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Identification of E&L compounds

The need for (high-end) analytical techniques
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What is screening? The lake fishing metaphor

SPECIES?

.4 salmon M Walleye
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What is screening? This time in the E&L lab

DP or extract Sample preparation Prep of analytical sample Instrument analysis

(emptying, liquid/liquid...) I (spike I.S. to final extract) - (HS-GC/MS, GC/MS, UPLC/MS...)

WHAT? HOW MUCH? /
T o s

Data evaluation
Data interpretation
Data review
Reporting

s

IDENTIFICATION
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Identification

* Process of securing the identity of an extractable or leachable

* Detected with a screening method (HS-GC/MS, GC/MS or LC/MS)
* Above the reporting threshold (AET)

* Unambiguous: besides name, use structure and/or CAS number

CHEMICAL STRUCTURE CHEMICAL UNIQUE IDENTIFIER NUMBER

CAS NO XXXXXXX-YY-Z

2 to 7 digits

2 digits

1 check digit
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Why is screening such a challenge for LVP? Part |

Polymer Additives Processing Aids

Oligomers Curing Agents

Different
Different Each with different STERILIZATION & PROCESSING
SUPPLIERS GRADES & FORMULATIONS Modes and Conditions

Impurities in Polymer Additives

Monomer Residues Filter Residues

Degradation Compounds of Oligomers

Anti-oxidants Acid Scavengers

A lot of LVP
Systems
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Why is screening such a challenge for LVP? Part Il

High maximum daily doses (100 mL -2 liter scale)

\ 4
Low qualification thresholds / AET (1 ppb or even less)

4

Close to detection limits of analytical methods

4

Often long lists of detected extractables or leachables > AET to report

4

Every reported compound > AET needs to be carefully identified...

4

...to allow accurate and comprehensive tox assessment

< Nelson Labs.
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Consequence of incorrect identifications

PDE, TI, ...
Accute Systemic tox
Carcinogenic tox
Sensitizer, Irritant
Reprotox

n't read

« 3 ¥ E & EE

Meed info hersmica

Weed infe bare = can’t read
. 8 B § 8 8§ B

L

11111111111

PDE, TI, ...
Accute Systemic tox

Carcinogenic tox
Sensitizer, Irritant
Reprotox




Identification: small mistakes, large consequences

LA @
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First Pass ldentification

SCREENING METHODS

-@ Nelson Labs.
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Chromatography — Mass Spectrometry Screening Analysis

Chromatograph: separation of extractables or leachables
Mass spectrometer: detection of extractables or leachables (but does more than that!)

Chromatography / Mass Spectrometry software: aids in identification & quantification of detected compounds

%10 7 |+ TIC Scan 23NOV074.d
21 CHROMATOGRAM:

13.414

18- * analytical output from chromatography system

* detector signal intensity in function of analysis time

-
()]
|

Depends on molecular weight, boiling point, polarity...
=» Useful parameter for identification purposes
1.2+ 33.758

14

" RETENTION TIME
0.8- 15.539

Signal Intensity

0.6+ 22.580

0.4 10.317
36.182

0.2-
12.067 34.895
) 9.486 LMM 38.352

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Counts vs. Acquisition Time (min)

< Nelson Labs. Retention time
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Chromatography — Mass Spectrometry Screening Analysis

Mass spectrometers do not only serve as a detector, but provide mass spectra for each detected compound

MASS SPECTRUM:

* analytical output from mass spectrometer |"]

* mass (fragment) information for each detected peak

VERY POWERFUL TOOL FOR IDENTIFICATION!

(if you know how to interpret the data...)

x10 5 |* Scan (rt: 22.490-22.595 min, 15 scans) 23NOV074.D Subtract

8

7
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5.5-
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451
4,
35
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2,
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7_5: MS spectrum for peak at RT 22.58 min
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Counts vs. Mass-to-Charge (m/z)
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Identification levels (USP 1663)

Increasing confidence in No information about Decreasing certainty

securing the correct (partia') structure for correct
identity identification

Minimum identification level to
support a qualitative toxicological

ied

safety assessment (e.g., QSAR) Identity based on 1 piece of information:

Partial * match with library or literature spectrum
e.g. phthalate * expert interpretation
Full structure .
Minimum identification level < Te ntat |Ve
to support a definitive, Supporting evidence for tentative ID:
quantitative toxicological * molecular Weight
safety assessment « elemental formula

Spectral information from other method

Only 1 method to secure an ID as confirmed:
mass spectral match +
etention time match with analysis of
authentic reference standard

@ Nelson Labs.
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The confirmed ID level

[ Full match with authentic standard? ]
AT TR =

NS YT BT i e
TTTEEA DR R | . .>

il 0 I TG 10 N ) (T

Lt RS e [ Need for INTERNAL compound database! ]

k- L ;. |H\f'¢

I ! |

26 265 27 275 28 285 :
counts vs. Acquisition Time (min) [ Measure standards with own methods ]

/5 + Scan (rt: 27.219 min) 23NOV082.D

J 5o -
1 T *® =
0 \M\ \\H\ “‘hm b i

50 100 150 200 250 300
Counts vs. Mass-to-Charge (m/z)

$

[ Capture RT & MS spectrum in database ]

- - 0o ~ g~
~N 0o o ol
M © © N 800
T S L

Mame: Oleic acid ~
Formula: C1gH3402

MW: 282 Exact Mass: 282 25588 CAS# 112-80-1 D& 142 DB: svoc_mh.hp . "
Other DBs: None ‘3‘0“‘(‘ ‘“‘/\\N
! : : . ) 1
/ N I L b Comment (£)-9-Octadecenoic acid |RE1635| Q
5; i e Son a S° 187 m/z Values and Intensities: v
A Sotera Health company < >
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Nelson Labs Database: 6000 compounds (VOC, SVOC, NVOC)

Excerpt of the NELSON LABS Discovery and Screener Database for Semi-Volatile Organic Compounds Characterized by
Gas Chromatography/Mass Spectrometry (GC/MS), RT 19 — 19.2 min.

RT CAS Target ) . .
. Compound Name RRF Q1 |Qlratio|Q2 |Q2ratio |Q3 [Q3 ratio
(min) Number Mass
18.97 | Bis(2-ethylhexyl) ether 10143-60-9 | 1.13 57 71 86 .8 41 36
4-Hydroxy-3-
19.01 876-02-8 0.413 135 107 18.7
methylacetophenone
19.03 | Cyclopentyl phenyl ketone 5422-88-8 0.758 133 15.2
19.05 | 2,4-Di-tert-butylphenol 96-76-4 0.984 57 14
19.07 [ 2-(Decyloxy)ethanol 23238-40-6 43 65
19.08 | Tridecanal 10486-19-8 81.7 43 81.1
19.08 | 1,4-Isopropanol acetophenone 54549-7 121 15.7 164 11.1
19.08 1-Naphthol 116 41.9 145 11.3

19.08 | 2-(2-Phenoxyethoxy)ethanol
19.12 | Triisobutyl phosphate

76.5 77 52.4 182 26.3
57 19.9 155 14.8 41 12.4

19.13 |BHT 220 25.6 206 15.5 57 11.5
19.13 | Dimethyl isophthalate 163 194 24.2 135 23.7 76 11

19.15 | N,N-Di-n-butyl-2-chloroacet 0.59 86 120 77.5 156 52 162 34.7
19.17 | Cyclododecanone 0.697 55 41 79.8 71 73.3 98 63.1
19.2 2-Phenylphenol 90-43-7 0.676 170 169 75.1 141 33.1 115 23.6

7/Nelson Labs.
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no.

Level

A WN PR

16

LC/MS: no universal libraries

Hexane extract of a PU component

ID

cCCccccccccc C cC CccCcCcCc

u

GC/MS spectra are ‘standardized’ = universal libraries possible (NIST, Wiley, EPA...)
LC/MS spectra depend on vendor, instrument settings... = no universal libraries

= the internal database is the only database!

NO DATABASE

ORGANIC

COMPOUND
POSITIVE IONIZATION MODE (APCI+)

CAS-No./
ToxID

El
(m/z)

173.080
251.211
219.185
145.122

353.242

145.122
145.122
145.122
145.122
527.298
145.122
338.340
731.412
559.517
585.533
535.518

tr

(min) (ng/cm?)

3.50
7.17
7.55
8.02
7.72-
8.32
8.18
8.33
8.69
9.19
9.41
9.47
9.71
10.87
11.11
11.39
11.47

Result

0.17
0.15
0.49
0.16

1.5

0.31
0.25
0.12
0.16
0.12
0.10
0.14
170
0.15
0.23
0.51

ID LEVEL: 1 = Confirmed; 2 = Confident; 3 = Tentative, 4 = Partial, U =

unknown

IDENT

The “Home Court”
Advantage

WITH DATABASE

Hexane extract of a PU component

ID CAS-No./
no. ORGANIC COMPOUND
Level ToxID
POSITIVE IONIZATION MODE (APCI+)
1 1 1,4,7-Trioxacyclotridecane-8,13-dione 6607-34-7
2 U - -
3 u - -
4 1 35-Crown-7 66055-34-3
5 3 Hump of butoxylated hydrogenated MDI -
6 2 40-Crown-8 ToxID 6005
7 2 45-Crown-9 ToxID 6006
8 2 50-Crown-10 ToxID 6007
9 2 55-Crown-11 ToxID 6008
10 3 Irganox 1010 degradation product ToxID 5005
11 2 60-Crown-12 ToxID 6009
12 1 Erucamide 112.84-5
13 1 Irganox 1010 6683-19-8
14 U -
15 2 Ethylene bis(linoleamide) 14614-46-1
16 2 N,N’-Ethylene myristyl oleyl diamide ToxID 5888

ID LEVEL: 1 = Confirmed; 2 = Confident; 3 = Tentative, 4 = Partial, U = unknown

El
(m/z2)

173.080
251.211
219.185
145.122

353.242

145.122
145.122
145.122
145.122
527.298
145.122
338.340
731.412
559.517
585.533
535.518

tR
(min)

3.50
7.17
7.55
8.02
7.72-
8.32
8.18
8.33
8.69
9.19
9.41
9.47
9.71
10.87
11.11
11.39
11.47

Result
(ng/cm?)

0.17
0.15
0.49
0.16

1.5

0.31
0.25
0.12
0.16
0.12
0.10
0.14
170
0.15
0.23




Tentative identifications

Commonly achieved through computerized database matching algorithms (e.g. NIST, Wiley...)

1001 205
57 175 217
50 189
23 261 Never trust the algorithm!
s . |'. 243 |L 2?.6 (147
1k ' 276 Every ‘hit’ to be carefully
91 135 232 261 evaluated by a trained mass
189 217 o) ot
175 o spectrometrist:
50+ o=
205 — . . .
* Visual inspection
100 57 * Match factors
LIS DL B NG BUALILELE NUALELELE BLELELILE I BLILELELE BUELILEL R ILALRLLE ILRLRLILE BUILNLELE NLELELELE NUNLIELE I IR BLILRLEL BURLRELE BURLLELEY ILRLLELEN ILELELILE BLELELILE BLE” N BRI |
30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 * Probability

# Lib. Match R.Match Prob. |:':«|"'|':|] Mame ~ ) ”lnl_ibrary" score
T M 877 895 90.4 /1.9-Ditern-butyl-1-oxaspiro(4.5)deca-6.9-diene-2,8-dione
2 M 626 bbb 0.90 2. 5-di-tert-Butyl-1.4-benzoquinone

3 M 613 bhd 0.58 p-Benzoquinone, 2.5-bis(1.1.3.3tetramethylbutyl}-

4 M 607 679 0.45 4H-1-Benzopyran-4-one, 5-hydroxy-2-methyl-7-(2-propenyloxy)-

5 M 64 679 0.40 Benzo[b]dihydropyran, 6-hydroxy-4.4.5,7.8-pentamethyl-

ﬁ' Nelson Labs.
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Tentative identifications

When you have a wealth of compounds with similar mass spectra...

100~| 11'9
50 100 149 What to report?
. s 1004 149 Phthalate
o 50 100 e = partial TIC
5C ]
10¢ o0 >
ol 4soes 70 e 194 v ) g 205 23
- 100 5 7] 29 a1 ;7 69 76 83 104 121 132 167 N 205  ooq
100 907 © o
AS 1
100+ i
ac AU U UM UM AR Lib. Match E.Match  Prob. (%) MName
20 30 40 50 60 70 80 90 100 110 o _
[aScan 2679 (24.039 min) 230CT051D\ds]  HeadoTe | M 923 934 147 Phinalic acid. hept-4-ylisobutyl ester
2 M 902 905 6.23 Phthalic acid, hex-3-yl isobutyl ester
I M a9 909 599 Phthalic acid. hept-3-yl isobutyl ester
4 M 892 897 434 Phthalic acid, hept-2-yl isobutyl ester
All possible candidates! 5 M 891 898 418 Phthalic acid. isobutyl 2-propylpentyl ester
6 M 887 892 353 Phthalic acid, 2-ethylbutyl isobutyl ester
Hit 1 is not automatically the compound to report!! 7 M 881 884 277 Phthalic acid. isobutyl 2-methylpent-3-yl ester
8 M 879 885 256 Phthalic acid, butyl isohexyl ester
g M 878 885 246 Phthalic acid, butyl 2-ethylbutyl ester
1. M 876 878 227 Phthalic acid, 2 4-dimethylpent-3-yl isobutyl ester

< Nelson Labs.
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[ J [ ] [ J [ J [ J
Tentative identifications st i Netean Labs 08| O
EXACT IDENTIFICATION 0.94 /_.{
0.84
When the mass spectrum is not in the database... 1,4,7-Trioxacyclotridecane- o7 °
8,13-dione 0.5 550 j
Library RT =21.10 min 0.4 pron o o—""
1004 173 Library Match = 98.6% > L 840 J 110l o/ N /
D';_ J.I1|. I ||I| J||.. |I |L 1290 1530
20 40 &80 Bl] 100 120 140 1SD 180 EDG 220 240 2:6505 In%gh?:rgeat?riljzl
99
111
155 ' ”
h ot 142 5 185 202 213 The “Home Court
120 144 | 190 200 230 248
99 55 o Advantage
1 21740~*~~~O~0~Oy
0
100-
173 -
T T T T T T T T T TTT TT TN
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290
# Lib. Match R.Match Prob. (%) MName "
1T M 691 693 36.7 Ethylene glycol - Adipate - Diethylene glycol There is no compound with a high match factor
2 M B6&1 685 259 Diethylene glycol adipate .
3 M 637 59 5.61 Succinic acid, 2-{2-chlorophenoxy)ethyl ethyl ester — Compound not in database
4 M 630 632 430 Butanamide, M-methyl-4-(methylthio)-2-(2 2-dimethylpr . . pe . . . g .
5 M 621 623 312 Diethylene glycol - Adipate - Disthylene glycol - _Unldentlfle.d or Tentative identification by expert
6 M 619 640 288 1-Dimethylthexylsilyloxyheptane Interpretation

Again: reporting hit 1 would be a wrong
identification

| DO WHAT IS RIGHT

NOT WHAT IS EASY

( Nelson Labs.
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Confident identifications

* Additional evidence for tentative identification

Molecular weight confirmation (chemical ionization, vide infra)
Elemental formula confirmation (accurate mass, vide infra)
Confirmed identification in orthogonal technique

Material/processing knowledge (e.g. expected anti-oxidant degradation after
gamma-sterilization)

* Homologue series with provable relationship to confirmed compound

e Compound within expected retention index window (based on experimental
Rl data from same GC column phase in NIST)

< Nelson Labs.
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Confident identifications

Case: homologue series Tentative/Confident
wig7 TIC chromatogram
1 28752
1.754 . 21.300 23462 31618
157 Conﬂrmed 13.309 34139 36 466
1254 39616
D.?15— 16.018 41771
0.5+
02 A TR N SR O A 1

o

[T T T T T T T T T S T N S T T T U N T T T T T T S T T T T T SN T S TR S|
6 7 & 9 101112 1314 15 16 17 18 1920 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 48

x10 2 Mass spectrum at 12.88 min — Decamethyl cyclopentasiloxane (Library MF = 929)

A 74
11 731 opla———— s sl
267.0 o°C 0 q)
g
0.5 e /SI‘O'SI'OSI‘
oJoserl o asap e3o 2siof o sseaf
-.,__1. f x10 2 Mass spectrum at 16.02 min — Dodecamethyl cyclohexasiloxane (Library MF = 943) i
1 3410 ~g Si0,_y
E - {:} 731 A 74 7o s
| 420 14+—» g o._.0
: n 0.5+ -5 Si
i 1471 3250 L
oloasa | ae T mopo esto zeso [ | sman
x10 2 Mass spectrum at 18.81 min — Tetradecamethyl cycloheptasiloxane (Library MF = 936)
_ 731 2811 MNohS
1 1471 ;S_l'o‘&o'Sl'oSlIC:
0.5 ' 327.0 A 74 O.g 0. O-gi0
5311 4151 B30 d———— N\ N N
e L L 1902t zesol L 3o | as71 |
x10 2 Mass spectrum at 21.30 min — Hexadecamethyl cyclooctasiloxane (Library MF = 899) | |
1 355.1 S0, |, Si-0
73.1 0 sZo 5i<_
—d e
0.5 1471 2211 281.1 4010 - IO-Si(?’SIIO—iSS
451 . - l . 1910, l 249.0 .lL e l AR 577.2

i D_ T T T T T T T T T T T T T T T T T T T T T T T T T T T T
§ Nelson LabsO 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700
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Second Pass Identification

INCREASE IDENTIFICATION LEVEL

-@ Nelson Labs.
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When second pass comes into play?

* Unknown / Partially identified compounds > AET in 1st pass
screening

* Unknowns are treated as carcinogenic/mutagenic
* To allow de-risking by tox assessment, a structure is needed!

* Request to further increase ID level (e.g. low margin of safety)
* TIC to Confident
e Confident to Confirmed (standard should be available or synthesized)

* Goal of second pass studies: generate / collect comprehensive set of
supporting data to increase the identification level

ﬁ-' Nelson Labs.
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What is second pass testing?

Separation
& .
;OQ o ngh. 6)
L O Resolution ~ ©®
o < o 3

R MS = ©

QQ A\ Accurate 3 ?‘.

“ Q External v ¢/ &/

sources Sy
MS
Flexible
treatment lonization

%

%% TS
K S
2, O o) ’b\
og v %

9, O Q)
(7 ~ O
2 P
\d >
Structural
</ Nelson Labs. Elucidation
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Why need for High Resolution / Accurate Mass Spectrometry?

Hydrogen (H) 1.0078
Carbon (C) 12 12.0000
Nitrogen (N) 14 14.0031
Oxygen (O) 16 15.9949
Nitrogen gas: N, Carbon monoxide: CO
Nominal mass: 28 Da - Nominal mass: 28 Da
Exact mass: 28.0062 Da <P ,l Exact mass: 27.9949 Da

\ Difference: 0.0113 Da /
</ Nelson Labs.
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High Resolution / Accurate Mass Spectrometry

Assigning the wrong identification for a compound with a mass of 28 Da can be fatal... how to be sure?

Not separated R=100

GC/MS Quadrupole

Not separated R =1000

GC/MS Q-TOF

R=10000
GC/MS Orbitrap
Nelson Labs.

A Sotera Health company

Separated

<
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28.01 NL:
1007 2.33E4
80— N2:
: co? N2
607: p (gss, s /p:40) Chrg 1
40 ? R: 100 Res .Pwr . @FWHM
B Nz . NL:
20 2.32E4
] 29|00 co:
O——7T T 7T T 7T T T T 7 T T T T T T T T T T T T T T T T T T T T T T T T c, O L
27.2 27.4 27.6 27.8 28.0 28.2 28.4 28.6 28.8 29.0 p (gss, s /p:40) Chrg 1
m/z R: 100 Res .Pwr . @FWHM
27.99 NL:
100 7 2.32E4
80 ? CO:
3 C10;
60 co ‘ p (gss, s /p:40) Chrg 1
. R: 1000 Res .Pwr . @FWHM
407
B Nz? NL:
20— 2.33E4
1 29,00
O——TT7T 77T 7T T 7T T T 7 T 7T T T T T T T 1 T T T T T T T N2.
27.2 27.4 27.6 27.8 28.0 28.2 28.4 28.6 28.8 29.0 p (gss, s /p:40) Chrg 1
m/z R: 1000 Res .Pwr . @FWHM
28.0056 NL:
100 3 I 2.33E4
80— N2:
7 c Nz N2
605 p (gss, s /p:40) Chrg 1
40 R: 10000 Res .Pwr . @FWHM
] NL:
20 2.32E4
07““\‘ “‘\““““‘\““““““\““““‘\““““““\““““‘\“““““““““‘ g?O]_
27.90 27.95 28],.\?/2 28.05 28.10 b (gss, s /p:40) Chrg 1

R: 10000 Res .Pwr . @FWHM



High Resolution / Accurate Mass Spectrometry

Organic example: 2 compounds where both have nominal mass 102...

Not separated

Close...

K

Separated

N

Nelson Labs.
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LC/MS Quadrupole

R=1000

LC/MS TOF

R =10000
LC/MS Q-TOF

LC/MS Orbitrap

R =100000
LC/MS Orbitrap

102.0788

0

101.7

101.8

101.9

102.2

102.1
m/z

102.0788

102.0

102.3

102.4

102.5

10R.0788

101.95

102.05 102.10
m/z

102.0788

102.00

102.0675

102.15

]
102.20

C.H,,0, - isopropyl acetate

T
102.09

ARSRaRs
102.10

C,H,(N,O - N-nitrosodiethylamine

Sometimes very high resolution needed to separate compounds with same
nominal mass!

NL:
2.22E4

C4H10N2O:

C4H10N20:

p (gss, s /p:40) Chrg 1

R: 1000 Res .Pwr . @FWHM
NL:

2.21E4

CsH100O2:

CsH1002

p (gss, s /p:40) Chrg 1

R: 1000 Res .Pwr . @FWHM
NL:

2.22E4

C4H1o0N2O:

C4H10N202

p (gss, s /p:40) Chrg 1

R: 10000 Res .Pwr . @FWHM
NL:

2.21E4

Cs5H1002:

CsH1002

p (gss, s /p:40) Chrg 1

R: 10000 Res .Pwr . @FWHM
NL:

2.22E4

Cs4H19N2O:

C4H10N20;

p (gss, s /p:40) Chrg 1

R: 100000 Res .Pwr . @FWHM
NL:

Cs5Hi1002:

CsH1002

p (gss, s /p:40) Chrg 1

R: 100000 Res .Pwr . @FWH




High Resolution / Accurate Mass Spectrometry

Important take aways around HRAM MS:

accurate mass alone does not deliver a structure...

... but delivers the elemental formula of the molecule and fragments of the

molecule

high resolution does not deliver a structure...

... but enables to separate molecules with the same nominal mass but

different elemental formulas

...but assists in confirming the elemental formula
using isotope matching

Mass spectral interpretation skills and expertise are required
&/ Nelson Labs.
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Intensity [counts] (106)

10

High Resolution / Accurate Mass Spectrometry

Case: “de novo” structural elucidation and interpretation of HRAM MS/MS fragmentation spectra

//Nelson Labs.

A Sotera Health company

CONFIDENTIAL | © 2021 Nelson Laboratories, LLC | ALL RIGHTS RESERVED

OH
o, ~
";LG
+ % L]
8]
193 04927
CTOHI 04 (M-e]+1 a ~ PET Linear (trisglycol) dimer
® © ToxID 5021
HO
. Molecular Formula: C,,H,,0,,
~7 oH Monoisotopic Mass: 446.1213 Da
o 237 07524
0 . C12 H13 05 [M-g]+1 'E‘
HO 22TAzEsT X -
=0 N b
= H D_ o A B T
o + . ol N : .
¥ (%) a 'R
=
12102606 14202310 ,_.:riar.f% 42911737
7 HS 02_ [hd-2]+1 C8 HS5 O3 [M-e}+ 341 06435 ™ “:ur“-‘ C22 H21 09 M-l
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