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Det Kpbenhavnske minipubertets studie
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Minipuberty Study

* Minipubertet optreeder i 1-3 maneders alderen
* Niveauet af bl.a. kenshormoner stiger
e Pubertets lignende tegn: bumser, brystudvikling mm

-

» Hvorfor har speedbgrn minipubertet?

» Hvad betyder minipuberteten?



- Longitudinel observations studie gennemfgrt 2016-2019
Studie design - 233 raske spaedbgrn deltog fra fgdslen

- 6 undersggelser gennem det fgrste levear

- 186 bgrn deltog helt til sidste undersggelse (ca 1 ar)
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- Physical examination, anogenital distance, assessment of sexual
maturation and external genitalia, testicular ultrasound (boys)
- Blood sample, urine sample, questionnaire on food intake
- Subset: Daily urine samples around 3 months of age

PREGNANCY  BIRTH FOLLOW-UP

Busch et al. Paediatr Perinat Epidemiol. 2021



Barn ved hver undersggelse
- Hgjde
- Vaegt
- Fedtfolder
Anogenitial distance
Ultralydsscan af ovarier og testikler
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Sp@rgeskema om amning og kost

Foraeldre (en gang)

- Spgrgeskema og graviditets data
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MiniPub Trio studiet

Formal:

- At undersgge eksponeringen for phthalater og substitutter, samt UV filtre
(benzophenoner), bisphenoler og andre phenoler hos spsedb@rn og deres
forzeldre.

- At undersgge om eksponering i familier (mgdre, feedre og bgrn) kan
associeres?

Materiale:
- MiniPub Trio: Urinprgver fra 142 spadbgrn (ialt 211 prgver), 127 mgdre
og 118 faedre

Metode:
- Kemisk analyse af urinprgver vha. LC-MS/MS

Frederiksen et al, Environ.Int. 2022 a

fotos: colourbox Frederiksen et al, Environ.Int. 2022 b



Phthalater er
plastblgdg@rrende stoffer
i industrielle produkter

Phthalate diesters and phthalate substitutes and their metabolites

Phthalate diester Human urine metabolite
Phthalates
Di-methyl phthalate DMP Mono-methyl phthalate MMP
Di-ethyl phthalate DEP Mono-ethyl phthalate MEP
Di-iso-propyl phthalate DiPrP Mono-iso-propyl phthalate MiPrP
Di-n-propyl phthalate DPrP Mono-propyl phthalate MPrP
Di-iso-butyl phthalate DiBP Mono-iso-butyl phthalate MiBP
Di-n-butyl phthalate DnBP Mono-n-butyl phthalate MnBP
Mono-(3-hydroxybutyl) phthalate MHBP
Butylbenzyl phthalate BBzP Mono-benzyl phthalate MBzP
Di-n-pentyl phthalate DnPeP Mono-n-pentyl phthalate MnPeP
Mono-(4-hydroxypentyl) phthalate MHPeP
Di-(2-ethyl-hexyl) phthalate DEHP Mono-(2-ethyl-hexyl) phthalate MEHP
Mono-(2-ethyl-5-hydroxyhexyl) phthalate MEHHP
Mono- (2-ethyl-5-oxohexyl) phthalate MEOHP
Mono-(2-ethyl-5-carboxypentyl) phthalate MECPP
s 0no-( y e MCMHP
Di-n-hexyl utemeta bdluéﬁnﬁgh;l;s ‘ﬁhﬂtﬁ a Iate r MHXxP
Mono-(5-hydroxyhexyl) phthalate MHHxP
Mongal5-carboxypentyl) phthalate MCPeP
Di-cyclohexyl phthalate DCHP Monﬁ&exyl phthalate MCHP
Di-n-heptyl phthalate DnHpP  Mono-n-héptyl phthalate MHpP

6 metabolitter fra'2 phthalat substitutter

Di-octyl phthalate DnOP Mono-n-octyl phthalate

vomwrse (DINCH:Og DEHTP)

Mono-hydroxy-iso-nonyl phthalate
Mono-oxo-iso-nonyl phthalate
Mono-carboxy-iso-octyl phthalate

Di-iso-decylphthalate DiDP Mono-iso-decyl phthalate
Mono-(9-hydroxydecyl) phthalate
Mono-(9-oxodecyl) phthalate
Mono-(9-carboxynonyl) phthalate

Phthalate substitutes

Di-2-ethylhexyl terephthalate DEHTP  Mono-(2-ethyl-5-hydroxy-hexyl) terephthalate
Mono-(2-ethyl-5-oxo-hexyl) terephthalate
Mono-(2-ethyl-5-caboxyl-pentyl) terephthalate
Mono-(2-caboxyl-methyl-hexyl) terephthalate

Di-iso-nonyl-cyclohexane-1,2-dicarboxylate DINCH Cyclohexane-1,2-dicarboxylate-mono-(hydroxyl-iso-nonyl) ester

Cyclohexane-1,2-dicarboxylate-mono-(carboxy-iso-octyl) ester
* MCPP is the major metabolite of DnOP but are not specific for DnOP

MnOP
MCPP*
MiNP
MHiNP
MOINP
MCiOP
MiDP
MHiDP
MOiIDP
MCiNP

MEHHTP
MEOHTP
MECPTP
MCMHTP

MHINCH
MCiOCH




7 UV-filtre, 7 bisphenoler og 7 andre phenoler

UV filters
Benzophenone BP
Benzophenone-1 BP-1
Benzophenone-2 BP-2
Benzophenone-3 (oxobenzone) BP-3
Benzophenone-7 (5-cholro-2-hydroxybenzophenone) BP-7
4-hydroxy-benzophenone 4-HBP
4-methyl-benzophenone 4-MBP

Bisphenols
Bisphenol A (2,2-Bis(4-hydroxyphenyl)propane) BPA
Bisphenol S (4,4 -Sulfonyldiphenol) BPS
Bisphenol F (4,4 -Methylenediphenol) BPF
Bisphenol AF (4,4'-(Hexafluoroisopropylidene)diphenol) BPAF
Bisphenol E (1,1-Bis(4-hydroxyphenyl)ethane) BPE
Bisphenol C (2,2-Bis(4-hydroxy-3-methylphenyl)propane) BPC
Bisphenol G (2,2-Bis(4-hydroxy-3-isopropylphenyl)propane) BPG
Bisphenol PG (1,1-Bis(4-hydroxyphenyl)- BPBP
1,1diphenylmethane)

Other subtances
Triclosan TCS
Triclocarban TCC
2,4-Dichlorophenol 2,4-DCP
2,5-Dichlorophenol 2,5-DCP
2,4,5-Trichlorophenol 2,4,5-TCP
2-Phenylphenol 2-PP
4-Phenylphenol 4-PP

h

— Polykarbonat og epoxy-resin

e o e

) <11
Colgate %




Human Biomonitering
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Trio studiet - Phthalater

% eksponerede deltagere

> Metabolitter af 15
phthalater og 2 phthalat
substitutter blev malt

» 11 phthalater og begge
substitutter blev malt i
59-100% af prgverne

> >75% af alle prgver
indeholdt mere en 8
forskellige phthalater og
begge substitutter

Spaedbgrn, n=142 (ialt 211 prgver)

Phthalate metabolites

DMP  MMP
DEP  MEP
MiPrP

DiBP

\MnPrP
MiBP

MnBP
DnBP { 30H-MnBP

50H-MEHP
5oxo-MEHP
5cx-MEHP
2cx-MEHP
MnHxP
OH-MHxP
cx-MHxP
MCHP

MnHpP
Dpr OH-MHpP
cx-MHpP

MnOP
cx-MPrP
MiNP
OH-MiNP
oxo-MiNP
cx-MiNP
MiDP
OH-MiDP
oxo-MiDP
cx-MiDP
Phthalate metabolite substitutes

OH-MINCH
DINCH {

cx-MINCH

50H-MEHTP
50xo-MEHTP
DEHTP 5¢cx-MEHTP
2cx-MMHTP

Mgdre, n=123
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Trio studiet - Phthalater o Barn O Mor 4 Far

MMP MBzP

Phthalat metabolit koncentration i urin
hos spaedbgrn og deres foraeldre
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Frederiksen et al, Environ.Int. 2022 a



Trio studiet - Phthalater

Estimeret daglig eksponering for phthalater

» Feedre og mgdre er signifikant hgjere
eksponeret for nogle phthalater end
deres sma bgrn

» Flere af disse phthalater, f.eks DEHP
bruges ofte i plastik produkter

» Bgrn er eksponeret for samme eller
hgjere mangder end deres forzeldre af en
reekke andre phthalater

» Flere af disse phthalater, f.eks DEP, DiBP
og DnBP bruges ofte i personlige
plejeprodukter

Estimated daily intake (ug/kg/day)
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Frederiksen et al, Environ.Int. 2022 a



Trio studiet - Phenoler

Spaedb@rn, n=142 (i alt 211 prover) Mgdre, n=130 Feedre, n=122
00 20 40 60 80 100 00 20 40 60 80 100 00 20 40 60 80 100
UV filters I I I I I I I I I I I I
% eksponerede deltagere BP 60 EE— 45 —
BP-1 68 I 38 — 91
BP-2 1 11 n3
BP-3 94 I 1 00 I — 100
» 22 UV-filtre, bisphenoler og andre BP-7 25 — - g
phenoler malt i urinprgver 4-HBP 52 — 39 E— 35
4-MBP = 4 WS 4
Bisphenols
> 75-94 % af bgrnenes urin BPA 84 | S 75 Y
indeholdt BP-3, BPA, BPS og TCS, zzi - /e E— 78 _58 83
mens 39-68% indeholdt 6 andre st | o o " .
stoffer BPE = 3 . 3 "3
BPC = 3 |1 12
BPG 6 0 1
» Generelt havde flere foraeldre end BPBP 0 0 0
barn indhold af de malte stoffer  Othersubstances
TCS 74 I 00 I 96
TCC 0 0 0
2,4-DCP 48 I S/ I 93
2,5-DCP 39 I 57 I 72
2,4,5-TCP 13 == 10 W s
2-PP 56 NNNN————— I 69
4-pp 9 r— I 52

Frederiksen et al, Environ.Int. 2022 b



Trio studiet - Phenoler = Barn ® Mor a Far

Benzophenone Benzophenone-1 Benzophenone-3

&) 8 ﬁ
Phenol koncentration i urin hos B II . mﬂa : , ‘;1 ,
Spadb¢rn og foraldre N 4-hydroxy-benzophenone R o Bisphenol 5
2 1 2
> Bgrn < forzeldre : l ° o .
» Variation inden for familien < £ s » et - - .
variationen mellem familier g, Bisphenol F . ,,  2ADichlorophenol
> Nogle familier har hgje koncentrationer £ ° : :
af nogle phenoler, mens andre familier - : N jj . I[
har lave koncentrationer Aasaneasaseasssenanelit L o
N 2,5-Dichlorophenol ) N A4-Phenylphenol
. .1‘{“ i Y 1 I
-5 -5 -4 T ]

mean In urinary concentration (ng/mL)

Frederiksen et al, Environ.Int. 2022 b



Benzophenone Benzophenone-1 Benzophenone-3

Trio studiet - Phenoler

100000

10000,

Estimeret daglig eksponering for phenoler

T T T
Infant Mother Fath

Bisphenol S

» Faedre og mgdre er signifikant hgjere
eksponeret for nogle phenoler end
deres sma bgrn

» Bl.a. to pesticider og et fungicid som
formodes at komme fra kosten

14 & &

T T L}
Infant Mother Fat

» Born er eksponeret for samme eller
hajere maengder end deres forzeldre af
en reekke andre phenoler

» Bl.a. UV-filtrene, to bisphenoler,
triclosan og et fungicid

Daily urinary excretion (ng/kg/24h)

T T
Infant Mother Father

Participant
Frederiksen et al, Environ.Int. 2022 b



Trio studiet — Phenoler og Phthalater

Benzophenone-3 (ng/mL)
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» Signifikant korrelation mellem mange
kemikaliekoncentrationer malt i urin hos mor-barn, far-barn

og mor-far

» Signifikant korrelation mellem mange kemikalier, dvs hgjt
eksponeret for et kemikalie ofte ogsa hgjt eksponeret for

mange andre kemikalier
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MiniPub Trio studiet — konklusion

» | alt blev 39 kemikalier som er eller er mistaenkt for at veere hormonforstyrrende analyseret
» Bade bgrn og deres foraeldre var eksponeret for de fleste af de malte kemikalier
» Bgrnene var eksponeret for 13 kemikalier pa samme niveau eller hgjere end deres foraeldre

» Signifikante korrelationer mellem bgrn og deres foraeldres eksponering



MiniPub Food studiet

Formal:

- At undersgge eksponeringen for phthalater og substitutter, samt UV filtre
(benzophenoner), bisphenoler og andre phenoler hos spaedbgrn der udelukkende
fik brystmaelk og senere hvor bgrnene fik en blandet kost

- At undersgge om spadbgrns eksponering er pavirket af kosten - amning vs.
blandet kost?

Materiale:

- MiniPub Food: 2 x 60 urinprgvepar indsamlet i hhv. ammeperioden og bagefter,
hvor barnet fik blandet kost

Metode:

Frederiksen et al, Environ.Int. 2022 a

- Kemisk analyse af urinprgver vha. LC-MS/MS Frederiksen et al, Environ.Int. 2022 b




Food studiet - Phthalater o Brystmalk 4 Blandet kost

MMP —1CC=0.420 MEP —1CC=0.530 MBzP — I1CC=0.325

;] , 11 :

Phthalat metabolit koncentration i urin z g
hos brystbgrn og bérn med blandet kost 1 *;
» Urinkoncentrationen af nogle fa 5 PDiBPM —ICC=0532 4
phthalater var lavere hos brystbgrn end : E§ i ’
senere hvor de samme bgrn fik blandet S : :
kost 0§ 0 0

2DnHxPm —1CC=0.122

» Uanset kost, geelder for de fleste

In urinary concentration (ng/mL)

4 1 4
phthalater, at nogle bgrn havde hgje 2 E : 2
koncentrationer, mens andre bgrn havde N | ! ; N
lave koncentrationer N ﬂi . "
A s o
2 8 9
1 6 7
0 4 5
-1 2 3
2 0
3 2 1
-4 -4 -1
5 -3

mean In urinary concentration (ng/mL)

Frederiksen et al, Environ.Int. 2022 a



Food studiet - Phthalater

Estimeret daglig eksponering for phthalater

T T
Breastfed Mixed diet

» Eksponeringen for nogle fa phthalater
var signifikant hgjere hos der fik
blandet kost

» Eksponeringen for mange phthalater
var den samme eller signifikant hgjere

0.01

T T
Breastfed Mixed diet

Estimated daily intake (ug/kg/day)

hos bgrn mens de udelukkende blev onee

ammet, sammenlignet med senere : g

hvor de fik blandet kost ! % =+ o %
ui;:: \ / 0.0001

T T T T
Breastfed Mixed diet Breastfed Mixed diet

Breastfed Mixed diet Breastfed Mixed diet

Sample

Frederiksen et al, Environ.Int. 2022 a



Food studiet - Phenoler

Phenol koncentration i urin hos brystbgrn
og barn med blandet kost

» Urinkoncentrationen af nogle fa
phenoler var lavere hos brystbgrn end
senere hvor de samme bgrn fik blandet
kost

» Uanset kost, geelder for nogle phenoler,
at nogle bgrn havde hgje
koncentrationer, mens andre bgrn havde
lave koncentrationer

In urinary concentration (ng/mL)

O Breastfed A Mixed food

Benzophenone Benzophenone-1 Benzophenone-3
6 9
4 7
2 l l 5
3
0
1
-2 I
A3 ii ;
|
-6 -5
-3 -2 -1 o] 1 2 -6 -4 -2 o] 2 4
3 Bisphenol A L
2 0
1 1
o]
1 -2
2 -3
3 -4
-4 4 -5
-4 2 0 2
Bisphenol F
5 3
3 1
1
-1
-1
-3
- -3
T T T " 5 . 5
-3,5 -3 -2,5 -2 5 3 Kl 1 3
2,5-Dichlorophenaol 2-Phenylphenol 4-Phenylphenaol
0 0,5
1 I 0,5
I _2 §
-1,5
é -3
- -4 - 2,5 - HI
T T T -5 T T v -3,5 4 T T "
-4 -3 -2 -1 -6 -4 -2 0 -3 -2,5 -2 -1,5

mean In urinary concentration (ng/mL)

Frederiksen et al, not published 2022 b



Food studiet - Phenoler

Estimeret daglig eksponering for Phenoler

» Eksponeringen for BPA og BPS var
signifikant hgjere hos bgrn der fik
blandet kost

» Eksponeringen for mange andre UV-
filtre og triclosan var den samme eller
signifikant hgjere hos bgrnene mens de
udelukkende blev ammet
sammenlignet med senere hvor de fik
blandet kost

Daily urinary excretion (ng/kg/24h)

0.1

—— 1
Breastfed Mixed food

4-hydroxy-benzophenone

100+
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0.1

Bresstfed—Mined faod
Bisphenol F
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0.01
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2,5-dichlorophenol

1

T T
Breastfed Mixed food

10000

100+

104

0.01

— — 1
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2-phenylphenol

@

[ 1

T T
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Participant

Benzophenone-3
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T
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0.1

4-phenylphenol
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Frederiksen et al, not published 2022 b



MiniPub Food studiet — konklusion

» Spadbgrn der ammes eller far blandet
kost eksponeres for mange potentielt
hormonforstyrrende stoffer

» Spaedbgrn der kun blev ammet havde en
signifikant hgjere estimeret daglig
eksponering for kemikalier som ofte
findes i personlige plejeprodukter og
renggringsmidler (lav-molekylaere
phthalater, UV-filtre og triclosan)

> De lidt &ldre bgrn der fik en blandet

kost havde en signifikant hgjere
estimeret daglig eksponering for
kemikalier som ofte findes i diverse
plastikprodukter (hgj-molekylzere

| g

phthalater, bisphenoler)
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Exposure to 15 phthalates and two substitutes (DEHTP and DINCH)
assessed in trios of infants and their parents as well as longitudinally in
infants exclusively breastfed and after the introduction of a mixed diet

Hanne Frederiksen ™, Emmie N. Upners®", Marie Lindhardt Ljubicic *°, Margit
Bistrup Fischer »°, Alexander Siegfried Busch ®", Casper P. Hagen™", Anders Juul >™°, Anna-

Maria Andersson "

* Copenh University Hospital-Rigshospi Deparmment of Growth and Reproduction, Denmark

tG P igen University Hospital-Rigshospil Inter I Genter for Research and Research Training in Endocrine Disruption of Male Reproduction and Child Health
(EDMaRC), Denmark

© University of Copenhagen, Department of Clinical Medicine, Denmark

ARTICLEINFO ABSTRACT

Handling Editor: Adrian Covaci Objective: Several phthalates have been resuicted/banned due to their adverse endocrine di
The use of other phthalates and substitutes has increased. Here we examine the current expo:
Keywords: family trios comprised of infants and their parents and in infants exclusive breastfed and fol
Human biomenitoring to a mixed diet.

Endocrine disrupting chemicals Methods: Metabolites of 15 phthalates and two substitutes, di(2-ethylhexyl)-teraphthe

Infan

Pmntt diisononyl-cyclohexane-1,2-dicarboxylate (DINCH), were measured in urine samples collecte
Phthalate and their parents and in paired urine samples collected from 67 infants, while they were e
DI-2-ethylhexyl terephthalate (DEHTP) and when they got mixed diet.

DINCH Results: Among infants and their parents, metabolites of nine out of 15 phthalates and be

Frederiksen et al, Environ.Int. 2022 a
Frederiksen et al, Environ.Int. 2022 b
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Benzophenones, bisphenols and other polychlorinated/phenolic substances &
in Danish infants and their parents — including longitudinal assessments
before and after introduction to mixed diet

Hanne Frederiksen ® b Marie Lindhardt Ljubicic ", Emmie N. Upners *°, Margit
Bistrup Fischer *°, Alexander Siegfried Busch ", Casper P. Hagen®", Anders Juul ">, Anna-
Maria Andersson *®

2 Department of Growth and Reproduction, Copenhagen University Hospital — Rigshospitalet, DK-2100 Copenhagen, Denmark

® International Center for Research and Research Training in Endocrine Disruption of Male Reproduction and Child Health (EDMaRC), Copenhagen University Hospital —
Rigshospitalet, DE-2]00 Copenhagen, Denmark

 Department of Clinical Medicing, University of Copenhagen, Copenhagen, Denmark

ARTICLEINFO ABSTRACT

Handling Editor: Shoji Nakayama Background: Humans are widely exposed to chemicals with known or suspected endocrine disrupting effects.
Among those are several benzophenones, bisphenols and other phenols commonly used in consumer products.
Keywaords: Objectives: To provide human biomonitoring data from young families including infants and their parents as well
Endocrine disruptor as longitudinal data of infants exclusively breastfed versus on mixed diet.

:‘fan;_ed Method: Twenty-two benzophenones, bisphenols and other phenols, were measured in urine sample sets collected
Bir::;:nol from more than 100 infants and their parents (the TRIO study) and in paired samples from 61 infants when
exclusively breastfed and after introduction of mixed diet (the FOOD study).

Benzophenone
e Beandfer Tuslhrs nnt nf 27 enhetancas ware datactahla in mare than half af the nrine camnles fram infants mathere
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