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ABSTRACT

Objectives: Biomonitoring programs have been widely implemented in the field of environmental health, both
in Korea and worldwide. Recently, it has been suggested that the storage, management, and utilization of bio-
samples collected from biomonitoring programs should be organized based on a biobank system. Therefore, we
attempted to review the current status of representative biomonitoring programs and biobank systems that have
been implemented in Korea and in other countries.

Methods: We searched for bio-samples collected in domestic and foreign biomonitoring programs and their
applications. For this, we referred to research papers, homepages hosted by biomonitoring programs, and project
reports. We also checked information for biobanks related with biomonitoring programs, including the operating
systems, facilities, technologies, and regulations of biobanks.

Results: We summarized six domestic and 32 foreign biomonitoring programs. These biomonitoring programs
collected bio-samples to determine the relationship between environmental chemicals and diseases.
Domestically, bio-samples from KoNEHS, KorSEP, MOCEH, KoCHENS, and KorEHS-C were stored at —80°C
in a deep freezer at the National Institute of Environmental Research, while KNHANES samples were stored
at Korea Biobank, which has a stabilized biobanking system with a well-established database. Nine foreign
biomonitoring programs (JECS, China-NHBP, CKB, CHMS, NHANES, GerES, Germaan ESB, MoBa, and UK
Biobank) were ongoing for large populations. Among them, CKB, GermanESB, and UK biobank have been
maintained for at least 10 years with their own biomonitoring programs as well as advanced systems for the safe
storage of bio-samples.

Conclusion: Currently on-going biobanks have devoted considerable efforts to managing bio-samples for public
purposes. The preceding domestic and foreign biomonitoring programs and biobanks will be great references for
constructing biobank facilities and systems for environmental public health in Korea in the future.

Key words: Biomonitoring, bio-sample, biobank

[Abbreviation] China-NHBP, China national human biomonitoring program; CHMS, Canadian health
measures survey; CKB, China kadoorie biobank; GerES, German environmental survey; German ESB,
German environmental specimen bank; JECS, Japan environmental and children’s study; KBN, Korea
biobank network; KNHANES, Korea national health and nutrition examination survey; KoCHENS, Korean
children’s environmental health study; KoNEHS, Korean national environmental health survey; KorEHS-
C, Korean environmental health survey in children and adolescents; KorSEP, Korea national survey for
environmental pollutants in the human body; MoBa, Norwegian mother and children cohort study;
MOCEH, mothers and children's environmental health, NHANES, United Sates national health and
nutrition examination survey; UK Biobank, United Kingdom biobank.
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Table 1. Information sources for biomonitoring programs and biobanks

Information sources

Reference link

Biomonitoring official homepage

Korea National Health and Nutrition Examination Survey (KNHANES) http://knhanes.cdc.go.kr

Korean CHildren’s ENvironmental health Study
Japan Environmental and Children’s Study (JECS)
China Kadoorie Biobank (CKB)

Canadian Health Measures Survey (CHMS)

National Health and Nutrition Examination Survey (NHANES)

German Environmental Survey (GerES)

German Environmental Specimen Bank (German ESB)
The Tromse cohort study

Norwegian Mother and Children Cohort Study (MoBa)
United Kingdom (UK) Biobank

https://environmentforchild.modoo.at/
https://www.env.go.jp/chemi/ceh/en/
https://www.ckbiobank.org/site/
https://www.ckbiobank.org/site/
https://www.statcan.gc.ca/eng/microdata/biobank
https://www.umweltbundesamt.de/en
https://www.umweltprobenbank.de/en
https://uit.no/research/tromsostudy
https://www.thi.no/en/studies/moba/
https://www.ukbiobank.ac.uk/

Consortium to Perform Human Biomonitoring on an European Scale
(COPHES) / Demonstration of a Study to Coordinate and Perform http://www.eu-hbm.info/cophes
Human Biomonitoring on an European Scale (DEMOCOPHES)

Human Early Life Exposome (HELIX)

Arctic monitoring and assessment programme (AMAP)
National research report

Science on
Publication

PubMed

Web of science

Google Scholar

https://www.projecthelix.eu/
https://www.amap.no/

https://scienceon.kisti.re.kr/main/mainForm.do
https://pubmed.ncbi.nlm.nih.gov/

https://webotknowledge.com
https://scholar.google.com/
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1.3. FA AR E FHED LelZAHKorSEP)

KorSEPS -7 -0l 4 2005 KNHANES AF =
AABe] =R A ] AA 3 °8H°1x} FEs S
Astal 3 54 B gk A =& d%S &
7] 918l Al 22|t A|17] ZAMIA =
W5 dF T35 A7 AL, A2719
A|37] Z*MW—E w7k, ZEA S e US ot
R AEAT G tigk FA A
th. KorSEPE AANEZH Pzt 2g 73
AN FFES X3S 1479 FAGAAES

E213}3]tH(Tables 2 and 3).
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AaW, 84, 93, 2, AgE, Beks FAS F
& 3%, FEILS g 1274 SRS AAE
2 and 3).
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o] dAlg S BXEt 2 olS U= H)
oF AIZIHE E4 o]F A% 717 53k Rl
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2 FZ8tuA 201530 Az o] 2036371 A+
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o o2 2 *
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2. I chEFeQ! HPOIE'QE
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= AF2AFTIAHY] AR AE A E (Korea
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Table 4. The Korea Biobank Network'"'?

How to Sample Required Required Required

Bank name Manager manage utilization facilities technology  rule

NBK (¢} (¢} o o
. . KDCA Network

17 Regional Biobanks management 0 0 0 0
Yons.el university medical center Liver Cancer o & & &
Specimen Bank
Yonsei university Korean Gynecologic Cancer o & & &
Bank
Seoul national university Korean Cell Line Bank [ndividual CPerating 0 ¢} ¢} 0
Catholic university Korea Prostate Bank individually o & (¢} &
Chungang university Korea Leukemia Bank (0] & & &
Chungang university Human Serum Bank O & (¢} &
Korea university Korea Lung Tissue Bank & & & &

KDCA: Korea disease control and prevention agency, NBK: National Biobank of Korea, MSIT: Ministry of Science and ICT,
O: applicable, &: not-released

ANE S 2 et §4 Sol ojeleol We W m, Ze] Zzage AgATt Aelshl ol g3l
of Fokstel H7k Aol AAZ HANE Belsh  EIAQ A} AFsekeS it g4 AL
WA 7l PEe] Washl B QNS F B 92 e /%ol AAHHT Ik = FHFY
Aelg ReDe) WA FY A% FAL BEZ W AADLAT QAR LA AAANEE
£ Hlolomz Azgolth ol g5 AWFY  Hom wasb] A% AN A=) =3 ol

< LS AR LR 2 S 2G5t 7112 &5l 187 R A A Y55 35609 7]
o o4k AAEANL, 2 AAEN SHTYAA A} AAYEL 120 2 AADLYEA 113HE 242
Y23 (National Biobank of Korea, NBK)Z} 17711 7FEAIZ1AL ATk o] T 10%= ofl¥] A7 AgH|=A,
b A AR e 2] KBNS T+/d3) 71 A% Aol o] o] MY E ofH] |2 A
A=Ak KBNol| #osta Y= AAAITES]S AAEE P8 olF B EAT & it) o]

B 1) HAS AeUEe, TEYTREY, A ol 4% ﬂﬂ] % A £8H9 99 2 A

e o =X
O]"\]"ﬂ'd TR, ol Y, A LAY S 3l ARG 2=, F
4, FEUHY, SEuEd, 93uyd, A5 R o st % ]—‘"ZJ—E RUEIE 3L T (Table
9, 7:],?1_]:]1]:!]5 A, AU E Y, sy, 3 4).") FYZIIA AR 3ol A= KNHANESE H]
i, FAE, AR, Ao 23t oA271A] ASE AT ToERY FRE= <
o, 20139 FH Sy Le =gt el E TR 719 AN ZE, QARG 2o = 2
¢ KBN Fgueoz st o] 4= 3 W 71 AN EE 7Y, B 9 AEsial o,
H3laL Stk KBNS ofgh Helient opzt ok ol I HACEFEoF At EE&F F AUEFH
ATAEE BEF 0 nlolewas 488 F 3 AR EANA BFsar 9‘:]' AAANEE B, 8,
EE A F o2 akst QA AR B A28 (Human 42, DNA & B2 T/FE°] 2a=H ded 1
Biobank Information System, HuBIS)S T=¢I3}ith. % HHo| 7P Ho| "LQO] THTable 5). =L7F
HuBIS= AlfFdl=e] 558 2 8 297HA NS 20199 12€ 2 7|Eo= 92 e A
o] BE ol gt AYE T F U= 7T, v i] AEE FHEAA, LH BT 3,138
M FR AN, RIS ol&g AH, , TZA ] AN EE B3R em, ol& F3al 1,213

M
OO
N2
o

o of

=
wopel, A Be #el 52 ¥ 4 9
M2 PRE ofeb) Z2agon 4y

B =8 3 8609 Bol BUEA,

20
facs
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22. ATEAFTEAES] AAFHADAME (KHB
network)
201797HA] =717F FEF B thE vlo] QB A =M
KHB network? | =251 A tH(Table 4). KHB network
= A& 5L (Ministry of Science and ICT,
MSIT) AFaAA AR Fe = om, o
A= 7o AFaA e ol dsHEs &+ A
Al StaL o A /‘gxﬂ"]ﬂé‘% S84, 714
o8 Adsh 3, B B Fash] fla Ay
2At}h. KHB networkel %7}0]—55{@ 252 A
S Al Bk TRRPAASS), AAth ek gh=519t
25, At o FehE} oF A4 Sl ERlsk=
Sl 22, hEE ik Ay, e
Sha gk gy, Ftsha A3, e
ek A-gHlzF2golnt. ARldl= AAFHA
HAE ] VIEHAZF AREA T ol EAIHA] &2
v 7t 52 AAA 9 st 24 % A
AANBES BAET ATK(Table 5.2

3. 22| tiEXQl npo|=HEE ==

=ooME we vEkEe] ARSI =&
A AL FHstaAl vl R RUEY TS
Z18ys)gieh. dlEA 02 Table 69 A 197] =F
7¥e] 370 mpol e RUEE AF7F Atk o 5
e Q7S oz AR AYHT e =
74 vlel R UEHY dAfe YE9  Japan
Environmental and Children’s Study (JECS), Z=-2]
China National Human Biomonitoring Program
(China-NHBP)®} China Kadoorie Biobank (CKB),
FAYFtte]  Canadian Health Measures Survey
(CHMS), v]=2] U.S National Health and Nutrition
Examination Survey (NHANES), 52| German
Environmental Survey (GerES)2} German Environmental
Specimen Bank (German ESB), x=2Z¢|o]9]
Norwegian Mother and Children Cohort Study
(MoBa), 28|32 9=2] United Kingdom Biobank
(UK Biobank)2 9712 Zz o] gt} ol &
JECS, CKB, CHMS, NHANES, GerES, MoBa, UK
BiobankollA] ZA4¥ HlolHES T332 EF& 9
3l AFAEelAl FANHENCH, AFAES olHT
tolHES AR-ate] S7-fafilAket Q17ke] 7173
gk st A7E T Foll k. & AFelA =

J Environ Health Sci 2021; 47(3): 205-226

ol o7fe] ZEIdE A avfstaal skl

3.1. Japan Environmental and Children’s Study
(JECS)

UEo| JECSE thakst %P 3l =EH
ojtlo|ElAM S A% Abole] AuAde
St =2 R 11633 371 2 I3 E
Folth® JECS ATE 8l 100778‘:'394 sk
20119 1295E 20149 3271 15719 A
A mgERen, By olFd ArhAEel e
T BA7EA AEAE S8l FHE 3T JECS
PR, WA}, 22 *1%0}01]71]*1 A EE
Z81 3 (Table 6), °|2HEH S 450, 7=
, 72, ¥]2)¢} Inorganic substances, 7471

o 8 4 f o

2 A+ (chlorinated persistent organic pollutants,
POPs)S H]E3) oF 20714 o|A4te] thekst 7363l
AES AT o] gaE HAAEES
A =7k AAE 7R B Al AE AL 9
om, JECS A+ ¢k5 Foll= vlo]|omas gy
o] F7F el 7l ool 9

3.2. China National Human Biomonitoring
Program (China-NHBP)
Z=+2] China-NHBP= 20173 5= AH7} —,Jﬂ
7b wo] Al =7kdTolH, Ak el A =
Hi e RIS 7 2 2 UﬂﬂL]&O]
st7] Sl Alhe Agolh ! 2 <
e T HEA, (1) $sisEd
SRUEY WEAD 75 2) A
=7 vel el A9 (3) €
71% e (4) 33l
2 9 37t (5) 84
AL =zl gk AAA| A7 17 H7F (6) =
<7 gxo|t}. China-NHBP
201793} 20180l 3-794 21,888 2] AR+ 3
AT Aa== E'_‘Jﬁ F A AA cycleS ’\]5§ slRoem, o
o

2,
2
N
i
(o}

ﬁ
ol

X Jo >
P
Hek
2 5o
2 4%
ot
o
N
o X
rO

0F oy do (O oY X LI g
o Jo
WS
2
N
fo
S
i

ZAE) ] F WA cycle2
20219714 FPE Ao Sl 24 HA] cycled| A
A7AES g, £, o ié% A 251213 (Table 6),
o] AANEES AAE Fokd oo A=

BUA 75 o5, 7I=E, 2, ¥4, 32E,

v, Aeg, Eehg, HERY), oRdEase
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Zx(polynuclear aromatic hydrocarbons, PAHs) 12&
HA AR 2F0] EA AT A BAE AR
© 50t o] ZA2WEaet 37He] A A
£ X3k China-NHBP 21| o] Qi =] w34
=3 ik

1

3.3. China Kadoorie Biobank (CKB)

T OE 59 tE4 bl RUEY Z2a
CKB= 2004130 Algi=]o] #A|71A] o]ojx] <
UE FTRAIHOEZN, 25T ol AA EalA

/Lg ].l—‘: 1:11_})\-]70;@],__01] EHtﬂ' ;q tﬂ §L7ﬂz4 0_]0] (o]

gelslr] 93] AldE T2 aoelth ' CKBE WA

2004355 2008 d7HA] F=r 107] A GollA A9l

30-79412 A E 510,000 A7 IHES

250 2 3 07 Aacle] WskE wrish]

sl v 4-5dmet o 5%9] 7S RES FE

A7 FEote] FAHRAE FHstaL Aok 23 A

vtk F7RAEAAAN BAANEE TR Jou

(Table 6), AAAEE T3l E4E FHAEFNQAA

;H-g]_ ;(-]_ui_‘— _TV_7HQ;<] ol—oh;]_

=) H r&

3.4. Canadian Health Measures Survey (CHMS)
Fhutie] CHMS OFE 20073%E 63l AA
HA7EA] 8 FA A=A, Neile] A7ta &
HE ARE st HEREA AP A S o)
Halr] 93 71 ZARE 2] el AlZHE njo)
S EYEY Z2 3otk o w} 2007-2009d
o AlFE 17]15 AlZRe= 2022-20233°) 771 A+
7} A8E gl ;. CHMSS AFthae 7y
ok 1070 2] oA Q1 25 (3-541, 6-1141, 12-19
A, 20-394), 60-794)C.EH, ud H4 57007 ©]
go] A7 BREA. o] FHAERNE d9
F33 YA FEE0] FHEAL(Table 6), 4
8F ool F5<, il 5 <F 30714 /e
el dAEe] A=tk CHMSE UlfﬂH A
=5 F8 AAAEE X}iﬂ ulo] @ui o) Wst
3L Qeh Avths o] ALES Sal T8 A7HEA
| EHZ‘& =7} 715 dHelHE —Jéé}l A28
A FAE $Ashs Folth

% o o o

—lJ

<

A

2

o

=
5

%E
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3.5. U.S National Health
Examination Survey (NHANES)
n|=to] A ehe] Y (National Center for Health
Statistics, NCHS)ollA] F=5= NHANES X213
& MRS wALlRd B N2 AR THE
S8l 1959358 Al=tE o, o] & Al5]e] wsto|
Stro] 2 2AF A5 WS thistkshy st
vl 2391 ofdole] A7k 5 Gk Aol gk ¢
Atz Ao|th? NHANESO] 3 WAl FAk=
1959-1962'A ]| UW%@LOH g stek2 sl 20,000
B ol WS tdeE dAEleH, 2 %
vl A ZARRE @A77 R EHL e AR
FNES GF % Ao 2L BFo] 2AP} R
B3 ek, ARG FAES Advit A Aol
A OEA e EES FE5e 151 A9 A%
o] oF 500000 W PO E EALE AN 9)
o} NHANESE o) ZAlwjch g, 94, &%, &
W, w7} 24, Wg71Es AFH 5] (Table 6) 55
’%ET, zetgo 1‘5 AR, ARR7leded, A
7183 (Volatile organic compounds, VOCs),
"/F‘il FekEekslaeas ) 923} vlo|#ld (Polychlorinated
Biphenyls, PCBs) ¢]o = HEelZ=2uAd 2 7|eld
2AHER T oF 2807HA] ool FES BAstaL
Adrk. FH"E BAAEELS CDC and ATSDR
Specimen Packaging, Inventory, and Repository
(CASPIR) AN TR Sl = WA -4 (-80°C
olahel] B#E|S Utk NHANESE YRk
o] Aol thgk At IFdEE I EE =+
71 ATe] 7HAE A JIFRAL glom, dniel
o] sietzd wZel wig ti3EE 28

=]
YOME Wl§ Fod ATARE BrRe vk

and Nutrition

ol

o 0
-
o
(L

3.6. German Environmental Survey (GerES)

ZU9] GerESE 7%V 198595E Al o
TEA, 7t T QA W el g
2 QAT Brrete] By BE AREAZ 3
Askaat ARHAG WA 1975d0) B2
el 24 vl gk A= AdA8 AF
$]gF SOP (Standard operation procedures)”} S ]

= =

L) m[o l-l:l
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At GerES= ©]& 7|Hke 2 1985-19861¢] 3 ®l
A AR AL, 7 H2(2014-2017)e] T
AR ZARE AT v AR ek dof ) 4
W, o] £ = =H|(Table 6), L & AWS 53]
AR TEER, R854, 3-phenoxybenzoic
acid (3-PBA), tihaksetalra A S 283
S FERIANE S A sIleH, offoldl thair =
F7H R PN FFE, F7IELASRHE 4

>

%, TE)E, ol=ddds o 248k ek

3.7. German Environmental Specimen Bank
(German ESB)

EohE e mﬁmo 227321 German ESB
= 197430 ARES oHgE Ze T zAA
4 8 A HES %7] BAs7] 8 AyE 9
TAHA ZUEY Z2ago] PEFQ— CE; Mlv}”)

]_
e, 2 5 ESBHUMS ¥E %‘Oﬂ/ﬂli Q17ke]
Basle Aot ESBHumS A
olF 2&H o2 IZF AAANEE Ao A
A= RUEEE At} gt ol& 9
3 midritt 5do] 47 A elA 2211E F3 A
748 20-294] HY ofF 1205 2Rste] AAAR

£ FHSAH(Table 6). F7HFE2 2T Foll=
AL ol 7bibael W, Aot 8
FNA F AR 5L otshy AN BE 7
S8tk ol e A A, vl

A (bisphenol A, BPA), & 3}2gHik(perfluoro-
octanoic acid, PFOA), 3-&3}1583E 2} (perfluoro-
octane sulfonate, PFOS), 25A), Zg]gshilol=d
A, ZeYo|EE EA35l2 Ut} ESBHumS AA)
A58 B&A] A E fE FRHFE 247E ¢
BE HFE Thol=gRIo R vHEo] AES Y 5
det =7 st AT F =S s

3.8. Norwegian Mother and Children Cohort
Study (MoBa)
=Edole] thEA] RUHY 23] MoBa
ATE Ae} 2 B Ay welel Bt @
T2A =Y A A4 (National Institute of Public
Health, NIPH)7} 1999 d0l] A]&slo] &A71A] o]of
A5 e Aotk Ao e 19999-7-E

J Environ Health Sci 2021; 47(3): 205-226

2008 Ateloll #7F XS HHel 90,7008 9] U4k
58} 71,5008 9] wi-g-Atolty, 2 W olujey YA
AL 248k ofbsEE AT tidelH, o5 A
T o/, 18709, 3A, 5Al, 8Al, 13A4Imit 54 &
2] 31 9lth. MoBaw 7S EHE AR EEMN
o, 2W, E4, ANES TR (Table 6),
BPAS} FE|US 23 theket Al dAtE]
‘«‘ﬂXHUWC ALaA FAES Ak $e AN

AA =290] Y B AF4ae] vlo|ew=a
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3.9. UK Biobank
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