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Abstract

When it came to forensic toxicology, most of us brought “murder with poison”, “intoxication”,
and “drugs and alcohol abuse” into mind. However, one more thing that couldn’t be ignored — people
were always affected by environmental pollutants. With the development of science and technology,
many poisonous substances called xenobiotics also came up. Unconsciously, these toxins affected
our health, even causing irreversible disease as well as death. Although very challenging, forensic
toxicology took the responsibility of identifying the controversial xenobiotics and their disadvantages
to health.

Xenobiotics from foods would be an issue. These small molecules somehow changed tissue
structure in human bodies. The most notorious one, acrylamide, an a, B-unsaturated carbonyl

compound common in carbohydrate-rich foods cooked at high temperatures (>120°C), would form

covalent adducts with hemoglobin (known as “acrylamide adduct”). Owing to the accessibility and
long lifetime of the red blood cells, acrylamide adducts had been discussed in much literature and
regarded as a biomarker of acrylamide exposure. Even though the relationship between adduct level
and human disease was still not fully understood, many scientists were dedicated to exploring
unknown-structured (in other words, untargeted) hemoglobin adducts simultaneously.

In our study, intending to study acrylamide adduct levels in infertility patients from NTUH, we
applied Edman degradation and UPLC-MS system as analytical procedures. Different from
traditional LC-MS, UPLC-MS was invented with higher sensitivity and accuracy. Furthermore, for
detecting untargeted hemoglobin (Hb) adducts, we designed a chemical isotope labeling (CIL)
method together with UPLC-HRMS (Q-TOF) analysis; meanwhile, we compared the background Hb
adducts in polluted blood samples to those in unpolluted blood samples.

Results showed acrylamide adduct was detected in 4 of 29 infertility patients, with levels ranging

from 41.17 pmol/g Hb to 117.58 pmol/g Hb; concerning untargeted adducts analysis, 79 to 105
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possible adducts (fragments) were screened out. However, there was no obvious background adduct
difference between polluted samples and unpolluted samples. Besides, MSMS mode was suggested
for adduct fragmentation to identify real Hb adducts.

In conclusion, our idea emphasized the future work of detecting acrylamide adducts or other
targeted adducts via the UPLC-MS approach; on the other hand, with an application of CIL-UPLC-
HRMS, scientists could rapidly screen out untargeted Hb adducts in specific groups like smokers.
Working with that reliable evidence, forensic toxicologists could come to conclusions without
prejudice.

Keywords: Environmental pollutants, acrylamide, Hb adduct, CIL, UPLC, HRMS
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12.2 &35 4 & 2 B 4 & & & (Hemoglobin adducts and Edman reaction)

B WEfrn bhd F R AR 2 BAA ST F S RTF 25 )

=+ (electrophilic organic compounds ) - 1 it % w i F-v HAl 7 5 3o B
w[12, 13] o = Fev Bt 0 ¥ g peiezksy (N-terminal valine) & # ¢ — 2) 2 4
X $ 2 ghix[14] - ;{gg} 4B A SR 5408 "% f2;2 (Edman degradation )
[15] > ™M 4E & F 4 " B #r§ fe ¥ fs (phenylisothiocyanate, ™ # PITC) | #-i§
bo k2 Bl EE A B 1 A d 2t o) A 3 (& 4 phenylthiohydantoin (PTH) derivatives )
BHo A AT RAR

SRR 3t N R ’TF ey BT F 23 B4+ 7 FRY
it 7 o, B-unsaturated carbonyl group » #3F % < L;MW v e A MR B ARIRL
§ A XF A QB HER R RA[16, 17]5 4 ik BAos g RSV
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§2) & > B acrylamide adduct s 4o iR o B F il > & LR iR g @i
a5 > acrylamide adduct = & = 37 3 P % o

e i 4opt o acrylamide adduct 2% H @ 4o =0 > B335 5 4 TP OB B o T

AP T o Gldr o PRAFERDTERRE fRhAE R AERES

1.3. #.34" #7 2 # (Traditional analysis methods )

I3 AR AT ow G RACHL AT o p o Lk RIS 1
Ef (BP 35 )l rfr 32 3L VR 2 EREIT2 > 2iTp 0
# 18 % 472 (gas chromatography > GC) EoRHREFOHERD FEH TE L

BfET RS &ACR W B R Ap k47 &k (liquid chromatography » LC) £ B 3 ik
( mass spectrometry » MS) - it;‘é%%%‘? Y N ES 2§ AER S TR
®FRAPRITRE TR P ER Y > NRRERE TREL LRI FAEL L
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v = #8 & (adductomics )&= 3 7 F & * LC/MSe+4r 2007 & Sylvie % 4 # Journal
of chromatography A * 2% % %= 7 [21]7 ﬁﬁié * 7 LC/IMS & 5t 5 4-%F7 02 Fe
FEF 0 B KR 2 %% & acrylamide adduct (A £ R 5 # T acrylamide

adduct A7 %25 BEFRBER -

1.4.4 #7 3 ;# & s+ (Challenges of analytical methods )

R oo 2Ty g B S ERL “ni’ﬁ‘}é]ﬁ‘mﬂb FlfdFenas gl Fig g
’Jﬁiﬁ-y\;ﬁ*—i’;rﬁg'gﬁ’!@fﬁﬁfﬁﬁﬁ,@ SuZ_ ?ﬁ“;g-li‘l__xé’}’{]ﬂfv,b '\?ﬁ‘;iflj
FRFSITAFT RITE A MR - FEREFATF TR KPR R e
Sk EAREETA o F N 0 I 4 I AREF A Rt 2 LCIMS Jk e[22] -

oy

e

Fr— R LC A IR B »Tik 4p & +7(Ultra Performance Liquid Chromatography,
UPLC) [23] > 5 #%i2 £ 15,000psi & » HF#EfETA F4p - & 472 X B> ez
VR Em R EEIMHE A FHRS B PR EKER ;:—ix,ﬁ;v’lria,\:rajj
WAq T BERRFTRAPFTR  BF LT 2R ER[24] -

pe ot "ff VA FAREL S F G S RMT I LA g R S
fe= oo bldee v 1, 3-butadiene - ethylene oxide ¥ > » € fru v AN 4 e
[25] c #F © Ade g (% > targeted) 2 ¥ & TR AT E S AL
o FRAL Adrde f (AR untargeted ) o kb HREE SR 0 TR E SR
MATR P b R P RE T A AT L T HEIRL A A B G L
F %18 B 247 F ¥ & (high resolution mass spectrometry » HRMS) > &]4ep fF & {7
FEHR (Q-TOF-MS) » ¥ s RS> 2 ¢ » 32 2 i & 50RO 3 Q-
TOF SR > wpmaizsfidr+ 21 [ EBLe o FRTEFLETH
EH > 72 # PR R NP o

15 FefnEEest — A T2 4 EFv e

B> A B Y KRR 4 44 > 2014 & Balbo % 4 [26] i * Orbitrap 73 % > #
5 MS/MS/MS it (7 DNA 4r & dr 2. A 45 > 33 1) & fidk 2. DNA 4e 34 5 580 8
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"F'f H. Carlsson & M. Tornqvist & A > Pl $F XA & T 2 0 ‘= F-0 4v 2 5 5 1=~ B4E[27]
i# * fluorescein isothiocyanate (FITC) i 5 #7540 & "5 f2/2 £ BRI - :té’a—&ﬁj‘ B X
2T A & %= =9 N-terminal adduct 3 ) » 2 Qtrap (ESI) i& {7 MS screening 4 7 »
FEEr MSMS *5 5 BT R fﬁt“ FHY TR VA F N el B 14 B A
Tk F e o FE At 0 FRAERERN P NG AR T SR
(- B0 = ok A

Flpt Y e 0 A E (untargeted ) REEEE AT F * 2 V F B & ek
(chemical isotope labeling, CIL) [28] - ¢ = ;% ¢ * F I =% t%3= (heavy labeled)
2_p74 it F &4~ (derivatizationreagents) > £ A 3 F =% %3z (light labeled) 2 #7
A FE fo s uEs R RFERA N B TE LA A S FF G R R
Ao E AR IR B VP T AR T R BRI R RAPITD
% 5L ( 7 heavy labeled and light labeled derivatives ) - % * /724 & &4 3 DnsCl~
BzCl & » wif 40 & " 22772 * 2 PITC» ™ & - fas7d it & G o

£ %% PITC 22 ds-PITC i& /7 CIL » A B|$5 &= 30 FH4E ' 22 -

FBdvgma it 2 4o $ (7 PTH-derivatives) 6 £ 2 & > 5 k45 B 3 FH# R
s

VIR T R mIZM & M5 2 S S dof] - AT e R LB AT 0 35 AT
FME M52 ST > LT T A e R AT R AT A
FERAEEE S0 o hv oo

1.6.7 5 F

AT #AA BA B - L% ACQUITY® UPLC I-Class PLUS System #
7 Xevo® TQ-S Micro = -z & f: Fi# &k (74 UPLC-QUQ-MS) - Bl1& % = %5 9
RoARERA B oo 4 s ¢ acrylamide adduct Dk & 0 RSB B vk AR K 4T R ¢ B
& o ¥ BL3dia 2 acrylamide adduct & TR 0 BLE e bk R 2 R M
H=- %@ ACQUITY® UPLC H-Class PLUS System # 2 SYNAPT® XS % f247 &
Fra# ik (7 A UPLC-Q-TOF-MS) - #5fe i 8 =% Hh3ei2 > 124 37 #5048 MSDIAL
B SAch 0 £ M R-Studio BB 1A BT ALY 0 T A
F Az D e o FE #4112 Metaboanalyst 0 7 A = A A 45

(principal component analysis, PCA) 27 i |- T > 2w & 47 (partial least squares
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discriminant analysis, PLS-DA) > » 45 F ¥ #icdg ~ VX T LM o bl 4
2o

IMRARPETF - - ST UPLCIMS = 2 > sk & fi2 42 o 2 Fv 4y
o TR 4 I;V#%L;’E?%#\ﬁ:}ﬁaifagﬁﬁ - RAEAFY O FHEM CIL-
UPLC/HRMS = ;% » & 4% 5:5511@;;%%#&3% AR f R Ao o IR
PRENGS REFE LS RL2FASLFIGLS OEP AL P THAMAL
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y-F FEiE
2.1. v & =g 243 (Chemicals and reagents )
2.1.1. 7+ £ &£ (Chemicals)

[ Y A= (acrylamide » # & >99% ) -~ phenylisothiocyanate (PITC) # ds-
phenylisothiocyanate (ds-PITC) ~ 4% 3 # 4 %82 & 4 volatiles organic calibration
mix (VOCs > 7 benzene % 54 5 #4 > & % - ) ~ Hemoglobin Assay Kit MAK115 -
'+ P p Sigma-Aldrich® (USA) ° =% sz [ f Bt o £ OPRAER R & (N-(2-
Carbamoyl-ethyl)-[5*3C, '°N]Val-His-Leu-Thr-Pro-Glu-Glu-Lys-OH, in fluoroacetate
salt, 50% MeOH » & & lpmol/mL) > Bld F Rt B E 4357 129 (£4) ~ 8-

2.1.2.;4# (Solvents)

Methanol - 2-propanol > hexane and ethyl acetate (HPLC grade ) - hydrochloric
acid - tert-butyl methyl ether (MTBE ) - ethyl acetate - formamide » ‘¥ P p Sigma-
Aldrich® (USA) - g% -k (double distilled water) B~p § % % % # o

2.1.3. & ZE (Instruments )

ACQUITY® UPLC I-Class PLUS System # # Xevo® TQ-S Micro = £ &% §
3# % (UPLC-QgQ-MS) -~ ACQUITY® UPLC H-Class PLUS System # % SYNAPT®
XS % f217 & 3% %k (UPLC-Q-TOF-MS) > # 5 Water™ 27 (USA) & 5 - # 4¢
i * Hypersil Gold™ C18 Selectivity HPLC Columns (50 x 2.1 mm » #-/ 1.9 pm >
ThermoFisher® » USA) o 4 % sk & 2+ ¢ * SpectraMax® ABS and ABS Plus absorbance

microplate readers ( Molecular Devices » USA) -

2.2. £ 2 EE =74 o (Syntheses of standard derivatives )
22.1. 4 3 AA-[583C, PNJVAL-PTH £7 p # %2 AA-[583C, PNJVAL-ds-PTH

e ik HRizL ’fﬁ it o £ PR4aiR i 2 0.2 mL v 4 » formamide T 1.5
mLo #73% 1& & "% f2/# (modified Edman degradation ) %% p Fennell et al. shia# [29]:

g 4e» SuLNaOH (1M) £ 15 pL phenylisothiocyanate (PITC) > #% §

o

THEFRLEI - e FRR S ENGREY 45°C 7 90 A b At~ 2
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lvzw?

mL B 7 -k i > 12 4 mL tert-butyl methyl ether (MTBE ) 3B~ 2 =t » B~ 31 5 54p &

-

S F #7730 A 4RI 0 PRICA S W i3 50% methanol T A 1 mL o gt & &2

q;g

# 52 AA-[53C,SN]JVAL-PTH » %k & % 62.4 ug/mL -

INPARERZ & 0 AR B AA[SPC, SNJVAL-PTH » & d 15 L ds-
phenylisothiocyanate (ds-PITC) B~ PITC o % B~{3ex§z » w3 3t 50% methanol I
BWAH ImLe &2 pIREL AA- [513C, 'N]JVAL-ds-PTH » 2%k B % 63.4

pug/mL °

222. F# &4 17 (MS analyses)

d 22156 2B R %% Xevo® TQ-S Micro = £ v s B3 & i 7 infusion
BIFE o 9P~ 6ng 3>t 1 mL50% methanol > & 7 v JE #7382 (electrospray ionization
source > ESI) 2. & ¥ #5374 i& {7 o Flow rate: 5 uL/min > cone voltage % 30 eV - collision
energy = 10 % 50 eV o i & 33 /&7 m/z transition ~ %] 5 312.1381—>295.0871 £
317.1381—300.1519 » 34 = #7157 o ¥ § P~ A )k B AA-VAL-PTH i& 7 B[ > 4
& 2_ m/z transition 5 306.224—289.089 -

223.FF P £ A FEF (Invitro synthesis of positive control sample )

Bf AR 1S mg i3t ImL Y opR Y o B R 1S mg/mL 2 [ fpiedR
% (stock solution ) o B~ 10 uL 2. 3 f fe it AR 0 4o~ 7 S uLNaOH (IM) 2z 150
RL R X dF i > SRR T RIS - P xr 4°C ka8 T ¢

£ = 2_ acrylamide adduct I | %t P& 5~ (AA-VAL-PTH) > & # 2_ transition % :
306.224—>289.09 ~ 306.224—247.01 ~ 306.224—84.005 ~ 306.224—72.034 ~ 306.224—
54.99 > B j2 BN Ao Bl = o o

2.3.2 7?75%,5 (Blood samples )
2.3.1. 5 X/ (Sample sources )

Tk the R &% FRRRRIE UM 2o b 2o il (N=29) i
F20°C ka3 & SRR N ESBEHRE 2h KRG - BEIREE 0 R
-20°C k4659 2 B 7 o F = BLw &% 73 R(UPLC-QqQ-MS )ipl3# acrylamide adduct

doi:10.6342/NTU202301090



KR o

AR TR Rt 2 KRG - REXRBFE -2 F R T R Ry
PAEFREEP Gnvitro) FRF B BAEE % - FF 4> lmL 25 2 10pL
VOCs ~ 5uLNaOH (IM); % = ;é"ﬁ.' LR L A2 e r ImL 2 &
SULNaOH (IM) > # 34 A3 BT o a4 L f# F B9 S 15> 244 3 i
# & (replicates, N=3 ) ;> Fiw#A 5 - JR* N,N-Dimethyl-p-toluidine 7 = 730 R
FH-FL 3PS Iﬁ:}%%;é"ﬁ}‘;ﬂ W R4 -VOCs = %4
B FReMs e o 12 G R 4°C ki o #r CIL 2 — B R R &
(UPLC-Q-TOF-MS) » i#] ® A % 4z 3ot 4r 3 4+ o

2.3.2.2 &z F¢ ZE (Quantification of hemoglobin )

Thig e b 23y 2 Pl (TG 284 ) 208 2k gl &
PITC i& 7 modified Edman reaction = ;2 » % %% 2007 & Sylvie & 4 2. 57 7 [21] -

% fz 39 TE #% * Hemoglobin Assay Kit MAK115 ( Sigma-Aldrich®) » # %8 %
o AT 100 B EEEK (Ck 5 30 A 50 ub EEZE kA~ 50 uL i &
(calibrator) % 96 3445 » £ 4c » 200 pL T iR &% @ » gt R &8 ESn
100 mg/dL 2 g %= 3-9 o

EFIWOIOIH P 4o x 50 uL 2o A o R84~ 200 uL & BF (reagent) 0 #5
gz s R E S A4S RIEE 400nm Aotk B (Ag0) o RTS8 2 &
LR R RACEZ T o LR F L ek kR LE2ZES 964 gdL I
14.48 g/dL -

2.3.3.& 4 ¢ 2 F B (Hemoglobin extraction )

“hp L EE R A S0 kT 11 0.9%NaCl 5 4~ B K Ml
IRyl > B 30-20°C %75 o B~y hemolysate 2 mL > 4c » 12 mL 2. 7 50 mM HCI 2
2-propanol » # 4 } T F R (S T4 o o (51 4 » 8mLethyl acetate » ¥ 4°C ik

L b2 P e s B- g > 12 5 mL ethyl acetate ¥2 hexane £/ 15 » 11§ F X

T

12 @ dr B9 B -20°C 15 o

4

KT ’

P
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A7 & "% jE~ f (Edman degradation reaction )
iRk A B HEB SRS D2 8 259 20mg 3% 1.5mL 2 formamide s 4 »
5uLNaOH (IM) £2 15 uL 2. PITC > ¥ *gd& 4% F F Jis— % {8 > i2{7 45°C 8% 90
ks oo Ao r 2mL R K{S 0 de r P EE R 10 pL 0 12 4 mL ethyl acetate 3 B~
2= B AR R T E § T 30 A 4ErRdc 0 vREC A 4 v % 25% methanol T AL A8 A
ImL > & J& & $ ¢ %33 3t-20°C » & UPLC-QqQ-MS i& {7 & 47 °
FHPis htatl (RE L AHT A - VOCs 7 4 ~ 2 Fiath) 54
w frF-v o 2P~ 40mg : 20 mg ;3 >t 1.5mL formamide > 4t » 5 uLNaOH (IM) £
15uL 2. PITC ; ¥ ¢ 20 mg ;% ** 1.5 mL formamide » 4 » 5 uLNaOH (1M) £ 15
uL 2 ds-PITC » & 3t ¥ § 445 F fu— % 15 > (7 45°C 3§ 90 4 » £ 12 4mLethyl
acetate 5 P~2 % > 1M § FeRizfé w3 2 ImL> ® = PITC & ds-PITC 474 A4 - A&
P ¥ B33 >0-20°C » F:ig 7 UPLC-Q-TOF-MS 4 47

2.5. &% FEA4 #% (Instrumental analysis )
UPLC-QqQ-MS * R s L PF8i2 2 0 T B T8 0% > (A 84884 5 10pL o § 4L
i * Hypersil Gold™ C18 Selectivity HPLC Columns ( 50x2.1 mm > #./& 1.9 um )
( ThermoFisher® )« # # 48 A% 5 7 0.1%" iz Fx kK #&4 B 5 7 0.1%"7 @&
2. 9@ R b 03 mL/min o 2R 65 A4 e deBlZ 17 kRFAED - B
80%A/20%B » .2 A 4P B { 3 5%A/95%B R ERFRRF I A % S A
BFTRI RARE THE 1S A4 a2 % % MRM transition 5% < (#
s % #c © Mass detector conditions were: ESI needle voltage 5.0 kV, heated capillary

temperature 350 °C, capillary voltage 35V, tube lens offset 87 V, MS/MS collision energy
18eV)

UPLC-Q-TOF-MS » * % wf JFi5diz & 0 T HoN T3 17> L6885 5 2 pl o
% B4l UPLC-QqQ-MS f Bk o #48 AR 2 2 0.1% 7 Rz k> # &40 B :
7 0.1%% fhz 7 f% > jniE 5 03mL/min e Jk B # B 424 90%A/10%B » 7 4 & 4
F L3 50%A/50%B > T b 6 A 4BFFE 2%A/98%B  EER R A A A4 Y
102 28w R I RARE THE3I A4 SR 13048 ERAAE R

AT o
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B~ 47 2 @ * ficdy & f $22~ (Data-Dependent Acquisition » DDA ) #25% >
PU N L full scan & 4% 50 3 800Da 2 # 5 /% > B3 ELas B < 3T 1000 2 10 #
e FAY 247 MS/MS 2 gt g TR 5 7 3¢ (ramping) : MaF £ 44 10 3
30V gAFEED 4031 60V TR RAHIT AT

2.6. #E £ 4* #7 acrylamide adducts (‘Targeted analysis of acrylamide adducts )
#55}75 242 X 2 fRh kA 2B HR SR 0 E BB 200 pl 2o~ o] #g (vial)
# 5 12 UPLC-QqQ-MS it 7 A 47 o

2.6.1. ## &2 (Data processing)
i€ * UPLC-QqQ-MS *7# §*2. 7 "o #i 48 MassLynx » E & S%iBEL IR T H B
;‘r;ﬂﬁ] I % raw B % :12.-*;,%@?] 3 Xt gk Skyline21.2 i3 i 4 | B2 TR

THITRER S EFTE AL D FRIT

2.6.2. 3 F ot - RILF B (Method validation: linearity )

T EFERR Y ﬁ 5 FDA draft guidance[30] > & 35 3{4 & [f] (linearity ) ~ 8 2]
%&'I(LOD )¥ 2 & #&"'I(LOQ ) 12 % #F Fa 4 o 72 |4 3% ( precision and accuracy )e
Acrylamide adduct sFp| £ 22 7 8 > # ¥ MEEZ R E SR o 2 22,1 4 2 2. AA[SVC,
N]VAL-PTH 3 & 5.5 AA-[53C, P'N]VAL-ds-PTH 3 p &% &5 % 11 25% methanol
e FEERSR kB 5 6.24ng/mL ~ 3.12ng/mL ~ 1.56 ng/mL ~ 0.78 ng/mL ~ 0.39
ng/mL ~ 195 pg/mL ~ 97.5 pg/mL ~ 48.8 pg/mL ~ 24.4 pg/mL - p &8 T % kR 2

0.634 ng/mL -

2.6.3. % sz . £ E ) (Method validation: reproducibility )

# Az LRl (precision test) @ * = fdk & 2 iR SR > » 55 3 RARR
# 7% (high concentration quality control » HQC » 1.56 ng/mL ) ~ ¥ jk & & # ;% (medial
concentration quality control - MQC » 0.39 ng/mL ) ~ ¥k & &% ;% (low concentration
quality control » LQC » 97.5pg/mL) - ¥ p p #xrzs (intra-day accuracytest) %
Hpppligb=t p &gz (inter-day accuracy test) Rl 5 7 F 3 % 2 o 2 7]
N IEEANC

10
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2.7.2LFE Z 4" #7 all adducts (Untargeted analysis of unknown hemoglobin adducts )
AR AT R S et X R HRe WM (BK) AW 7 A (TBC),

i F el (GR)~VOCs i* %4+ (VOC)~ & B2 4 3 2.4.15 B = & 2 PITC £ ds-

PITC /74 2% % 100 uL » ;R &£ = 200 uL » = 2 3 (x4 @ &> 5~ ] 5g? F 8 o

2.7.1. F## &2 (Data processing)

i * UPLC-Q-TOF-MS *74fie 2. T *o#ic % MassLynx 4.2 # 4R 7 3# > & H#-raw
Wk H S abf fh % ﬁa?] ~ MSDIAL4.80 #c%8® > # 2 - 2T s (m/zvsRT)
FRFATH R RSB TR S excel oAbk 0 FEILE ~ KL R-

Studio 9.2 45 £ 7 " LabelPick | $e3+ A2 5 4Bl = 77 » & #i7 5 (m/z) 4 £
fl

<E

X5031 (I B5 28 o T2 L) AFE 43200 3 800 2 & feitid 45
B g2 T geE (74 peak pairs) o %gt“%fmf%’ﬁ FoAp o A Fed A o0 T
?éﬁﬁﬁ‘ﬁﬁﬁﬁﬁio
(s & * % F *K VolcaNoseR (https://huygens.science.uva.nl/VolcaNoseR ) it {7
L0 B A4 47 » 12 Metaboanalyst 5.0 ( www.metaboanalyst.ca ) & {7 2 & & A {7
( Principal component analysis, PCA ) ~ i /] T = 2| %] & 47 (partial least squares
discriminant analysis, PLS-DA ) £ # %] » W X = L F# Rl 2F £ & - BJRfe

HrBl - T e

11
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2% RERBLFEHEHB

3.1. Acrylamide adduct 4*#7 = 22 #% (Method development )
3111 Fp-fErd (CIL) 2L 4ERCLEE

AP 2R (AA-HD 23 ) FIEtesk 0 T U RIEEL 0 AN
EkimE o Bkl g, &8 H R 5 (AA-[55C, PN]JVAL-PTH -
MW=311) > 12 2 p {8 2 ( AA-[53C,S'N]VAL-ds-PTH » MW=316) » 4= ¥ 7221

Fobo A EERE (HF223) 0 EP acrylamide soFE § foik i -
AR e feoo SMEACH N T 0 FEREE AR EEABERBEFTER Y
2.04 » 4 - 2 ¢ invitro £ & 2z acrylamide adduct F5 |+ %P8 5 I B % B EL (R
i)

3.1.2. 7% g i® & # 7* (Optimization of pretreatment )

AT AT EREY PN EERYRY BB R2 p P (isotopically
labelled analogues) > H iEBLZ » & ESI ™ > € 3 fob &4 5 40 B fE 550 > *
& LC-MS/MS ™ 4 § {rp &4 % - A Fook (matrix effect) -
v}gL 5% R P4 Y A4 0 4o T. Schettgen % 4 =09 % [31]7 » £ ¢

\\\

» 7 A00uL ste e gk (NaClig i) 3k » H{ 4 3 Pocs > o ethyl ether i&
FEP 2% o AP S%RP R L %Y Chevolleau, S.% 4 ¢h= ;2[21] > & * MTBE ¥ 5
PEA RS E B RS E A I U s L MTBE 5B
ALY o TS R GORIHED G PR S R

& 3t MTBE % Berifio o o = i (TRl 8 - 5 1 % 5 P-4 Zr(pre-spike )
B ZFmE B 4or PRS2 5 8k R (post-spike) - H = Fp R

Bt 2507 FRAFTR 1Rl S R Ao B4 T WL - st G PR ) 197 A 4P
pre-spike 3 317.14—>300.15+ % 2 333150 @ post-spike £ & p 12 5-4-1#(pure )
w ¥ 3 317.14—300.15 ~ 317.14—89.01 ~ 317.14—58.96 20 55 > * 2 5.3 & & X #E‘
o agemE F R mAEY § oo v FidmH MTBE 5P R 838 A 4o 1§MW
TR

7 i 0 1B ¥R & (positive control) xd PRI R 0 b r F Y 2
£ > 7 d MTBE/ddH20 %3~ ~ sz wid m {8 0 2 Fpl2. 306.2—247.0 ~ 306.2—

12
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84.0 ~ 306.2—72.0 ~ 306.2—>55.0 B ¥ 24F (4eBlL = %777 ) » 2 F AEP 3 EV

P4 AA-VAL-(do-)PTH (* 3 m/z=306) > fw & i & ¥ B4 AA[51C,
BNIVAL-ds-PTH (* &+ m/z=317) ° & F]¥ & & » &~ F S 47 @ 2 223 phenyl-
D5 isothiocyanate (ds-PITC) » 7 B~ =34 F 2 ¥k P » 214 5 2 Fr[21, 27, 32]
Ak 2 pRE R § B S 2t valine b AR oo § Boi 2 F RIS H A b
(TP iREE . B2 ) 24 FREZIEATT B¢ o

11"'];’7 v Ak g %k MTBE/AAH20 % 4p & #7# (LLE) &7 5B~ > & § #c?
15%[21, 27,32]# i {7 EF4p 5 B~ (SPE) # F o 37 & %7 3 » 4r Yamamoto, J.[33]£2 von
Stedingk, H.[32] % « ch= 72 > { ©d 16 £ acetonitrile ik 9 & {2 > 4v »
ammonium hydroxide :& {7 g 5B~ o AEFFEFA T X AF|F > NP TG (T
FAp SR LF T ABRERZPRF I T EEF e S BIFHRDE AP
e FATEAL 0 P R Pk d MTBE e+ ethyl acetate

B BAREEfRZ AL o e R BB BAptER B A ATV G Fla
FAEs K LR 0 R WipEokApRF 2P B A (interface) > d1IR A
ARtz L EH (Bl e ) 0 3 JIERBog 840 0 g T R S 5Pk 2 5
FLCRRE R IR A o

CRFIF A s S PITC p72 B2 i do v > 7 F A 40397 3 e J S 30k

ARFPEALSEINHFE  TAAFS VRS- A T FRSFLICIR AP 2T
FE B e S Bk A F RS FPORMA AP B

B H KRR - AR B SR FBokd 0 1T Fl e

g

\““b

*mx

i

—v\—fﬁ"wgﬁ‘gfﬁm”f")i7‘4c J\ﬂfﬂ/ b?« -ﬂﬂlﬁ"/?/:’(ﬁ/‘\'»" ]2%19:%/}{5/%
AR B E E s A A oA Ko TIBe f A E B OB
12 MTBE v ethyl acetate 4 %] % B~ 10 =t Pl % % > 4B+ T #77F o

3.1.3. # # ##3¢ (Method validation )

R i * Skyline21.2 gt @ 1% > doBl -+~ #7on » S w §F Rfickeir 1 (r?=
0.9993)- 5 & 50k B 24 24.4pg/mL % 6.24ng/mL> p &2 2. ( AA-[5C, °N]VAL-
ds-PTH) k& B2 % 0.634ng/mL > ¢ light to heavy +* &3+ 5 4k S0k B o § p{&*2

(limit of detection » LOD » w2 35 ) 2 3.91pmol/gHb > @ 7 & #&*2 (limit

13
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of quantification » LOQ » 2wt 5 10 ¥ ) Bz 5 7.81pmol/gHb » LOD 2 LOQ %
#1221, 34 %% A -

drdow #1710 LQC sdp ¥4 X (relative standard deviations » RSDs) % 3.4%
21 7.6% > MQC =57 RSDs % 2.8%% 3.3% > HQC 7 RSDs % 8.3% 2.9%; LQC i
Brrlt 5 96.6%/100% > MQC R 7 95.7%/96.0% - HQC P 5 98.8%/96.9% -

32.7B4 —,-;ag,-rs_-ﬁ A PR

Efesk it (N=29) ¢ » 35 4 ==z & ) acrylamide adduct (S2~S4~S523~S29) >
A H B TR A2 % A2 PR > &2 €8T 3 & acrylamide adduct - 4 i 2 ¥k
B 4 %] 5 117.58 pmol/g Hb ~ 48.27 pmol/g Hb ~ 41.88 pmol/g Hb ~ 41.17 pmol/g Hb -
B AoBl - - B H S N T o

WA }gL AR e o RIS A BBV i 3 Az acrylamide adduct 0 kB 5 A
7-453 pmol/g Hb 2 ¥[31,35-37] » @ h = ¥ B 4 =3 pld > Facd 0T A
(=)t aledd fYaRieie s f kR K20 LOD (=) FPoaf i > @ K
BERSe R EERD (Z )M B2 3 VA X RRPE A B2 RE K
RRAvR Y A T[38]ER 7 0 AR PN 4e 48 ] PR R TR RIT 0 R
acrylamide adduct )& & ¥ frdife s = TR g2 BT 4p ke o gt o> BRF L 3 ATV AR
2 acrylamide adduct 2 = %)% > Gldrn R pH E - X B P Tﬁﬁgﬂ_hfﬁ}* & H W
AT TR S L REFAERBAS S TR EHIHIR VA B LI 2
(HbAlc) [39] o F]ut i 48 ¥ <rracrylamide adduct Jk & » ¥ it § 4p% A2 2 £ & -

i 4ot > F Rl acrylamide adduct 2o T R 0 R R R R R

Aoinvitro & F 2 B EHE S MEP R FieE- LEET O BV Sl
G Red P MR ERASA A A P o

R R ehED - B33 5 acrylamide % i CyP450 2E1 2 34 glycidamide[40]-
finvitro §F % 7 A& Rt A= acrylamide> { F % f= DNA 2 = 4e 2 4= (glycidamide-
DNA adducts ) [41] > Fl* 43 5 = iv E_acrylamide 3% 2 #1 & {848 - £00 > &
i /L4 Chevolleau, S.[21] ~ Schettgen, T.[31] e 3 ¢ > 38— & G0 & & ¢
glycidamide s2 & 4 45 > £ 35 & &) GA-VAL/AA-VAL st 5 > (8 2 p| R 4% > &)

YoF? § R GREH S AB G EH DL R o 5 @R £ acrylamide adduct Jk B 0 B 3 R

14
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8% acrylamide adduct = ¥ Jk & & Frrkp o 2 M % o Bp L H - adduct ¥ i &2 s

UL RAA PR BEOTRAL B A R R R H T R AR
%’Eliﬁﬁ—%#%ﬁéﬁ;‘%’i\‘; gﬁ‘blfﬁ*ﬁg H ﬂﬁ'&% a}ﬁ*ﬂé‘z #ﬂo

3.2 4E £ 4 #5 (Untargeted analysis of unknown Hb adducts )
JRiE AT ",% 7oacrylamide b > F FF ST F WA F T A X Al Fe o B
dovk gk A 4 2% A vRig (aromaticamines) [42] > f H en® i (methyl) ~ 2 Fit
(ethyl )~acrylonitrile 2} = & %= F-v 4v = 4 [43]> { 7 2% % & A & 2 (notidentified,
untargeted ) 2 & F 4e = o F8G T A A MIPN A 2 [27] 0 @ ipd JI%M -RFRL R
BAEE AP e Fed S S P enfERR kR RARHEHE -

Flgt 0 5 %ﬁ"lﬁ‘d,f acrylamide « » 2 4 F %2 (4o RCAZ) 2 2 24
wﬁmﬁ4ﬂ,vs;gﬁmwf}néw%ﬂ¢+’ﬁw“%§£m kO U B
PR RAFARRTREME AP ERAFLG H G B F WAL
ot EELBE 2L NFEE PN o B HRRME 2 FRE .g;@iié;gie%
T ERE e 2F Y B2 2 UPLC-Q-TOF-MS &~ 478 » £ 4p 3 vL f o

3.3.1. % 2 # = iF# (Method development )

% 3+ UPLC-Q-TOF-MS = 2 = » qz & FFLiE * dficdy i 4 #72~ (Data-Dependent
Acquisition » DDA) #8817 o N A3 PREF T2 AP (A F 5 miz
E- TRAEH )T MSMSE- HeFay 247 PR ITH E 4 o
¥ %3t E-9 84 4 472 target analysis -

#F 4 Carlsson, H. & A e 2 [27] > # P33 0 973 w o devd Se s jmd $o o
S MSMS RFRA S - FEF MR A4 > T fE2 F P ¥R (diagnostic
fragments) - # i * fluorescein isothiocyanate (FITC) ##4 » 5 MSMS 4 {7 » #%
i 21 B e frdr K Arig4E2 hemoglobinadducts e 2 P 45 B 3 0 0§ 0 - AR
TAexfod PITC 724 = PTH {6 » Fi& ~ MSMS » 3537 BRI a7 Ol
Yol 4 AT e

REB-1 5 AR 1S R B4R R B0 MassLynx te AR ~ BB 0
ZTEHNF L flenT 741 (visualization) | » F]* #-raw fhé,%-ﬁ;f] ~ 1 MSDIAL -

ﬁ?&

15
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FhasaTe P EEERTHEES ﬂi;] Dy s+ T LabelPick ; ( p R-Studio
SntE) o BlRc Reid Ao F g2 - gy o 35 0 M/IM+5 2. peak pairs 0 47
AT T dde oo B0 30 L ERERARY e B RBEOHIE
VolcaNoseR % i¥ X @i g » 2 Metaboanalyst 5.0 34 = PCA £ PLS-DA -

3.3.2. A E Z 4 & 4 7.2 % (Analysis of untargeted Hb adducts )

Bl-L3@- L= 47 d UPLC-Q-TOF-MS>» & 2 (% % N=3) % %z & %
HREWe s gD 798791 ¥ peakpairs » {4 T % 2o w & 1 91~ 99 ~ 102
o2 FRBesrwd) 9410596 % HHF G BFWRESF LA D 85
92884 mATE L et R (wash) 2% 542104

HET s Bt e v <32 PTH #7242 & 248 (m/z235) 2 peak pairs #c -
MR L BB R B SRR Lo AT T e 22 omiz 43235 2
peak pairs ¥ 4 .35 % 47 $ R > BN RE M peak pair #ic~ B 5 6 2 11 % - &
#r3 peak pairs & # BR[4-B = -2 fron oo

T - R F FRinde Carlsson, HoA7 § [27] 4745 2 @ it A e R 2
hemoglobin adduct » % % 4-#& = #757 » £ m/z 249 ~ 288 ~ 266 ~ 341 ~ 361 2.+
R tew P BPE o

BYFdEp v VOREFERF AR R (Bl -7 )  TRERILF
At 0 FREFR S PTH A= 48% > viaplH4gfes o » aa
i enfe fAp 7 5 % X5 Metaboanalyst > & * PCA £¢ PLS-DA %2 # Bl A 47 2% £ 7 ¢
RAR G el (AALH 2 FRE - EFFRFRREF)EAXIT L2
Pt ($pt) 54 PCApY » T A RFAE AP X4 RHEHRL
e Rl 252 2 peakpairs (7 it 2424 ) im2R3p i 0@ Fd PLS-DA ~ sPLS-DA
AERBRO TR EFLE (B LR L)

Bfs o » PR 2236 2B HHRBR S PRI HEBKRY v J‘zﬁ DR S
acrylamide adduct z_ peak pairs (306/311 - AA-VAL-PTH 2. m/z i&/AA-VAL-ds-
PTHz m/zE&) (Bl=z-+~) ¥+¥ L H 5 289/294 2_ peak pairs (Bl= +4 ) -

X ¥z AR BBl GE % 1% A M/M+5 2z peak pairs > 5 AH W FFTRER I B RF S
M/M+10 (difference=10.062) 4= 229/239 2. peakpairs (= + ) > fap|H 5 F

16
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PHA S 2 PTHAS » EEFE» 132 4 S48 -

Ly ARy 443 O REARRERY T X MR RE AL gt
SN Vitro 4v = 47 5 Blde ethylene oxide 2. & &z F-v 4v =0 4r o BEFRIZ G & ag EAF

&Zﬁét EJ\');';'i o e 1/7321“2&‘ /w\]%ﬁl ' ;}n fﬁ, s K }’[—%51’1 b ;,LB *’\-20 C» { i’ﬂ_/‘g'_
2ok FE T o ipe PRSP 0 R A 2 > 2R AT A 42 4 (background
adducts) 22 E & 8PN 4 22 42 4 (invivo adducts)

3.3.3.4%c & £ g4/ (Mechanism of Hb adduct formation )

Wit 127 %% 0 n o dd 2 4o S B F Y N-terminal valine > H & 541
3= - 5F X kk2 2 F i (Schiff base formation) - 4e#Eit & ¢ % HbALc[11] »
o rRghl - BORICEFEBEA A E 2 FFLFE A+ FE R (Michael
addition reaction ) » b drai iz v PRdB b - Bt ST F G ARR2 o, B F & o et
ETAF L $5 4 & (1,4-nucleophilic conjugate addition) # #

RAG LEGPHF MR PP 7 A W R R SRR
2t b r 2R ES T AR T ik —VOCs4e A g | o KA F LR
b FOETE G LM i Red HA § BTG R e fopidat B TR R o
b4e > . VOCs ¥ cis-1,3-dichloropropene - & #2 & 3% vinyl halide > 7 7 4 fraisd
2R R FAR w2t oo B—F oAt &% (o, B-unsaturated carbonyl
compound) -+ Y EFEFTE AR F A F A X F 20 B AR
7k » % a, p-unsaturated carbonyl compound » F]pt F F i iFAe R F i (Bl= - ) o
TP AR PE VOCs &1 » G s F A RED WS+ (VOC-
adducts) - 5 =k 5 % ot R W AR 2 > peak pair 274 2 B FAp2 F R o

3.4.# % *2#/ (Limitation and future works )
%tk € 4 7 acrylamide adducts ¥ > ¥ BT FRFE A A > T AT RBERE
N Y g E &S 2 AA-VAL-PTH # AA-VAL-ds-PTH 2 &% 5. > :xp 72§ H
4L inhouse 2 & AA-[5"3C, SN]JVAL-PTH £ AA-[53C, SN]VAL-ds-PTH > & ] i*
BBAR o @4 ¥ AA[SC,SNJVAL-PTH * £ 45 » 2 fc L # ] (invivo) & L2
AA-VAL-PTH 4 #Ac£ B > 2451 ¥ 3 5 % 2P AA-VAL-PTH # % 28 - %4

17
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3 e F R PUEI AA-VAL-PTH /AA-VAL- ds PTH 2. 38 7 2§ o

X Ae 32 B EATHE  FR Y AR AT S AT MR- H
o glycidamide e £ 4 47 0 £ 358 7 GA-VAL/AA-VAL vt 5 5 4§ L& £
—“Ff v B IS M ¥R - (positive control ) X ZFFgF ¥ ¢ acrylamide K3 %2 i = kv
Ay e F AA-VAL-PTH » fe /5 %8 ¢ & = (in vitro synthesis ) » 7 % i B~ 1% 75 48 p
(invivo) 2 "B TF 5 BF BHREL LS T - Y -

@ AR kT AT TRk Bk &R 2 acrylamide adduct 0 3 3 FlHe R 5 2R A %
S R TR L LIS T R AR R U

o
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setwd(choose.dir()) ### set up working director
### import result table ####

mPKs=read. csv(choose.files() ,header=T) ### column name must contain "mz", "rt

B=A=mPKs

## parameters ###
mz.diff = 1.0063 ### H=>D; 1.0063
NN = 5 ### e.g.d5-PITC

rtT = 0.1 #### RT tolerance
intR = 0.1 ###

mz. lTow. cutoff = 50 ###

mz. high. cutoff = 800 ###
mzt = 0.001

S=s===ss=s=s===

mzT = c(mz.diff * nN) * c(1-mzt, 1+mzt)
pair = matrix(0, nrow=nrow(mPKs), ncol=4)
pair[,1] = 1:nrow(mPKs)

PL = B[order (B[,"mz"]),]
PL = PL[PL[,"mz"]>=mz. Tow. cutoff,]
PL = PL[PL[,"mz"]<=mz.high. cutoff,]

i1=12=13=14=15=0
for{i in 1:(nrow(PL)-1))

i (1%%100==0) (print(i))
for(j in (i+1):(nrow(PL)-1))
i

if(PLLj,"mz"] - PL[1,"mz"] < mzT[1]){
i1 = i1+1
next

telse if(PL[j, mz"] - PL[i,"mz"] > mzT[2]){
iZ=i2+1
break

telse if(abs(pL[],"rt"] - PL[1,"rt"]) = rT){
i3=13+1
next

relse if(min(PL[c(i,j) . "response”]) /mean(PL[c(i,j), "response”]) < intR){
id=i4+1
next

telse if((PL[],"rt"] - PL[1,"rt"]) = O){
i5=15+1
next

b

pair[i,2] = §;

break

1
1
index = pair[pair[,2]=0,]

windows (width=600,height = 500)

plot(PLindex[,1],c("rt"," mz"}], pch=16, xlab="Retention Time", ylab="m/z")
points(PL[index[,2],c("rt","mz")], pch=1, col=2)

legend("topright™, c("Light", "Heawvy"), pch=c(16,1),col=c(1,2),bty="n")
Tegend("topleft”, paste("Peak pairs : ", nrow(index),sep=""))

RR=Tog(PL[index[,2]," "response”]/PL[index[,1],"response”],2)

pTab=cbind(PL[index[,1],c("rt", " mz"}],PLindex[,2],c("rt", " mz")],RR)

colnames (PTab)=c("L_RT","L_mz", "H_RT", "H_mz", "log2rcC")
write.csv(PTab, "PTab.csv™)

B~ -~ LabelPick & %33 -
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F o Er A ZMSDIAL T 4L 355
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T Bz ig 3] 3 A A M/M+5 peak pairs
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N
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@
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£ 1
e
& 05
£
0
Retention Time
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— 200 EZ!Z_:|_ICIt AA[S13C, I’NJVAL-ds-PTH
e 20  0634nghi
'Q_ 150 Qh Precursor m/z=317
2 100 )
e
& 50
=
0 —_— e
16 18 20 2.2 24
Retention Time
— |on [289.089549/289.089549] - 289.0890+
— lon [247.010549/247.010549] - 247 0100+
= |on [84.005549/84.005549] - 84.0050+
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T ———.

Intensity (1046)
=)
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BN~ FARER s MR RZ invitro & 2 2 B HB SR -
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— lon [300.152449/300.152449] - 300.1519+ (heavy)
— lon [89.008549/89.008549] - 89.0080+ (heavy)
— lon [58.962049/58.962049] - 58.9615+ (heavy)
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| |l
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B4 ~ A F pre-spike N R 52 FRERl o d Bl LG MTBE 52~ 57 P A (F
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= 15 X Precursor m'z 317
Py
» 10
s
g 5
0
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Retention Time

B+ ~ A F post-spike p HRHE 2 TR o d B L MTBE 5378 A 4v » p R
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15 =y rilicit Pure internal standard
(’? 210 AA-[513C, 1’N]JVAL-ds-PTH
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z
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— lon [289.089549/289.089549] - 289.0890+
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— lon [84.005549/84.005549] - 84.0050+ 7
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100| 20230506_PC (5.103) 31&;}3531
1: TOF MS ES+ -
62763
=
306.1272
1812
. e L i L . i Al . L . .
304 305 306 307 308 309 310 311 312 313
100120230506 PC(5.125) | 3061271
1: TOF MS ES+ 3328
533e3
=
311.1605
1015
— , r ’ | . ml —l , — l
304 305 306 307 308 309 310 311 312 313
5.12 5.10 . e
= ’ TOE MSES+ ™ roF MS ES+
306.127 50.00PPM \ 311156 50.00PPM
| 5.33¢3 | 6.27e3
I I
|
I
\
| I
|
| | |
[
\
JI \ - II -
50 300 520 540 580 ) ‘B00 i P S M) P M S M M
in vitro & = 2_

Bl= -~ 4R e 306/311 peak pair o ¥pe e (7 p EEF (

acrylamide adducts ) 2. = ;%48 ) » ¥ L & HRMS MSscreen * » AA-VAL-PTH

AA-VAL-ds-PTH 2. peak pairs(m/z : 306.1271 at 5.125 min > 311.1581 at 5.103 min ) -

d
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100|20230506_PC (5.103) 294.1314
1: TOF MS ES+ 43021
4.50e4
289.1000
27337
=
T T T II T T + T T T l
287 288 289 290 291 292 293 294 295 296
100 | 20230506_PC (5.125) 289.1001
1: TOF MS ES+ 30577
5.06e4
=
294.1319
13747
T T T T | T T T T T
287 288 289 290 291 292 293 294 295 296

Bl L4 ~ BB SR 2 289/294 peak pair o KBl = - &~ 0 B ¥ 2 AA-VAL-PTH

2 AA-VAL-ds-PTH 2_ -2 - -NH3 2_ % 5 peak pairs (m/z : 289.1001 at 5.125 min -

294.1314 at 5.103 min) -
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229.0808

100 20230424 TBC
31931 G072
1- TOF MS ES+
3.19¢4
2391436
24196
D\_E!
251.0639
#7 161.1260
2300839 | 2049
2308 240.1459
( 1383
I o ide |
00 5 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 315 330 335
100 213.1038 20230424 TBC
853845 § _
(5.318)
1- TOF MS ES+
8 54e5
235.0859
364775
<
2231666
274539
245.1487
190624
214.1069
140821
236.0391 297.0564
224.1647 - 74640
15073 2461517 307.1191 313.0287
| f 23470 23185 323.0019
| | S S OO SO
200 5 210 215 230 225 230 235 240 245 250 1255 260 265 27 75 280 285 290 295 300 305 310 315 320 325 330 335

Bl= -+ ~M/M+10peakpairs> ™ & # £ 5%~ %

#5 6)>5.07 »4apFF L M/IM+10 2

peak pairs 4= 229/239 ~ 230/240 ~ 251/261 % (_ B ) ; 5.318 » 45 pF+ &L 213/223 -

2141224 ~ 235/245 ~ 236/246 ~ 297/307 ~ 313/323 - - 2L ¥ 3

M/M+5 peak pairs ) 3R °
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Amadori
Rearrangement O=
E— OH
HO
+1OH
OH OH
Schiff base HbAlc
(B) . N
H (\ jo: O
R NH
—N H,C7 ¥ ? ; = C
Ab—NR, - T2 ) ——= Ho—NH NH, — Hb—NH NH,
Acryfa)mide Acrylamide adduct
©
X
Hb—iH, HCFAC
Vinyl halide

Blz+t- ~n oFv e i f@ﬁ‘g‘ﬁ—lﬁl o (A): ¥ % ¥+ & & & (Schiff base formation) 25 X 4% & & % (HbALC) - (B): % 5o 4=
F I (Michael addition reaction) 4 = acrylamide adduct - (C) : VOCs  # 5§ ¢ vinylhalide s > 7 & iF & Michael acceptor - & i i€ i<

FRFledF AR o
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Tables

Benzene
Bromodichloromethane
sec-Butylbenzene
Chlorobenzene

4-Chlorotoluene

1,2-Dibromoethane
1,3-Dichlorobenzene
1,2-Dichloroethane
trans-1,2-Dichloroethylene
1,3-Dichloropropane
cis-1,3-Dichloropropene
Hexachloro-1,3-butadiene
Naphthalene
1,1,1,2-Tetrachloroethane
Toluene
1,1,1-Trichloroethane
1,2,3-Trichloropropane

m-Xylene

Bromobenzene
Bromoform
tert-Butylbenzene
Chloroform

Dibromochloromethane

Dibromomethane
1,4-Dichlorobenzene
1,1-Dichloroethylene

Dichloromethane
2,2-Dichloropropane

trans-1,3-Dichloropropene
Cumene
Propylbenzene
1,1,2,2-Tetrachloroethane
1,2,3-Trichlorobenzene
1,1,2-Trichloroethane
1,2,4-Trimethylbenzene
p-Xylene

Bromochloromethane
Butylbenzene
Carbon tetrachloride
2-Chlorotoluene
1,2-Dibromo-3-
chloropropane
1,2-Dichlorobenzene
1,1-Dichloroethane
cis-1,2-Dichloroethylene
1,2-Dichloropropane
1,1-Dichloro-1-propene
Ethylbenzene
p-Cymene
Styrene
Tetrachloroethylene
1,2,4-Trichlorobenzene
Trichloroethylene
Mesitylene
o-Xylene

# — ~ Volatiles organic calibration mix s = -
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AA-[5C, ’N]VAL-PTH

AA-[5BC, ’'N]VAL-ds-PTH

312.1381—54.9926
Transitions
312.1381—59.0232

(Parent m/z—
312.1381—89.0071

317.1381—54.9925
317.1381—58.9615
317.1381—89.0080

daughter m/z)

312.1381—295.0871 317.1381—300.1519
Cone voltage (eV) 26 30
Collision energy (eV) 8-50 10-42

4 =~ 28 52 AA-[GBC, BNIVAL-PTH £ p {22 5. AA-[51C, ®NJVAL-ds-PTH 2

R A

ID conc.(g/dL) ID conc.(g/dL)
1 9.64 16 10.52
2 10.76 17 12.32
3 13.72 18 13.8
4 13.64 19 12.16
5 14.48 20 13.52
6 14.48 21 12.08
7 12.76 22 14.32
8 13.28 23 13
9 10.88 24 11.16
10 11.12 25 13.76
11 13.24 26 10.84
12 13.88 27 10.84
13 13.56 28 13.92
14 12.4 29 14.36
15 12.32 PC 13.2

22 TRhRML 230 TEER o
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Sample  Theoretical Intra-day (n=5) Inter-day (n=15)
ID concentration Calculated Accuracy RSD Calculated Accuracy RSD
(ng/mL) concentration (%) (%) concentration (%) (%)
(ng/mL) (ng/mL)
LQC 0.0975 0.0964+0.0129 98.8 3.4 0.0975+0.0151 100 7.6
MQC 0.390 0.373+0.015 95.7 2.8 0.374+0.033 96.0 33
HQC 1.56 1.51+£0.07 96.6 8.3 1.51+0.07 96.9 2.9
o~ LIRMEREREE o
% - = % - = %= =X B4 PR 6 48 peak pair #c
¥Rt (BK) 79 (35) 87 (40) 91 (41) -
F#%H% (TBC) 91 (36) 99 (40) 102 (44) 22 (11)
;‘é%%ﬁ%ﬁ (GR) 94 (40) 105 (47) 96 (39) 22 (11)
TEF s R sy (VOC) 85 (39) 92 (42) 88 (38) 9(6)

#7 ~w et A 4 2 peak pair # (4 + ¥ >235 2 peak pair #) -
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wIS S F 9 il AAEE  ER¥R A ke
(m/z) (Area) (Area) (Area) (Area) (Area)

¢ szt (known)

249 6035.97 15942.87 15768.51 13882.88 4809.21
263 n.d. n.d. n.d. n.d. n.d.
279 n.d. n.d. n.d. n.d. n.d.
288 8308.41 4168.91 4662.99 6962.9 n.d.
305 n.d. n.d. n.d. n.d. n.d.
306 n.d. n.d. n.d. n.d. 9415.16
322 n.d. n.d. n.d. n.d. n.d.

* 4ripH (unknown )

266 5084.52 12099.12 7937.4 9677.28 4894.38
293 n.d. n.d. n.d. n.d. n.d.
307 n.d. n.d. n.d. n.d. n.d.
307 n.d. n.d. n.d. n.d. n.d.
319 n.d. n.d. n.d. n.d. n.d.
321 n.d. n.d. n.d. n.d. n.d.
323 n.d. n.d. n.d. n.d. 52310.9
326 n.d. n.d. n.d. n.d. n.d.
339 n.d. n.d. n.d. n.d. n.d.
341 n.d. 15720.7 12315.46 n.d. n.d.
361 39778.82 61306.16 74793.45 60461.72 n.d.
363 n.d. n.d. n.d. n.d. n.d.
371 n.d. n.d. n.d. n.d. n.d.
377 n.d. n.d. n.d. n.d. n.d.

F A ~FEES 2 Carlsson, H & A F7 7 [27]8 2o i fo 30 4 S Fo bt i o 7 4 2030
WRIZE o AFRA B G AR AT ARG RIS HRE L invitro &
+ 2. AA-VAL-PTH z_ &8 - ¢ nn ‘= F-9 4= m/z &4 %] 5 1 249( Methyl )
263 ( Ethyl ) ~ 279 ( Ethylene oxide ) ~ 288 ( Acrylonitrile ) ~ 305 ( Methyl vinyl ketone )
306 (Acrylamide) -~ 322 (Glycidamide) -
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