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B F, x| KB, dRAERG, IOk R ORS
(CRIETTAR SR W s il o L S 85 3 AR IR BT, RAJRIE 150030)

# =E: B X QuEChERS-HH {4 it - %1% ¥ (gas chromatography-mass spectrometry, GC-MS) N A5 & &
D V™ 1 P S B B B O TR TR E BE VA . 5% MU CNAS-GLO006: 2019 (k2% b AN
JE FERITEALHE R ), 43T QUEChERS-UAR €135 50 1 100 FH PR o i G DN g 7™ ] il o STV A e S 0 3 82 AN A o
BECUE, G AE A N- P R A e AN o B VP (R BRI T 12 40 B O T A A Bt o R DR, 115
B BN A BE R TN 2 B . 255 QUEChERS-SURH 335 - T 3153 T 0 2 7K v SVl i () AN o B8 E 5 6
AR FCH RV ER G A B B, BT IR S | ARG B, Aol 31 52 PRI 5 5 1 A BN B2,
TAEMEING B AT E B, bR B E 51 RARTRE BE, KRS A S 5] A BRI E o 2400 i ™ &
T 5 i 24.46 pg/kg I, §7JRAHIERE R 2.08 pg/kg. G5 A& T QUEChERS-UAH (3% BTk
FH PR S 0 T 7 1 it v STV Je ke B RO AS A 52 JBE A, S DAY S5 DR 1 ) Jo B O 5 SR o i £
HET AR
KEIF: A EE- BRI QUEChERS; N-—H 3LV i file; 67 fh; AH0EE

Uncertainty evaluation of N-dimethyl nitrosamine in marine products based
on QUEChERS and gas chromatography-mass spectrometry

LIAO Xue, LIU Chang-Fu, ZOU Chun-Miao, WANG Xiao-Jing, ZHAO Lan"

(Institute of Physical Chemistry and Toxicology Inspection, Heilongjiang Provincial Center for Disease Control and
Prevention, Harbin 150030, China)

ABSTRACT: Objective To evaluate the uncertainty of the internal standard method for quantitative determination
of nitrosamine residues in marine products by QuUEChERS and gas chromatography-mass spectrometry (GS-MS).
Methods According to the CNAS-GL006:2019 Evaluation guide for uncertainty in chemical analysis, the sources
of uncertainty for determination of N-dimethyl nitrosamine in marine products by QuEChERS and gas
chromatography-mass spectrometry combined with internal standard quantitative method were analyzed. According
to set up the mathematical model for the uncertainty evaluation, it confirmed and simplified the source of uncertainty
from the determination method, as well as calculated the combined uncertainty and the expanded uncertainty. Results
The six main sources of the uncertainty of standard samples in the determination of nitrosamines in water by
QuEChERS GC-MS were the umcertainty in the preparation of series of standard solutions, the uncertainty in sample

pretreatment, the uncertainty in the measurement of sample repeatability, the uncertainty in linear and regression
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variance, the uncertainty in the measurement of spiked recovery, and the uncertainty in the deterction instrument

itself. The content of N-dimethyl nitrosamine in seafood was 24.46 pg/kg, the expanded uncertainty was 2.0 pg/kg.

Conclusion This method is suitable for the uncertainty evaluation of the determination of nitrosamine residues in

marine products by QuUEChERS-GC-MS internal standard quantitative method. It provides a basis for scientific

evaluation of the quality of genotoxic substance residue measurement results.

KEY WORDS: gas chromatograph mass spectrometer; QuEChERS; N-dimethyl nitrosamine; marine products;
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IV fi¥§ ¥ (nitrosamines, NAms)7E H 2R AP AFAE T3
Z, wEY . flhh . M SRR, wi
TR S R IIE A 1 R B L E RS ML & 9
S R B s AL dp > i s Boe v,
W) AR AL AR R B, o AR R 8 TR 6 7™ T 52
My, SEEFEE(U.S environmental protection agency, US
EPA) 1 25 & W K {5 B & 4 (integrated risk information
system, IRIS)EL ¥ N-—F L3IV if % (N-nitrosodimethylamine,
NDMA)E N 2A BECEY, 25 EWEAHIE T HEWENE
S FREXFHHATEERT, 2019 45 8 A, TRETZLEE
PRI AATAAESS 25 WA S A5 2 o 7E 596 HLRAE S b
11 HERONEARFE S, Hrh b K N-ZH B A e 55t H A
EREFEM 4 LR, HAEIEER SIS K= h 5

£ 0 OIS R A A P E R A 3 A KRR
FAEL) | BAAERGE P AL SR BT A AR S BURE
K. FAPIRAE AL BT SEBUAFNEAER . AR
FE LA RS FHE R AL B B 1 AR S22 T A w kU
) QuEChERS $2BUAH LRI 7 vk, R MNbRIE € e
T T B e, AS i R, VRN RED, b
OCRGE, REUE T, 8T A ] P A,
G B 2762-2017 #rifE (B EZbrifE &l dis g
BRI K Al N- A i A PR
4 pg/kgtl, RGNS AL T2 5 A R PR AR, A
W25 SRR 7 o S S B AR T R BRI, N TR
WD PPN A B BT i, AXSCLA CNAS-GLO006: 2019¢ 125
S BT AN S B A IEAGFE R ) VORI JOF 1059.1-2012 (5
At e 53R ) VR, X1 3EF QUEChERS-GC/
MS PR 5 T 7 ] A N- B SR B 5 e A TR
B BEVEE, X G 3o ok 2 T ek A ) EA T 2 1400, AR
o DU B 45 TR Ak SRS

2 MREREE

2.1 X5
Agilent 7890A-5975 K AH {2 i i 315 B¢ X (25

il

Agilent Scientific A H]); fAi%4E: DB-INNOWAX(30 mx
0.25 mm, 0.25 pum, ZHERFHEA R F]); Multi Reax R iE
PR% I (TEE heidolph 23 F]); AllegraX-15R &L HL(3E E I
TN
22 RIS

N- F L TE At iz -d6(1000 mg/L) . N-— 3 Al e (b
WEZR W 2000 mg/L) (3£ [E Accu Standard 23 F]); @& bi(
Reali, S5 1T Baker 2\ H)); PSA B3R (40~60 um, “ZHEE
BHEARAT); GCB #A (120 ~ 400 H, FiEAEMEA YR
), Cig BRGS0 pm, HIEEMEAYRE HO); oK
TRERBE (3B 4k, 7 L RHE RO FRA F); 0.22 pm A LT I8 AR
([ DIKMA A ).
23 EWHE
2.3.1  AREIER G

FRUEHTER: 50 pL e PERERR I ER 25 uL N-—H
LW AFHE (2000 mg/LYFRIER R E T 10 mL A&+, A
AR ERBERZZIE, B S pg/mL AR R o

WFRAIE: F 50 pL fdt JERE R R 50 uL N-—H
FEEANE-d6(1000 mg/LYNFREW T 10 mL 2+, H
ZHAR R IE R 2 A, B S ng/mL AR RN

FrdE TAEW: F 100 pL fce R o3 3 BUbn i v
[E]7 10, 20, 40, 80, 100 pL FHESBEREMA, FEH 50 pL
AL ERE RS2 A I FRARHERE AV 20 pL, &% 1.0 mL,
Bl A% 20, 50, 100, 200, 400, 500 pg/L {37l b i
RN, Fh ARy 100 pg/L.
232 HSAra®

Z AWK QUEChERS BifAbHI T % FREL 10 g
FEGT 50 mL .04, mIEPoiA 200 pL AFRHA,
JIA 20 mL 4 B3R BGA W, EIREIRG % L R4
30 min &, 7E 6000 r/min F, .0 5 min, ¥ HE F-18 °C
UKFETA R 12 he, BUH, AERMERRET, HaiE,
HIEREHE 10 mL AEH, HoE@R R ER 2L,
FESIREW . BBUFEM 5 mL T 15 mL .04, rmHhm
A 200 mg PSA, 200 mg C;5 30 mg GCB } 200 mg Fo/K
MgSO,, WIEZEHIRE), 1E 5000 r/min F, B> 5 min, B
EERGS 0.22 um JEME, _EALINR,
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233 BLE4 3 ZBRE5SH
@3 5 @igAE: DB-INNOWAX(30 mx0.25 mm,
0.25 um); FHEHEL: 50 °CAE4F 8 min,RE L 8 °C/min 7+ 31 THRAEERIRRI ST
£ 170 °C,Z2J5 L) 15 °C/min FF & 250 °C, f#4% 1 min; it QUEChERS-GC/MS PRI 5 ¥ 777 1l s o 14 I g i
FECIREE: 250 °C; Wik: 1.8 mL/min; 2} dERE: 433 LL PN A B ok AR A M . N- R A e
5:1, YA WL B AR | d6-N-Z H EL RS B AR I B FE e 1
R BBy BB B FREEE: 70 eV: VEHMZILG . RO BTARE  FE S IR [ R A A 2 B £

FURTEE: 280 °C; fLHIZRIEE: 250 °C; ¥ A ZEIR: 3 min;
AR EHEE FHii(selected ion monitor, SIM); it
WRESHILR 1. d6-N- WLk € MBS+ 46,48,
SETE BT 80; N-T ULV A E M B 2 42,43, E
¥: 74,

24 HFRAWEST
AR BT, 135K NDMA & B 5E FY
ReA R

CxV,
m

R, X—HE4h P NDMA 14 +, ng/ke;

C—MbriE TAE M Zeh A5 B A FE SR NDMA &%
H, pg/L;

V— I WO AR, mL;

X= M

GG AT E B . A E BRI E 1.
32 THEENSE=E
32,0 BEAAEERINNGANATERHACTE (A
32001 N-ZH A e v ) R TC 225 LA PR RE XS A o A
EE Uei(2)

T HE LA R A I VA L AR 3R bR v R A
B, 50 uL B 10 mL 255 | AN 2 13
32111 ARAER B A T 4 RS TR A A v f 28 R T
W RE A 2000 mg/L, N-— FF LV il e AN 72 & "4+10.97 mg/L,
JLUR NG B Y R 1] 78 bt RS A WANG K SRR AT N - A

10.97 mg/L
el (B = 00 mglL

32.1.12 50 pL A piE il s KR 22 4+0.3 1L,
B TR (= A3), 50 uL BWess | AT E BN
U(A)=0.173 pL, R 50 uL Fiass | ARIAHSS AR E B A

=0.00548

S 1 T
m— R FRRERL, g (@) = 3L 6 00692
25 uL
*1 RERESH
Table 1 Mass spectrometry acquisition parameters
AR Y HE 3| FE T T ERET
N- W 7l i NDMA 11.251 42,43 74
d6-N-— F JL 0 fi i d6-NDMA 11.325 46,48 80
o FE TR BES | A BN B
FRMER | AR T ) B
(uy(4))
FEmfE —

PR AL ——>
<— WIREIRELE

T G P

< IMASRBRAR

BER —\ o A

/< EMes AEE& /\%Iﬁ;ﬂﬂf’&

& [ kR W EE
(u,(O) (u.,(S))
1

Fig.1

TAEMZAE

(u (D))

N- P S AN 0 2 SR O

Source of uncertainty for NDMA measurement
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3.2.1.1.3 EREFBIAMHMFRERTEE Ua(as)o
(1) 10 mLA R B IR R A VFiRZE +0.04 mL, ##%

BB (=3 ), 10 mL A 228 R A 1 AR RELR
XFBRAEAT N
0.04 mL
10 mLx~/3
(2) WAV BT 9250 28 R R (2043) °C. MR 5
BRI 25 1.37x107° °C™!, ] 10.00 m Z5 R E AR 1L
51X AR AN 2 43
Uy (™)  1.37x107 " x3 x10mL
Vio - IOmLx\/g
M) 10 mL 25505 | A BRI ST AR AN 2 BE Ay
Up(8) = Ui () + U (s, ) = 0.00331
DU N- Z, F5 50 i e o D) 3 T 5 5 ) PR X s T AN A
EJE U(a)

u, (@)= \/uzrel(q )+ Ut (8,) + Ui (85) = 0.00943
3.2.1.2  WPREETRECLE S AR AHXT AR AR 2 Ue(b)
d6-N- FFF I NI il Joe o 4 Y Y T, B A 2 2 Tl B v
JRARRE, 50 uL B WA 10 mL &3R5 AR EE .
32.1.2.1 FRUEYIFIER TS AR d6-NDMA i & i
il ¥ B2 24 1000 mg/L, AHfiE B 7+2.98 mg/L, W NARE R
5B AR XA AN R B A
-t

3.2.1.22  MH 3.2.1 AI, 50 pl Bk es 5 AR E B
Ju(A)=0.173 uL, PIFRIIAESIABYARFAE X bR v A5
ERER:

Upey (85) = =0.00231

=0.00237

U (a32) =

=0.00298 °

0.173u L
ure](bz) = 20“ L

3.2.1.2.3 M 3.2.1.1.3 A[ 4, 10 mL RIS A B A
EERN:

=0.00865°

u,(a;) =0.00331-
DUJ PR 5 T 5 ) PR A X AR TN 18 2 U ()R
Uy (B) = U (b)) + U (b)) + U (@) = 0.00973 =
3.2.1.3  TAEMMZRECE 5| AT U(c)
100 pL B 5 BAIE 1158 B R R AV 25 0.5 uL,
fie FIRABIRIEE, 100 pL B w51 A B BUA I E JiE

%mmp%%m%aEMmuLﬁﬁﬁ%%mA%mﬁK

W BN

u,(c)= [@j x7 =0.00765
100
R, PR N-ZFH 0 Al Rl bn ME VS V5 | A B AR X A
WA 2 A

U (A) = JU’ra (@ ) + e (B) + U’ (0) = 0.0156

322 HaRATA I NG AR AR R A L U(B)
R ity T AL L 55 LA P8 AR KA o AR i 2 3 S ph R
PR AR . INAGREBUR . AR E 2
3.2.2.1  FESFREGIABIHS IR EARTEE Ue(oy)
HERGFREL 10.00 g F5IURE 5h T B IO A 2 TE 15 45
IR R IR2E FH+0.005 g (k=2), HIHAT LIS A B FR i
5 BT B AT 2

u(h) = 0.005 g
T 2%10.00 g

3.2.2.2 A WERD S I AR AISIARAEA T Z B Ua(by)
JIA 200 pL AR T PRSI i iE 5 100 BH L e KB
W2 HE0.8 UL, AL % R (k=43 ), 200 uL B AR5
AR E FE R u(b,)=0.555 uL, BP 200 pL Bk s51 ARY
AR AT 2 A
0.555u L

U (By) = 2001 L
3.2.2.3  MARBUES | A PIAXTFRESE E E Upe(D2)
JIA 20 mL W Gt EG, B FHAY 20 mL B2 i 2% A6
EIEBHEY RAHEE H U=02% (k=2), 175 HidrE e
BUS A B AHRAR AT E S Ue(bg) N

0.2%
U (0y) = D) .

3.2.2.4 RFEEBER S| AR PREARTEE U (as)
HIEFE R 2 10 mL 245 B0ih, S bie A E 4]
B M 3.2.1.1.3 AL, 10 mL #5005 | A BIAXE AR H 2 B R
u, (a,) =0.00331
DRI, A3 5 AL P 55 | AR X o v AN 52 B 1B

Uy (B) = (/Ui (b) + U (b, ) + Ul (By) + U (8, ) = 0.00444

3.2.3  EMCERE TN A8 AT R A L Ul (C)
TERE SR PRI — B VR BE 1 N-— F L7 Al e b VEE VA TR
A5 B RT3 S AR b e i 25 . N-HH A 6 i
Fr [\ R4 50 91.5%, 99.0%, 97.0%, 98.0%, 101%,
103%, ks ECRFI{E A 98.25%, RSD 4 3.67%.
FEit: ug(C)= % =0.0150
RO sk, (PR Toss,
U (R)

(JIF1059.1-2012 LA E BETE 5 2R ) VT st 0,
BEAREIKFEH 95 %HT, T95(6)=2.45, I, T < Tose), R AT LA
ZWEATT .

3.2.4 AR 3 A2 5| AR ARAE R T JE Up(D)
FESI IR I ER, AR E S E WA 3 K, R
HRBR ) o 0 TR RS N AR TR S T (B, N-HETE
T MEARLA R R UE [ 9 5 28 Y=2.066X-0.0371, 3 2 MhnifE
£ e 551
PP A T 2R SRR i v v B R AN 2 3 A

i l+l+ﬂ (1)
CGby P NS g
2.(¢ -0)

=0.00025

=0.00277

=0.001

urel (D) =
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Table 2 N-dimethyl Nitrosamine working curve measurement results

A=A m/A W
Wi H W PE /(ng/L) C=C /C 4

1 2 3 T8y
20 0.2 0.39 0.40 0.41 0.40
50 0.5 0.85 0.84 0.88 0.86
100 1 2.09 2.11 2.14 2.11

N-H T A e

200 2 4.16 4.19 4.14 4.16
400 3 6.17 6.15 6.12 6.15
500 5 10.27 10.24 10.29 10.27

A b A AR AR, n g B e < B U
P AR i I R A I R Co BRI B (L, ngrke;
C W BFRE PRIV, C kbR 128y 7%
HAOAR A W A IE (. pg/mL; Se-fUE TAREHIZR
AR I 22, P 23X 2 SR A

o

A n ORARAE 2RI E B RS y LA TAERZ £
BT 5 P A I TR N R ) I TR R AR, B A /A
C AL B TP A BRI s IR BE, ng/L; b LA TAEHZ
BIRER; a AEIE T/EMZIRIE, &R A EE
A 2 S $5=0.904 FRKE s AR 1R
AR IRH AR S AR R RREAH 2 N Ua(D)=0.0121
325 HaE L HNEIIAGAEST R EE Uu(S

R A R 2 BEVERE TR A 1 F A MR 5 A
AN S A T AE o

FEACEATINGE 6 WK, 45505 3.

I ™Ms

Eyi ~(a+bai)]? @

n-2

® 3 THEERERMHER o RAUELR
Table 3 Results of N-dimethyl Nitrosamine content
of the samples

i H N- 3 0 il

n X X —X (% —xf
1 22.87 -1.69 2.8561
2 24.75 0.19 0.0361
3 24.25 -0.31 0.0961
4 24.50 -0.06 0.0036
5 25.25 0.69 0.4761
6 25.75 1.19 1.4161
X 24.56

b2z ih DL ZE R AT s= =0.988

e E A IR Y N- ST e A X v A
S
U (S) = _
EitE R, (S) Tnxx
AT ES BN T 2 JE Ure(E)
BN ETE 1515, 24 k=2 I, A 3543 - B s e A A
Xﬁz:ﬁﬁ%g?‘j urel(E):0.03 °
33 EHAIAHREE
5| AR AN B T8 01 A 45 5 TR e A L 22 [ SR A% 1
ST, AN E R s R 4.

=0.0164

3.2.6

£4 BTHEESTBER

Table 4 Results of each uncertainty components

AU ey AR AR AN E P
o v VS YRR A 5 | A PR
FRfE R B HratA) 00156
i A4k JARXTFR
G H'Ji;if;;?;*ﬁXTfT Ua(B) 0.00444
DRI E 5| AR b
W Uet(C) 0.0150
PIA L T RS AR
P Urei(D) 0.0121
Feh B M B AR
I Uret(S) 0.0164
SIHTAER S I B AT 2 Urai(E) 0.0300

DU it v N S SIS e 0 5 245 2R 1) - FIARH 0 s v
AN E BE A
u, = \/Uzm(A) + U et (B) + Ut (C) + Ukt (D) + Ut (S) + Ut (E) = 0.0425
u=u,xC=1.04 pgkg
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34 TRABEE
ST I A 2 R X R, A BT A
Z A4 A B R A F UL X R], B2 I S5 R A R X
(37 B AT AE B, WEITEY R E . e EE PR
B, 95% B AF MR T B 7 k=2, NI &45 Ry
ANHAE
U=ku=2.08 pgkg
3.5 METHEERE
QUECKERS-“CHI(a - K A, R My bl
HOE R AR N- U R AR A, AR N-—
LV A e & 25 2R N
C=(24.46+2.08) pg/kg, k=2

4 FHR5L

AICX QUECHhERS-UAR @3- Btk FHE A, R
RV T8 7 1 it v N PRI J 5 A D R A
INZE R TATE LT, WANEE SRR, WA
B 5 BE DTk R A8 20 B A IS 5 A AN E B, R
SERERRE D | PR BRI R | IR G AR
AL o FERNATAL S AR AN E B fe A 45 R M
ZIN o T AR JE X N- R R ST e 00 3o AN E TP A
I, 025 AR F B 5B AN S BE ik, A I X AG
AR AT RCHE BB A A, TR A H R e R SR . JF A
SIS AT I E BOUCE, B v bR RS vERR B2, A
T PRIEAS 285 R B R P . LA ARk BRI R L AR A ETAL
PR AN A —E DTRK, R BT AR 25 vk
S, AR BTN i B S PRk BE K, bR B R 2Rk
T, [, fESPrffad e, Seae A B0 ks 14 i AR
e, ML HRE, IS LR At A%, BRI E L, 4
LRl E AR s

SE MR
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