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7 R LGy TR A BRI AR B 5000 LA & w5t
HE—20HEE LTWwDEY, BEHpTOEDY
2 U C Ak & FIF LT B, PROS 34

GHEHRTH B0 & 5 ) — N — KGR EAT
d"i AT D 5. i 7o KEMTDH B PFOS A5
MEZERRT A EIXINFEFTHOPOPs LidE o
7o REAHDS I B qu g S Ry E D

IR A D BT BTV A (Jones et al, 2003).
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R H Bl LYY T UE YT 2 =
Wr—F Vol N s BT
A by 2RV RSO ARG SN
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I —F WA N TV D,
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PBDEs (£, PCBs @ & 9 (2S5l indfi,
;wmtinzwwwm%#ﬁﬂ¢& LU AR
Bk H FOMFIINE LN -TL S, a4 %
HJ\(‘L{’[ Wi TRy y7aEe Y 7 2 =
VI — 5 1 1650 A2 5 11700 oA By it fh i &
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#6114 4. T BDE-209 O IERY 100 lL‘rﬂ({:)
fitvs (Morck et al. 2003). F7HNTO5 ;4 pe
Wislek & 0 HHFIE, Mg <t a, g (i
Eﬁ IMASTH Y, IR B oR ) Tkl

0 #% AH T 51 W I & BV (Sandholm ¢ 4
2003) F o TRE S 95y o -
Wrx—F. AMFRALEMLER IR s
ol LB RS T o
T3 BDE-209 @ M5 f 1=k 0 15 W T a7 9

QR LY 7 o= VT —F b, HLHLY 7 2 2
VE—F WAZERZI29 [, 64 B & 5L fl s
A fpwe i AR LR 8 w (Thuresson ¢ g,
2006). v FPTORY Y TUEY T2 1
F NG RE T NE A AT 249 98 368
7% BDE-209 &k & { M7 % (von Meverinek ¢
al. 1990).
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THEH, TNFETTOLSMTDH 5HQu et al
2007). W E A o PBDEs $5% G ) i {E
4 L8 o 13 8 K] i R o A3 TP Y 61ang
glipid iLHT [ PBDEs 28l &, 727, &
St T O WA & D 20 £ RL v Uin et al.
2009). PVA 8 HIR O ML AL PER R S & L
Cd. 1980 A1 T U L i A8 A P I S
05ng/glipid. 1990 4344 Tl 1.8ng/glipid TH-
7= (Koizumi el al. 2005). F A 4 HiJgiod 2005

1B B O AT T, M D ER
al'l : 0. Ong/o-lipid & Wik I 0 A NS LT 0
WA, AT IZIZHTIN L T v B (Inoue et al.
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200 A4 B A AR TEAIE 00
DHAEMWICE <"»&LLVN6&ﬁwtbﬁ®.'h
SLIk. 6 LA VTS V. A LR
2005 412 3549 % EFLI Ltk o 3L o) PBDEs T
(34 5LAbik, 6 s LA b ok b i ARY
BDE-209 148 10% T& 0, liLifih cH/y —~7
Lokx 7 A (Inoue et al. 2006). Hi i
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PBDEs (XIS % A L Tk

LNTW5D. AMS&mfﬁbanﬁWﬁﬁ
BOBH T 1 HEIRGE O S40FHi1E 1980 4

v 91l4ng, 1990 4E4L T 938ng La';)b SRR
2137 o 72 (Wada et al, 2005). dEéEo3Nit
BDEs A7 8% & (Di%‘bii X AHENTORER

% TV BB S 5.

2 EHER
) BIISEER AR -
Z v b @ BDE- 209 P 5 38R T 2240mg/
g/day OF R CIFRO Mte, EHEH B ’é g
(NTP, 1986). ““}J THEBZIHLSIOHF T
FEI% 5 C BDE-209 & 4 A< A2 L
’{"T 20.1mg/kg TITHYFLFE A & 17z (Viberg
al, 2003). Ry # 7OEY T2 NT—F N
%’rs‘(i 08mg/kg 7 HATHI~DEHB R EN B
B 'I"L EE R E D v (Viberg et al,
LR bk, 5 RELOAHIE 4 BN 4.0
RIS L. 08lmg/kg/day TILH
‘&WT»%xW“wﬁf%m JFF g v
ROD {4, PROD {f % UDPGT {if i & 54
R L7z (Zhou et al, 2001).
i SATFFE T IR B NHENS2003-2004 @ 7 — %
JH O 72 BE T F9E T Y BDE-153 & X K1)
IO v AT B LA S, IR
F v Zidd U o Bl z R L7 (Lim et al,
08). F-TAMIEZ LB codifTid
Lt PBDEs i BEL BT 4, iy A ar o7y
ik & LD MBI % 7R L 7z (Turyk et al, 2008).
7 x— 7 Y ORI 31 4 LTI 22 /0
S IR PBDES WS COLLITIE, B R
WARTEHBERES v X255 Th o 72
(Hardell et al., 2006)

2) (FREFETRRT DMK !
A4 F T P EFMBEIEE T B A
PBDEs a7 7 F—HiEZzWH v, £070
T Al E#E Jl.’ﬁ"”\ AR ICHEHAET AL OD,
CYPIAl mIEB#HH I E LA LA LAT, §Hu

HAH R b DL LTHIT

I -13 SR AT B

7y I A e LT (Peters et al, 2006).
P @ PBDEs AR ORY 7w I XY
7oy EELIEMD, ZhHCYPIAL @
Eb7a6T E#EZ LN S (Wall et al, 2008).
BDE-47 ® 4 H 3mg/kg/day $45-#, WIEPARE
1ww7/lux¢/£ﬁ%CAR®%mrm b
FUAFAVLF U ORBIKTHARDOLNT NS
(Richardson et al, 2008). A ITHL L UTH
U\ i A V€ VAR OB ATHARIR RV E 2 L X
BEALSHETBLEEZOND. CAR DIED,
BDE-47, BDE-99, BDE20S 2L Y 7L 7+ X
ZHMKPXR % /- LT CYP3ALL, CYP2BI0 @&
GHEUEGERIL, PXRRETTATIEIO
WA Z 5 7z (Pacyniak et al, 2007).
¥ 72 PBDEs OOV T AR &
NTwab, 7z /-y, HEH#EOLA T
04 AR, HURBER LV E VRHEENE Z S
572 CTH5H. CHOKI Millazx v/ LR—%—
V—rT v A Tk, BDE-28 BDE-47, BDE-
100, /KBt BDE-17, /K#{L BDE42 A3 R |
sy g RHERER ) TIT=AMNTHEE SR
5 (Kmxma et al, 2009). T @ LKL BDE &
Fay Y BEERER LT TR
L’Cfﬂ)( PR UM, AT V-
DEED 1004501 Thhs. —7)5. BDEI9,
BDE-153, 7/ i1k BDE-49, * b ¥ 3 BDE-49,
AMF Y BDEYIWER a. ERBDT7T ¥4 T2
A M7 b, %< ®PBDEs, Kl PBDEs, *
F¥ T PBDEsE7 v Fabr vy E/5ko7 v 5T
=AM &A D, KE{L BDE-17 i3 10-8M & 4K
MTHEH 3 4. BDE-99. JKEE{L BDE-17, X
F¥ Y BDEA9 e EE v aanFad FEENA
DFNT ¥ T A P Thole. FiRMHRLE >
ZHKTIOKEEL BDEQO AARIZT v ¥ T=A b
TSR o/, F 7oKL BDEAT IS & 0 jxik
kI roy—2ao7ov sy —LiEhoiiis
ML~V S /2 (Canton et al, 2008). =@
&9 HAGWETUE T E 0 & 5 ST EEE
BIZL T B0 HLEND 5.

4.3 SHEORRE
PBDEs (& 3i4E,
ICHESNTWALYD

BDE-209 @ i B3 bk F R
WD) A 7 I3 E <
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Abstract Environmental specimen banks are an essential
part of the infrastructure of environmental sciences. They
have various functions: (1) evaluation of governmental
environmental policy-making and regulations; (2) a
resource for animal health evaluation; (3) research tools to
investigate time trends in ecosystems; (4) detection of
newly emerging chemicals in the time trends; (5) valida-
tions of computer models for environmental phenomena;
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(6) source identification of contaminants; (7) a tool for food
safety; (8) evaluation of genetic selection pressure due to
environmental changes. In this review paper, we present a
detailed description of the Kyoto University Human
Specimen Bank (history, protocol and questionnaires) and
provide brief outlines of other representative environmen-
tal specimen banks. We then review two illustrative cases
in which environmental specimen banks have unveiled
insidious contaminations of polybrominated diphenyl
ethers and perfluorooctanoic acids. Finally, we give a
perspective of new functions for environmental specimen
banks in the next 20 years.

Keywords Environmental specimen banks -
Food duplicate sample - Human breast milk - Human blood

Introduction

The rapid development of new materials, new production
methods, and new pharmaceuticals and commercial prod-
ucts in the 21st century has resulted in the release and/or
emission of a myriad of chemicals into the environment.
The environmental fates of only a few of the estimated
70,000 chemicals commonly used in industry have been
characterized. Since monitoring lags far behind the rate of
new development, regulatory decisions should be made as
soon as possible to minimize the effects on ecological
systems, including wild animal health.

An environmental specimen bank (ESB) is an organi-
zation and facility that is engaged in the systematic
long-term preservation of representative environmental
specimens. Specimens from ESBs have been used for ret-
rospective analysis and evaluation for regulatory decision-
making. As such, a well-designed ESB can be a valuable
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resource of specimens for real-time and retrospective
monitoring. Specimens maintained in ESBs have enabled
investigators to extend their current research on present-
day situations into the past as well as extrapolate it to the
future. They enable future exposure assessments for given
chemicals to be made under various scenarios.

In the last 30 years, formal ESBs have been constructed
in many countries, including the USA, Germany, Sweden,
and Japan. A human specimen bank has also recently been
established in Kyoto University (i.e., the Kyoto University
Human Specimen Bank) [1]. An important aspect of this
specimen bank is that it provides the means to reconstruct
human exposures from the 1970s through to 2008. The bank
contains human samples collected not only in Japan but also
in various Asian countries, including China, Korea, Thai-
land, Vietnam, Malaysia and the Philippines, and is thus
expected to provide a means of monitoring temporal as well
as geographic trends in environmental contamination.

The major aim of this review is to introduce the Kyoto
University Human Specimen Bank. Features of represen-
tative ESBs—in Japan, the USA, Germany and Sweden—
are also compared to demonstrate individual functions of
the ESBs. Finally, we discuss the future functions of ESBs
in the environmental sciences.

Kyoto University Human Specimen Bank and other
representative environmental specimen banks
throughout the world

As of 2008, there are more than a dozen ESBs in the world,
with one also currently under construction in France. Here,
we provide a brief description of a number of these as well
as their protocols (Table 1).

Kyoto University Human Specimen Bank

The Kyoto University Human Specimen Bank was estab-
lished in 2004 at the Kyoto University Graduate School of
Medicine [1]. The stored samples originate from four
research activities. The first group of samples was collected
in Japan as part of the nation-wide heavy-metal monitoring
projects led by Prof. Ikeda [2—6] during the late 1970s up to
the 1990s. Beginning in 1980s, samples were systemati-
cally collected in Japan and other Asian countries within
the framework of a consistent sampling design in which
participants donated blood, urine and duplicate 24-h food
samples. Personal information and biochemical data were
obtained by questionnaire and biochemical analysis and
included data on age, gender, blood pressure, past and
present illnesses, medication use, aspartate aminotransfer-
ase, alanine, gamma-glutamyl transferase, total cholesterol,
triglycerides, high-density lipoprotein cholesterol, urinary

@ Springer

protein, and red blood cells in urine [8]. In the duplicate
food sampling protocol, the foods are cooked and meal
menus recorded. The samples are then transferred to the
laboratory within 48 h and stored at —30°C until pro-
cessed. In the processing of food samples, each food
composite homogenate is weighed and homogenized
together with the drinking water. One-liter (approx. 1 kg)
portions of the total homogenate are stored in ten 100-mi
bottles at —30°C. Concurrent and long-term trends in Pb
and Cd exposures are reported in detail [2-6].

The second group of samples comprises samples col-
lected in Akita prefecture during the 1980s. The samples
consist of breast milk, blood, and serum samples donated
by the Hiraga General Hospital in the rural area of Akita.
These samples were originally collected to monitor farm-
ers’ exposure to pesticides [7].

The third group of samples was collected by Prof. Ko-
izumi and his colleagues from 2004 to 2006 [1]. Blood and
breast milk samples were collected nationwide in Okinawa,
Kochi, Hyogo, Kyoto, Takayama (Gifu), Fukui, Tokyo,
Miyagi, Akita, and Shizunai (Hokkaido). In this project,
commercially available packed breakfast, lunch, and dinner
samples were collected from those sampling sites. Breast
milk sampling was conducted until 12 weeks post-partum.
Blood and breast milk donors also submitted self-reported
questionnaires (Table 2). Within the framework of this
study, food samples were homogenized as a set of break-
fast, lunch, and dinner samples, and drinking water was
collected at the sampling sites in the same manner as in the
first study.

The fourth group of samples was collected in 2007 and
2008 in Japan (Miyagi, Takayama, and Kyoto), Beijing in
China, Seoul, and Busan in Korea and Hanoi in Vietnam.
In this project, blood or breast milk samples were collected
domestically. However, blood and meals were sampled in
the same way as in the third group of samples mentioned
above. The donors of blood and food completed self-
reported questionnaires (Table 2) and food record sheets
(Table 3). All breast milk donors, irrespective of nation-
ality, followed the same protocol: samples were collected
up to 12 weeks post-partum, and donors filled out ques-
tionnaires (Table 2).

The total quantities of samples are shown in Table 1.
Meta data describing the donor’s personal information are
shown in Table 1.

The Kyoto University Human Specimen Bank was
designed so that human exposure assessments can be made
on samples taken from the 1980s to the present. When
distribution requests are received, the protocol will be
reviewed by the committee of our sample bank. If the
request is approved, our sample bank will release the
specimens requested to the researcher(s) without any fees
other than shipping.
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Table 1 Current environmental specimen banks in 2008

Description Kyoto University Human Specimen bank es-Bank Time capsule NIES

Home page http://hes.pbh.med. http://www.ehime-u.ac. http://www.nies.go.jp/
kyoto-u.ac.jp/kuhsb/ Jjp/ ~ cmes/esbank/esbank.htm timecaps1/index.htm

Foundation Founded in 2004 by Department of Health Founded in 2002 by Center for Marine Founded in 2004 by National
and Environmental Sciences, Kyoto Environmental Studies Institute for Environmental
University Graduate School of Studies
Medicine

Storage -30°C -25°C —20 to —150°C

Sample Human blood and serum sampled with Wildlife, sea water, soils from various Fishes, shellfishes and marine

description 1-day meals. Those samples have been locations of the world sediments

Sample quantity
or sampling

Meta data

Design

Functional
category of the
bank

collected from 1970s to 2008 in Japan,
China, Korea, Philippine, Thailand, and
Vietnam. While there are some blood
samples and meal samples, which have
been collected independently, most of
the samples have been collected in a
food duplicate design

Breast milk samples have been collected
from 1980s to the present in Japan,
China, Korea, and Vietnam

Urine samples have been collected in the
2000s in Japan

Blood or serum: 28,000
Meals: 3,500 days

Breast milk: 3,000

Urine: 14,000

Serum and food samples are accompanied
by personal information, including age,
sex, occupation, food habit, and meal
menu. Breast milk samples were
collected with questionnaires between
0 to 12 post-partum weeks

Human exposure monitoring: Most of
blood and meals samples were collected
in a food duplicate design (see text)

Retrospective human exposure
monitoring for Asian countries

This bank has collected the tissues and
organs of 1,000 species with 100,000
wild life and environmental samples

Details are unknown for human breast
milk samples

Global marine monitoring

Retrospective ecological monitoring

Airborne particulate matters

Human breast milk collected in
Tokyo from 2001 to 2007, 30
samples per year

Bivalves have been collected all
over Japan from 2003. They have
been collected at eight sites
annually and other more than
100 sites Fish and sediments in
Tokyo bay collected at 20 sites
annually from 2003

Airborne particulate matters from
six sites

Human breast mjlk. samples,
totally about 600

No description on the home page

No specific designs

Long-term storage for future
studies

NBSB

German ESB for human tissues

Swedish ESB

Home page

Foundation

Storage

http://www.nist.gov/public_
affairs/gallery/specimen.htm

Founded in 1979 by National Institute of
Standards and Technology and U.S.
EPA

—80to —150°C

http://www.umweltprobenbank.de

Founded in 1981 by University Hospital
Munster and Federal Environmental
Agency

—150°C

http://www.nrm.se/

Founded in 1980 by the Swedish
Museum of National History

—30 to —80°C

@ Springer



310

Environ Health Prev Med (2009) 14:307-318

Table 1 continued

NBSB

German ESB for human tissues

Swedish ESB

Human liver, Human blood serum,
Human blood spots, human food
specimens

Sample description

24-h urine, whole blood and blood plasma Mammals, Birds, Eggs, Wings of
have been collected from the beginning.
Until 2005, saliva, scalp and pubic hair

birds, Fish, Mosses soil, sludge,
breast milk and food products

had been collected. Recently, collection
of placenta, umbilical cord blood and
amniotic fluid have initiated

Mussels and oysters, fish livers and
muscle, fish (whole)

Marine sediments, marine mammal
tissues, seabird eggs, peregrine falcon
eggs and feathers

Sample quantity
or sampling samples (8-722), a large numbers of
ecological animal samples

Meta data No description on the home page

Domestic ecosystem monitoring with
consideration of trophic levels and wild
animal health status

Design

Functional category Whole ecological monitoring in the sea
of the bank around USA

Human body burden monitoring

Real and retrospective monitoring and
long-term storage

In total approximately 8,000
9,000 specimens have been
collected annually and 3,500
specimens have been processed
for chemical and biological
analysis

While relatively small numbers of human 125 volunteers aged between 20 and 29 Mammals: 20,000
per location and year for 4 sites joined Birds:21,000, eggs: 6,500
the donation of samples

‘Wings of birds: 30,000
Fish: 115,000, mosses: 10,000,
sludge: 8,000

Breast milk: 800, food products:
12,000

Sex, age, place of birth, medical data, and Registered in database together
personal behavior by a standard self-
reported questionnaire

with results made by chemical
and biological analysis

Nordic ecosystem monitoring of
ecological system with
consideration of food chain and
biological diversities

Real-time and retrospective
monitoring and long-term
storage

ESB, Environmental Specimen Bank; es-Bank, Ehime University; NIES, National Institute for Environmental Studies, Japan; NBSB, National

Biomonitoring Specimen Bank, USA

es-Bank

Ehime University (Matsuyama City, Japan) began col-
lecting environmental specimens in 1965 [9]. At that time,
Ehime University focused on collecting specimens for
studying local environmental contamination with pesti-
cides that had been used by regional farmers. Samples were
systematically collected and stored by the staff of Ehime
University, and these samples later became seeds for sub-
sequent collections of samples on larger scales. Thousands
of samples from all over the world have been collected by
the research group of the center for marine environmental
studies over the past three decades. A large portion of these
globally collected ecological samples was upgraded to
form the es-Bank in 2002. The unique scientific merit of
this collection, which cannot be matched by other envi-
ronmental specimen banks, is its global scope, with a large
number of specimens from the Asia—Pacific region
(Table 1).
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Time capsule ESB (http://www.nies.go.jp/)

The National Institute for Environmental Studies (NIES) in
Japan started a pilot ESB in 1979. The Environmental
Specimen Time Capsule program was extended and has
started storing environmental specimens and genetic
resources of endangered species (Table 1). The aim of this
specimen bank is to store specimens for a long period
(50-100 years) to await future needs and analyses. The
bank has compiled atmospheric samples as well as samples
of bivalves, fish, and human breast milk. The bivalve
archives are very comprehensive and very important as
environmental samples. Specifically, they are expected to
provide information on long-term changes in genetic
diversity or the natural selection of these species due to
climate change.

This ESB, which is supported nationally, is character-
ized by long-term storage under the strong initiative of the
NIES; as such, it does not allow the distribution of samples
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upon request by researchers. At the present time, the time
capsule ESB does not seem to have a systematic sampling
design; rather, it seems to be aimed at covering a large
variety of research needs in the future.

The U.S. National Biomonitoring Specimen Bank
and the Marine Environmental Specimen Bank

These two banks are very well designed and have a very
clear protocol [10]. There are two national ESBs that have
very similar designs. The first sample bank is the CASPIR
[The CDC (center for disease control) and ATSDR
(Agency for Toxic Substances and Disease Registry)
Specimen Packaging, Inventory and Repository], which
has collected various human specimens as part of public
health activities by the CDC and ATSDR. The second
sample bank is maintained by the National Institute of
Standards and Technology (NIST) and consists of two
separate facilities: the National Biomonitoring Specimen
Bank and the Marine Environmental Specimen Bank.
While CASPIR maintains specimens for human health
research, the NIST banks are designed for environmental
research (Table 1).

Table 2 Self-reported questionnaire

The relevant ESB in the USA continuously monitors
animals living in diverse environments covering Texas
desert areas, Hawaii, and Alaska [11]. Activities also
include monitoring endangered species. The collections
cover fish, mammals, avian species, and plants. This
sample bank was designed to consider the transfer of
contamination through the food web and the health status
of wild animals and as such, it plays a key role in quality
assurance. Stored samples are presently being analyzed
using newer and more sensitive analytical methods.

German Environmental Specimen Bank for human
tissues (ESBHum: http://www.umweltprobenbank.de)

The ESBHum was established as part of the German
Environmental Specimen bank, and it focuses on human
exposure assessments by real-time and retrospective
monitoring [12, 13]. Samples are processed annually to
measure 20 inorganic (Sb, Th, As, Ba, Cd, Pb, Hg, Ag,
Tl, Sn, U, Cu, Ca, Fe, Mg, K, Se, Na, Sr and Zn) and
five organic (hexachlorobenzene, pentachlorophenol,
PCB-138, PCB-153 and PCB-180) chemicals. Samples
are donated annually by 500 voluntary students aged

A request to donate your blood or breast milk
-4 country environmental study-

BACKGROUND: At present, it is believed that 300 billion chemicals are registered in the world. Human beings are currently exposed to about
100,000 chemicals in their daily lives. Of those, only a small number of chemicals, that is, about 1,000 chemicals, have been fully risk-assessed,
while the remaining majority of chemicals have not been investigated

Some chemicals which once were produced actively because of their usefulness are now banned, because of their hazardous effects on human
health as well as the ecosystem. For example, DDT and PCBs were once considered useful chemicals but are now banned because of global
environmental contamination. After banning their production, the environment is recovering very slowly. As such, long term monitoring
studies of environmental contaminants are needed

AIM of the CURRENT STUDY: Asian countries in the midstream of globalization are now considered passengers in the same environmental
boat. To install precautionary measures to effectively prevent environmental contamination in the Asian area, future trend prediction using
computer simulation based on cutting edge theories is now considered very promising. However, only a small number of observations have
been available to validate such simulation theories. If the computer simulation results are in agreement with reconstructed data, such a
simulation theory is believed to be reliable to predict future levels of environmental contamination. We have established the Human Specimen
Bank in Kyoto University (The Kyoto University Human Specimen Bank). Stocked samples (diet, breast milk, and blood) have been collected
in Japan, Korea and China since the 1970s. Each sample has information about sampling time and geographic location. We are thus planning to
reconstruct the past environment from the 1980s onwards using historical human samples in our sample bank

REQUEST to Participants: We have collected human specimens from the late 1970s onwards and stored them in the Human Specimen Bank in
Kyoto University. We are going to make full use of these samples to reconstruct the past environment from the 1980s to the present. Although
we have stored historical Japanese samples up to 2005 and Korean and Chinese samples up to 2000, we do not have updated samples. Thus we
would like to request that you donate 5-ml of blood or ca 30 ml breast milk. These samples will be used to validate computer simulation
theories and will be stored for future use in the environmental sciences

We hope you understand our aim and will cooperate with our project

The 4 countries in collaboration for environmental sciences
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