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(1. JEEUR 2B SRR S TR, T A E A B 5% e SR I 5 4 1l 6 BT i B M SR B =%,
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W E: HEY @A R E(solvent extraction, SE)., /KZE S 7&18 (steam distillation, SD)J3 1|5 23 Bk K
A B (dispersing liquid-liquid microextraction, DLLME)A %21 & 47 4: i ATALBE | F80E IR v M - A (23 -
H K i 1% 75 (gas  chromatography-tandem mass spectrometry, GC-MS/MS)AS M j&l £ H 4% & 11 SV il 1 (volatile
nitrosamine, VNAY ¥, Fo3k  EERRIIA 9 A VNA Fa5E R Zhricd, 251017 SE(H BE-/K M)Al SD
AOTE SR BUOR FNZEIE Sy M T DLLME, LI GC-MS/MS £2 ) )i Wi il (multiple reaction monitoring, MRM)##5{,
PRI, GER J7VE7E 1~100 ng/mL YEFEI N4 VNA &tk AT, #3522 %E0(r)N 0.9920~0.9999; SE-DLLME
AL PR TR, —H I A FE I (nitroso dimethylamine, NDMA)K H FR (limit of detection, LOD)} 0.79 pg/kg.
& ;B (limit of quantification, LOQ)H 2.63 pg/kg, HAt VNA i LOD 24 0.03~0.43 pg/kg .LOQ 4 0.10~1.44 pg/kg,
AL VNA SRR Y722, SD-DLLME AbHE, NDMA fi LOD 2 0.06 ug/kg. LOQ 9 0.21 ug/kg, He
{1 VNA ) LOD 4 0.01~0.40 pg/kg. LOQ 7 0.03~1.30 pg/kg, Al BT HRE LI VNA BRI, B
PR EHSCA 5355 h 89.81%~105.10%, AHXSARIEN 224 2.70%~7.30%. S&i€ % )5 IEHE AL FRAICAR . e
WPELT, SAEif VNA A6 M PRI AIS & AR R 1 e B3R T IMERN S H k.
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ABSTRACT: Objective To establish a method for the determination of volatile nitrosamine (VNA) in salted fishes
by stable isotope dilution-gas chromatography-tandem mass spectrometry (GC-MS/MS) with combing solvent
extraction (SE) and steam distillation (SD) to dispersing liquid-liquid microextraction (DLLME) respectively.
Methods Nine VNA stable isotope markers were added to the samples and treated with SE (methanol water as
solvent) and SD, respectively. The extraction and distillation solutions were subjected to DLLME and detected using
GC-MS/MS multiple reaction monitoring (MRM) mode. Results Good linearity for each VNA was obtained within
the range of 1-100 ng/mL, r? were ranging from 0.9920 to 0.9999. With SE-DLLME, the limits of detection (LOD)
and limit of quantification (LOQ) were 0.79 pg/kg and 2.63 ng/kg respectively for dimethylnitrosamine (NDMA);
LODs were 0.03-0.43 pg/kg and LOQs were 0.10—1.44 pg/kg for other VNAs; the qualification fast screening could
be met with this combined sample pretreatment. With SD-DLLME, the LOD and LOQ were 0.06 pg/kg and 0.21
ug/kg respectively for NDMA; LODs were 0.01-0.40 pg/kg and LOQs were 0.03—1.30 ug/kg for other VNAs;
quantification for the samples with VNAs concentrations below the concerning concentration with this combined
sample pretreatment. Overall recoveries were 89.81%—105.10% with relative standard deviations ranging from 2.70%
to 7.30%. Conclusion This method is low cost, accurate and provides a valuable reference for monitoring the VNA
risk of salted fish.

KEY WORDS: volatile nitrosamine; combing classic sample pretreatments; salted fish; gas chromatography-tandem

mass spectrometry

0 51 &

5 %% M P i iz (volatile nitrosamine, VNA) AR sk
PRS2y O) | el i U S i P O R S S T
—REFZHOBERTE Y. BT E) VNA FEEH
A ) R ID T R 55 R M A% R T 3 A A S 1 A A
28Ty AE TR R K g 0O e s e BB B
WARIBEA WAL — H F % (nitroso dimethylamine, NDMA) |
P Al 3 B 3 2, FE B (nitroso methyl ethylamine NMEA) | WV fil§
Fe - Z 3 (nitroso diethyl amine, NDEA) ., 3V i 3 — P 3 i
(nitroso dipropyl amine, NDPA) . V. fi§ 3 UK BE (nitroso
piperidine, NPIP) , ¥ fif %& Wt #% %¢ (nitroso pyrrolidine,
NPYR), W filFM Mk (nitroso morpholine, NMOR), WP fig3k
T B (nitroso  dibutyl amine, NDBA)FI.filf 3 —FE i
(nitroso diphenyl amine, NDPhA), H:7" NDMA . NDEA ¥
2A 2KEUY), NDBA . NPIP fil NPYR 2y 2B EEUEY) . i
R, BEE SRR R, ATE SRR IR R
Wi, FHOCE N VNA SRCs ik ks, — =%
WP SER iR S

AT, B A DCRES h RUR & VNA, £
1 BB TGS B ARE SR B, RS - A aeks:
%% (gas chromatography-thermal energy analyzer, GC-TEA)!'> |
KM 8 3% - S % (zas  chromatography-mass  spectrometry,
GC-MS)!¥ | S AR (- B K i (gas chromatography-tandem
mass spectrometry, GC-MS/MS)!" 2 i bl €33 - A3 K i

(liquid chromatography-tandem mass spectrometry,
LC-MS/MS)22 & 25 4 ¥ S 3% (high-resolution mass

spectrometry) =Y 2T AR SE AT

R SR AL B R — R A IS, R AR A
R R K 755 2818 (steam distillation, SD)45A VK K 2
B (liquid-liquid extraction, LLE)FI & Mk 45 19 /7%, =& GB
5009.26—2023 (B dhH N-EAEHEAAL APl )
1 FERTAE I 57k SD B HEGLIE Ve T . ALK
LT NILE, AR EAR, J54: LLE it fifE & H
e R, SD 454 T M s AT [ AH 25 X (solid phase
extraction, SPE) | 5 # &b B 45 & 40 BV T AE B
(dispersive liquid-liquid microextraction, DLLME)\*! |
QuEChERS* 2 11 B 127 £h b7 412 B 48 7 AR #2307 45 Sk 47
TE BT X [ 25 0 S A ARl i o (RIS AR SPE /MRS
NDPhA 7K A M FFfANBEGENR, {0E 82> VNA; QUEChERS
M E TR IO L8y 8, (HERTE ZEXT IS FR U
TR, TR AEAERERT 1 [A] f , DLLME J2& HAT A 4L
BT NCNTAET 1 mL), WAREEOC . AHOR AT B4%
WEREA BT S, HRAERRT ST (8, (R 253 iy 1 i
AR S BARY R BRI A BB T BRAAL LR
— AT R R, {HRFA S NDPhA Fil NDBA A
FE, I E (B AR BSOS BEAS: Hh s {8 1 28 ML 4 7 79 $2 L (solvent
extraction, SE)J7¥EH SD Jrik, AL H VNA 5R 2K %
W, F454 DLLME ST E Mk, saRiE,

ARFFREXT VNA 15 5% SRR 55 85 1 T sl fa e
2234/ SE Ml SD Jrik, 435 DLLME Jrii i &,
TR GC-MS/MS Ry Bt | s R AR e R R
B AR & s, TS R &
SE-DLLME Ff 4 HiTALHE, LA NDMA hy 3% HFR# VNA
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AR PR RS vk 57 SD-DLLME A & i Ak #L ) 5
R VNARERTTE, DI REIRSCI AR, S
B P2 A AR P S

1 HR57®

1.1 M NESHF

BIBRES,, MY S E

Agilent 7890B-7000C Y AH {7, 73% - 5% I BT HE 10 Y (3
Agilent Technologies /A rl); Centrifuge5810R LAl (1
Eppendorf 23 #]); IKA MS 3 basic IJiEIR 5] #$ (i IKA
Zvw)); FSH-2 AJ R 5 5 3 34 ST AL (5 M ] AR B WD ),
BSA2248 HL 43 M K (FEFE 0.1 mg, 0.01 mg, Jbaige L
WiBh A AU A ), B K E R MR
POMEX A Fl); 50 mL #k} .08 (FH [ BIOLGIX A Fl).

SN . BRIREN (o Bl 254 BRI B A
), —EHBPk. . PR (@i, 32E MREDA
Technology Inc /A F]); NDMA, NMEA, NDEA, NDPA
NPIP. NPYR. NMOR. NDBA #il NDPhA {RAFRIEGR
(2000 mg/L, ¥ HIEE, £ o2si 24 H]); NDMA-d6
NMEA-d3. NDEA-d4., NDPA-d14, NPYR-d4. NPIP-d10,
NMOR-d4, NDBA-d18 1 NDPhA-d10 B4 #4E [l Zh5
ICYIPRUETA (1000 ng/mL, E[E Accustandard Inc A H]).
1.2 LWHEE
1.2.1  AR/f R B s

TBUE B O TGS FEE TR A B v VS W R 9 i e RIS R A
CRA PRUEE AT | mL, 4300 H EEAE BE 28 10 mL 255
AP, SRR 51 200 pg/mL #1100 pg/mL KRS
P 5 R B A (R AR IC W, 1 M & W, F
FREIIBR P18 °Chififr, Tk M. WANHIR S PR
Hh EIRCRITERE [R5 RARICHIR AR A AR, FH A
FERAAIOIAT, PR EERY 1 ng/mL . RIBREEEBH — 5
H e B RIS, Brak s 1. 5. 10, 25, 50 1
100 ng/mL, FeE RN ZAric P =k B350 50 ng/mL.
1.22 HeaE

(1) SE-DLLME

FRECS gCREH 4 0.001 @)Zbis iR ke i F 50 mL
B0, A 20 pL FRE R R bR IC YR A AR HE TR,
R IA 10 mL FUEE, 30 mL 27K, FH i s pLyy i 200
B G SR), 8000 r/min #5.0> 10 min. 7 BP¥4> B545. 30 F
JZEE MR 25— 50 mL B, A 2.5 g BREREN,
PROTE B ETRE M, M AR R 2R PGEE A 1000 pL
AW, MmWEER, R E.OE S, R 1 min,
8000 r/min #.0> 10 min, 32 LJZ/KH, BUF)Z 100 uL —
A TR A I R P R

(2) SD-DLLME

FREL 100 g ByEAE S 3] 500 mL 285800, inA 1 mL

FasE R RbRCHIRAPRME TAER . 100 g #4lik . 50 g
FAbEh, FTORAHS), TR ZER, WL 200 mL
FEIRE, 15107608 B 40 mL 281V T 50 mL B0, i
A 2.5 g BRERENIGFE ) LB A0 i, UEAT /SO
HL, AR
123 MBELEH

()&%

DB-WAXUI 4 #%4(30 mx0.25 mm, 0.25 um), WA
JZ 35 °C (1 min), 10 °C/min F}% 90 °C, 30 °C/min J} &
240 °C (6 min); ZNRAEA, R, i 1 mL/min;
PEFEINEEE 190 °C, #EFEEE 1 pL, AUk,

Q)4

i, 725 di A (electron impact, EI), HEFER 70 eV, &
TFURISE 230 °C, fE4IZIRIE 250 °C, DUMLFFHLEE 150 °C.
22 0 Wil (multiple reaction monitoring, MRM )34l
SEIFE 1,

&1 GC-MS/MS ZEMZE VNA #] MRM £
Table 1 MRM parameters for the determination of VNA with

GC-MS/MS

H b %%H‘J‘ MIRET wifEsE cEET EHET
[fl/min  (M/2) leV (M2) (m'2)
NDMA-d6 7735 80 5,5 50.2 46.1
NDMA  7.741 74 5,20 44.1 42.1
NMEA-d3  8.170 91 20, 15 74.0 46.1
NMEA 8174 88 5,5 42.1 71.0
NDEA-d4 8418 106 8,8 46.1 88.1
NDEA 8418 102 20,20 56.0 42.0
NDPA-dl4  9.305 144 5,5 50.2 126.2
NDPA 9343 130 5,5 113.1 58.0
NDBA-dI8 10219 176 55 110.2 158.2
NDBA 10267 158 5,5 99.1 141.1
NPIP-d10 10379 124 10,10 46.1 94.2
NPIP 10396 114 5,5 84.0 97.1
NPYR-d4 10.503 104 10, 10 74.1 58.1
NPYR 10514 100 6,6 55.0 70.0
NMOR-d4 10712 120 5,5 90.1 60.2
NMOR  10.718 116 5,5 86.0 56.0
NDPhA-d10 13990 179 25,25 1772 175.1
NDPhA  14.012 169 15,25  168.1 167.1

1.3 HIEAE

IR B R . B AE =BT Mass hunter
Workstations Software B.07.00 #F47; FIEALH 55011404
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i FHl Excel 2021 #47.
2 ZERE5H

21 HEALCEBEHMNRE
2.1.1 SE-DLLME 7 ik 42 B 7 # ik

e R A BE I, AT VNA AU 2K
Wb, VLSRG #FRGH, Wl DLLME Jrikit i
AR BOR & 4P Hr i B XK . FE I SEE |,
AT AR T AR S P AR B R AR R AL, R
PIRRBUN s, BRI RO VNA F R 2 KIE R
b, RS T BN R VNA BRR, #L T
SE-DLLME 4 &4 S AT AL H 7 75

b SE 554 DLLME FiA3fEE, =BG
A—E LB R R e 2, DAsR PR BOECR, R A 7E S Sk
DLLME HBEZI5-8FMEA . (RIMAZES4 DLLME
i FEE VR W 5 2, SECCY AT, ks
AIE R PEE, AFE AR FE VNA {55005 5200 I
B 1, BEREE BRI, VNA {5500 5 B I L G
LIRSS IR, MRS R 25%0T, RIT S
P, JREE BRI BT, ZEEGR G b eV A B b
K, 53 DLLME B 58 F e 23 B0/ N 1380 A8 22 e
3, TERR 25% H B 9 SRIUA A

18000 - s NDMA —=—NMEA —+—NDEA

I T

0 25 50 7.510.012.515.017.520.022.525.027.530.0
R /%

1 RS X SE-DLLME & 43R 152
Fig.l Effects of methanol content on the enrichment
effect of SE-DLLME

2.1.2 SD-DLLME 7 k48 | & Fo R8RS S 0 5 2
AW IE—4% SD 5 DLLME #H7H 3d &, o
T SD-DLLME HAGFEMmATAIE ik, 5 ilre Rt
XML A VNA ERIER, ARFFREFRFERSY 100 g5 4
i VNA #5028k, 2 GB 5009.26—2023 ( &/
YAFEFERME &h NSRRI EPRNE ) s
B 200 mL, {HE TR WAL R MR A RN 5
Hiric¥m b e i, 58 R REENAMHT, 5
BURFARFRIG G, SCASIF 8 BUZE 1M 40 mL FF DLLME,

2.1.3 SE/SD-DLLME 7 ik 3 BUAA 44 4 52

WFFERM, AGRRREN B, S BN ARG, it
IKVEMHREY VNA #HT DLLME, 3575 7 i B re),
EAERRNER A £ T LARR IR 4y i B 5 200 R B AR oA
WFFE LA B e M AEBGN, DABRER B9 A4 Bh 3, 7EMRn &
HFif47 DLLME. fifbryZEIac[1.2.2(1)] LR =
R TAERCOEA T Tihie, XBEAEER. XHTF SD Jr
ARG EE R, FLRBA AR BRI s, 25 h B
Fr VNA VR BE 0 AH X 55 i, S5 S e R R R S A T R AT
DLLME Hf AN B A H B, 2, B 8171, R mT 245
EM DLLME & 4ESCR, ZEBUH & e H & dsi b 8 br
1 1/170,
22 (UESHEHRHE

L5 G PR AL BT I, AR SCHR[251RI[301 0 JEhil 1 iF 1T
TR, Lm0 1.2.3 /N5, NDMA & H i
IR, DFF R, ZEBOGR Y NN - B L
JiZ (N,N-dimethylformamide, DMF)y5 4 A] 44+ NDMA
K ilaE s T4, BT DMF 5 NDMA BT 1 Fe F 2 1
JT % LU 0 B B0 A A R, AR A3 B B N AR X 4, X2
NDMA A6 75 22 44313 R A ) B R AR SR AL O 51 T,
oS M THR AR Y S, A AR R 0 B,
WE 2 FiR; RS ST B4, oA Ay
e A& WL, WL 3.

74.0->44.1, 74.0->42.1

AHXT B /%

5

4

3_

) f
1

0

o S I 1 1 1 1 1 1 I
73 74 75 76 7.7 78 79 8.0 8.1
{4 £4 Hs} 8] /min

£: 1. NDMA; 2. DMF.
2 NDMA #il DMF ) MRM 4} %5 & 15 4]
Fig.2 MRM chromatograms for separating NDMA and DMF

23 FHAEFEN
231 HMEXFZ, BERFEER

R R AR MR T RN BRI, BT
VNA BB BTN 1~100 ng/mL BHAYZEPE, 25 RAHL R
B(r’)k 0.9920~0.9999, Litk KR REF, W& 2. LOD Al
LOQ 3l iof S BRFE f RUINBRBE 5 (G, 4% 3 A5 A0 10 55
W E TR, S5 R8F 3R 2. i SE-DLLME #4174
AbEE 7 LOQ 5 F GB 5009.26—2023 Y LOQ (1 pg/kg),
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74.0->44.1, 74.0->42.1
x10?

ARXT /%
O—=NWAULNOA

6.66.87.072747.6788.08.2
{5 B4 BsF 18] /min
80.0->50.2, 80.0->46.1
x10?

X R/ %

6.66.87.07.27.47.6788.08.2
£ R R[] /min

130.0->113.1, 130.0->58.0
x10°

N
S 12 NDPA
210t
o8t
B 06T
= o4l
03| A
0 FaN A
82 8.4 8.6 88 9.0 92 94 9.6
PR ER i) /min
144.1->50.2, 144.1->126.2
x10?
s sl NDPA-d14
i 4+ /
# o 3l
P
> 2 L
E i
0 M
82 8.4 86 88 9.0 92 94 9.6
£ B s} 8] /min
100.0->70.0, 100.0->55.0
x103

AR ERE /%
O =N W s W

9.8 10.010.210.410.6 10.8 11.0
LR 5} 8] /min
104.0->58.1, 104.0->74.1
x10?

AXT /%

OS—=NWhUu

9.8 10.010.210.410.610.8 11.0
{583 Bt 7] /min

88.0->42.1, 88.0->71.0
x10?
0.8
0.6
0.4
0.2
0

NMEA

AR /%

7.07.27.47.67.88.082848.6
14 B4 Bt 1] /min
91.0->46.1, 91.0->74.0

NMEA-d3

L.

7.07274767.88.082848.6

PR E 5 ] /min
158.0->141.1, 158.0->99.1
x10°
S 14t
21 NDBA
£ o8 S
m 0.6}
= 04t
02f
0

9.8 10.0 102 10.4 10.6 10.8
LA 5[] /min

176.0->158.2, 176.0->110.2
12

© x10

o 14} NDBA-d18

=0

#oof

oL

=< 0.8+

Z 06}
0.4L
02} Q /
0

9.8 10.0 10.2 104 10.6 10.8
LR B4 15} A] /min

116.0->86.0, 116.0->56.0
x103

AR B /%

9.8 10.010.210410.610811.011.2

1 B3 i8] /min
120.0->60.2, 120.0->90.1
x102 '
e NMOR-d4
S 30t
=ost
#®20[
= 15}
= 1ot
0.5}
0

9.8 10.010.210.410.610.811.011.2
{4 B4 Bisf 18] /min

102.0->56.0, 102.0->42.0
x10°
1.0
0.6
0.4

0.2
0

AT/ %

7.47.67.8 8.08.28.48.6889.0
{5 B s} ] /min

106.0->46.1, 106.0->88.1

x102
25F
20F
1.5}¢
1o}
0.5

0 ey
7.47.67.8 8.08.28.48.6889.0
{5 B4 st ] /min

114.0->84.0, 114.0->97.1

NDEA-d4

AR BE /%

Al A

AR B/ %

9.8 10.0 10.2 10.4 10.6 10.8 11.0

LR 5[] /min
124.0->94.2, 124.0->46.1
x10?
= 30 NPIP-d10
] 2.57 -
4 2.0[ /
= 15f
E 1.0[
0.5[
0
9.8 10.0 10.2 10.4 10.6 10.8 11.0
A4 B4 1] /min
169.0->168.1, 169.0->167.1
x103
24
=)
3
= 15
* 10
0.5
0

130 135 140
£ R 5[] /min

179.0->177.2,179.0->175.1

x10?

© 25¢
2.0 NDPhA-d10
ﬁ 15F /
X 1.0[
05 C

0F

130 135 140
LR ER 15} ] /min

&3 US4 pg/kg VNASs JEEEE G B MRM £ 3% 5]
Fig.3 MRM chromatograms of salted fish samples spiked with 4 ng/kg of VNAs
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Table 2 Linear relationship, limits of detection and limits of quantification
= SE-DLLME SD-DLLME
Hir¥) LN r? M YE FE/(ng/mL)
LODs/(ng/g) LOQs/(ng/g)  LODs/(ng/g) LOQs/(ng/g)

NDMA Y=0.855296X-0.022381 0.9970 1~100 0.79 2.63 0.06 0.21
NMEA Y=2.300455X-0.071157 0.9927 1~100 0.07 0.25 0.07 0.23
NDEA Y=1.317327X-0.012517 0.9920 1~100 0.21 0.70 0.01 0.03
NDPA Y=0.977224X-0.054314 0.9948 1~100 0.03 0.10 0.01 0.03
NDBA Y=0.999638X-0.063746 0.9996 1~100 0.30 0.99 0.10 0.18

NPIP Y=0.701370X-0.004989 0.9997 1~100 0.15 0.51 0.07 0.26
NPYR Y=1.202337X-0.086733 0.9992 1~100 0.43 1.44 0.40 1.30
NMOR Y=0.169045X-0.022076 0.9999 1~100 0.35 1.15 0.05 0.17
NDPHA Y=1.408790X-0.032250 0.9997 1~100 0.34 1.14 0.04 0.14

T X2 R E R RAR L S R L, Y 2 5 AR R L R il A3 R T AR LE; A6 PR (limit of detection,

LOD); & R (limit of quantification, LOQ).

{HIEMETF GB 2762—2022( & fh & 4 [ FARHE £ 5 s
YIFR R ) LT NDMA (IFRR 4 pg/kg, BEMATALEE
10 min P AT SERE, AT S A0 7 i NDMA B4 P PR 1 75
L, ffi ] SD-DLLME FfhAb B, ZEARHFSE 100 g ke A2
4T, NDMA ) LOQ A3k 0.21 pg/kg, A 2 AL
ST i 5 R i B S8 LA, PR T KRR 2RI AL P B
FETTTHRRE SRS, 80T A4 DL v T SR i 1Y)
HE—2E N

232 miFEbRELAEEE

P IBRFEAS 25 3545, SOARBIFSE 2 BERE S AR IS AR RK ™ i rh
NDMA (B3, Z0 @ Ik 3 KF 6 B HEA T hnpslal
WS ss, G5 WLER 3, MEFHPFOR R ATALFE, SRR
89.81%~105.10%, HHXTFRIEMm 20 2.70%~7.30%, 1L T4
ST A VR HR I R AR SR 2, LA T R A A B ROKG

eAh, BFEIEFEA T IIA 9 Rk E [ Zhric
Bt e Ay PR, BRI 22 AL sy 45 BRI A IE, #R4E
TR AT DA XA, {45 2 A i R 3 9 3R AR A KT

P TRl 22 O i e A AR TR, PR s R BROK
®3 AR RLCIREY T R R A B (n=6)

Table 3 Accuracies and precisions with 2 kinds of sample pretreatment (n=6)

e, A5 A B AR f

AR By 7 PRI TRk (ng/kg) BT 3 /% RSDs/%
NDMA -, 99.40, 100.50 -,5.20,2.90
NMEA 98.10, 103.50, 103.60 7.20, 6.40, 3.60
NDEA 98.20, 96.60, 104.10 7.30, 6.41, 3.58
NDPA 105.10, 102.60, 103.50 3.50, 4.00, 3.61
SE-DLLME NDBA 1,4,20 100.70, 100.10, 103.10 3.90, 5.20, 3.10
NPIP 99.60, 102.00, 101.00 470, 4.10, 3.40
NPYR -,98.20,101.50 -,3.10,3.70
NMOR 98.90, 102.40, 99.60 4.50,2.70, 2.80
NDPHA 100.40, 100.60, 101.20 3.20, 4.00, 3.20
NDMA 95.91, 97.59, 90.18 5.40,5.21, 2.90
NMEA 99.82, 95.51, 95.63 4.20, 3.40, 3.30
NDEA 97.30, 90.28, 89.81 3.30,3.41, 3.60
NDPA 98.76, 101.10, 102.80 3.50,4.01,3.20
SD-DLLME NDBA 0.2,4.0,10.0 97.70, 95.89, 101.90 2.90,5.02,3.10
NPIP 98.79, 96.65, 93.84 3.70, 4.10, 3.40
NPYR -, 101.00, 91.33 -,3.10,3.70
NMOR 97.14, 92.66, 92.04 3.50, 2.70, 2.80
NDPHA 96.87, 100.10, 100.70 3.20,3.80,3.10

RN AR, TR, AXT AR (R 2 (relative standard deviation, RSD).
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2.4  SCRRAESRAVEN

Xt 21 AN S (R Rl 2SR KN BE
SE-DLLME #b#, LIBRAE{EAZ X NDMA SR TS
KPR PRIFASI A SD-DLLME Kb FREAT 2 AR, 2845
R 4,458 B8 SE-DLLME Ab B, A 2 M5 NDMA
T BREE 4 pg/kg, 5 SD-DLLME A3 K6 1 25 5
—2.

R4 FIHERETCIES AR AT VNA B NEER
Table 4 Determining results of VNA in the actual samples with
two sample pretreatments

FE & G TR /(ng/kg)
" VNA
= SE-DLLME SD-DLLME
1 NDMA >4 10.65
2 NDMA >4 12.17
3-21 NDMA - 0.47~3.37
1-21 NDPA, NPIP - -
NMEA, NDEA,
1-21 NDBA, NPYR, - 0.30~3.89
NMOR, NDPhA
3 % i

ARG T SE-DLLME Hil SD-DLLME F 5T dt
PR RaE R R FBE-GC-MS/MS L0 1 5 5 A6 I Jal £ v
VNA W, SO EREL WV . RS R, Wi
G VNA IR A 8 k5% . Horp,
SE-DLLME Jj ik & Pk, REMSTH 2 A FE i NDMA
HER VNA G ERA R 752, s HAE 2
FORE il R, AR e R 2 S i, 1 0 — 2B S
¥ 0F; SD-DLLME 75, W4 SD Al DLLME 47 7 A 345
&, AT SD FRABACBER K . & VLR AR T
NS, XCEAET DLLME AR A ML /DN
BILH, Al R VANs & o] e ke 2 A I Al 75 22,
B TRRE DT IR ARAT IR e . E— ST R IS Y
fAISAM VANs $BUT s, FEsEMAHE PR . IRE AT
SR A BRI JEFT DLLME, 228 7 ik R & 8 i £ 2
e,
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