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Factor Parameter

Fluorocarbon (FC)

Aim

Suppressed EOF

Influence on

analysis

Drawbacks

Reduced EOF
Capillaey eoatings | Acimide(AD) R’d“;’:’:;zﬁ:’" of Improve resolution and peak shape
Methylellulose MC not compatible with MS analysis,
(MC) Relsesd SO could produce spikes and clogs
Concentration Experimental setting based on

(not < 0.2 mg/mL)

Sample preparation | Dufer Bxchange

LOD,ugs and LODgry0

Removing interferences from
sample matrix

Suitable sensitivity

Reduced spikes and artefacts

Additives
(Urea, NDSB,
Glycine, SimpleSol)

Broad-range

Carrier ampholytes Narrow-range

Total concentration
(ranging 2%-8%)

Highly acidic pI
value

Anodic and cathodic | (A Serine-D)

giabilzey Highly basic pl

value
(L-Arg, TEMED)

Sample-tailored

Focusing time (ranging 4-15
minutes)
Absorbance
Detection mode
Fluorescence

Enhanced solubility, avoid
precipitation and aggregation

pH gradient more versatile and
widely utilised

Tailored analysis for specific
biomolecules

Method optimization

Reduced anodic drift

Reduced cathodic drift

Method optimization

Signal acquisition tuning

Repeatability, reliability, reproducibility

Enhanced resolution

Enhanced separation

Stable pH gradient, enhanced
repeatability, and reproduc

Enhanced separation

Standard detection

Could produce peak shifts and spikes

Longer focusing time needed

>4 % could increase background noise

High concentration negatively affect
resolution

Too short time: incomplete focusing.
Too long time:

not reliable pl values, lost pI Markers and/or

analytes, artefacts and spikes

Higher

background noise

Higher sensitivity and resolution,
decreased need of buffer exchange,
spikes recognition

More limited available type of
pI Markers
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igins mbers Identification

Jilin Fusong Al
Jiaohe, Jilin A2
Huadian, Jilin A3
Jilin City, Jilin Province A4
Tonghua, Jilin As
Anging, Anhui B2
Bozhou, Anhui B3
Tai'an, Shandong c
Liaocheng, Shandong 2
Jixi, Heilongjiang D

Longquan, Zhejiang E

Baise, Guangxi F

Linzhi, Tibet G
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polysaccharides ‘ DT 079 0.16344 093 043 054344 0.86 070 039496 092 | o072 0.13792 0.94
‘ BP 090 0.06663 096 091 004238 0.98 092 0.11338 095 ‘ 096 0.03277 097

‘ ELM 094 0.08107 090 0.92 0.08555 0.92 092 002883 093 ‘ 091 0.06044 093

ergosterol ‘ DT 077 0.00090 096 028 0.00116 0.92 092 0.00024 09 | 086 0.00047 098

‘ BP 091 0.00045 094 0.94 0.00041 0.96 092 0.00024 095 | 090 0.00030 0.99

’ ELM 091 0.00059 093 091 0.00029 0.93 096 0.00033 096 ‘ 092 0.00041 092






OPS/images/fchem-13-1534216/fchem-13-1534216-g005.gif





OPS/images/fchem-13-1534216/fchem-13-1534216-g006.gif
hie- e ol





OPS/images/fchem-13-1534216/fchem-13-1534216-g007.gif





OPS/images/fchem-13-1534216/fchem-13-1534216-g008.gif
e
e
.
syt
e
\.\vﬂ"‘"‘

oy





OPS/images/fchem-13-1534216/fchem-13-1534216-g002.gif
[Varable dimensioaaii] reaDT

redicion [ | reABRN
PexEM
[Fesure warclength
[
o

or, o, B «—{A3






OPS/images/fchem-13-1534216/fchem-13-1534216-g003.gif





OPS/images/fchem-13-1534216/fchem-13-1534216-g004.gif





OPS/images/fchem-12-1490639/fchem-12-1490639-g003.gif
(1w/Bu) vopexuaduo)y





OPS/images/fchem-12-1490639/fchem-12-1490639-t001.jpg
Compoun Q1 (m/z) /z) me (ms) Q1 pre-Bias (V) CE (V) Q3 pre-Bias lonization mode
BAA 176,00 130.10 100 -17 15 -2 Positive
e | i 100 [ -16 P 15 |
176,00 103.05 100 16 I 23 ‘
2NAA | 1sas0 117.05 100 2 o 2% Negative

184.90 100.05 100 20 34 38
184.90 141.10 100 | 2 o 2
6BAP 22405 133.15 100 2 23 2% Negative
nios | s 100 [ 2 on 2%
22405 188.00 100 2 13 2 ‘
GA s 143.20 100 17 » 13 Negative
34525 23920 100 | 17 [ e 30
34525 2135 100 17 2
SA 137.20 93.15 100 [ 13 a 1 Negative
o 6520 100 14 n | 15
137.20 100.00 100 [ 15 E 2%
ABA 263.10 153.25 100 | 28 12 2 Negative
263.10 21925 100 28 14 2
263.10 20430 100 2 20 2%
SA-D4 141.10 97.10 100 14 21 12 Negative
Lm0 s 100 [ 1 e 14 ‘

Gi1 ek Viakaes noedel o piosatie tonisaiion of precamnd on. OF vrebias Vol toaded o pomels iamation. of posdice Ionk:
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Substance Target Spiked conc. Determined conc. Recovery Average recovery

level (ug/mL) (pug/mL) (VA rate (%)
imp-A 50% 0511 0.508 99.41 9953 242
0511 0.528 103.33
I 0511 0499 97.65
100% 1021 1052 103.04
1021 0992 97.16
1021 1032 101.08
150% 1532 1516 9896
1532 il 1492 9739
1532 1498 | 97.78
imp-B 50% | 0508 0.495 97.44 9929 s
0508 0512 100.79
0508 0.499 98.23
100% 1016 0.998 98.23
1016 1029 101.28
1016 0.986 97.05
150% 1524 1506 98.82
1524 1497 98.23
1524 1578 103.54
imp-C 50% 0506 0495 97.83 97.40 184
0506 0.487 96.25 ‘
0506 0511 100.99
100% 1012 0.995 98.32
1012 0975 96.34
1012 0.968 95.65
150% 1518 1455 95.85
1518 1462 9631
1518 1.504 99.08
imp-D 50% 0517 0523 10116 98.11 209
0517 0.508 98.26
0517 0493 9536
100% 1034 1.008 97.49
1034 0992 9594
1034 1026 99.23
150% 1551 1493 96.26
1551 1529 98.58
1551 1.562 100.71
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Forced Number of Content of Minimum resolution Minimum Mass

degradation impurities main peak (%) between main peak and  resolution among  balance (%)
condition (>0.03%) impurities impurities
Undegradation 3 99.74 230 448 100
Acid degradation 9 92.45 265 [ 189 97.53
; Base degradation 8 90.08 583 [ 686 9822
Oxidative degradation 1 90.16 604 221 97.06
M degradation | 4 99.12 489 366 ey

Photolytic degradation 7 97.63 219 733 98.64
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medicines, stimulants) - 19%
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5 Others - 47%
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Attenuated total reflectance infrared spectroscopy (ATR-FTIR) X-ray powder diffraction (XRPD)
European Pharmacopoeia (2021), Song et al. (2020) European Pharmacopoeia (2022), Chauhan and

Chauhan (2014)

Non-destructive

Minimal preparation needed

Identification of salts and polymorphs

Access to databases or reference materals is necessary

Provides an absorption spectrum Provides a diffraction pattern
Suitable for solid samples, liquids, gases Suitable for solid samples
Analysis of amorphous or crystalline sample components Analysis of crystalline sample components
Smaller sample quantity needed (a few milligrams) Larger sample quantity needed (several hundred milligrams)
Identification of molecular structure, functional groups, bonding Identification of crystalline structure
Short analysis time (several dozen seconds) Longer analysis time (several dozen minutes)
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Technique

Subject of study

Category

Reason for using/substance

References

Falsified and substandard

ATR-FTIR Falsified herbal supplements Men's sexual performance Ho et al. (2022)
Authentic and falsified medicinal Blister packaging materials Bin Salim et al. (2021), Degardinet al. (2019)
products
Authentic/falsified medicinal products Pain relievers (paracetamol) Lawson et al. (2018)
Falsified medicinal products Erectile dysfunction disorder drugs Ortiz et al. (2013), Piorunska-Sedlak and
(Phosphodiesterase-5 Inhibitors- PDES-i) Stypulkowska (2021), Spalovska et al. (2021)
Falsified AP Keizers et al. (2016)
ATR-FTIR/ Authentic/falsified medicinal products Brito et al. (2020)
chemometric
An anabolic steroid Neves et al. (2017)
Medicinal products Antibiotics Mittal et al. (2021)
Authentic and falsified herbal Pain relievers Fatmarahmi et al. (2022)
medicinal products
XRPD Falsified herbal supplements Men’s sexual performance Ho et al. (2022)
Substandard medicinal products Pain relievers (paracetamol) Oloyede et al. (2023), Jendrzejewska et al. (2020)
Falsified medicinal products Acetylsalicylic acid and ascorbic acid Jendrzejewska et al. (2018)
Falsified medicinal products Erectile dysfunction disorder drugs (Piorunska-Sedlak and Stypulkowska, 2021)
(Phosphodiesterase-5 Inhibitors- PDES-i) Maurin et al. (2007)
XRPD/chemometric | Authentic/substandard/falsified AP (Deconinck et al,, 2022; 2023)
Omeprazole Rebiere et al. (2022)
lllegal and others
ATR-FTIR Tllegal products/authentic/falsified MDMA/PDES-i Neto et al. (2018)
medicinal products
Tllegal products Heroin, fentanyl, and carfentanil surrogates Daniels et al. (2022)
New psychoactive substances- NPS Piorunska-Sedlak and Stypulkowska (2020)
Fentanyl Ramsay et al. (2021)
ATR-FTIR/ New psychoactive substances- NPS Darie et al. (2023)
chemometric
Methamphetamine Hughes et al. (2013)
Fentanyl precursors McKeown et al. (2023)
Fentanyl and analogs Shan et al. (2022)
API (polymorphic forms) Pyrazinamide Zhou et al. (2024)
XRPD API (co-amorphous formulations) Furosemide with arginine and P-glycoprotein Ruponen et al. (2021)
inhibitor drugs
Olanzapine with saccharin da Costa et al. (2022)
Naproxen and arginine with lysine Wostry et al. (2020)
Nateglinide with metformin hydrochloride Wairkar and Gaud (2016)
API (inclusion complexes) Meloxicam with p-cyclodextrin-based nanosponges Shende et al. (2015)
Ketoprofen with B-cyclodextrin Betlejewska-Kielak et al. (2021)
Flurbiprofen with B-cyclodextrin Betlejewska-Kielak et al. (2023)
API (polymorphic forms) Segesterone acetate Aragon et al. (2021)
Taxifolin Terekhov et al. (2020)
Levetiracetam Xu et al. (2015)
Tllegal products New psychoactive substances- NPS Jurasek et al. (2019)
XRPD/chemometric API (polymorphic forms) Pyrazinamide Zhou et al. (2024)
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Compound Quality Linearity Intraday analysis Interday analysis
control Range

((el®)] (ng/mL) Accuracy RSD  Accuracy RSD

(%) (%) (%) (%)

ASA 10Q 099 0.99-203.81 099 040 120 105.97 1008 10177 678

2xL0Q 199 103.82 474 10008 633

5%L0Q 499 100.15 234 98.77 524

GA 10Q 202 2026 099 0x 101 90.53 192 87.73 14.04

2x10Q 403 90.83 9.18 97.80 839

5xL0Q 10.08 95.64 314 95.88 489

BAA 10Q 207 2.07-422.40 098 027 083 89.96 £ 10166 378

2x10Q 414 107.12 202 108.37 269

5%L0Q 1035 11134 344 11251 168

6BAP 10Q 256 2.56-52272 099 051 154 84.59 754 8385 1089

2x10Q 512 97.22 122 9587 460

5xLOQ 12.81 100.28 1.86 97.79 1.81

ISA 10Q 016 016278 | 0s9 | oo 004 95.65 21 99.28 511

2xLOQ 032 116.25 438 116.61 124

5%L0Q 080 96.68 363 98.09 1.60

2NAA L0Q 126.62 12662-25840.0 | 099 3640 11030 10167 455 10570 9.28

2x10Q 253.23 10053 183 104.06 567

5%LOQ 633.08 101.66 227 104.10 292

SA 10Q 1.06 1.06-216.22 099 054 162 90.43 1468 11078 9.59

2xL0Q 212 89.45 951 99.36 582

5%L0Q 530 86.13 474 9457 307
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polysaccharides ‘ DT 050 049257 080 0.63 0.12218 072 054 0.17276 072 071 0.17911 0.85
‘ BP 032 038350 057 055 0.14353 081 057 025815 0.64 034 037401 043

‘ ELM 060 045253 083 053 302734 091 069 043786 095 038 249455 095

ergosterol ‘ DT 062 0.00132 082 0.70 0.00114 0.74 068 0.00101 073 086 0.00039 093
BP 048 0.00183 056 057 0.00096 0.66 058 0.00121 080 076 0.00087 076

ELM 061 0.06103 089 053 001555 0.95 065 0.00445 092 074 0.00282 0.96
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Iteration | GAl | DT 073 0.00084 097 021 0.00302 085 0.87 0.00030 0.92 0.87 0.00051 0.98
BP 0.86 0.00060 094 0.92 0.00047 096 092 0.00044 0.93 081 0.00079 0.98

ELM 094 0.00017 095 0.92 0.00039 093 094 0.00021 0.95 0.92 000027 0.96

GA2 | DT 0.79 0.00018 093 0.54 0.00183 091 079 0.00079 0.87 094 0.00031 0.95

BP 09 0.00036 091 0.94 0.00014 095 092 0.00026 0.93 0.87 0.00044 0.92

ELM 095 0.00020 097 0.93 0.00015 095 093 0.00036 0.95 088 0.00149 0.94

GA3 | DT 073 0.00058 0.94 046 0.00283 0.6 077 0.00077 0.83 091 000037 0.98

BP 094 0.00033 095 0.92 0.00043 094 091 0.00040 091 092 0.00058 093

ELM 095 0.00048 097 0.92 0.00283 094 09 0.00105 0.94 0.89 000186 0.94

Vote GAl1 | DT 075 0.00056 092 0.62 0.00119 092 0.89 0.00039 0.92 088 0.00045 0.94
BP 094 0.00017 0.94 095 0.00013 097 095 0.00019 0.97 093 000025 0.98

ELM 095 0.00015 0.96 0.93 0.00020 094 097 0.00033 0.98 094 0.00027 0.94

GA2 | DT 08 0.00037 0.8 074 0.00134 0.89 0.86 0.00041 0.90 094 000026 0.98

BP 094 0.00024 094 095 0.00030 096 095 0.00044 0.95 094 000026 0.96

ELM 095 0.00019 097 0.95 0.00043 096 097 0.00013 0.98 094 0.00060 0.96

GA3 | DT 086 0.00029 093 0.61 0.00192 091 088 0.00097 0.89 08 0.00060 0.97

BP 094 0.00041 095 0.83 0.00067 093 096 0.00020 0.99 0.89 000052 091

ELM 095 0.00063 097 091 0.00086 096 092 0.00032 0.96 086 000131 0.93
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Iteration | GAl | DT 043 037866 0.86 022 041046 085 085 0.12045 0.92 072 021023 0.93
BP 0.88 0.08973 0.90 0.90 0.09160 094 092 0.05908 0.93 092 0.13836 0.96

ELM 095 005354 095 095 0.04008 097 096 0.02238 0.98 094 013313 0.95

GA2 | DT 047 036487 081 0.5 0.29792 0.82 0.84 0.09545 0.89 0.82 0.08886 0.92

BP 091 0.10084 091 0.94 0.03787 094 092 0.07607 0.93 091 004212 0.95

ELM 092 007141 0.96 091 0.05589 091 096 0.04511 097 093 004819 0.94

GA3 | DT 023 062163 081 073 0.12729 081 09 0.00020 09 073 013908 0.94

BP 0.84 0.19085 088 0.94 0.05518 0.96 092 0.06307 0.93 0.9 0.12113 0.92

ELM 094 005664 094 0.88 0.09554 094 092 0.14226 0.96 085 034920 0.92

Vote GAl | DT 062 041219 0.87 061 0.15264 0381 086 0.05895 0.95 086 044724 0.83
BP 094 004855 0.94 0.92 0.06101 095 096 0.05150 0.96 095 003769 0.96

ELM 0.96 0.02695 0.96 0.95 0.04940 095 0.96 0.04319 0.98 094 0.07691 0.95

GA2 | DT 076 0.08397 0.84 0.69 0.10474 082 091 0.07629 0.92 091 003906 0.94

BP 094 0.03086 094 0.94 0.05594 095 094 0.01371 0.94 093 008137 0.95

ELM 096 003483 0.96 0.95 0.03872 095 096 0.03272 0.97 094 003446 0.97

GA3 | DT 076 0.11890 088 073 0.17983 083 091 0.07568 091 076 017893 0.93

BP 095 008343 093 0.94 0.04940 096 095 0.03238 0.96 09 012855 0.88

ELM 096 004188 097 095 0.08341 092 094 0.06976 0.97 0.89 022995 0.92
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Item

Product labeling—declared API

‘ Products with aromatase inhibitors

Declared API identi

Undeclared API(s) identi

1 Letrozole yes exemestane, yohimbine
B Letrozole yes no I
34 Anastrozole yes no
5 Anastrozole yes tamoxifen, oxandrolone, ligandrol, cardarine
6 Anastrozole yes tamosxifen
- 4 Anastrozole no letrozole
8 Anastrozole no letrozole, stanozolol
9 Anastrozole no letrozole, ostarine
10-16 Exemestane yes no
Products with anti-estrogenic substances
1721 Tamoxifen yes no
2 Tamoxifen no EDTA-Na
2 Tamoxifen no no
24-30 Clomiphene yes no
3134 Clomiphene no no
35 Clomiphene no methyltestosterone, stanozolol
36 Clomiphene no tadalafil, sildenafil
37 Clomiphene no methandienone, sildenafil
Products with other substances used in PCT
38-40 Cabergoline yes no
41 Cabergoline yes stanozolol
2 Cabergoline no no
743 Cabergoline no sildenafil
44-45 Mesterolone yes no
46 Mesterolone no stanozolol, sildenafil
47 Mesterolone no no
48-57 hCG yes no
58-63 hCG no no
Products with undeclared API for PCT
64 Chlorodehydromethyltestosterone yes exemestane, oxandrolone
65 Chlorodehydromethyltestosterone yes tamoxifen
66 Oxandrolone no tamoxifen
o Oxandrolone yes tamonxifen, chlorodehydromethylotestosterone
68 Oxandrolone yes tamonxifen, stanozolol
69 Liotyronine no tamoxifen
70 BPC-157 yes raloxifene, ibutamoren, SR9009
7172 Chlorodehydromethyltestosterone yes raloxifene
73 Dapoxetine yes clomiphene
7475 Tadalafil yes clomiphene, dapoxetine
76 Sildenafil yes clomiphene
77 Cardarine yes clomiphene
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Methods

Screening method used in

Screening method

hCG detection

hCG detection (intact)

2020-2023 used in 2024 (tryptically digested)

LC parameters

Column Hypersil GOLD CI8 analytical column | Shim-pack Velox C18 150 x| Shim-pack Velox CI8 150 x Supelco BIOshell A400 Protein
100 x 2.1 mm, 3 um particle size witha | 2.1 mm, 18 pm particle size | 2.1 mm, 1.8 um particle size C4 column 100 x 2.1 mm, 3.4 ym
guard column (both from Thermo Fisher  (Shimadzu) (Shimadzu) particle size (Merck KGaA)
Scientific)

Gradient 0-2 min—10%B 0-2 min—0%B 0-2 min—0%B 0-2 min—0%B

program 2-7 min—10-90%B 2-9 min—0-90%B 2-60 min—0-60%B 2-50 min—0-32%B
7-10 min—90%B 9-11 min—90%B 60-65 min—100%B 50-54 min—32%B
10-12 min—90-10%B 65-68 min—0%B 54-55 min—32-0%B.
12-14 min—10%B 12-15 min—0%B. 55-60 min—0%B

Oven 40°C 40°C 40°C 70°C

temperature

Flow rate 0.15 mL min™! 0.35 mL mi 020 mL m 0.30 mL min™!

PDA 200-320 nm 190-400 nm 190-400 nm 200-320 nm

MS parameters

ESI source o

drying gas flow rate: 8.0 L min”
dry heater: 180°C

capillary voltage: 4500 V (pos)/3200 V/
(neg)

end plate offset: ~500 V"

MS mode full scan mode (m/z 50-1,500)
Auto-MS/MS with five Precursor Ions

(intensity order)

CE Linear gradient:
m/z 200-20eV
m/z 400-25 eV
m/z 800-35 eV

DS — positive

drying gas flow rate:
10.0 L min™

nebulizing gas flow rate:
3.0 L min™

heating gas flow rate:
10.0 L min™

interface temperature: 300°C

DL temperature: 250°C
heat block: 400°C

interface voltage: 4,000 V (pos)/
3,500 V (neg)

full scan mode (m/z 50-1,500)
DDA with six MS/MS events
(intensity order)

35V £ 20V

drying gas flow rate: 10.0 L min™
nebulizing gas flow rate:

30 L min™!

heating gas flow rate: 10.0 L min™
interface temperature: 300°C

DL temperature: 250°C

heat block: 400°C

interface voltage: 4,000 V (pos)

full scan mode (m/z 200-1,500)
DDA with six MS/MS events
(intensity order) detected in a
range of m/z 100-2,200

20V + 5V

ization mode; neg - negative ionization mode; MeOH, methanol; ACN, acetonitrile; CE, collision energy; DDA, Data Dependent Analysis algorithm; DL, desolvati

drying gas flow rate: 9.0 L min*
nebulizer: 1.6 Ba

dry heater: 200°C

capillary voltage: 4500 V' (pos)
end plate offset: =500 V

full scan mode (m/z 900-3,000)
without MS/MS events
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Concentration (ppt

500

700

850

Peak area ent recovery
21,7231 996
21,8030 1000
21,6711 994
299703 994
30033.1 996
29,9098 992
36,2784 9.7
36,6230 1011
36,7989 1006

Average percent recovery

99.7

99.4

1005

032

021

074
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Parameter: Conditions  Retention time (min.) Tailing factor Peak area ( Number of theoretical plates

PH of buffer | 27 13 105 30365 12566
29 122 | 1.04 31,341 | 14,771

a 1195 1.05 | 30,855 14,135

Flow rate mL/min | 0.8 14.16 1.04 35,135 16,018
1 122 1.05 31,341 14,771

2 102 1.05 25,578 13922

‘Wavelength 1 247 1229 1.05 30,627 | 14,959
249 122 1.05 31,341 14,771

251 12,08 1.06 31,187 14,433

% B composition 25 17.67 0.98 29,665.0 16,990
30 122 1.05 31,341 14,771

35 823 113 | 27,703 10,774

Injection volume (4 L) | 13 122 1.06 27,899 15,601
I 15 122 1.05 31,341 14,771

17 1238 | 1.03 34,776 | 13973
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Standard #1

Retention time

Peak area (mAl

Plate count

1 12296 31,2052 9,959 0945
2 12433 31,0439 10,489 0943
3 12427 31,2111 10,657 0943
4 12423 31,0946 10,167 0954
I 5 12299 31,0224 10,197 0951
6 12464 30,9543 10,599 0.950
Average 1239 31,04235
STDEV 0073 10245
Retention Time % RSD 059
Peak Area % RSD 033
% Drift -022
Standard # 2 injection
1 12202 31,0146 10,521 0958
2 12170 312564 9,537 0957
Average 1219 31,109.90
STDEV 002 13477
Retention Time % RSD 019
Peak Area % RSD 043
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Sample # Concentration (ppm) Peak area Retention

1 L0 50.44 11.58
2 10 5155 1168 110
3 L0 5244 11.70 117
4 10 4997 1170 107
5 10 5218 11.68 121
6 10 5203 1163 112
7 10 51.56 11.58 122
8 10 5116 1150 106
9 10 | 5213 1153 108
10 10 | 5173 1155 105
Average | 5152 | 1126
Standard deviation 0793 064
%RSD 154 568
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Sample # Concentration (pp eak area
1 850 36,296.9
2 800 343348
3 750 324593
4 700 30,1247
5 650 28,210
6 600 25,789.9
7 550 24,1309
8 500 21,687.7
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Sample # Concentration (ppm Retention time | to noise ratio

1 100 41581 1154 7.2
2 50 | 18554 1190 41.0
3 I 20 10747 1147 317
7 4 7 L5 69.40 | 1149 181
5 13 60.13 1162 162
6 1.0 [ 5191 1179 10.80
7 0.90 40.63 120 7.50
8 050 2517 1175 620
9 040 | 17.58 1176 570
10 030 [ 12.85 | 1185 40
1 020 [ 991 11.83 26
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Stress condition Exposed time Temperature ('C)* Peak area % degradation
| None | None ‘ None Clear 29,8944
‘ 001 N HCl ‘ 24h ‘ 75 Clear 268683 880
‘ 0.01 N NaOH ‘ One hour 75 Clear 27,074.50 8.10
‘ 0.05% H,0, ‘ 2h 75 Clear 28837.0 650
| Mixture solution | = ‘ = Clear 27,4412 920

"Heat it on a heating block at 75°C for the specified duration.
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Sample # Concentration (pp eak area
1 1,500 46,582
2 1,250 43,6269
3 1,000 41,44
4 700 29,417
5 500 21,558.9
6 250 11,168
7 150 66314
8 50 23216
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Column C18 Retention times (min)  Tailing factor Number of theoretical plates

1 Phenomenex (4.6 x 150 mm, 5 ym) 9423 150 6,128
2 WATER (4.6 x 150 mm, 5 um) | 9.460 [ 078 6,968
3 Agilent Zorbax (4.6 x 250 mm, 5 pm) 7814 130 2,516
4 WATER (46 x 250 mm, 5 um) 11893 0976 5,709
5 Phenomenex (4.6 x 250 mm, 5 pm) | 15727 1219 4,168

Thermo Hypersil ODS (4.6 x 250 mm, 5 um) 11448 0940 7,890
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Frequency (c

Structural unit

Type of vibration

3,350 Amide N—H Stretch Medium
173343 Ester C=0 Stretch Strong
164445 Amide C=0 Stretch Strong
151465 Aromatic C=C Stretch Strong
1,500 Amine Bend Medium
1427.64 Methylene Scissoring Strong
114492 Ester C—O Stretch Strong
544,63 Chloride C—Cl Stretch Strong
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Parameters  Conditions

Column ‘Thermo ODS Hypersil C18 (4.6 x 250 mm, 5 um)

Mobile Phase ACN: BUFFER (25 Mm potassium phosphate buffer
‘monobasic pH 2.9) (30:70)

RT (retention time) | 12.1 + 0.235 min

Flow Rate 1 mL/min
Sample Injector s 4L loop
Detection 249 nm
Wavelength

Column ' Ambient

Temperature
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m/z Formula Fragmentions (m/z) Identification
(Error,ppm)

1 0.959 1751194 (257)" | GHuN,O, | 130.0955,116.0700,112.0863 L-arginine

2 1072 1380553 (2.5)" | GH,NO, | 123.0653,122.4088 Anthranilic acid

3 1123 1370600 (2.16)" | GsHy0; 120.0783,121.0817 Ortho-hydroxyacetophenone*

4 1508 137.0600 (2.16)" | GH,0, 120.0297,121.0733 4-hydroxyacetophenone*

5 1553 1801019 (0.03)* | CiH 00 | 150.0546,124.0504,110.0365 Safrole

6 1586 1660863 (-0.27)" | CoH,NO, | 122.0690,107.0485,151.1898 Phenylalanine

7 1.602 1520704 (136)" | GsHoNO, | 110.0338,135.0296 Acetaminophen

8 1681 1210648 (0.07)" | GH,0 107.0724,103.0543 4-methylbenzaldehyde

9 2182 180.1019 (0.03)™* CioH 1002 124.0508,110.0624 Isosafrole

10 2339 2290319 (-134)" | GH,NGOs | 138.9636,122.0160,111.8917 6,8-dinitro-3,5-dihydrotetrazolo (1,5-a]pyridin-5-ol

1 2.668 166.0863 (-0.27)" CoHyNO, 122.0855,108.0424,107.0496 Dimethylanthranilate

2 3413 353.0847 (5.7) CigHig0y | 177.0058,160.9132,118.9029 4-methylumbelliferyl glucuronide

13 5.033 200.0478 (-5.05)" | Cp,H,0 157.0412,129.0443 6-formylnaphthalene-2-carboxylate

14 5.625 2050969 (125)" | CrHN,O, | 146.8926,132.0806,118.0647 Tryptophan

15 5.691 188.0707 (-0.51)" C 1 HoNO, 188.0707,118.0647 3-indoleacrylic acid

16 6.856 1360617 05" | CHNg 120.0381,107.0746 Adenine

17 11657 3301699 (026)" | CioHNO, | 207.0798,177.0787,164.8723,150.0901 Reticuline

18 13885 3790000 (624)" | CigHisOy | 217.8755,189.8638,161.8689,185.0418,171.9442 | Geshoidin

19 14.000 177.0545 (0.68)" CyoHgO5 151.0544,111.0370,134.0348 Hymecromone

20 14.113 147.0440 (0.38)" CH0, 118.0407,102.0479 2-benzofurancarboxaldehyde

21 14403 2730757 (018)" | CisHiOs | 181.0626,155.0234,153.0177,147.0438,137.9719 | (29)-naringenin

2 14447 3141758 (232) | CioHaNOy' | 209.0954,167.0830,179.0888,153.0692 Magnocurarine

23 14683 3441856 (0.10)" | CpH,NO, | 192.1013,162.0670,138.0625,108.0558 Cilomilast

24 14.906 314.1758 (-2.32) CyoH,,NO;* | 209.0950,167.0799,179.0884,153.0698 Lotusine

25 15251 1770545 (0.68)" | CioHyOs 121.0261,109.9687,105.0331 7-methoxycoumarin

26 16461 2361643 (087)" | CiHuNO, | 165.0687,121.0644 Spectraban

27 16694 3441856 (0.10)" | CpH,NO, | 207.0785,177.0749,147.8670,139.9561 Laudanine

28 17584 2310626 (:043)" | CGHN©O, | 148.9010,110.9477 4-[5-(Pyridin-3-y))-1,2,4-oxadiazol -3-yl]-1,2,5-oxadiazol -3~
amine

29 17.881 3531207 (680)" | CiHaxOs | 207.9798,177.8574,164.8723,146.8601 RhytidchromoneD

30 18.153 314.1758 (-2.32) CygH,,NO; 209.0950,167.0832,179.0903,153.0691 (R)-oblongine

31 19196 2361643 (087)" | C,H,NO, | 123.0438,107.0485 Meprylcaine

32 19398 2011634 (188)" | Cistlo 187.1392,159.1155,145.0995,131.0846 3,4-dihydrocadalene

33 19479 | 268.1328 (151) Ci7HiNO, | 251.1069,219.0783,236.0822,191.0844 Unknown

34 20.165 4351289 (-0.75)" | G H,,0, | 273.0748,181.0637,153.0179 (29)-naringenin-5-O-beta-D-glucopyranoside

36 20238 | 2730757 (018)" | CisHypOs | 181.0615,155.0236,153.0179,147.0444,137.8857 | (2R)-naringenin

35 20255 | 597.1824 (-168)" | CyHiOus | 435.1288,273.0756 (2R)-naringenin5,7-di-O-glucoside

37 20467 | 2781746 (170)" | CiHa3NO; | 128.8733,112.9887,152.9022 Cordypyridone B

38 22487 | 2150678 (034 | C,H;;0, | 175.0678,144.0570,1149631 Myristicin

39 22836 3041883 (005 | CHNO; | 222.0666,179.0847,165.0698,205.0649 Scalusamide A

40 23237 | 3041883 (0.05) | CigHyNOs | 248.8163,164.0674 methyl-1-((25)-2-pentanoylpyrrolidin-1-yl pentane-1,2-

41 23.814 282.1488 (021)™" | C;4H 60, 265.1211,250.0973,235.0750,219.0797 ‘Unknown

12 23839 | 2651223 (002)" | C,H;s0, | 153.0688,108.9738,122.9137 1,2-bis(3-methylphenoxy)ethane

43 24.071 304.1883 (0.05)™ CigHysNO; | 206.8651,164.0700,136.8765 3-acetyl-5-hydroxy-4,5-dimethyl-1-octyl-2-pyrrolone

44 24.696 | 304.1883 (0.05)% 231.8412,180.8673 Ethyl1-(3-cyclopentylpropanoyl)piperidine-4-carboxylate

45 25939 | 3361229 (040)" 320.0908,292.0961,184.9388 N-(biphenyl-4-ylmethyl)-3-hydroxy-6-methyl-4-oxo-4H-
pyran-2-carboxamide

46 26254 | 387.1413 (655)" | CuHxO0; | 302.8310,276.8630,202.8263,176.0397 Sen-byakangelicol

47 26749 | 2911295 (142)" | CioHigNiOs | 247.0652,203.0687,159.0353 L-argininosuccinic acid

48 27.021 | 387.1413 (655)" | CyH,;0, | 289.1100,188.8615,161.0210 Edultin

49 27.426 226.1799 (1.13)" Cy3H,3NO, 144.8945,100.9319 Cyclohexyln-cyclohexylcarbamate

50 27615 | 1831012 (204)" | CioHyO5 | 168.0745,153.0537,125.0594,137.0592,152.0812 | 3,4,5-trimethoxytoluene

51 27665 | 2050832 (0.17)" | CsHaNGO | 137.9020,122.9628,1069811 2-[(e)-(2H-tetrazol-5-ylhydrazinylidene)methyl|phenol

52 27.688 | 1680778 (177)" | GH,04 152.0611,109.0283,137.0060 (3,4-dimethoxyphenyl)methanolradical

53 28.561 179.0700 (1.52)" I CioH 005 135.9491,108.9598,121.0283 Trans-4-methoxycinnamic acid

54 28646 | 3080557 (-L14)" | Ci;HoNO; | 222.0650,278.0566,250.0593,280.0596,252.0642 | 17-hydroxy-3,5-dioxa-11-azapentacyclo
[10.7.1.02,6.08,20.014,19]icosa-1(19),2(6),7,12(20),13,15,17-
heptaene-9,10-dione

55 20223 | 1831013 (149)" | CioHuiOy | 168.0745,153.0537,125.0594,137.0592,152.0812 | 2,4,6-trimethoxytoluene

56 20616 | 2281955 (134)" | Ci3HasNO, | 158.0950,144.0575,1009321 Cyclohexyl-carbamic acidhexylester

57 20634 | 2501774 (028)" | C,HyN, | 166.1208,155.8579,112.8977 Metazine

58 30108 | 2090809 (:0.31)" | CiHi:04 | 176.0447,161.0231 2-methoxyl-methylenedioxypropiophenone

59 30182 | 3080557 (-114)" | C,HsNO, | 222.0637,278.0567,250.0595,280.0616,252.0634 | 7-hydroxy-3,5-dioxa-11-azapentacyclo
[10.7.1.02,6.08,20.014,19]icosa-1(20),2(6)7,12,14,16,18-
heptaene-9,10-dione

60 30815 | 3380665 (-174)" | CygH,NO, | 294.0460,265.0489,2500261,206.0595 4-[(z)-2-(1,3-benzodioxol-5-y1)-5-0x0-1,3-0xazol-4-ylidene]
methylJbenzoic acid

61 30983 | 3183005 (0.72)" | CgHyoNO; | 192.8404,164.8297,136.9307 Phytosphingosine

62 31506 | 2050969 (125)" | CiiHiaN:0; | 176.0463,122.0709 Ethotoin

63 31512 1950652 (:0.08)" | C,HyOy | 167.0330,138.9622,123.0408 Kakuol

64 32667 | 2940760 (029)" | Ci7H,NO, | 279.0521,251.0571,264.0656,236.0693 Aristolactam 1

65 33292 | 3183005 (0.72)" | CigHyNO; | 192.8434,164.8287,136.9309 2-aminooctadecane-1,3,4-triol

66 33462 | 3023052 (052)" | CisHyNO, | 246.8158,176.9090,106.0860 Sphinganine

67 34616 | 2221850 (109)" | C,H;NO | 101.9493,152.1066,191.0324 N-isobutyl-2E,4E,8Z-decatrienamide

68 35.844 219.1741 (11" Cy5H,,0 178.0759,150.0992,122.0691,163.1103,123.0798 = Nootkatone

69 36445 | 2502165 (0.16)" | CiHyNO | 140.8710,112.9899,100.0754 (2EAE)-1-(pyrrolidin-1-yl)dodeca-2,4-dien-1-one

70 36.558 219.1741 (L1D)" CisHy0 191.0859 Longiverbenone

7 36564 | 2242013 (-183)" | C,HiNO | 167.0813 Pellitorine

72 37175 249.2077 (4.09)" Ci6H 6NO 178.1300,151.1344,155.1157 N-methylmeptazinol

73 37334 | 2482014 (2.06)" | CiH:sNO | 167.85%0,152.1068 N-isobutyl-2E,4E,8Z,10E-dodecatetraenamide

74 37.576 337.1075 (-1.34)" CaoH 605 321.0957,267.0612,237.0545 Psoralidin

75 37911 | 2482014 (-2.06)" | C,H:NO | 167.1264,152.1066 N-isobutyl-2E,4E,8Z,10Z-dodecatetraenamide

76 38392 | 2502165 (0.16)" | CiHaNO | 153.1093,127.0939,116.0588 Dodeca-2E,4E,8Z-trienoic acidisobutylamide

77 38522 | 2482014 (-2.06)" | CiHsNO | 167.8582,152.1066 N-isobutyl-2E,4Z,87,10E-dodecatetraenamide

78 38.714 2841986 (-137)" | Cy¢Hy0, 171.8515,116.0529,128.8711 Monododecylmaleate

79 39258 | 2742171 (205" | CigHpNO | 120.0886,107.0853 8-acetyl-2-(dipropylamino)tetralin

80 39620 | 2961987 (-1.66)" | CiHy04 | 196.7978,153.9014,127.0712 (E)-5-cyclohexyl-2-[2-[(2-methylpropan-2-yloxy]-2-
oxoethyl]pent-2-enoate

81 40.125 252.2326 (-1.63)" Cy6H,NO 154.1219,112.0753,128.1425,102.0904 (2E4E)-N-isobutyl-2,4-dodecadienamide

8 20198 2742171 (209" | CuHeNO | 1200534,107.0491 7-(NN-Dipropylamino)-5,6,7,8-tetrahydronaphtho (2,3-b)
dihydro-2,3-furan

8 40509 | 2762324 (0.76)" | C,H,NO | 176.1107,146.0701,107.0850 (18,2R)-5-methoxy-1-methyl-N,N-dipropyl-1,2,3,4-
tetrahydronaphthalen-2-amine

84 42875 | 3591265 (359)" | CuHliyOs | 345.1991,253.1547,177.9723,147.0110 7-(benzyloxy)-3-(4-methoxyphenyl)-4H-chromen-4-one

85 44208 | 4150429 (469)" | CyHyO5 | 268.0054,241.9654,165.0678,149.0265 5-[4-[(1,3-dioxo-2-benzofuran-5-ylJoxy]benzoyl] -2-

Na, [M + Nal's H, [M + HJ's NH, M + NH,J"

*The compounds were identified by comparing with reference substances.

benzofuran-1,3-dione
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Sensory description

1 CuHay 1098 1097 Terpinolene 98.92 Star anise; oranges; fresh fruits; herbaceous
plant; pine tree, plastic, sweet, woody scent
2 1474 1688 Gamma-decalactone 98.76 Coconut; greasys fresh; fruity (dry);
lactones; greasy; oily (fresh); peach; sweet;
candlesmell
3 CisHsz 1486 1488 Pentadecane 96.78 Alkane; heteroalcohols; freshly mowed
4 Ci2Hai02 1417 1488 Methy lundecanoate 96.24 Brandy; greasys fruits; greasy; sweet;
thesmellofcandles; wine
5 CigHas 953 963 4-ethyl-octane 95.84
6 CiaHag 1146 1130 Decane 9547 Oak; apple; greasy; fruits; grass; freshly
mowed; luxuriant
7 CeHig0 802 893 (Z)-3-hexenal 95.41
8 CioHicO 1147 1288 Camphor 9461 Greasy; freshly mowed; greenpepper;
mushrooms; pepper; butter
9 CisHO 1405 1559 Alpha-ionone 9443 Fragrant with oil or spices; cedar; floral or
botanical; fruits; dovetail; sweet; tropical;
the violet; warm; woody scent
10 C5H0 664 740 2-methyl butanal 9432 Almonds; apple; charred; burning (strong);
asphyxiating; coco; coffee; fermented or
brewed; fruits; freshly mowed; iodoform;
‘malt; musty smell; nutty; powerful; agreasy
smell of incense; acidity
11 CusHag 1307 1286 Tridecane 9427 Alkane; oranges; fruits; heteroalcohols;
hydrocarbon
12 CiHO 600 693 Butan-2-one 94.16 Acetone; butter; cheese; chemistry;
chocolate; the atmosphere; aromatic; fruits;
gaseous; cheerful; spicy; sharp; sweet
13 943 1097 4-pentanolide 93.90 Fennel; coco; herbaceous; sweet; tobacco;
warm; woody scent
14 CHO 459 559 Propanal 93.85 Acetaldehyde; coco; earthy; the
atmosphere; nutty; plastics; spicys solvent
15 CioH1,0 1182 1338 Cymen-8-ol 93.60 Cherry; oranges; coumarin; floral or
botanicals; fruits; fruity (sweet); musty smell;
sweet
16 CsHig 683 681 22,4-trimethyl pentane 93.27 Gasoline
17 CeHy,0 802 893 2-hexanol 93.05 Cauliflower; chemistry; greasy; fruits;
terpene; wine
18 CH,05 1190 1445 5-ethyl-3-hydroxy-4-methyl- 9235 Brown sugar; butterscotch; caramel; fruits;
2(5H)-furanone fruity (sweet); maple; nutty; condiments;
spicys sweet
19 CioHie 1037 1078 Limonene 9155 Oranges; freshly mowed; pine tree
20 GH,, 518 485 Pentane 8772 Alkane; gasoline
21 GHyg 769 789 3-methylheptane 86.20 Green plants; sweet
b CioH1002 1407 1560 (E)-methyl cinnamate 83.67
23 CisHa602 1533 1607 Methyl dodecanoate 8301 Coconut; creamy; greasy; floral or
botanical; fruits; mushrooms; soap; sweet;
the smell of candles; waxy
24 1244 1358 Ethyl phenylacetate 8262 Fennel; cinnamon; coco; floral or botanical;
fruits; honey; rose; spicy; sweet; candlesmell
25 433 499 Acetaldehyde 8105 Aldehyde group; the atmosphere; fresh;
fruits; cheerful; piquant
26 995 1069 Alpha-phellandrene 73.02 Orange; freshly cut grass scent; mint flavor;
spicy; terpene aroma; pine resin; woody
scent
27 995 1069 Myrcene 7296 Sesame oil aroma; spice fragrance; airy;
fruitys geranium; lemon; metallic; musty;
plastic; pleasant; resinous; soapy; spicys
sweet; woody scent
28 [o: 995 1069 (+)-alpha-phellandrene 72.65 Dill flavor
29 CisHay 1577 1627 1-phenyl-nonane 7781
30 CoHyy 928 873 Nonane 76,80 Alkane; heteroalcohols; gasoline
31 CioH1sO 1235 1358 3-decen-2-one 68.65 Unctuous
32 C3HO, 484 596 Methy lacetate 5209 Blackcurrant; the atmosphere; aromatic;

fruits; fruity (sweet); cheerful; solvent; sweet
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Substance Standard calibration curves Correlation coefficient (r)

ponatinib ¥ = 40.53x+1.585 09996
imp-A ¥ = 1699x+0.7561 09995
imp-B y = 47.24x+09415 09996
imp-C ¥ = 29.63x+1.121 09994
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Substance Target Spiked conc. Determined conc. Recovery Average recovery
level (ug/mL) (pug/mL) (VA rate (%)
0516 0521 10097
50% 0516 0551 10678
0516 0541 10484
1032 1081 10475
imp-A 100% 1032 1064 103.10 10429 166
1032 1073 103.97
1548 159 103.10
150% 1548 1637 10575
1548 1631 10536
0523 0518 99.04
50% 0523 0545 10421
0523 0512 97.90
1.045 1117 106.89
imp-B 100% 1045 1.094 104.69 10371 317
1045 1083 103.64
1568 1677 10695
150% 1568 1621 10338
1568 1673 106.70
0524 0533 10172
50% 0524 0558 106.49
0524 0511 97.52
1049 1095 10439
imp-C 100% 1049 1113 106.10 10248 298
1049 1.09% 104.48
1574 1582 10051
150% 1574 1594 10127
1574 1571 99.81

The tést conditions havé o change compared with: that 1 Table:1.
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Synthetic nicotine actual lot # Abbreviation

205351-305-00011-P2-01 SYN-1
205351-305-00012-P2-01 SyN-2
205351-305-00013-P2-01 SYN-3
HC1 SyN-4
e SYN-5
HC3 SyN-6
HC-4 SYN-7
HCS SyN-8
HC-6 SYN-9
HC7 SYN-10
HC-8 SYN-11
HC9 SYN-12
HC-10 SYN-13
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Extracted nicotine actual lot #

103700-304-00006

103700-305-00051 ExN-2
HN-20230704 ExN-3
HN-2023062202 ExN-4
Q-1 ExN-5
Q2 ExN-6
Q3 ExN-7
TQ4 ExN-8
Q5 ExN-9
Q-6 ExN-10
Q7 ExN-11
Q8 ExN-12
Q9 ExN-13
TQ-10 ExN-14
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LOD = 3.3X( ) and LOQ = 10X( 5 )
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Bioactive Compounds Solid Waste Liquid Waste

pg/g dw pg/mL

Ferulic acid 89.782 + 1.626 nf
Dihydroferulic acid 24934 £ 1323 624% 0212
Apigenin-C-hexoside-pentoside 12398 £ 0.372 0076 + 0,052
Apigenin-6-arab-8-hexoside 12167 + 1.203 0.08 £ 0,055
VFetuloyl quinic acid o703 | 00395002
Caffeic acid 2715  0.067 0716 + 0,010
Chlorogenic acid 2299 £ 0.134 uf
Kaempferol-3-O-rutinoside 17220005 | 0022+ 0008
Coumaric acid-O-hexoside 1264 £ 0.044 003 + 0,002
Apigenin-C-hexoside-hexoside 12950081 | 0016+ 0008
Isoorientin-2-O-rhamnoside 1259 £ 0.050 0016 £ 0.007
Kaempferol-3-O-glucoside 0.768 + 0.001 0.04 % 0.000
Caffeic acid-O-hexoside 0,663 = 0,082 nf
Naringenin 0,563 £ 0,020 0037 £ 0.002
Sinapoyl-hexoside 0,528 £ 0.008 0.08 £ 0.002
Apigenin-7-O-glucoside 0351 £ 0,017 0,002 £ 0.000
Total 160697 7394

sdw: dry weight.
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ABTS FRAP TPC
Samples mmol mmol mmol mmol mg GAE/g mg GAE/mL

trolox/kg trolox/L trolox/kg trolox/L

Solid Waste 5 s 1771 £ 0.005

Liquid Waste 0.223 £ 0,011 0285 + 0.009 0.105 £ 0.000
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Minerals Solid Waste mg/Kg SD Liquid Waste mg/
Ammonia (NHy) 9.25 £029 6005 03
Phosphate (PO,") 308 £11 4085 £1.05
Calcium (Ca™) 2033 21 1818 £1
Magnesium (Mg"*) 18.89 18 145 +1.05
Sulphate (SO,%) 205 08 419 +125
Arsenic (As™) 0.0078 £0.02 001 40025
Boron (B) <02 - <02 -
Manganese (Mn**) 0.162 - <00001 -
Zinc (Zn"") 0.159 £0.016 02555 0014
Copper (Cu™) 0.026 £0.005 0.0095 40003
Cobalt (Co™) <00001 - <00001 -
Tron (Fe') 0.0945 £0.004 0015 40002
Selenium (Se) <00001 - <0001 -
Chromium (Cr***) 0.0411 £0.008 00762 40005
Chloride (C1) 33 £0.13 09 40065
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Chromatogram conditions

The variation range of
parameters

‘The initial proportion of mobile phases

A-B (%)

Wavelength (nm)

86:14; 84:16; 82:18

245, 250, 255

Column temperature (‘C) 35, 40, 45
Flow rate (mL/min) 09,10, 1.1
Mobile phase pH 2.2,24,26

Chromatographic column

Waters-Cyg, Agilent-SHC-Cys,
Gemini-Cig
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(S)-Nicotinefree-base  (S)-Nicotineprimary salt _(S)-Nicotine diprotonated salt
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