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Chemische Analyse von Leachables ; BAM

Standards Fiir Lebensmittel- &
» 01829

Kosmetische Inhaltsstoffe

01829 % Supelco. M Teilen

Extractables und Leachables Screening Standard

P AL fiir GC

certified reference material, TraceCERTE‘, 14 components in tert-Butyl methyl ether,
Manufactured by: Sigma-Aldrich Production GmbH, Switzerland

(0)  Eine Bewertungschreiben Frage stellen

Bisphenol A
Bis(2-ethylhexyl) phthalate
Oleamide
Stearic acid
Palmitic acid
2,4-Di-tert-butylphenol
2,6-Di-tert-butylphenol
. Octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate
Gaschromatographie- e-Caprolactam

. 10. 2-Mercaptobenzothiazole
Massenspektrometrie 11. 3,5-Di-tert-butyl-4-hydroxytoluene

12. 1,3-Di-tert-butylbenzene

(GC‘MS) 13. cis-13-Docosenoamide

14. Tris(2,4-di-tert-butylphenyl)phosphate

VoNOUThAWN

Bildnachweise:
agilent.com

17.09.2024 Umfassende Analyse von Leachables aus rHDPE-Kanistern sigmaaldrich.com 4



Umfassende Analyse von Leachables ; BAM
mit Hilfe des Nontarget-Ansatzes

Quantifizierung

Identifizierung
f aligned resulls; Fxact mass: 191.1436; Tolerance: 0,025
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Hochauflosende Systematische Auswertung
Massenspektrometrie aller erhaltenen Peaks
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Fragestellung und experimentelles Vorgehen ; BAM

(1) Kanisterauswahl (2) Einfiilllen von Losemitteln (3) Probennahme

+250 mL (Tag 0) -50 mL (Tag 7, Tag 28)
40°C
« original, * Wasser (H,0) PEnSmaN
gl - Ethanol (EtOH) -1
. recycled, « Ethylacetat (EtOAc) B Fon 2O oy W Ty E
n=10 » 30% Salpetersaure (HNO;) T A e
« 25% Ammoniak (NH,OH)
(4) Chemische Analyse (5) Datenprozessierung (6) Datenanalyse

Injektion 1 uL

GC-HRMS - Detektion Pub©hem + Chemische
» aller Peaks » Identifizierung
f » Gruppierung - Metadaten
& = F gleicher Peaks Q - Statistik
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GC-HRMS-Analyse < BAM
Verunreinigungen im Losemittel nach Lagerung

Bsp.: Tag 7, Ethanol
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GC-HRMS-Analyse < BAM
Verunreinigungen im Losemittel nach Lagerung

Bsp.: Tag 7, Ethanol Anzahl Peaks je Probe
50 10 blank
ﬂg 50 22
.J B 3= oHDPE
75 ”
50 337 ‘a
o [ b l.u.II x DU T B rHDPE

Retention Time (min)

17.09.2024 Umfassende Analyse von Leachables aus rHDPE-Kanistern 8



GC-HRMS-Analyse
Verunreinigungen im Losemittel nach Lagerung
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Datenanalyse ; BAM

Gemeinsame und unterschiedliche Peaks

H,O EtOH EtOAc HNO; NH,OH
n=21 ﬂ—575 n=870 n=27 n=34
T /—\, . T T T T T
Ve /(_\\ / Ve P < N S y T s y < \

7 AN " . W
[ — (” 1] 20 " " e | | ass 157 | | 712 [ — 27 " f/ —
[‘ o) LL6%) ) ) (95%) / “ (15%) (85%) ( ’ (18%) / (82%) [\ l Oj ( 19 (100%) ’, \ [E} ‘ (100%)
.‘ \w‘\\
h \)/
! \J<// g

<o ) <o X )
oHDPE rHDPE oHDPE rHDPE oHDPE rHDPE oHDPE rHDPE oHDPE rHDPE
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Datenanalyse ; BAM

Gemeinsame und unterschiedliche Peaks

oHDPE ~ T'HDPE
=171 %® n=-8s6

EtOH
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Identifizierung der LM-Verunreinigungen ; BAM

unbekannt identifiziert

gemessene Spektren n=741 (83%) n=154 (17%)

n = 895 < > < >
* | 80- — o
Messung | R
7 I
i | 60- :dé
3
1 = O

count

s [—
L N N R TR T R N R T A TR R DO I L
= AR\ N T T - P I 40- —
P mrenca o o T { Sy e, sustin
ey
e

20

NIST-Bibliothek 306.602 spectra 50
Offentlich & In-house 32.642 spectra total score
339.244 spectra
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Chemische Klassen der Leachables

. N\
\ Chemische
O 0 Struktur o pho@picsters

Ayl phosphates

o

_ Bsp.: Bisphenol A )

Branched alkanes
Tertiaryalcohols:

Alcohols and polyc

Alkyl-phenylketones

Phenylketones

Aryl ketones
Cyclohexanols

Secondary alcohols Ketones

Enones
Alpha beta-unsaturated ketones
fipha beta-unsaturated carbonyl compounds

'

Automatische Klassifizierung

Carbonyl compounds
Phosphate esters Alkanes cy cloalkanes
Aldehydes
Saturated hydrocarbons
Organic ieacids and Gami Organooxygen €ompounds  cium-chain aldehydes
Carbohic acid diesters BenZgpins Ethers
Tetracarboxylic acids and derivafives Lactones
Unsaturated hydrocarbons 2-benzopyrais
D acids and deri b ids and i Dialkyl ethers

‘Hydrocarbons Benzopyrans
Carboxylic acids and derivativesOrganic acids and derivative®rganoheterocyclic compounds
Unsaturated aliphatic hydrocarbons

S ClassyFire-Algorithmus ) caros Q==

innamic acids and derivatives
Phenylpropanoids and polyketides

ey o OTQ@

StilbeneCinnamaldehydes

\ 4
. ; (o]
Amines  Organic nitrogen compounds

Berechnete Taxonomie der
Verbindung e aa - o

Cinnamic acid esters -Macrolides and analogues
Ci

rga

Oxanes Organic /0xygen compounds

Bisphenol A

lethanes
nylpropanes-Hydroxybenzoic acid esters
Benzoic acid esters

kingdom : Organic compounds
Lsuperclass : Benzenoids
Lclass : Benzene and substituted
derivatives
Lsubclass : Diphenylmethanes
L-level 5 : Bisphenols
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Organometalloid com| derivatives
p o oic acids and derivatives
Organic cyanides " . b f
Organoheterosilanes
af e Senzaphenones Number o
Phthalic acid and derivatives 1
) _ Nivonaphthalenes observations (n)
sioxanes Lipids an ike molecules phiha IR sters
: \ . p-Phthalate esters
Cedranesaid isocedrane sesquiterpenoids
Prenol lipids 8
. . Sesquiterpenoids.
omatic i i
Aistolane Patty ‘alcohol esters 22
Monoterpenoids Fatty Acyls I
Menthane monoterpenoids Fatty alcohols b
Long-chain fatty alcohols S Y.
Monaeyelic monoterpenoids ttyacid methy esters
Bicyclic monoterpenoids Fatty acid esters
Falty acids and conjugates 69
Lineolic acids and derivatives
Waxesters
Jasmonic acidsong-chain fatty acids 100
Waxmonoesters 140

(n = 143) i3



Chemi

Leachables

Anyl phosphotriesters

Anyl phosphates

sche Klassen der

Alkyl-phenylketones

Phenylketones

Aryl ketones
Cyclohexanols

Secondary alcohols Ketones

Enones
Apha,beta-unsaturated ketones

Tertiafyalcohol
¢ :ﬁ:;;:;d polycfipha betatinsaurated carbonyl compounds

Branched alkanes G

1-Phenoxy-2-propanol

2,6-Di-tert-butyl-4-methylphenol

Q “Aromaten”

e

2,4-Ditert-butylphencl

HO\/\O/Q

Phenoxyethanol

Phthalate |

5»«\ @*“@

Ethyl phthalate Ascabiol

L v

Isobutyl phthalate Benzyl 2-hydroxybenzoate

Carbonyl compounds
Phosphate esters Alkanescycloalkanes vicomp
3 Aldehydes
Saturated hydmcarbons Diberi@fifepins
Organic ic acids and Organooxygen eompounds - yeiym-chain aidehydes \
Carbahic acid diesters BenZgpins Ethers
Tetracarboxylic acids and derivatives T Lactones g
: . y X »Unsaturated hy, on: b
Dicarbosgic acids and derivau@aganic carbonic acids and dera\eq.y droc arbons D Dialkyl ethers
Carboxylic acids and Organic acids and derivati ganot compounds

Carboxyic acid derivatives

Carboxyic acid esters

Cinnamic agidesters Macrolides and analogues;

Phenylpropanoids and polyketides

Benzoins.

Al
TrialkylaminesTertiary amines

mines nylpropanes-Hydroxybenzoic acid esters .
Benzoic acid esters

Organonitrogen compounds . .

iy i prendisBeNzene an derivatives /

Organic cyanides

Nitriles

m Aromatc

Menthane monoterpenoids

Monacyelic monoterpenoids

Bicyclic

(n =143)
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Unsaturated aliphatic hydrocarbons
Oxanes. Organic oxygen compounds
ounds

Benzodioxoles'
Anisoles m
d isoindenes

henol ethers
. Dipheryimethanes’
19 Pl

Cinnamic acids and derivatives

Orga

StilbeneCinnamaldehydes

Ol
QOrganic_nitregen compounds

Fettsaureester

J\/\/\/\/\

Methyl caprate

\/\/\/\/\/\/\Q/OY /LO

Isopropy! tetradecanoate

0
WOMO/\/\
o

Dibutyl hexanedioate

Isopropyl hexadecanoate

Organometalloid com| Tetralins oic acids and derivatives

Organoheterosilanes

Organosilicon compounds Benzophenones

Phthalic acid and derivatives

p-Phthalate esters
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)-Limonene dl-Menthol

cyls
Fattyacid methyl esters
Fatty acid esters
Fattyacids and conjugates

Terpineol 4-] \sopmpylbenzaldehyde

G Alkane

n-Ocladecane

1-Dacosene

Pentadecana

1,1.2,3-Tetramethylcyclohexana
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Bekannte Anwendungen der detektierten

Leachables

(-)-limonene
XMGQYMWWDOXHJM-SNVBAGLBSA-N

T -G
G & e = 4 % (N < B R )
PUBCHEM > LIMONENE, (+/-}- > USES
CID 22311
Limonene, (+/-)- Pub@hem
Uses @
EPA CPDat Chemical and Product Categories
82 items *
SORT Y Category - Ato Z v

» Cleaning and safety

n: Products used for cleaning or ssfaty in an accupationsl ar industrial setting (e.g. industrial cleaning supplies or lsundry
detergent, eye wash, spill kits)

Categorization Type: Product Use Category (PUC)

» Cleaning products and household care

Category Description: Clesning and househald care products that can not be placed in a more refined category

Categorization Type: Praduct Use Category (PUC)

» Cleaning products and household care - air freshener
Categary Description; Home air fresheners, including candles with a tragrance
Categorization Type: Product Lise Category [PLIC)

» Cleaning products and household care -> bathroom -> bathroom cleaner
Category Description: Bathtub, tle, and tailet surface deaners
Categarization Type: Praduct Use Category (PUC]

» Cleaning products and househald care -> carpet and floor -> carpet cleaner
Categary Description: Carpet-cleaning products that may be used directly (or require dilutian), includes solutions that may be used by hand or in
mechanical carpet dasrers
Categarization Type: Product Use Categary (PUC]

» Cleaning products and household care - carpet and floor -» floor cleaner
Categary Description; Hard floar cleaners, including pre-maistened wines
Categarization Type: Praduct Use Category [PUC)

Cleaning products and household care -» carpet and floor - floor polish

egory Description: Products that impart a shine 1o solié floors
egorization Type: Product Use Category (PUC)

Page 1 of9 Next > Last
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Bekannte Anwendungen der detektierten
Leachables

XMGQYMWWDOXHIM-SNVBAGLBSA-N
BUOAKQCLRBVIOX-UHFFFAOYSA-N
CUVLMZNMSPJIDON-UHFFFAOYSA-N
SPURMHFLEKVAAS -UHF FFAOYSA-N
BXWNKGSJHAJOGX-UHF FFAOYSA-N
GQEZCXVZFLOKMC-UHFFFAOYSA-N
GYHFUZHODSMOHU-UHFFFAOYSA-N
IBLKWZIFZMILFL-UHFFFAOYSA-N
ZDLBWMYNYNATIW-UHFFFAOYSA-N
DZIILFGADWDKMF-UHFFFAOYSA-N
KWVGIHKZDCUPEU-UHFFFAOYSA-N
ICKWICRCANNIBI-UHFFFAOYSA-N
NLZUEZXRPGMBCV-UHFFFAOYSA-N
RDQSIADLBQFVMY-UHFFFAOYSA-N
HMKKIXGYKWDQSV-KAMYIIQDSA-N
GUUHFMWKWLOQMM-QINSGFPZSA-N
XMVBHZBLHNOQON-UHFFFAOYSA-N
YIWUKEYIRIRTPP-UHFFFAOYSA-N
DLHQZZUEERVIGQ-UHFFFAOQYSA-N
NTPLXRHDUXRPNE -UHFFFAOYSA-N
WTWBUQJHIGUZCY-UHFFFAOYSA-N
CCOQPGVQAWPUPE -UHFFFAOYSA-N
CCXNGHAFWSFYNV-UHFFFAOYSA-N
SESFRYSPDFLNCH-UHFFFAOYSA-N
ZCTQGTTXIYCGGC-UHFFFAOYSA-N
LMWNGLDCIDIIBR-CMDGGOBGSA-N
MWKFXSUHUHTGQN-UHFFFAOYSA-N
SAOKZLXYCUGLFA-UHFFFAOYSA-N
RWPICVVBGZBXNA-UHFFFAOYSA-N
XTJIFFFGAUHQWII-UHFFFAOYSA-N
DOIRQSBPFIWKBE-UHFFFAOYSA-N
NKJOXAZJIBOMXID-UHFFFAOYSA-N
RWCCWEUUXYIKHB-UHFFFAOYSA-N
NOOLISFMXDJISKH-UHFFFAOYSA-N
HF JRKMMYBMWEAD - UHF FFAOYSA-N
QYDYPVFESGNLHU-ZHACJKMWSA-N

(n=72)
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LVGKNOAMLMIIKO-QXMHVHEDSA-N
FLKPEMZONWLCSK-UHF FFAOYSA-N
WEEGYLXZBRQIMU-UHFFFAOYSA-N
RRAFCDWBNXTKKO-UHF FFAOYSA-N
ONKNPOPIGWHAQC-UHFFFAOYSA-N
IFYYFLINQYPWGJ-UHFFFAOYSA-N
PHXATPHONSXBIL-UHFFFAOYSA-N
AZGIFKCGYRMPKP-UHFFFAQYSA-N
BRRVXFOKWIKTGG-UHF FFAOYSA-N
VPKMGDRERYMT JX-CMDGGOBGSA-N
KGEKLUUHTZCSIP-UHFFFAQYSA-N
MGWAVDBGNNKXQV-UHFFFAOYSA-N
XUGNVMKQXJIXZCD-UHFFFAOYSA-N
AXISYYRBXTVTFY-UHFFFAOYSA-N
YRHYCMZPEVDGFQ-UHFFFAOYSA-N
'YWFWDNVOPHGWMX -UHF FFAOYSA-N
BIQWYEJQWHSSCJ-UHFFFAQYSA-N
NDJIKXXJICMXVBIW-UHFFFAOYSA-N
YILYANLCNIKXMG-UHFFFAOYSA-N
RZJIRIXONCZWCBN-UHFFFAQYSA-N
YBGZDTIWKVFICR-JLHYYAGUSA-N
IIGMITQLXAGZTL-UHFFFAQYSA-N
YCOZIPAWZNQLMR-UHFFFAQOYSA-N
FWXKCXJPHSAYMK -UHF FFAOYSA-N
FBZANXDWQAVSTQ-UHFFFAQYSA-N
QCDWFXQBSFUVSP-UHFFFAOYSA-N
SATCULPHIDQDRE-UHFFFAOYSA-N
WUOACPNHFRMFPN-UHFFFAOYSA-N
HFDVRLIODXPAHB-UHFFFAOYSA-N
HLZKNKRTKFSKGZ-UHFFFAOYSA-N
DNRJITBAOUJJKDY -UHFFFAOYSA-N
RUVINXPYWBROJD-ONEGZZNKSA-N
QZCLKYGREBVARF -UHFFFAOYSA-N
XFRVVPUIAFSTFO-UHFFFAOYSA-N
AZSKHRTUXHLAHS -UHF FFAQYSA-N
KMPQYAYAQWNLME -UHF FFAOYSA-N

finishing materials
hydrocarbons manufacturing

2 BAM

onstituent
igments

industry

fabric QN O current
essential o'g'E EJ_, q) rubber )
preparations = 8 @ ® authorities §2 permitied
; > 322D E-O
widely g an dyemgadhemvesg
acetate © Os at

echa fixative

: splasticizer N

lubricants = »wE.2
ingredient .-‘Cm %

ablllze

e O phthalatesrpmanufacture

ester nitrocellulose

S _federal SOIP 15 > zchemical sua
v, @ hsdbgyiifess:
§ 'o: g flavoring Prne:

k 2
o O insect B
§ B ogue amsolvent Eclored ..
52§ © e alcoho
= 8 gflavors rOdUCt © pharmaceutical
topical © o
e Eactive & can
textile x resmsd\smfectants
aeans £ COSMELIC §2 24z
oy = O S perfumer
as%g%ag&n gz apprOV d 8 @ E)—OEthuoa\ rea‘:hy
e 3 Tragrance paint= Q. g processing
il
ma.::gr:;csslfr:sé mtermedla’fet add|t|v . g% reported
otions expub £
synthetic pe"“OdlEaa”y Usepao p E‘E polymers
concemmation_applications 5.8
industrial i 56 cC
paintworking E E
o
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Welche Leachables sind Eintrage aus

Vornutzung?

Pubchem ‘Uses’
n =298

- PLASTIC
N n=46

CONSUMER
n=78

COSMETICS/
FRAGRANCE/
FLAVOUR
n==67

.~ DYE/PAINT
n=15

17.09.2024 Umfassende Analyse von Leachables aus rHDPE-Kanistern

< BAM

Problem: viele Stoffe werden fur
zahlreiche Zwecke eingesetzt!

PLASTIC

Compounds known to be associated with 'plastics', 'plastic packaging',
'plastic additive' etc.

(sources: PubChem, ECHA, CPPdb)

CONSUMER

Compounds known to be associated with ‘consumer products' including
household articles, personal care products etc.

(see doi:10.1021/acs.est.7b04781)

COSMETICS/FRAGRANCES/FLAVOUR
Compounds known to be associated with 'cosmetics’, 'fragrances’, 'flavours’
(sources: EU Combined Cosmetics Inventory; PubChem)

DYE/PAINT
Compounds known to be associated with 'dye’, ‘paint’, 'ink' etc.
(source: PubChem)
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“Typische” Kunststoff-Leachables

Pubchem ‘Uses’
n =298

PLASTIC
n=46

CONSUMER
n=78

\
\  COSMETICS/

[\ O SOR FRAGRANCE/
o —_\/  FLAVOUR
SO T n=o7

~ Y,
.. - DYEIPAINT
n=15
count .
4] 5 15

17.09.2024

= .

2,4-di-tert-butylphenol

di(2-ethylhexyl) terephthalate

s

HO

2-ethylhexan-1-ol

\/\/O\HN\)L AN

o

dibutyl hexanedioate

/k/"w/\o/\/\

Umfassende Analyse von Leachables aus rHDPE-Kanistern

1-(2-butoxy-1-methylethoxy)propan-2-ol

N 2 2\ 2

Shae

ascabiol

dibutyl phthalate

HO™ e T T

decan-1-ol

o

tridecanol

Weichmacher
Ausgangsstoffe
Lésemittel

Antioxidantien
18




“Neue Leachables”:

Eintrage aus Vornutzung

Pubchem ‘Uses’
n =298

- PLASTIC
N n=46

CONSUMER
n=78

COSMETICS/
FRAGRANCE/
FLAVOUR
n==67

.\\\ //'
e DYE/PAINT
n=15

B

sPes

o]

benzyl 2-hydroxybenzoate tonalide

- Fixiermittel, Parfims - Duftstoff, Seifen

NS T S, MOY

1-hexadecanol isopropyl tetradecanoate

-> Cremes, Parfims - Emulgator

; o]

/\/j/\okf\Q\
o]
O/

galaxolide octinoxate

-> Duftstoff -> UV-Schutz
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unbekannt identifiziert
n=741 (83%) n=154 (17%)
*-— >
o
f g

Cutoff

— Cluster-Analyse

— Gruppierung nach
spektraler Ahnlichkeit

- Identifizierte Verbindungen
reprasentativ fir Gesamtheit
aller Spektren
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Zusammenfassung ; BAM

— In Abhangigkeit des gelagerten LMs wurden bis zu 870
Verunreinigungen detektiert.

— Die Uberwiegende Mehrheit der Verunreinigungen trat nur bzw.
in deutlich erhdéhter Konzentration in rHDPE-Kanistern auf.

— 154 Verbindungen konnten identifiziert werden. Die Analyse der
bekannten Nutzungen dieser Stoffe deuteten auf einen starken
Eintrag von Verunreinigungen aus Vornutzungen in das
Rezyklat hin.

— rHDPE wies damit deutliche Nachteile gegentiber oHDPE in der
Nutzung als Gefahrgutbehalter auf.

17.09.2024 Umfassende Analyse von Leachables aus rHDPE-Kanistern 21



Ausblick ; BAM

— Weitere Tests mit Kanistern aus unterschiedlichen
Ausgangsmaterialien und Produktionsverfahren

— Vergleich Pellets <--> Endprodukt

— Untersuchung beschichteter Verpackungen:
Test verschiedener Schichtdicken

— Weitere Kooperationspartner willkommen

17.09.2024 Umfassende Analyse von Leachables aus rHDPE-Kanistern 22



Danksagung ; BAM

Fachbereich 3.1 - Sicherheit von Gefahrgutverpackungen und Batterien
Anita Schmidt

Anja Geburtig
Thomas Werischak

Fachbereich 1.8 - Umweltanalytik
Christian Piechotta
Rudolf Schneider
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Umfassende Analyse von Leachables aus ; BAM
rezyklierten HDPE-Kanistern

(1) Kanisterauswahl (2) Einfiillen von Losemitteln (LM) (3) Probennahme
+250 mL (Tag 0) -50 mL (Tag 7, Tag 28)
40°C
« original, » Wasser (H,0) m = =R F-l
n=5 « Ethanol (EtOH) » i o 7% Jore Tort %‘l’f J
. recycled, T\ « Ethylacetat (EtOAc) ‘ B Fon 2O oy W Ty E
n=10 5§‘ + 30% Salpetersaure (HNO;) T e
w + 25% Ammoniak (NH,OH)
(4) Chemische Analyse (5) Datenprozessierung (6) Statistik

Injektion 1 uL
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