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(1. dbEtfefbe i blf S TR R, BMRE LSS, KA MY R ik i 5
PRI I E A S EE, dbE 102206; 2. EF IR GG, JEET 100029)

W E: B® @ MR- 8RR #E B (saturation salt assisted-dispersible liquid-liquid microextraction,
SSA-DLLME) ¢ 3 ¥ & Aij 4b ¥, < AH €0 3% - &8 BX JiT 1% 9% (gas chromatography-tandem mass spectrometry,
GC-MS/MS)F: R i 28 FE AR IR AN O R A R AR AL S N-E AR EE % . N-EAHEE —IEN IR . N-JEAH
T O N-TEAHEEIRIE | N-TE ARSI A | N-JE RO . N-Z 3R H % . N-SE AR — T A N- 2l
B TR AN D5 . FIRE FERL AR ISR, I AKEE [ AL R ARIC Y HARY)E i, 7510 FIRR R 40 4 B A6 Hi
F, BmHEAZE R ek T SSA-DLLME, B.O, BUR EA VAR, gfi@%f}ﬂﬂ(multiple reaction monitoring,
MRM)BR ST GC-MS/MS K], PARIEERE SR % IR AE G2 0 R B B N 2k bk AT (r*>0.9970), Jyidk
#6; 44 B (limits of detection, LODs) 4 0.10~0.34 pg/L, & FR(limits of quantitation, LOQs)>A 0.34~1.15 pg/L; 3 7K
(. 5. 10 pg/LY AR EIF A 81.98%~123.50%, AH 4T A5 1 fii 2= (relative standard deviations, RSDs)}
0.57%~13.04% (n=8), £HiL LI LA TIE . PREE, Aot FRAK ELAMERT L LF, I i AL MRS h 2 5 AR SR A 9
TR 4 5 e IV P PR O A A 0 1 75 2

KB IR, VLA, W, ARFNER 4 B- 2 BOBORCAE I AOR (3% - AR IR BT i vk
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liquid-liquid microextraction (SSA-DLLME), and determine of ethyl carbamate and 9 kinds of volatile nitrosamines

in beer by gas chromatography-tandem mass spectrometry (GC-MS/MS), including N-nitrosodimethylamine,
N-nitrosodinopropylamine, N-nitrosodiethylamine, N-nitrosopiperidine, N-nitrosopyrrolidine, N-nitrosomorpholin,
N-nitrosodiethylamine, N-nitrosodibutylamine and N-nitrosodiamine. Methods The samples were extracted with
methanol, and the target substances labeled with stable isotopes were added for quantification, under the assistance of
extraction with saturated sodium carbonate, dichloromethane was forcibly injected for SSA-DLLME, which was
centrifuged, and the upper organic phase was injected, and multiple reaction monitoring (MRM) mode was used for
GC-MS/MS detection, and internal standard method was used for quantitative determination. Results The linearities
were good (r*>0.9970) within the concentration range investigated, the limits of detection (LODs) were 0.10-0.34 pg/L,
and the limits of quantitation (LOQs) were 0.34—1.15 pg/L; the recoveries at the 3 levels (1, 5, and 10 pg/L) were
81.98%—123.50% and the relative standard deviations (RSDs) were 0.57%—13.04% (n=8). Conclusion This method
is simple, rapid, with low detection limit and good accuracy, and can meet the needs of rapid screening and detection
of ethyl carbamate and 9 kinds of volatile nitrosamines in beer.

KEY WORDS: ethyl carbamate; volatile nitrosamines; beer; saturation salt assisted-dispersible liquid-liquid
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microextraction; gas chromatography-tandem mass spectrometry

0 3 =

I B2 2T (ethyl carbamate, EC)FI%E & 1 Vil i
(volatile nitrosamines, VNAs)JJg 4 32 5 1 ) N U5 BU& Tk
BT YU, BC M A7 E TR K S R R A AR
FEH MG AEZTBREN G4, BHE, &
E ARSI e EC MR R, BaERE S KkA
QUL FERUE T RA AR, 30 ng/ke!. VNAs
35 N-TEAZE — H JE(N-nitrosodimethylamine, NDMA),
N-E fii§ £ — IE 9 % (N-nitrosodinopropylamin, NDPA), N-
P Al B — 2 (N-nitrosodiethylamine, NDEA), N-iFfiff 2
WK BE (N-nitrosopiperidine, NPIP) . N- V. fi§ J& At & b

(N-nitrosopyrrolidine, NPYR) ., N- W ff§ Ft 15 B
(N-nitrosomorpholin, NMOR) . N- V. i 3£ F 2 Ji%
(N-nitrosodiethylamine, NMEA) . N- W fif 3& — T Ji%

(N-nitrosodibutylamine, NDBA) #1 N- V. fif £ — % B%
(N-nitrosodiamine, NDPhA), = %7E£ & i Tt B2 i i
AR S, MU h B2 0GR VNAs J& NDMA,
U 22 2 TR B Bt — W e A A i, BRI T AR
TG YL BB s Y, (R 2 g R 1 2 A4
Frz—, Epr M NDMA BRI 8 5 pe/ke . H i,
EEN MU EC AN VNAs BRI % 7 765 2 i 2
LA WM RN g 1 A PR o

FHT, XT ECHIVNAs Kl p S vk, 2R @
TR S5 S e R O I 25 B BTGB AR SE AR, ) 40
f8,3%-75¢ 6% (liquid chromatography-fluorescence detection,
LC-FLD)™ | Sl -# e 5071k (gas chromatography-
thermal energy analyzer, GC-TEA)[Q] NIV AR N =Ry oAl

% ¥ (gas chromatography-nitrogen phosphorus detection,
GC-NPD)!'O M A4 €, 1% J3 15 (gas chromatography-mass
spectrometry, GC-MS)*'? | S AH {4, 3% - &3 15 [ 1% ¥ (gas
chromatography-tandem mass spectrometry, GC-MS/MS)*14 |
VBOFH 0,35 - B8 B 9T 1% 5 (liquid - chromatography-tandem mass
spectrometry, LC-MS/ MS)!' 37 S M i TE Ak e 1 R B RR
ji&:(gas chromatography-positive chemical ionization-tandem
mass spectrometry, GC-PCI-MS/MS)!'SILLJ 8,33 &5 43 R e
JEREEY, Hrp, GC-MS/MS Il LC-MS/MS HA {51 18
PERIR AR, C4mh BC . VNASs Kl i) 2 )57k thF EC.
VNAs & 87E ng/kg 9, HBAGHRIR, FEALHTALIEE;
ARATGERZAGIEAAIHER . AT GB 5009.223—2014 B
SEZERE B ESEF R CERME Y i A
EC, &SR RAFE I B A /M |, FRENETE . BRI
R i AR5, RN GB/T 5009.26—2016 ( £ihic4
FEIZAE it NSRS PIRIE ) o VNAs 1l
FEAE TP B At 7K s S OEG R, LA KRR
ZEIR-WORA R A 5, R BTK

TR B VNAs BORE T A 2R 5 157 8 AH il 2
I (solid-phase microextraction, SPME)™ | P i i3 Z€ It
(single-drop microextraction, SDME)?” | ¥ itk
FH% " H QUEChERS $i AR 244 Horit SPME fFEH i
AE S, WA RN T 2L T %, SDME FLIRERAER
FAELHE b FEAR XA, v URIEHRIL AT QUECHERS YA A
Ab BRI TSR AR X AC R . 56T EC 1 VNAs 1 [A) 4R U
VN EE AT XERE, G- 18 O R HEIRES & vk 4 Bl -
SUE A A A B R AT VAR PR S SR R B — A AL EC
Ml VNAs [FIZE82805v, SRS TRNECE, HidR
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75 8% A 24 85T B . WU B 2K B (dispersible  liquid-liquid
microextraction, DLLME) & —Fl H A & A58, MR .
P | fe B, 3 FH T KRR SR O IR0, (RS
T EC HIVNAs HIXS 73 FAMER, Stk i A GR A BUSCR A
£, 55— 5 T vh R CREAETE, AR T RGN S AR LT
WY BFL, 28 DLLME J5ikRMEZsl, WFseiiibse
AR, — AP BeRt SO M EUAR, W kT
DLLME JfA45 R FAR AR R EI A A P AT, i
R SERE S R 1 SR S R4 B R 5, 5
SR EC A VNAS [R5 R 7 vk i T 4248 TR

A W G APLE 2ok 7 R AR B - 43 OO TR A
(saturation salt assisted-dispersible liquid-liquid microextraction,
SSA-DLLME)F: S A3 J7 2%, il LW ECA Rl AR 2 1 T
WG EC \VNAs I ZEICR, 454 GC-MS/MS 1 2 1
LR L AR RIAL R ARIC HARY) AR IE 19 s34,
ST R it A B G B 5 v SRR RE, bR [ i
K gEps e EC #l VNAs (BT i, B RIR R IR
Tl Gy 0 e i A 42 S A4 T AR

1 MR5ERE

1.1 #MR5ERH

50 mL 7 B8 11 35 8008290 (F [ BIOLGIX A H)); &
PR 1000 pL (14 B85 A 25 CLREER R b 4 B | );
MELPE (b 5 T B XA T o

TREREN . BREREN . BERR S AN(orpal, E2G8EA b
RFARAFD;, HE(AE4E, 3¢E MREDA Technology
Inc/AH]); W kE(figat, 3EE J.T.Baker A H]); ECHRifE
i (ZEE 98%, f%[E Dr.EHrenstorferGmbh 2\ #]); EC-dS FrifE
hh (4l 98%, 3E[E Cambridge Isotope Laboratories /A F]);
NDMA . NDPA . NDEA ., NPIP. NPYR. NMOR ., NMEA .
NDBA #i NDPhA 1R &R HEE (2000 mg/L, &0 FEE,
2 [® o2si /A H)); NDMA-d6 . NMEA-d3 ., NDEA-d4 .
NDPA-d14 . NPYR-d4. NPIP-d10. NMOR-d4 ., NDBA-d18
FINDPhA-d10 JR G FaE RO RARC AR (1000 pg/mL,
BRI H R, €1 Accustandard Inc A7),
1.2 UE5EE

Agilent 7890B-7000C S AH {1 1¥% - #f I Jo 1% 156 A
DB-WAXUI fAi41:(30 mx250 um, 0.25 pm)(3 [E Agilent
Technologies 7% 7l ); Centrifuge 5810R & .[» #L (fi =
Eppendorf 23 F]); IKA MS 3 basic imJiEIR A #7 (FEE 1KA 2y
f]); BSA224S-CW HLF4r#r KF-(FE 1 0.0001 g, JLRigEZ£
FITRLEA A BRA F) .
1.3 &GECH

EC 1 EC-d5 #RifEAf#5 (1000 pg/mL): 43l FREL EC

Fl EC-d5 #RifERERL 10 mg, A BIFHH B ERZE 10 mL A&
B, TREEI RO P—18°ChEAE, R E 2 %R,

VNAs TR FRUMERE (200 pg/mL)FIEEE [F A7 KR
T VNAs IR S PR R £ (100 pg/mL): BX 1 mL 2000 mg/L
VNAs IR AR EA R P FE R E 10 mL AR+, T4
IR AP —18°CHEAT, (I i B 2% 05 . FasE R Z b
it VNAs RS ARMEGE A, Boll . A 7 iRl

EC prifER A B EC ArufEff & iiod o, FHH iR
2 1 pug/mL, TR 4°Chiffe, THCE 2% .

EC-d5 IR TAEW: W BC-d5 %, M mEme
£ 1 pg/mL, TR 4°CHEfE, I FRE %0

VNAs IRAARER R B VNAs 1A bR & 0E
i, FEREE 1 pgml, FAAFBIRE 4°Cliffr, HH
A il B B 2

FasE IR ZhRic VNAs TRA WFR TAER: BUR R [H47
EHMC VNAs RS PRiERIGE =, AP EREE 1 pg/mL,
FREGT RO 4°ChEA7, (I E 2 = .

RONVBRERR W AP LB EC brifl b )i
VNAs RGP E . g R ZbRid VNAs IRA WR
TAEW N EC-dS MFF TAEWK, 15 EC Al VNAs Jii ik B 4
B2 1. 5. 10, 25, 50 #1100 ng/mL, £ NARBEHRRER
A 50 ng/mL TR AR TR
1.4 HEATIE

B 30 mL MU E) 50 mL BRSO P (R FR
MR R, A 1 pg/mL fFaE B ZH7iC VNAs 1R
A IR TAEW 50 L 1 1 pug/mL 9 EC-d5 P45 TAEW 50 pL .
TCKRRIREN 6 g, TFohlied, TCKIRIRAN T/ s fd . TR
ARSI 600 L B9 AP b, FHIE BRI, EES
T, FEhHREE 30 s, FEGLHLH 8228xg 0> 10 min, HUH,
FEEIRS FEI W, BWAEFEE 100 pL R )2 AR b T
A 200 pL PAEAS I HERER R, REI .

PN B eSS e i S 11719 3 I B NN
10 pg/L, BAMARAKFEE 8 K.

SRR R I A B R L, CREE T3 LR [ AL R
I 28 ASMRIAL S, B ER 2 K.

ZRACTES, PRI 1 pg/L A0,
43 IR AN (R R Al B SR A AL ORI R i 2 e, At
SN

1.5 ‘®iESREEY

{325 DB-WAXUI (35430 mx250 pm, 0.25 pm);
HECREIRE 190°C, PERER 1 uL, AT, S (He)lE
FAE, Hiht 0.9 mL/min; BFFHEM: 35°CHHF 1 min,
10°C/min F+ & 90°C, 30°C/min F} & 240°C{#4# 6 min; &%
IR 250°C,

JR% &k W7 35 7 F B T (electron ionization, EI),
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HEEER 70 eV, B TIFIEE 230°C; DUMAFEIE 150°C; FREEFIXT N S8 —— X T M D& BAsY S5 Hfae

22 0 7 o] Wi A 2K (multiple reaction monitoring, MRM), £
Bnge 1 PR, HRRER 5 min,

# 1 VNAs # EC f) MRM &%
Table 1 MRM parameters of VNAs and EC

H b REITE  BRET  WAET T4 fiE
/min (m/z) (m/z) /eV
NDMA-d6 7.740 80.0 46.1, 50.2* 55
NDMA 7.745 74.0 42.1,44.1* 20,5
NMEA-d3 8.166 91.0 74.0%, 46.1 20, 15
NMEA 8.171 88.0 71.0,42.1* 5,5
NDEA-d4 8.414 106.0 46.1%, 88.1 8,8
NDEA 8.415 102.0 56.0%,42.0 20, 20
NDPA-d14 9.301 144.1 50.2%, 126.2 55
NDPA 9.344 130.0 113.1%, 58.0 5,5
EC-d5 9.952 64.1 44.1%*, 46.1 25,25
EC 9.982 62.1 44.1*,45.1 25,25
NDBA-d18 10.211 176.0 110.2%, 158.2 55
NDBA 10.272 158.0 141.1,99.1* 5,5
NPIP-d10 10.381 124.0 46.1,94.2% 10, 10
NPIP 10.395 114.0 97.1, 84.0* 5,5
NPYR-d4 10.503 104.0 74.1%, 58.1 10, 10
NPYR 10.516 100.0 70.0, 55.0* 6,6
NMOR-d4 10.712 120.0 60.2,90.1* 55
NMOR 10.718 116.0 56.0, 86.0* 55
NDPhA-d10 13.988 179.0 175.1,177.2% 25,25
NDPhA 14.013 169.0 167.1, 168.1* 25,15

Mk FARYI DR B i) | BERS5 LRI — R 1

12000 |
10000 |
8000 |
=
2 6000 |
4000 | :i§
A
2000 | gs
AN
o AN

EC

[RI; ZE ARl N BRI RO VR B L (X), 45 B bri 5 HAa g A
EAMC AR E & FEis g At oY), #6547 EIE 5T,
HIVERIE 4R, AbREEE T E it .

1.7 HIEAIE

EM: . & i Agilent Mass Hunter workstation

Acquisition/Qualitative/Quantitative Analysis Software Version
B.07.04 I Microsoft Office Excel 2013 #F47AH &K H 4b 34

3T o

2 HREDH

2.1 HSETAE

WS R, PRI AIGR IR SN K S W, VA ik B AR
BRI AR BAEZERGR, RBE AL MM, 58 DLLME,
A F T AR B K A B AR AL E2700, A9 LA 4R
F e A A BRI, %28 7 P (30 mL, HARYIINA R & ¥k i
N1 pg/L)HF AR NaSOs (3 g). Na,COs (6 g)Fl
NaH,PO, (12 g)#4T SSA-DLLME 15 10 F B AR Y A0
SR (LA 5 VA K/ N R), 255 LI 10 BiF o & B,
B LB 5l 2%~8% IR o, DLLME J5 {78 Al LA
ARGHAT, HZHE bR RV R B ORI NaH,PO, 25U
Bt, HAC A TR NDMA Fil EC {# F Na,CO, B, X nf
RESE A 598814 /Y Na,COs A NDMA . EC. NMOR 4§
(4RI BE T R IR A S Y, I ABF 9E ] Na,CO;s 1
BB EY . AVPRAMET, BiE &R e R,
H b B TR RBEAE FH M AR /N . A8 HGR —&F oe F ol
/NF 400 pL BERFIF 2B ECH, FEAE 500~800 pL AR
BUSCORBUT o 27575 JESZI0 (10 )y (6 72 B RO R A, g
FE AU G R e FH i 600 uL.

B Na:SOs
Na.COs
£} NaH.POs

AR
FTTTTITTT T T T T TS

NDMA NMEA NDEA NDPA NDBA NPIP NPYP NMOR NDPHA
Hiry
BT 3 Rl AnER xS £ BOSCR 19 R (n=8)

Fig.1

Effects of 3 kinds of saturated salts on extraction efficiencies (n=8)
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22 @IEREEERL
PRI R F EC A

VNAs B8, AR5

1 DB-WAXUIL #; 7EAHHZE 8 R BRE S 5 Ak A€ 335 BT
TELMET, 10 F BAr R NAREEE 7. EEEFOLE
Do s 3545 R0, A MRM @3 I bRk iz

5 wg/L BIRENEAE S ANEl 2 Fros
23 FEFER
23.1

o

KUFAE. ol RAE R

M SEPRRESL 2 SSA-DLLME Z&J5FE iR+ H
RO A gEMk BEYE ], XS VS Y 1~100 ng/mL FR
WEVR A T 5, 2 IbnERR LR, 10 Rl HAr Lk R, v

KT 0.9970,

%t B (limits of detection, LODs)FIE

R

(limits of quantitation, LOQs)VIH 4 32 FRA% iy U I & 1

B HFRY, 4 SSA-DLLME 4b

R, BEREMT, LUER S

FETEIE (R L (S/NY A0 3 F0 10, HEHhEs iy ais
WEREME AT ORI . B A FIHRAY, 10 #hE
FR¥IHY LODs 24 0.10~0.34 pg/kg . LOQs 9 0.34~1.15 pg/kg.
MR . K PR BB LR 2. LAMLES b NDMA 11
MR 5 pg/kg HE M, LODs. LOQs REMSIHHE M 10
T H bR B Hr Tl
232 EHEEMER

16 LA, LA H NDMA [E FRERE(S pg/kg)”
RRTEMREE, H% KL AR r e m bR, B inbrik N
1. 5 H110 pngke, #1473 /K 8 TR AIMbR ML SLER, Hodh
k3 Bz EC Ml VNAs A3 ISR A FR i 22
(relative standard deviations, RSDs) 434 81.98%~123.50%
1 0.57%~13.04%, 5T GBT 27417—2017 {SHIFE Mk
ST IEA IR IR BT ) AUFRARER

<102 x10 x10?
081 0.8 . 0.8
5 0.6 NDMA-d6 5 061 T 0.6 NMEA-d3
% 0.4 t 0.4, NMEA T Z 04
02t 0210 =02
0 ' ‘ 0 - N _ 0
76 77 718 19 76 77 18 79 81 82 83 84 82 83 84 85
X107 | PR B B 7] /min %102 {5 B4 B5F R /min 10° {5 B4 B5F R /min ]02 ) A5 B2 15 8] /min
0.8 0.8 0.8
o o o
0.6} NDEA I -
E 0al 5 0.6 NDEA-d4 B 0.6 NDPA D 0 6 NDPAd-14
= 02 | ]:;E 047 ~;:;@ 8;
00— e — 02l JN 0
828384858687 0 8283 84 85 86 87 919293949596 92 93 94 95
e 4B 5 i) /min <102+ {5 BRI 1] /min 107 | LR BRI 1) /min ><102 PREA ] /min
0.8 08|
0.8 1
E EC 0.6 EC-d5 e 06
= 0.6 e 5 061 NDBA D
2 04 204 % 04l NDBA-d18
=02 02 02}
0 /\ 0 0 .
9.9 100 10.1 102 9.8 9.9 10.0 10.1 10.2 10.1 102 103 104 102 103
o L4 £3 s} ] /min <102 £ B3 Bsf 18] /min £ B3 Bsf 8] /min ﬁ?ﬁﬂﬂﬁl/mm
X 2 2
0.8 x10% x10
0.8 Ee 0.8 08
o = 0.6 o NPYR-d4
B o NPIP 204 NPIP-d10 e 061 NPYR 82
= 02 0~(2) 0.2} 02 /\
0 0f 0
10.210.310.410.510.6 102103 104 10.5 106 103 10.4 10.5 10.6 10.7 103 104 105 106 107
; A5 B4 s} 8] /min {5 B4 15 [E] /min {5 B4 B5F R /min 13- B4 15} 8] /min
x10 <102 x 107 x102 1
o 0.8 @ 081 Ee 82 L
= 06 S 0.6+ a4 = NDPhA t‘ 06» -
g 04 NMOR g ool NMOR-d4 2 ) 5 04_ NDPhA-d10
= 0.2 = o2t 02
0 0 J 0p———
10.5 10.6 10.7 10.8 10.9 10.5 10.6 10.7 10.8 10.9 138 13.9 140 14.1 142 13.8 13.9 14.0 14.1 142
1484 15} [8] /min 1584 15} [8]/min A3 B3 15 ] /min 554 5} 8] /min
Bl 2 MuEH VNAs Fl EC [ MRM @3 (5 ug/L)

Fig.2 MRM chromatograms of VNAs and EC in beer ( 5 pg/L)
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F2 MBS VNAs #1 EC L1475 18 . RHRFEER
Table 2 Regression equations, limits of detection and limits of quantitation of VNAs and EC in beer

Hr8 EAeyE r’ L MVE FHl/(ng/mL) o Hh PR (ng/kg) € R /(ng/kg)
NDMA ¥=0.7223X-0.0173 0.9994 1~100 0.19 0.62
NMEA Y=1.6650X-0.0251 0.9985 1~100 0.34 1.15
NDEA Y¥=1.0191X-0.0030 0.9987 1~100 0.26 0.88
NDPA Y¥=0.9432X-0.0138 0.9979 1~100 0.18 0.62
EC Y=1.2366X-0.0092 0.9968 1~100 0.29 0.97
NDBA Y=2.4674X-0.0782 0.9972 1~100 0.18 0.61
NPIP Y=0.6664X-0.0126 0.9990 1~100 0.12 0.41
NPYR Y=1.5566X-0.0335 0.9974 1~100 0.24 0.79
NMOR Y=0.8920X-0.0266 0.9950 1~100 0.16 0.53
NDPhA Y=1.5012X-0.0251 0.9989 1~100 0.10 0.34

=3 MET VNAs #1 EC BERME 55 ZE (n=8)

Table3 Accuracies and precisions of VNAs and EC in beer (n=8)

Htrt IbkF/ue/L)  SFRIEICR % R AR 2%

1 104.93 2.95

NDMA 5 98.18 2.82
10 95.52 2.77

1 119.84 5.39

NMEA 5 95.31 2.24
10 101.33 2.40

1 103.24 5.65

NDEA 5 99.82 2.67
10 96.09 8.63

1 123.50 5.78

NDPA 5 105.76 1.42
10 103.00 3.69

1 93.71 4.60

EC 5 81.98 5.37
10 99.52 5.48

1 114.87 7.79

NDBA 5 111.76 4.73
10 93.41 11.44

1 114.62 10.49

NPIP 5 114.35 8.87
10 110.85 13.04

1 112.52 6.29

NPYR 5 109.31 4.58
10 95.66 7.38

1 114.06 3.80

NMOR 5 99.82 1.85
10 96.10 9.32

1 99.32 3.92

NDPhA 5 102.90 1.75
10 97.49 0.57

2.4 PR

SKAETTY EANTR] SR 28 ANMUERE NS, AE MRS A 2
Wo G5RE B, NDMA & RATEARKH 2 LOQ Z[A); EC Wk
FETE, S H 1.64~6.12 pglkg, MRIREGHIAF] 20 pg/kg; HiAth
HFRPIARAH o 2 08 E RS NDMA BRE(5 ng/kg), #7457
EC FRE (30 ug/kg), MUEH EC FINDMA & B /K% 4

3 & i

AW H T T SSA-DLLME 8 k¢ 5 1 4b 38,
GC-MS/MS [l P s 46 I 0P vh EC F1 9 Fl VNAs B943#H7
Tridie FEZFFEE, R SR G B e R A R
SR, SR R A U, TR R G LN
FTE 358 4 43 B3 M VA v v, O Pl G R o R A
WAV BIFLIM AR R o i T AP e/ N -5 R v T
TEa] 1 K P i T AR, VANs il EC TV 7E A 22 1] 1k 21| 4%
WOV, s3I AR b AR, A AL R R R R 4
Fo ZHRARM. AR, B RTALBEAR  fRT B | P fE A,
AT LAIH L I BC A1 9 Ah VNAS [RIHG I A2, ATl
Rk R DG R 14 JRURS: B 2 R T 2 BT B AL T AT 2511
o %,

SE Mk
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