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Endocrine disrupting chemicals (EDCs)

o RILEARRZBEET 29N KILEMEOTDEEY (Zoeller et al., 2012)

An exogenous chemical, or mixture of chemicals, that interferes with any aspect of hormone action (Zoeller et al., 2012)

EDC-2: The Endocrine Society’s Second Scientific
Statement on Endocrine-Disrupting Chemicals

Brain
A. C. Gore, V. A. Chappell, S. E. Fenton, J. A. Flaws, A. Nadal, G. S. Prins, J. Toppari, Hypotholamus — Pineal
and R. T. Zoeller ; Pituitary
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Prostate Gland Disruption

- HFRIRDOERERES
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« HERE BEADBADEZE

Neurodevelopmental and Neuroendocrine Effects

Figure 1. Diagram of many of the body’s endocrine glands in females (left) and males (right)

Gore et al.,, 2015
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EDCs and disease
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— Plastics 106 tons Bisphenol A, phthalates, dioxins,
heavy metals
=== Chemical fertilizers 106 tons Heavy metals, particularly arsenic, Metabol
L cadmium, lead . - ism
ppE— P 5 Organochlorines, organophosphates,
Pesticides 10° tons fungicides
— E-waste 103 tons Dioxins, furans, polycholorinated
biphenyls
om— Food additives 106 US dollars Artificial sweeteners, emulsifiers,

coloring agents.

Velmurugan et al., 2017
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Burden and disease costs of exposure to EDCs

Health Effects From Endocrine Disrupting Chemicals Cost The U.S. HEALTH EFFECTS FROM ENDOCRINE DISRUPTING CHEMICALS

COST THE EU 157 BILLION EUROS EACH YEAR.
340 Billion This is the tip of the iceberg: Costs may be as high as €270B.
Annually
€157B Cost by Health Effect €157B Cost by EDC Type Endocrine Disrupting
$340 Billion by Health Effect $340 Billion by EDC Type Chemicals (EDCs)

132 interfere with
120 hormone action to
cause adverse health

Neurologlcal Conditions Flame Retardants

effects in people.

Endometriosis & Fibroids Plastic, Cans
“THE TIP OF THE
Q'O . ICEBERG”
The data shown to

the left are based
26 on fewer than 5% of

~c 15 likely EDCs. Many
x 6 9 EDC health conditions

were not included in

Other Mixes of Chemicals this study because
e @ 0 @ ° m 0 o key e IaCking.
o Other health outcomes

Premature Death

@

Obesity & Diabetes

Pesticides

Pesticides  Plastic, Cans Flame will be the focus of
Phthalates & Retardants
peocy future research.

Male Reproductive Problems 5

/ : SOME EDC-RELATED HEALTH OUTCOMES NOT INCLUDED: SOME EDCs NOT INCLUDED:
! ? + Atrazine + Polycyclic Aromatic Hydrocarbons

See Trasande et al. The Joumal of
Clinical Endocrinology & Metabolism
http://press.endocrine.org/edc

Teresa et al.,, 2016; Trasande et al., 2015
https://med.nyu.edu/departments-institutes/pediatrics/divisions/environmental-pediatrics/research/policy-initiatives/disease-burden-costs-endocrine-disrupting-chemicals
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Various exposure sources and characteristics

- B AT

Physico-chemical properties

DFE (MW) | A3/ KSTEIFRE (logkow) . FZBMEL
HViolecular weight (MW), log Kow, persistency, etc.

EERBMALFEYME . DV /SR, ERTT/EE

Non-persistent chemicals: phthalates, parabens, bisphenols, etc.

TREEMHEIEEYE © OCP. PCB, PFAS, PBDEZiEPersi
stent chemicals: OCPs, PCBs, PFASs, PBDEs, etc.
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Exposure sources
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Biomonitoring
o IMAEZRYLY

Biomonitoring

E MEARNDIEFIE. TOREY. RICERAZAE LT, AMEDIEFY)
HIRZE LT OFEEEFHET 2757

Method for assessing human exposure to chemicals or their effects by
measuring these chemicals, their metabolites or reaction products in human
specimens

A1 751]229 ) TR - R - "R - BE/GEDIRRIZEENS/ \ A AT—N
—Z8 E

Biomonitoring involves measurements of biomarkers in bodily fluids, such as
blood, urine, saliva, breast milk, etc.

https://oshwiki.eu/wiki/Biological_monitoring_(biomonitoring)
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Asian children study: children from Saudi Arabia,
Indonesia, and Thailand

— I3 IVERER BRI BRI —

-Phthalates and alternative plasticizers-
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E%

Phthalate exposure
- EHFE LMW) T4J/LEE
Low molecular weight (LMW) phthalate

- L& : DEP. DMP, DBP#AE
Chemicals: DEP, DMP, DBP, etc.

o & : BER VIR A0, bHE&. FREF FFH. BRBEMEEDBH| Usage:
Solventsand in  adhesives, waxes, inks, cosmetics, insecticides and
pharmaceuticals, cosmetics, food packaging, etc.

a7 FE (HMW) J%)LE
ngh molecular weight (HMW) phthalate

o =¥ : DEHP. DINP. DIDP73E
Chemicals: DEHP, DiNP, DiDP, etc.

- A& B#.KE k5. RUSEEZL (PvC) &R, B, BREEM L Usag
e: Construction material, clothing and furnishings, polyvinyl chloride (PVC) applica
tions, toys, food packaging, etc.
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Temporal trend
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Fig. 1. Concentrations of key LMW and HMW phthalate metabolites (median, in jLg/L) in the German ESB over the years 1988-2015.

Koch et al., 2017
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Children
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Exposure
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5
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2
T T T
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Zota et al.,, 2014

« BITH1TENE AR
Different behaviors and physiology
o« BEUDIERERDAICANTEITE
Playing habits and distinct mouthing
behavior

o {KEIZLLI L TEREAE X
Higher ingestion related to body weight
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Pubmed search

grg/77 E7 - 34 - AV FRITDFELDRF 7B HMRE -KBTEXR KBS MEE (2R
BERIFR SN TS

Limited information on urinary levels of phthalate and alternative plasticizer metabolites inchildren
from Saudi Arabia, Thailand, and Indonesia

ubmedf@#ﬁ%ﬁ% (2020&185)

BRREE A 3L

Search term Number of papers
phthalate AND (urine OR urinary) AND Saudi Arabia 21

phthalate AND (urine OR urinary) AND Saudi Arabia AND children 11

phthalate AND (urine OR urinary) AND Thailand 3

phthalate AND (urine OR urinary) AND Thailand AND children 3

phthalate AND (urine OR urinary) AND Indonesia 0
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Research aims

. 351@"&1&5&%&ﬁ’é‘*ﬂféﬁﬂﬁé&ﬂm);ﬁfi TYOCTISET - 24 -
R
T OF ELHMONE 2 DFELTHET S
Tocompare levels of phthalate and alternative plasticizer metabolites in
children from Saudi Arabia, Thailand, and Indonesia with other countrie

S

o JZERETD ) R HHETET D

To estimate risks of exposure to phthalates
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Asian children study

Science of the Total Environment 654 (2019) 13501357

Contents lists available at ScienceDirect

Science
Talgl Enviranment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Urinary phthalate metabolites among children in Saudi Arabia: Occur- m':)
rences, risks, and their association with oxidative stress markers a

Inae Lee ?, Raid Alakeel ®, Sungmin Kim ¢, Yazeed A. Al-Sheikh ®, Hazem Al-Mandeel ¢, Abdullah A. Alyousef®,
Younglim Kho “*, Kyungho Choi ***

2 School of Public Health, Seoul National University, Seoul, Republic of Korea

b Department of Clinical Laboratory Sciences, College of Applied Medical Sciences, King Saud University

© Department of Health, Environment and Safety, Eulji University, Republic of Korea

4 Department of Obstetrics and Gynecology, College of Medicine, King Khalid University Hospital, King Saud University

HIGHLIGHTS GRAPHICAL ABSTRACT

Eighteen phthalate metabolites were
analyzed in urine samples from Saudi
Arabian children.

MiBP and MnBP were detected at higher
levels than those reported in other
countries.

Approximately 34% of the children
showed potential risks (HQ > 1) from
DEHP exposure. ouer
Certain phthalate metabolites were as-
sociated with oxidative stress markers.

High urinary of

Saudi Arabia
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Materials & Methods

Study population

o 2017%EITS~8EWDFEE (108 N) ZHHTCTSEFTTEE,

Children aged between five and eight years (n = 108) were recruited from Saudi Arabia in
2017.

« 2018FI5~1IBMDFEDLERA (104N) EA 2V RRIT (9AN) THEEKE,
Children aged five between eleven years were recruited from Thailand (n=104) and
Indonesia (n=89) in 2018.

o ROYUT) T LERE

Urine sampling and questionnaire

o 1ARY NRY U TIVEREL
One spot urine samples were collected.

- FERRREOHEN. FELOHRSAOFHRERE. BWEE. /Y78 M (PCP) D
(ERIEEd S ERZEICEE,

Parents of the participating children answered via questionnaire for socio-demographics,
food consumption, and use of personal care products (PCPs) for their children.
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Materials & Methods

K(A=2, 2 iy
Chemical analysis

- FRAA D2 VB 2 LC/MS/MS TR T
Urinary phthalate metabolites were analyzed with LC/MS/MS.

- IREETAE
Exposure assessment
- 1AERE (ug/kgbw/B) =T72)UERBMDRFPBIVEE (umol/L) x#ERE (L/kg,/B)
x FILEYDRF=E (g/mol) +FUE (FREPSEHEIMEE BEAI7TL)
Daily intake (ug/kg,,~day) = Urinary mole concentrations of phthalate metabolites (umol/L)*Urine
excretion (L/kg,,-day)*Molecular weight of a parent compound (g/mol)/Fue (fractional urinary excreti

on, unitless)

+ BT
Risk assessment
- /NHF—FKHE (HQ) =1B{ERE+RD
Hazard quotient (HQ) = Daily intake / RfD
- INP—FEE (H) =HQD&ET
Hazard index (HI) = ZHQ
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Correlation
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Comparison of phthalate metabolites in children
populations
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Comparison of phthalate metabolites in children

populations
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Comparison of phthalate metabolites in children

populations
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Composition of phthalate metabolites
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DEHP and its alternatives

DEHP and its alternatives DEHP and its alternatives
Indonesia _‘ u ZDEHP Indonesta _ = 2DErP
pRTE ) B FDiNPm
s H >DINPmM
‘ SDIDPm 20iDPm
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Risk assessment: RfDaa
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Risk assessment: RfDaa
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Major findings

« HDER EDLEER

Comparison with other countries

« 3INEITHITEHT75)VELEY & KB T EBH KB DR HERK
Different composition of phthalate and alternative plasticizer metabolites in
three countries

« DEHP &EZDEY)

DEHP and its alternatives

o AEPESZED') XY

Risks of phthalate exposure
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Biobank in South Korea
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Biobank

- BE2EIREEEFAE (KoNEHS)

Korean National Environmental Health Survey (KoNEHS)

- BEIEERRERXEHRNE (KNHANES)
Korean National Health and Nutrition Examination Survey (KNHANES)

- BESEXRNIREFEYWEIFE (KorSEP)

Korea National Survey for Environmental Pollutants in the Human Body (KorSEP)

- BFIREEERHAE (MOCEH)
Mothers and Children’s Environmental Health Study (MOCEH)

- BEFELREREFZE (KoCHENS)
Korean Children Environmental Health Survey (KoCHENS)

s NEBLUVBFTENDEEBRZELEEIZCEAT 55HE (KorEHS-C) E

nvironmental Exposure and Health Survey in Children and Adolescents
(KoreHS-C)
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Biobank
IMAYT)L

Bio-samples VAT LERE
System

2If - MF - Mm% i management
Whole blood, serum, or plasma | Breast milk | Cord blood | Placenta

KoNEHS 0 O - - - NIER
KNHANES 0 0 - - - KNIH
KorSEP O 0 - - - NIER
MOCEH o* o* 0 o 0 NIER
KoCHENS o* o* - o - NIER
KorEHS-C O 0 - - - NIER

* BF

Mother-children

EIRERZR (NIER)
National Institute of Environmental Research (NIER)

BEEREMER (KNIH)
Korea National Institute of Health (KNIH)
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Biobank

KNHANES

. i . S » M.
KNIH— 88/ \ A A7\
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KoNEHS

HERKBEEARI (KCDC) Kore REBMFRES (MOE) —ETIREMFE (NIER)
a Centers for Disease Control and Ministry Of Environment (MOE)'Natlonal Institute Of
Prevention (KCDC) Environmental Research (NIER)
2005 2007 2008 I
BEEROMPELREEREIC BEELEARNRESEMERZE (KorSEPI AIl,
B9 52EHRE 2007-2008)
National Survey for heavy metal Korea National Survey for Environmental
concentrations in the blood of Pollutants in the Human Body
the Korean general population (KorSEP 11, 111, 2007-2008)
MOE-NIER
2009-2011 2012-2014 2015-2017 2018-2020 I
%5 1[EIKoNHES %5 2[E]KoNHES 5 3B KoNHES 5 4[BKoNHES

1st KoONHES 2nd KoNHES 3rd KoNHES 4th KoNHES



KoNEHS

- 25 1[A] KoNHES 25 2[A]KoNHES 2 3[A]KoNHES 25 4[A KoNHES
1st KONHES 2nd KoNHES 3rd KONHES 4th KoONHES
EE*@E 8 e 21 e 26 e 33
= - BE€R 5 - MHPEEE - E€E 3) OHEEL - E€E 3) 1 OHEE - FE€E 3) HNOpES
Hazardous (3.PbHg,Mn) . RFFE I (2.PbHg) . RFE B (2,PbHg) , FRHPE  [§ (2,Pb, Hg) . RHE
materials 28 (3.Hg Cd, As) £/& (2. Hg, Cd) £/& (2. Hg, Cd) £ (2. Hg Cd)
Heavy metals (HMs, 5): HMs (3): blood HMs (2, HMs (3): blood HMs (2, HMs (3): blood HMs (2,
blood HMs (3, Pb, Hg, Mn), Pb, Hg), urinary HMs (2, Pb, Hg), urinary HMs (2, Pb, Hg), urinary HMs (2,
urinary HMs (3, Hg, Cd, As) Hg, Cd) Hg, Cd) Hg, Cd)
- SEEEERILKE ~ ~
(PAH) HXEM (2) - PAHREIY (4) - PAHIEY (4) - PAHKEI (4)
Polycyclic aromatic PAH metabolites (4) PAH metabolites(4) PAH metabolites (4)
hydrocarbon (PAH)
metabolites (2)
- MEEE (1 , - EEEE (1) - MEEE (1)
Eﬁnvironmental tobacco - [ % i JE (Il) b EEnvironmentaI tobacco EEnvironmentaI tobacco
smoke (1) Err;\grk%n(T)enta tobacco smoke (1) smoke (1)
- RPET7AILEMSEY G _ - R 72 IVEAEY - R 75 LB
3 Urinary ph%halate ﬁé?:)l IR Y (8) (8)
metabolites (3) Uri hthalate Urinary phthalate Urinary phthalate
- BT/ (1) mg?a&]ggl?tes(S) metabolites (8) metabolites (8)
i | phenolics (1 = ; - BEIx/—)LEE (7) - ®REJT/—JLEE (9)
_ ;;\;f;:;m(elr;ta phenolics(1) — _ Eﬁvii%onjrﬁe/r;a)lbﬁgl:mer%l)ics Eﬁ\?ronjr:nental p*henolics Eﬁ\?ronfnental p*henolics
- ERMARILEY - RHHA (1 7 1
(VOC) f£ ## (5) P):asticide (1) Pest|C|de_3(1) Pest|C|dt? (1)
Volatile organic compound — VOCH Y (5) - voc K #E¥ (2) - vocH #EtH (2)
(VOC) metabolites (5) VOCs metabolites (5) VOCs metabolites (2) VOCs metabolites (2)
- NL)AA7ILUES
? R 7)1,?437)1,
U1 PFAS)
(5) Per-and
polyfluoroalkyl
‘ substances (PFASs) (5)
ERPR ¥ — 77 0 19 16 21
— Clinical
__markers
B EM 19 E 19F U E 3FELLE 3FELLE
Population 219 yr 219 yr 23 yr 23 yr
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Hazardous materials measured in bio-samples

BHELERRFXEFNE (KNHANES)
Korean National Health and Nutrition Examination Survey (KNHANES)

- EfE W)

Heavy metals (4)

- BE2EFRNREEEMERZE (KorSEP)

Korea National Survey for Environmental Pollutants in the Human Body (KorSEP)

« E3E: EXRE (5 . PAHRHEY (2) . FEEYE (1) . EDC (2) . FRHEFA (1 . vocKE#EY (2)
3rd: heavy metals (5), PAH metabolites (2), environmental tobacco smoke (1), EDCs (2), pesticide (1), VOC metabolites (2)

- BFIREREEFAZE (MOCEH)
Mothers and Children’s Environmental Health Study (MOCEH)

- EE£E 4 . EDC (4) . PAHREIY () HE
Heavy metals (4), EDCs (4), PAH metabolites (2), etc.

- BHEFELREREFAE (KoCHENS)
Korean Children Environmental Health Survey (KoCHENS)

e EERE ) . BEIVI/IVE (7) . J2UEERB (8) . REEME (1)

Heavy metals (3), environmental phenolics (7), phthalate metabolites (8), environmental tobacco smoke (1)

« INEBRUVEFEDRFIRE SERICEY HFE (KorEHS-C)

Environmental Exposure and Health Survey in Children and Adolescents (KorEHS-C)

- EEE 0 . JEKHY ) . vocKEM (5) HE
Heavy metals (4), phthalates metabolites (5), VOC metabolites (5), etc.
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Importance of biomonitoring

REGEEOME B mizsyzores R~ DE R BB L IRERN
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alth of environmental with health pathways
chemicals effects
e 3 \ \ N
Bl) BREN BUES L UEEDE RGBT ERisk (RS, BAER
Exgggﬁ?ae igrl?le & Policy and industry assessment, etc. E[TDWTHEME
: PR changes Questionnaire on
BIRER : i, 15 residential enviro
. EEFHIREL Rel nment, diet, etc.
ated factors: age, se
X, socio-economic st
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Thank you for your attention!




