was calculated as the mean if
multiple values were available for each patient. Changes in the amount of body fat
affect the half-life of 2,3,4,7,8-PeCDF (Milbrath et al. 2009). Therefore, changes in

weight and BMI were calculated for each patient using linear regression analysis.
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2.2. Statistical Methods

First, the rate of change in concentration for each patient was estimated by univariate
linear regression. The binary logarithm of 2,3,4,7,8-PeCDF concentrations was the
dependent variable, and measurement years were independent variables.

zﬂgz CU =y tz}; + bi Eq 1

The rate of change in concentration is a negative reciprocal of half-life (years). It was
considered that measurement errors were distributed as normal distribution. Linear
regression was calculated based on the assumption that residuals of dependent
variables were distributed as normal distribution. The estimated coefficient was
distributed as normal distribution because of the principle of linear regression. We
used the rates of change in concentration instead of half-lives. In the final step, half-
life was calculated from the rate of change in concentration and evaluated.

The relationship between the rate of change in concentration and clinical and
laboratory parameters was then investigated by comparing t-values of univariate
linear regressions, which were determined by the rate of change in concentration as
the dependent variable, and each clinical and laboratory parameter were independent
variables.

We estimated an equation which estimates the rate of change in concentration using
clinical and laboratory parameters. This method started involving clinical and
laboratory parameters of which p values were less than 0.15 in previous evaluations of
relationships between the rate of change in concentration and clinical and laboratory
parameters. The backward stepwise method initially involved all listed variables. One

variable was then removed, which had the highest p value in each step. These steps
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were repeated until p values of all variables were < 0.05. The stepwise method can
estimate the most suitable equation.

Some researchers have reported that half-life is related to age and sex (Flesch-Janys et
al. 1995, Milbrath 2009). We estimated an equation to estimate rates of change by sex

and age.
3.Results

3.1.Half-lives for all patients

Half-lives for all patients were estimated more than or equal to four times for each
patient from their 2,3,4,7,8-PeCDF concentrations. Figure 1 shows the distributions of
the half-lives of 2,3,4,7,8-PeCDF in patients. As we reported previously (Matsumoto
et al. 2009), there were two peaks, one was infinite and the other was approximately
10 years.

One patient was an outlier among the 72 patients. This patient’s data were removed,

and 71 patients were included for analysis.

3.2.Relationships between half-lives and individual clinical manifestations

Table 2 shows clinical and laboratory parameters, which had p values less than 0.15.
Usually, 0.05 is the criterion for p values. The equation that is represented by multiple
parameters shows higher p values if the equation has fewer parameters than an
appropriate number of parameters, i.e., the variables were evaluated as worse p values.
There were four items that had a p value less than 0.05. Increased red blood cell count
was the most strongly related to shorter half—iives of 2,3,4,7.8-PeCDF, followed by

increased black comedones. Positive results for viscous secretions from the
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meibomian glands and cedar pollen allergy were related to a sﬁoﬂer half-life of
2,3,4,7,8-PeCDF. Items that had p values between 0.05 and 0.15 were BMD, sex,
smoking status, general fatigue, and past pigmentation.

Standard RBC counts for both sex and age, as reported by Ota (2008), were
substituted for RBCs in an equation (Table 2), which estimates rates of change. This
resulted in the following half-life values for 2,3,4,7,8-PeCDF: 13.89 years in men
aged 30-39 years (RBC count, 4,995,000 cells mm™); 25.26 years in women aged
3039 years (4,290,000 cells mm™ ); 25.11 years in men aged 80—89 years (4,295,000

cells mm_3); and 32.90 years in women aged 80-89 years (4,090,000 cells mm'3).

3.3. Most suitable equation for estimating the true half-life of 2,3,4,7,8-PeCDF

The most suitable equation for estimating the rate of change in concentration was Eq.
2 (Table 3). This equation was obtained by selecting variables using the backward
stepwise method with the criterion of 5%, starting with all items with p values less
than 0.15. Similar clinical/laboratory items were removed using the stepwise method,
and dissimilar items were used to create an equation for estimating the rate of change
in concentration.

Rate of change in concentration =
—0.089861
—0.038591 x Black comedones
—0.018018 x Cedar pollen allergy
+0.023333 X General fatigue -
+0.041891 x Past pigmentation Eq.2
We found that a higher severity of black comedones and higher cedar pollen allergy

levels led to a shorter individual half-life of 2,3,4,7,8-PeCDF in patients. Higher
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general fatigue and higher past pigmentation were correlated with a longer individual

half-life.

3.4.Equation for estimating the half-life of 2,3,4,7,8-PeCDF according to sex and
age
We created an equation to estimate the individual true half-life of 2,3,4,7,8-PeCDF on
the basis of sex and age.
Rate of change in concentration =

—0.1726165 + 0.0011512 x Age + 0.0302986 x Sex Eq. 3
There was not a strong relationship between half-life and sex and age (p>0.05). Figure
2 shows the half-lives which were calculated by Eq.3 (Table 4) for ages between 30
years and 80 years. This age range was wider than the range that Eq. 3 was estimated.
Interpretation of the results for both ends of the age range is needed. The half-life

values for 2,3,4,7,8-PeCDF calculated using Eq. 3 were longer in women than those

in men, and generally increased with age.

4.Discussion

Several accidental instances of dioxin intoxication, such as Yusho in Japan, Yu-
Cheng in Taiwan, and the Seveso disaster in Italy, have been reported (Bertazzi et al.
1998; Hsu et al. 1985). Dioxin-like compounds are lipophilic substances that are not
readily excreted by the human body. Kerger et al. (Kerger et al. 2006) surveyed
children involved in the Seveso disaster and reported that the half-lives of dioxins and
dioxin-like compounds are dependent upon patient age and dioxin concentrations.
Among patients with PeCDF blood levels of >50 pg g, there were two groups: one

showing a half-life of approximately 7 years and the other showing no reduction in
12 /24
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PeCDF levels over time. These results suggest that there is a group of patients whose
PeCDF levels are maintained at a high level. Our previous study suggested that a
more complicated model is required to explain PeCDF excretion in humans
(Matsumoto et al. 2009). We studied, by association analysis, combinations of
symptoms which were strongly associated with high concentrations of PeCDF
(Imamura et al. 2007). Principal component analyses have revealed that the
concentrations of PeCDF is strongly associated with the concentrations of PCB and
polychlorinated quarter phenyl (PCQ). It is also associated with levels of blood
glucose, arthralgia, total cholesterol, urinary sugar, 2-h erythrocyte sedimentation rate,
thymol, and sodium, as well as conventionally dermatological symptoms such as
acneform eruptions and black comedones (Kanagawa et al. 2008). In one of our
previous studies, the incidence and severity of most of the dermatological and
ophthalmological symptoms decreased from 1988 to 2001-2003 (Matsumoto et al.
2010).

Leung et al. (Leung et al. 2007) reached a similar conclusion after estimating dioxin-
like compounds hﬁlf-]ives in five subjects with Yusho and three with Yu-Cheng. Half-
life values of 1.1 years in patients with high concentrations of dioxin-like compounds
in blood and 7.2 years in patients with low concentrations of dioxin-like compounds
in blood were determined. Other estimates of dioxin-like compound half-lives include
8.9 years by Masuda et al. (Masuda et al. 1995), 9.6 years by Ryan et al. (Ryan et al.
1993), and 9.1 years by lida et al. (Iida et al. 1995). Even though half-life values of
<10 years have been reported (Ritter et al. 2011), we previously observed that some
subjects with Yusho showed considerably longer 2,3,4,7,8-PeCDF half-life values

than expected (Matsumoto et al. 2009).
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The four clinical/laboratory items examined in the present study showed a strong
correlation with a short half-life for 2,3,4,7,8-PeCDF (Table 2). “Increased viscous
secretions from the meibomian glands” and “increased severity of black comedones”,
which are symptoms specific to Yusho, were correlated with a shorter half-life for
2,3.,4,7,8-PeCDF. These symptoms cause lipid excretion from the body. Such
excretion of lipids in combination with 2,3,4,7,8-PeCDF may explain the shorter half-
life.

Some researchers have reported that the half-life of dioxins is related to sex and age
(Kerger et al. 2006; Leung et al. 2005; Milbrath et al. 2009). We estimated an
equation, which estimates the rate of change in concentration with age and sex (Eq. 3).
However, we found that the half-life of 2,3,4,7,8-PeCDF was not strongly related to
sex and age (p value for age was >0.2). The estimated half-lives with sex and age in
our study are similar to results of Flesch-Janys et al. (Flesch-Janys et al. 1996). It is
possible that a large variation in the characteristics of subjects might cause large p
values for these relationships.

The present study identified previously unreported clinical/laboratory items related to
the half-life of 2,3,4,7,8-PeCDF. A higher RBC count was correlated with a shorter
half-life for 2,3,4,7,8-PeCDF. In subjects with severe Yusho, anemia developed in the
stage of early exposure (Furue et al. 2005). Dioxin binds to RBCs and induces their
lysis (Bukowska 2004). There are big differences in concentration between Yusho
patients and those in the study of Bukowska, and in vivo and in vitro. Taking into
account the high turnover rate of RBCs, the scavenger function of RBCs against blood
dioxin may be an important excretory pathway, particularly during the chronic phase

of intoxication. The number of RBCs is also associated with differences in age and
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sex (Ota 2008). Metabolism and genetic differences resulting in different capacities,
excretion differences related to nutrition, and change in body ﬁveight could explain
these observations. A more biophysiolo gic approach is warranted when mechanisms
are speculated upon; for example, looking as well at the number of erythrocytes and
reticulocytes might give further clues. Patients aged >70 years and women are anemic
compared with younger individuals and men. These confounding factors appear to
affect the excretion rate of 2,3,4,7,8-PeCDF. In the current study, the number of
RBCs was removed in the process of the stepwise method for estimating a suitable
equation. When RBCs were removed from the calculation, the t-value of black
comedones was improved. Therefore, RBCs might be related to dermatological
activity.

The current study found that the presence of cedar pollen allergy (high scores for the
radioallergosorbent test:RAST) was correlated with a shorter half-life for 2,3.4,7,8-
PeCDF. Once ingested, dioxins are thought to be excreted via the feces, urine, sebum,
and sputum (Furue et al. 2005; Weber et al. 1993). Diarrhea, severe seborrhea, and
excessive production of sputum are apparent acute and chronic features in subjects
with Yusho (Furue et al. 2005; Kanagawa et al. 2008). Cedar pollen allergy causes
seasonal rhinitis in patients, and such patients may develop severe rhinorrhea that may
aid in the excretion of 2,3,4,7,8-PeCDF. However, dioxin concentrations in rhinorrhea
patients have not been measured. In our study, the variable of viscous secretions from
the meibomian glands was removed in the proceés of backward stepwise. When this
item was removed, the t-value of cedar pollen allergy was improved. The severity of
cedar pollen allergy may be related to acceleration of various body fluids, such as

sputum, phlegm and eye mucus. Among Yusho patients, past pigmentations are
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stronger for patients with high 2,3,4,7,8-PeCDF concentrations (Kanagawa et al.
2008). Past pigmentation (which is a non-discharge symptom without excretion of
body fluids) is correlated with longer half-lives.

Equation 2 included the variables of black comedones, cedar pollen allergy class,
general fatigue, and past pigmentation. Equation 2 was determined using a stepwise
method and most accurately estimates the individual half-life of 2,3,4,7,8-PeCDF.
This equation yields a better estimation of the 2,3,4,7,8-PeCDF individual half-life
than an equation that uses sex and age parameters, which have been previously
reported to correlate with apparent half-life (Flesch-Janys 1996, Milbrath 2009).
Shirai and Kissel (1996) showed that estimated half-lives based on observations are
affected, not only by excretion, but also by ongoing exposure and physiological
changes, such as changes in body weight. However, most of the half-lives reviewed
by Shirai and Kissel (1996) were estimated from two measurements in each patient:
the first and last measurements. Therefore, errors could not be evaluated at the time of
measurement. Consequently, alterations could not be distinguished (i.e., they may be
temporary or long-term changes or caused by measurement errors). Our study
included patients who were measured at least four times. Therefore, effects of
measurement errors and temporal changes were reduced by linear regression.
Ongoing exposure affects apparent half-lives. The present study involved subjects
with >50 pg g lipid, which is a higher concentration than that of healthy individuals.
Therefore, ongoing exposure has fewer effects in such patients with high
concentrations. Apparent half-lives are affected by continuous dilution by a gain in
body weight during the growth phase (Clewell et al. 2004). In the present study, a

gain or loss in body weight was determined for each patient, and we evaluated the
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correlation with the rate of change in body weight and the rate of change in
concentration of 2,3,4,7,8-PeCDF. We found that the rate of change in weight was not
strongly correlated to the rate of change in concentration. It was considered a
contingency that concentration would continuously decrease or increase when body
weight gain or loss occurred throughout the measurement period. In adults, it is
difficult to assume that long-term continuous gain or loss in body weight occurs.
Therefore, continuous condensation and dilution due to changes in body weight are
not considered as important factors. It has been reported that changes in body weight
affect apparent half-lives, possibly reflecting temporary intra-individual variations.
There are no reports on long-term continuous condensation caused by physiological
status (not changes in physiological status) in adults. Long-term continuous éhanges
in concentration reflect an excretion pathway if 2,3,4,7,8-PeCDF is metabolized into a
different compound. Long-term continuous changes in concentration are dependent
upon excretion if there is neither ongoing exposure nor in-vivo synthesis.

Some studies have reported that the representative true half-life of dioxins is shorter
than 10 or 15 years (Ritter et al. 2011; Shirai and Kissel 1996). However, no study has
found that the individual true half-life is limited.

Ongoing exposure is negligible if the true half-life is 10-15 years for patients with
high 2,3.,4,7,8-PeCDF concentrations, as in the subjects in the present study. The
present study showed that half-lives varied among individuals. For patients with high
2,3,4,7,8-PeCDF concentrations and long half-lives, ongoing exposure was not
negligible. If patients have 25-fold high concentrations and 25-fold long true half-
lives compared with those of the general public, they are in a steady-state (i.e., their

apparent half-lives are infinite), similar to the general public. Apparent half-lives,
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which are affected by a temporary change in body weight and measurement errors,
have a normal distribution. In figure 2, females are distributed similar to normal
distribution around infinite as described above.

Apparent half-lives have been reported to be correlated with physiological status and
changes in physiological status (Milbrath et al. 2009). Some types of physiological
status do not change in the long-term. Long-term continuous changes in concentration
not related to ongoing exposure are caused by excretion, metabolism, and synthesis. It
is possible that previously reported body status (not a change in body status) was
correlated with apparent half-lives, but was also correlated with individual true half-

lives.

5.Conclusions

In the present study, thé relationship between symptoms and half-life of 2,3,4,7,8-
PeCDF was evaluated in 71 Yusho patients with 2,3,4,7,8-PeCDF concentrations as
high as 50 pg g lipid. The shortened half-life (high excretion rate) of 2,3,4,7,8-
PeCDF in subjects with Yusho was significantly correlated with increased RBC count,
positive results for black comedones, positive results for viscous secretions from the
meibomian glands, and increased cedar pollen allergy. Individuals” half-lives of
2,3,4,7,8-PeCDF varied with the patients’ status. Notably, the individual half-life of
2,3.4,7.8-PeCDF was long in older women. Symptoms that lead to excretion of lipids
outside of the bod_y may lead to a shorter half-life of 2,3,4,7,8-PeCDF. Further studies

are required to determine the role of RBCs in 2,3,4,7,8-PeCDF.

18/24



396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412
413

414

415

416

417

CHEM?27845

Competing interests

The authors declare that they have no competing interests.

Author contributions

SM designed the project, developed the analytical method, and drafted the manuscript.
MA interpreted the results of the BMD tesf. YK interpreted the results. JK examined
the data quality for analyses. TT, FY, HU, and MF interpreted the results (particularly
in relation to dermatology). TM directed and coordinated the project. All authors

approved the final manuscript.

Acknowledgment

This study was supported by a Grant-in-Aid for Scientific Research from the Ministry

of Health, T.abour and Welfare, Japan (Research on Food Safety, H21-014).

References
Bertazzi PA, Brambilla BG, Consonni D, Pesatori AC. 1998. The Seveso studies on

early and long term effects of dioxin exposure: a review. Environ Health
Perspect. 1998 April; 106(Suppl 2): 625-633.
Bukowska B. 2004. Damage to erythrocytes caused by 2,3,7,8-tetrachloro-dibenzo-p-

dioxin (in vitro). Cell Mol Biol Lett 9(2):261-270.
19/24



418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

CHEM27845

Clewell H, Gentry P, Covington T, Sarangapani R, Teeguarden J. 2004. Evaluation of
the potential impact of age- and gender-specific pharmacokinetic differences
on tissue dosimetry. Toxicol Sci 79;381-393.

Flesch-Janys D, Becher H, Gurn P, Jung D, Konietzko J. Manz A et al. 1996.
Elimination of polycholorinated dibenzo-p-dioxins and dibenzofurans in
occupationally exposed persons. J Toxicol Environ Health A47(4);363-378.

Furue M, Uenotsuchi T, Urabe K, Ishikawa T, Kuwabara M. 2005. Overview of
Yusho. J. Dermatol. Sci Suppl. (Suppl 1):S3-S10

Hsu ST, Ma CI, Hsu SK, Wu SS, Hsu NH, Yeh CC, et al. 1985. Discovery and
epideomiology of PCB poisoning in Taiwan: a forty-year follow-up. Environ.
Health Perspect 59:5-10.

lida T, Hirakawa H, Matsueda T, Nakagawa R, Morita K, Hamamura K, et al. 1995.
Levels of PCDDs, PCDFs and coplanar PCBs in the blood and stool of
Taiwanese Yu-Cheng patients [in Japanese]. Fukuoka Acta Medica 86:234-
240.

Iida T, Todaka T, Hirakawa H, Tobiishi K, Matsueda T, Hori T, et al. 2003. Follow-
up survey of dioxins in the blood of Yusho (in 2001) [in Japanese]. Fukuoka
Acta Medica. 94:126-135

Imamura M, Masuda Y, Hirayama C. 1977. Blood levels of polychlorinated biphenyls
in patients with polychlorinated biphenyls poisoning after fasting (in Japanese).
IGAKU NO AYUMI 1977:78-79.

Imamura T, Kanagawa Y, Matsumoto S, Tajima B, Uenotsuchi T, Shibata S, Furue M.

Relationship between clinical features and blood levels of

20/24



441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

CHEM?27845

pentachlorodibenzofuran in patients with Yusho. Environ Toxicol. 2007
Apr;22(2):124-31. PubMed PMID: 17366567.

Kanagawa Y, Imamura T. 2005. Relationship of clinical symptoms and laboratory
findings with blood levels of PCDFs in patients with Yusho. J. Dermatol Sci
1:85-93.

Kanagawa Y, Matsumoto S, Koike S, Tajima B, Fukiwake N, Shibata S, Uchi
H,Furue M, Imamura T. Association of clinical findings in Yusho patients
with serum concentrations of polychlorinated biphényls, polychlorinated
quarterphenyls and 2,3.4,7.8-pentachlorodibenzofuran more than 30 years
after the poisoning event. Environ Health. 2008 Oct 2;7:47. doi:10.1186/1476-
069X-7-47. PubMed PMID:18831733; PubMed Central
PMCID:PMC2572596.

Kerger BD, Leung HW, Scott P, Paustenbach DJ, Needham LL, Patterson DG, et al.
2006. Age- and concentration-dependent elimination half-life of 2,3,7,8-
tetrachlorodibenzo-p-dioxin in Seveso children. Environ Health Perspect
114(10):1596-1602.

Kreuzer PE, Csanddy GA, Baur C, Kessler W, Papke O, Greim H, Filser JG. 2,3,7,8-
Tetrachlorodibenzo-p-dioxin (TCDD) and congeners in infants. A
toxicokinetic model of human lifetime body burden by TCDD with special
emphasis on its uptake by nutrition. Arch Toxicol. 1997;71(6):383-400.
PubMed PMID: 9195020.

Leung HW, Kerger B, Paustenbach DJ, Ryan, JJ, Masuda Y. 2005. Age- and
concentration-dependent elimination half-lives of chlorinated dibenzofurans in

Yusho and Yucheng patients. Organohalogen Compd 67:1726-17209.

21/24



CHEM27845

465 Leung HW, Kerger BD, Paustenbach DJ, Ryan JJ, Masuda Y. 2007. Concentration
466 and age-dependent elimination kinetics of polychlorinated dibenzofurans in
467 Yucheng and Yusho patients. Toxicol Ind Health 23:493-501.

468  Masuda Y, Haraguchi K, Kuroki H, Ryan JJ. 1995. Change of PCDF and PCB

469 concentrations in the blood of Yucheng and Yusho patients for 25 years [in
470 Japanese]. Fukuoka Acta Medica 86:178-183.

471  Matsumoto S, Akahane M, Kanagawa Y, Koike S, Yoshimura T, Mitoma C, et al.
472 2009. Variation in half-life of pentachlodibenzofuran (PeCDF) blood level
473 amoﬁg Yusho patients. Chemosphere 77(5):658-662.

474  Matsumoto S, Kanagawa Y, Koike S, Akahane M, Uchi H, Shibata S, Furue M,

475 Imamura T. Twenty-year changes of penta-chlorodibenzofuran (PeCDF) level
476 and symptoms in Yusho patients, using association analysis. BMC Res Notes.
477 2010 May 5;3:129. doi: 10.1186/1756-0500-3-129. PubMed PMID:

478 20444288; PubMed Central PMCID: PMC2880124.

479  Milbrath MO, Wenger Y, Chang C-W, Emond C, Garabrant D, Gillespie BW, et al.

480 2009. Apparent half-lives of dioxins, furans, and polychlorinated biphenyls as
481 function of age, body fat, smoking status, and breast-feeding. Environ Health
482 Perspect 117:417-425.

483  Ota H. 2008. Changes in the standard values of peripheral blood ith aging [in

484 Japanese “Kareiniyoru Masshou Ketsueki Kizyunchino Henka]. Gendaiigaku
485 55:455-464.

486  Ritter R, Scheringer M, MacLeod M, Moeckel C, Jones KC, Hungerbuhler K. 2011.

487 Intrinsic human elimination half-lives of poluchlorinated biphenyls derived

22/24



488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

CHEM?27845

from the temporal evolution of cross-sectional biomonitoring data from the
United Kngdom. Environ Health Perspect 119(2):225-231.

Ryan JJ, Levesque D, Panopio LG, Sun WF, Masuda Y, Kuroki H. 1993. Elimination
of polychlorinated dibenzofurans (PCDFs) and polychlorinated biphenyls
(PCBs) from human blood in the Yusho and Yu-Cheng rice oil poisonings.
Arch Environ Contam Toxicol 24(4):504-512.

Shirai J, Kissel J. 1996. Uncertainty in estimated half-lives of PCBS in humans:
impact on exposure assessment. Sci Total Environ 187(3):199-210.

Todaka T, Hirakawa H, Tobiishi K, Iida T. 2003. New protocol of dioxins analysis in
human blood. Fukuoka Acta Medica. 94:148-157

Toyoda M, Uchibe H, Yanagi T, Kono Y, Hori T, & lida T. 1999. Dietary daily intake
of PCDDs, PCDFs and coplanar PCBs by total diet study in Japan [in
Japanese]. J. Food Hyg. Soc. Jpn. 40:98-100.

Wu XP, Liao EY, Zhang H, Dai RC, Shan PF, Cao XZ, et al. 2004. Determination of
age-specific bone mineral density and comparison of diagnosis and prevalence
of primary osteoporosis in Chinese women based on both Chinese and World

Health Organization criteria. J Bone Miner Metab 22:382-391.

Yoshimura T. 2003. Yusho in Japan. Ind Health 41:139-148.

23/24



507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

CHEM27845

Figure legends

Figure 1. Distribution of half-life values

Half-life values for each patient were estimated using univariate linear regression for

each patient.

Figure 2. Estimated half-life values on the basis of sex and age

Half-life values were estimated based on the sex and age of the patients.

Table legends

Table 1. Sex and age of the study subjects

Table 2. Estimation of the rate of change of 2,3,4,7,8-PeCDF on the basis of

individual parameters and goodness-of-fit

Table 3. B coefficients and evaluation of best-fit estimation of the equation for the

half-life of 2,3,4,7,8-PeCDF

Table 4. p coefficients and evaluation of estimation of the equation for the half-

life of 2,3,4,7,8-PeCDF by sex and age
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Figure 1. Distribution of half-life values
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