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Determination of ethyl carbamate in fermented grains by isotope internal
standard-ultra performance liquid chromatography-high
resolution mass spectrometry
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ABSTRACT: Objective To establish an analytical method for ethyl carbamate (EC) in fermented grains by isotope
internal standard method combined with ultra performance liquid chromatography-high resolution mass spectrometry.
Methods Fermented grains were extracted by ultrapure water, filtered after centrifugation. The 0.10% formic acid
aqueous solution and methanol solution were used as mobile phase for gradient elution. The samples were separated

by Hypersil GOLD Amino chromatographic column; the internal standard method with full mass scan mode was
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used for quantitative analysis in electrospray positive ion mode. Results The matrix interference was effectively

compensated by internal standard quantitative method. The calibration curve of EC showed good linearity in the

range of 4.00-300.00 pg/L (r’=0.9993), the limit of quantification was 6.25 pg/kg, and the limit of detection was

3.75 pg/kg. The recoveries of the actual samples ranged from 85.17%-97.40%, and range of relative standard

deviations were 1.12%—4.11%. Conclusion

The linearity, accuracy and precision of this method meet the

requirements of GB/T 27417—2017 Guidelines for the confirmation and verification of chemical analysis methods,

and it is suitable for the detection of EC in fermented grains.

KEY WORDS: ethyl carbamate; fermented grains; isotope internal standard method; ultra performance liquid

chromatography-high resolution mass spectrometry; matrix effects
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(ethyl carbamate, EC), M4 IRNE, J& A=W F =45
—FhPIEE R R, B —E R iR . A
R EERMEEFTHALE 2007 42K EC Il 2A
KB A A SRR IR B S, TR ORE
RAIEA EC W FEE Rz — Pl L E R E R
HHh EC fo R AVFIR A TACHLE, HETEIN M AT & 1
Wih EC FREEARIE, FESH KA A 150 pg/L!,

EC 1EJ—Fh I XU 5T, 72 A 7 i A b o2
JC e ARG U1 A SR T R, L T R A
fradfErp ¥ 2 ECU Y, (i v EC T M & BT 3
T AR AR A KA R S Z R R A PR R,
SOBES R BC AR E AR, R BRI ES h EC AR UL
il B AR AL, LRI IS o EC &k, xRk rim 2k
HEC (RS Ho 2B Y B, RS EC
S v AT WO (T IR P L SO 3 - T T 1 (gas
chromatography-mass spectrometry, GC-MS)?*2"1 | #4523
HRIXS BC REHATIOCATAEATAE R, & —Fpif;+ EC
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EC, SRS FARRACH AR A TR 4., dlad =R (- i
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PEBAHIE, [0 AR5 AT H M R DR oA
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TR |3 RPN St e al - B2 Oy T R AR =Y/ Nk T 418
ik A AR D032 FH R (0 1 - R T AR T AR I S AR i
AR A L P &R M, SR ERE, SRERN
TESE T bR 7R M0 B2 FOAR 25 B2 T B AR T M
2l PR N ARIAER S TS EC 19 GC-MS A5y
B, WG RE A DL R WA 2R BN 2 7R SR U, S
P BRI, (HIZ 7 v A BG4 I R %
K, WOANIE AT A KRR S A BT A T

BF BEAEST LA IRAR Z 2 Y R 4T (ethyl-Ds  carbamate,
EC-Ds)fENEEEH IR BRI AR, R AR R NRIESS
B 8 R BSO8R BTV R S R EC SRS =4
Br, DASR SIS S A DU e B, S T R Bl B v EC
Az ML B 28 A F AR SR 3R A0 T i o

1 RS

11 EFEZHRSIR

EC HrUEdh (4li3>99.50%, f%[E Dr. Ehrenstorfer 23 A);
EC-Ds H 1 it (41 >98%, Jbnt | 2R BB A FRA H); H
B | AR (435 4li, 3% [E Themo Fisher Scientific 23 Fl); L6
FHK IR Ak (18.2 MQ-em™?), SEI BT IS AL &y i 52
TR R4
1.2 FENUHFSRE

Q Exactive Focus /=20 #Bti{X . Hypersil GOLD Amino
{0,354 (150 mmx2.1 mm, 1.9 pm)(35[E Thermo Fisher Scientific
22 wl); UltiMate 3000 8 R0 (015 12 (32 18] Dionex 22 #);
QT-1 i fedk i as (LB M AR A R 7)), HC-3518
O ML CE B R R AR A IR A F]); SB-25-
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12DT A B3 VEALCT BT 2 A W BB e A BR2S D)
AR2130 Ji7rZ—®H TR (5EE Ohaus A +]); A3S-05-
05-CE 3RS # 4K HL(3E [ Millipore A Fl)o

1.3 oHrEH
1.3.1 &ihH

TRENIAR: KAH A R 0.1% (V:V)H KW, A HLAB H
FIEE; J: 0.3 mL/min; 4354 Hypersil GOLD Amino {4,
TEA(150 mmx2.1 mm, 1.9 pm); #: 35°C; #FHESE: 10 pL;
6 B EARE: 0~1.0 min, 95% A, 5% B; 1.0~4.0 min, 95%~5%
A. 5%95% B; 4.0~5.5 min, 5% A. 95% B; 5.5~6.0 min,
5%~95% A . 95%~5% B; 6.0~11.0 min, 95% A. 5% B.
132 FEiht

BRI B IR B R WIS
2.3 kV; B 30 psi; BN 15 arb; HHEISM
PUREE: 200°C; B FALHIERE: 350°C; MBI ©HF
PP, ISR 50~100 miz, LEYERE T
AR o OB R B I R R LR 1

#1 EC RAHR4 EC-Ds HIFIESH
Table 1 Mass spectrometric parameters of EC and EC-Ds

P L ey 51 s
ampt s SRR TRIRRE RER
$r(m/z) [1] /min
EC C3H7NO, 62.02436 3.65
EC-Ds C;DsH,NO 63.03062 3.55

1.4 SWEE
141 HSara®

TRTREAE A A PR AEHLLE 30000 t/min 7558 T HHFE 30 s
JRIRAIA], MERIFREL 2.000 g BT 15 mL #0488, A
0.25 mL 1 mg/L EC-Ds AR T AEHSA 4.75 mL B4, @
FEH 60 min J7 10000 r/min B.0> 10 min, F3EEZE 0.22 pm 7K
AHUE Sy S5 ML

RT: 0.00-11.01 SM:7B

1.42  ARAZR A B

HERA AR ILCRE 5 22 0.0001 g)—5E it EC hRifEiih 2 EC-Ds
AR 535 B T 50 mL 28 s rh, Ko 25 e i s i vk
JEA 50 mg/L EC ARl 4. 1 mg/L EC-Ds AR TAER,
PR ALK AL H RS R 4., 10, 50, 100, 150, 300 pg/L
FIARE R SIE R, Fod EC-Ds AR IR E N S0 ng/L, B
T 4cCrkFE T 5 o

1.5 HIEALIE

>k Q Exactive Focus UPLC-MS/MS %4 Xcalibur 78
PR BT M A A PRSI B0HE o {8 Microsoft Excel 2010
AR Gert oA, 5208 B0 LA (B b 1 O 22 320K,
AR EEIME 3 Ko

2 HER5SH

21 BERXHMRK

FIF EC #£ Q Exactive Focus fmi /3 F i — 24
B BN SR, RA—S R e Rk, BC e
B TR 62.02436, EC-Ds i fL B 7 63.03061 . X otttk
ithAk, Z3#r L5 SyncronisHilic (100 mmx2.1 mm, 1.7 um)i&
A | Accucore aQ (150 mmx2.1 mm, 2.6 pm)¥ A (4 1%
#1: 2L & Hypersil GOLD Amino (150 mmx2.1 mm, 3 pm)i#& A
B REREXT EC & EC-Ds 43 B AR, 4niEl 1 B, Hypersil
GOLD Amino (AREFEXT EC & EC-Ds R b, it
WANAHIEAT T Ok, WRSIAHZKAR L 0.05% . 0.10% . 0.20%
R /KR, S5 MUAH H BE4L A i EC J EC-Ds i i
N, WA 2 Fi7R, 0.10% 0 R KA EC K& EC-Ds i [y 1
o DRt 4 F 9% Hypersil GOLD Amino (150 mmx
2.1 mm, 3 pm)ETRAR G AL, 0.1% F BR /KA - F A
s ELE N

- 100 al
. 6
g 50[ /\ NL: 1.11 x 10
0 1 I L I 1 1 L I I 1
0 1 2 3 4 6 7 8 9 10 11
WJE‘ ‘EI/ H
100 PR ES i NL: 5.15x 10°
2
@ a.
= 50
=3
0 ! 1 ! ! 1 1 1 1 ! 1
0 1 2 3 4 6 7 8 9 10 11
{R B 6 7] /min

7E:al, a2 439k SyncronisHilic %41 T EC I EC-Ds #2EUE T 3% & bl b2 434 Accucore aQ A4l F EC J EC-Ds #2HU T
e el c2 43524 Hypersil GOLD Amino {ai#:F EC & EC-Ds #BHE T @ik &l . NL Rymp i, & 2 [,
K1 ARG EC ) EC-Ds (B FEIEE(EC. EC-Ds: 50 pg/L)
Fig.l Ion chromatograms of EC and EC-Ds in different chromatographic columns (EC, EC-Ds: 50 pug/L)
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0 1 1 ! ! 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 11
100 PR BRI i) /min
m cl NL: 1.20 x 10°
= 50+
=
0 \ | | L | ! ! | | | |
0 1 2 3 4 5 6 7 8 9 10 11
B2 f I :
100F 2 £ B4 B5F [A]/min ' .
o NL: 5.93x 10
& 50t
=
0 1 Il Il 1 1 1 1 1 Il Il 1
0 1 2 3 4 5 6 7 8 S i0 ii
LRF8 I [R]/min

:al, a2 435k SyncronisHilic 41~ EC & EC-Ds #£BUE F @i E; bl b2 4354 Accucore aQ A i+t~ EC K EC-Ds $2H(E F 4
AL 1. c2 239k Hypersil GOLD Amino (4L EC ¢ EC-Ds 32U T @35 . NL Jyma Biqi, 1&1 2 7.
B 1sE)  AREERET BEC & EC-Ds I8 F{ai%KI(EC. EC-Ds: 50 pg/L)
Fig.l Ion chromatograms of EC and EC-Ds in different chromatographic columns (EC, EC-Ds: 50 pg/L)
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al
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o
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= 0 1 L 1 1 1 1 1 L L ]
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1000 4, B i) /min NL: 5.93 x 10°
-
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=
0 ! | ! ! 1 ! 1 1 1 1 |
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= 00r { B 1] /min NL: 9.98X10°
g Il j\
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100 - ¢2 PR I [A] /min NL: 5.92 x 10°
o
& s0f
4E_.’
0 1 L 1 L 1 1 1 1 L L 1
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P ER st ] /min

T:al, a2 43500 0.05% P FR/KAH T EC B EC-Ds IR T35 &1 b1, b2 435154 0.10%H KA T EC & EC-Ds $2HUES ¥ (1[5 c1
2 2419 0.20% iRk HE R EC 2 EC-Ds $2HUES T (i &,
E 2 ARIEBREMFR ST EC & EC-Ds 2% T 6% E(EC. EC-Ds: 50 pg/L)
Fig.2 Ion chromatograms of EC and EC-Ds at different acidity (EC, EC-Ds: 50 pg/L)
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2.2 HEICEEEHRIK
22.1 RIRF XA

THEERE AT RIR A Y515, FRE2.000 g F 15 mL
BLOE, A EC AR BGBAIK, A BIRANZHE 120, #8
7 1 h, WHERY 15 min = EREGHE EC, AHTAFI$REL
J7 3 BC HRBUSCRISEM . W2 2 FR, IRHEsRBOr s
X FRUE 22 (relative standard deviations, RSDs)4¢ K, B ik
TR IR 22 . I RO A bR e
K RSDs i e SCRy = AGAGTTR, (HIRIEIRBO CFEm 4
£, 2675 BRI 2Rt ok PR A RO v

2 AEHREEART EC #NZERN=3)

Table 2 Detection results of EC under different extraction

ways (nN=3)

REC ARMEHRE  omkikor PHEME  RSDs
N 1w 2%/ (ng/kg) /(ng/kg) 1% %

50 93.84 4.89
feihadl 32.93+1.51

100 93.21 4.52
. 50 102.82 4.01
=i 33.27+1.68

100 97.13 3.71
s 50 88.83 9.81
i i 29.53+2.42

100 91.47 7.71

222 RIGRAKRMAL

DAV Ay Sz b b, AP 3.0. 5.0, 7.0, 9.0 mL #2HX
WARFIXT EC $2EUHCRMREMT . SRR i b TP 7 %
W E BARE A A ST B s, R H bs Ak & P
B RAEOEAEBEPY, Wk 3 FR, B SRR AR,
W 5 R L R, DA bR A e T R i o B sy, 5 R
BN/ o I RAR OB AT R B AL R0, R[] B

SIREAR IR A B T o FRBORAATA 5.0 mL B o6 1 A0
BEIVERLT, 2567 1B E 55 Rk b ik IR, %
PEFARBUR AR 5.0 mL,
2.3 EFRMMN

SR B R 2 He 51 X i Bk S, A TIPS D 4y il
il T AR ] e B B R TR T R R S bR v 2R, 7E R —
W T HBEMERIER k B HAEITEA H AR A3
(matrix effect, MEYSZURAREE, BJ: ME/%=(K ssn/K 30)< 100%, 4
ME<80% & %& i # ] , 80%<ME<120% & JC FE Ji % I ,
ME>120% A 5EFusR . e LS RAE 4 iR, SMRERN ME
7 38.18%, R FIFRE I, THYZ, fFERR
HIRONE, WCERHSMRE:E R BEC A1ER%, INFREM
ME J 99.67%, JCEETAUN, RARINZE MR, FSZENR
SR EARYI R AR, [RIAIZE PIAREs | Ay kM
AR BRI FEBSON; 5 [ A [ A8 1, A e PRI 35 880 s Bl
R UERY R
24 FHEFER
24.1 FHRKMTEE. T ERAEHIR

LLEC K NAR#) EC-Ds i H B IS AR LU HAAL bR
(Y), EC ARyl BTt v i A BR(X, pg/L), Zehildniih
2k, ZEREH, EC HREETE 4.00~300.00 pg/L i FILME L F
BUF, LPEEIH R Y=0.9588+0.0396X, AHEZEL PN
0.9993, LIEMELL(S/NYK 3 F1 10 2355 E J5 v R A6 H R
(limit of detection, LOD)FIE &R (limit of quantification,
LOQ), #8 miiE:H EC ik Bl 3.75 ng/kg, & wBR
K 6.25 pglkgo AHXTFHAMKIMEREH EC LR 5), %
Dy LHTA R B A ETRCE R, R BE T EC R K .

#3 FREEBURAHIRT EC KRR EC-D5 M NI4E R

Table 3 Detection results of EC and EC-Ds under different extraction volume

SRR RE B B2/ (ug/L)

FEPOR AT /mL (RSDs'%) FEANHEBE /(ug/kg) (RSDs/%) PRI 4 e T RS (1) 17 {1 ) (R SD's/%)
S/™/0
3.0 32.49+3.09(9.55) 48.44+4.75(9.82) 338627+57296(16.92)
5.0 22.16+0.95(4.29) 53.68+2.29(4.27) 499501+7835(1.57)
7.0 15.81+0.79(4.98) 54.54+2.79(5.11) 642083+21473(3.34)
9.0 12.22+0.38(3.07) 54.40+1.41(2.59) 703526+7835(1.11)
x4 TREEFRSERVEMXER
Table 4 Relationships between matrix effects and different quantitative methods
25 R TT: [ A R B(r) MEs/%
B 9Ty Y=1.5633+0.0394X 0.9990
AR 99.67
sl Y=0.9588+0.0396X 0.9993
He i Y=6.9420x10°+2.5859x10*X 0.9978
PRGNS 38.18
sl Y=8.4975x10*+6.7732x10*X 0.9997
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Table 5 Comparison of analytical methods for detection of EC in fermented grains

Ry v A H )y ik ASCER 43T [B] /min LM /(ng/L) iRt A(ugkeg)  ZE Ik
A 8357 fiitEAk 40 10.00~500.00 13.40 [25]
SAREE- P T3 [ AH 2 B 37 7.80~600.00 — [26]
SARE G- TS R b 25 10.00~800.00 9.20 [27]
[F)AL 3R AR - e AOBAR (3 - RAHREUR A 4.00-300.00 6.25 AP

o 3 W B T

T —SCHOR R BIZ SR

242 FikEREFMEE

T 3k S BRAE SR BT A3 BT 32 1k R B2 RORG 25
BE o TPEPERE S I AGE SR HEIR I, IERACE 258 20
100, 250 pg/kg, FAHEMIRE 3 A PATHE, EENE 3 d,
IR bR ENE LI K H Y. HiE] RSDs. 459N 6 Fir
N, EC TETBBEAE bt P-4 s [BISCRAE 85.17%~97.40%10
Bl 221, RSDs BI/NT2T 4.11%, F2W3% 07 1 A vm 12 A
G 7 B T AL TR AL A R BC TSR
2,43  FIFA AR

FH RT3 37 09 77 1% 6 AN ) ZE ) TP 1 28 19 T L VR 2508 e
R AR EC & REUEA TR, AR ASRE AP T 3 vk,
WEIRPOP I, IR BRER D EC MMGIR. 1
M5 /%=[(C sm=—C smin)/C smin]X100%, C s N 7E TH T B H
EC &4, Came NZEIMEWES T EC &, SEHES RN 7
iR, ZEIE R BEC, RIAYEZAIMRTEE b EC &
TR, HAh, AFZERZEMEER D EC ¥m T2

MR E R EC &, AR ZERWEE S EC HMiRTE
76.62%~87.32% i [H 2 W], FMAHKBLIESMH EC LK,
53k — 2 B3 I ERE S T EC BB B TR K
FRER S T @I, il ad B T AT LR B R R
R Z, (His AT L RES HERR 35 TR p g i, 5K
PRAEGH I 2 By EC &t

3 4 i

ABF N TR EC IR0 3R P AR- 2 RO
- P BRI 5 vk o I EC SR LB R RIS
B UE, AT BRI [ 2R AR E el
AR SIS I DR R 5T 2000 3 A DO At A A v 11
IR 207 B HARAE B 2500 . RUE MR S A,
T8 TR EC 2 i 7 A, ST T EC A4 HR
WFFEBRAE A DB 57k

F o6 BEEMHST ECHWMEEKE, BRFMBENBEEE

Table 6 Average recoveries, intra-day and inter-day RSDs of EC spiked in fermented grains

il Gt 5 A AH AR R 22/ (ng/kg) TR ((ng/ke) S TR/ % H 4 RSDs/% H ] RSDs/%
20 85.17 3.78 4.11
B 1 42.83+1.21 100 89.57 271 3.15
250 97.40 1.12 1.47
20 86.21 2.78 3.92
R 2 39.27+1.41 100 91.87 3.01 3.75
250 96.37 2.91 3.04
#x7 BEEFRECEENN
Table 7 EC content in fermented grains
e ZRIBATES T BC Sra+hnifE  ZEIRJE AP EC & i %?i‘%’ﬁ_ﬁz;ﬁ Bt EC ZE0R P EC & E+hrdf
22/ (ng/kg) W22/ (ng/kg) /% 22/ (ug/L)
A % h) 32.97+1.42 63.07+2.61 87.32 44.19+1.02
B “[f] 35.94+1.29 66.66+1.46 85.49 38.71£1.63
C %[ 39.37+1.84 72.62+1.71 84.56 46.56+2.11
D %[ 44.49+1.41 78.57+2.01 76.62 42.31+1.49
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100 -
- 80 -
& 60 |
= 40 |
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0 I 1 1 1 L I I 1 ! L 1
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100 F PR BRI 1) /min
o 80 -
B 60 |
= 40 |
20 |
0 1 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 11
100 1 ¢ PR EA B[] /min
80
#m L
= 60
; 40 [
20 1
0 1 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 11
PR I [B] /min
T a ST EGRE AL RS IR b o 43R A o EC e EC-Ds S HUCES T G 1k 14
3 B G B i K
Fig.3 Chromatograms of fermented grains
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