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Evaluation of uncertainty in determination of malachite green in Carassius
auratus by high performance liquid chromatography-mass spectrometry

CHAO Wei-Jie’

(Food and Drug Inspection and Testing Center of Hebi, Hebi 458030, China)

ABSTRACT: Objective To evaluate the uncertainty for the determination of malachite green in Carassius auratus
by high performance liquid chromatography-mass spectrometry. Methods According to the provisions and
requirements in GB/T 19857-2005 Determination of malachite green and crystal violet residues in aquatic products
and JJF 1059.1-2012 Evaluation and expression of measurement uncertainty, the sources of various uncertainties in
the determination process of malachite green were analyzed. Results When the total content of malachite green and
leucomalachite green in Carassius auratus was 7.852 pg/kg, the expanded uncertainty was 0.726 pg/kg (k=2) at a
95% confidence interval. Conclusion The influencing factor of uncertainty is mainly the sample preparation process.
KEY WORDS: high performance liquid chromatography-mass spectrometry; Carassius auratus; malachite green;

leucomalachite green; uncertainty
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WL SEE . B E ) N IR A 25

Al FAEAZEAT IEREEREMsIREE, &
AR o> X IR 8 P AT A B R LIS, IRk T E A X
BB B R ER L A S R LU A LaR s
AR, PR, S G I 592 ) HER P B 5 S
B . AFLEESET S T T FLAE A SR A (R AN R S
TR, A5 O R € 3 AR I LA 7 S AR
TTHEE, FEo b T2 SR ny B 3 oA i i
B+ R (liquid chromatography-mass spectrometry, LC-MS)
S H TR 2558 AR 5 e e i i 1)) 3
% GB/T 19857-2005 H#2E 5K LC-MS M2 /K7 i L2
AT EOFLAE ALK R 0.5 kg™, BUSBEER R
FEVRL BT IR PR 5 S £y AN 2 B A G e 8320

IS CNAS-GL 06 { fb=F43H1 Hr AW 1 FE 1Y
A4S R ) SR JIF 1059.1-2012 (IR HE BT E 5%
7 ) DO ot Y SR e R e A 4 £ PR LR 0 B R T AN 8 1
38T, LA & B0 AT BB LA A S RN et 7L A I e &
MR, A HH S0 5T i R Rl P 5 A % -

2 MRIEEE

2.1 X5

6470 =y A5 035 H3 B T A (36 [ R BHE A
PR/ F]); Sigma 3-18KS i3 R .00 HL(E [ Sigma A F));
Milli-Q #4lizk #$ (3£ Millipore 23 ]); SK-1 HE RS %
(G AR AR AT PR Fl); RE-2000A fife % 2% K A (5 F.
AR T); KQ-400DE i 7 /K 7 (B 1L R 7 (L A
[EZNEIA

LR s BEALERSH100 pg/mL, £l FFFRE R
BHIFUEIAT), AL A SR AR L E AR EE>95%,
AL SRR AR LIREE(FRIESE, 92 Fisher Chemical 22
Ay, BB, R4, £E Honeywell 24 ]).
22 TWHE

FREXZ 5.00 g O 4515 (9 T 85 80 46 300 F 50 mL 25,0048
H, A 200 uL INFRERIEVER, A 11 mL OBE,
B 2 min, 8000 r/min =) 3¢ $EHL 30 s, 4000 r/min &5.0» 5 min,
ISR 25 mL WEE T, SIE— 50 mL .08
A 11 mL ZJf, VeI Tk 10 s, PR ART— &0
Erh, BRSO E PR TTTE, BEREY 5 min,
4000 r/min B> 5 min, FIERA IR ELZE 25 mL
M. MWARMPE 5.00 mL BESARMECH 5 mL
GG R PEE AR R AR |, 25 mL W 4RI HE
4 mL ZIEEU PR, s T I, 45 °Clief
ERREBA mL, FREHAZEEEE 1 mL, BHE% 5 min,
JINA 1 mL 5 mmol/L ZLFRE%, #8573 1 min, FRRZ 0.22 um
TS U S A TROR € 3 - R IR T s

2.3 {UEFEH

{6154 ZORBAX Eclipse Plus Cyg (2.1 mm x50 mm,
1.8 pm); JEEAH: ZNiE+S mmol ZFREE=80:20(V:V); ¥iiik:
0.2 mL/min; ¥Ei 35 °C; #EkER 5 pl; SEEEENL

HUBESS B9 T ESI, 8 0RE 12 Uming IEET, 2R
I W AR 28 (multiple reaction monitoring, MRM), Jitit i I
ERE TN LEAS miz 329.1313.1(EEE F).
329.1/208.1, FafafL2E A4k miz 331.3/239.2C = E ).
331.3/316.1, SACFLAEALE miz 334.2/318.2(F BB T).
334.2/213.0, SiARBREFLAE Fr4k miz 337.3/240.1(E LB T) |
337.3/322.2.

3 HER5SH

3.1 THEEHFER
P B R IR S E ik, RE SR ALE A PR LA A
LRARER B TR A Ok
X = CxVx0.001
mx 0.001
A

X—iFE PRI AL 4319 & &, ne/ke;

C—itFE P AR 2 B, ng/Ls

V—if e 2 AT, mL;

m—iHE i, g

0.001—FL {7 i 3 R4K
3.2 FHAEEXRIR

A BRI R AL, 5 RORORE € T - H I T D
il FLAE A7 S AN S B R IR LA 44 D5 HT: (1) s
HE R LR O i AR B AT B (2) AnifERR RIS 5]
ABIRHERE; (3) FEAhaTAb B & B AR FE AR R A e 2
IS LA E BE (4) B AT S M & 5 LA B AN 2 S
(5) TAR IS B | AN 22 434
33 THEENEWITE
33.1 ARE KB H TR T I RHEE S E ustd)

(1) PRAERE &R B AR R 2 FE ug(std))

LA AR LA AL PR TR A 100 pg/mL,
FCARUEY) BTUE AT b R ASHA 2 B2 /2 0.08 pg/mL (k=2), L4
A Gk R Bt LS A Sk bR UE TR IR A S B

0.08
2x100

(2) e () B R RS A AT 2 B u(std,)

1 pg/mL IEAARHER R B FRARZE 1mL IR
43 IEL 100 pg/mL FRHERG & RTLAE A G R aFLE A
%4 1.0 mL F 100 mL FEIHT, 2BE5.

D1 mL BRE BB 5] AR E R ustdy )

JIG 196-2006 & B ES EH 80 E LR ) 7)) PAARZE

u, (std,) = =0.0004 .
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1 mL Z WA (A FO) R 25 222 +0.007 mL, BUETE /216,
RS B A BRI XS A0 2 B 45K

u(stdy_) = 2297 ~.00404 .

\/§ x1

QOFRMEAR EZS TR 100 mL AL AR E
JE uy(std,,)

JIG 196-2006 {4 FHBL 3 BE 2K LA ) 1171, 100 mL
ZEAM(A B2 7225 H+0.10 mL, BUFRTEM 0, 75
BB AR AT 22 B At oA

u,(std, ,) = 70'10 =0.000577 o
' 3 x100

QIREEAEALS| A BT BE ul(std,.)

ST AR LTI LR (2044) °C, 20 °CH 2 iR
FUZAK REOH 1.37x107°, e R 51 43 A 18 i B 0 3 5 |
AR AR AN 72 BE A

U (std,_y) =+ 1:37x0.001

NE)

=0.00316 .

@A LI FEA A
DAL 3 A3 OGBS H )3 9 e A 5 A
AN 2 JEE 23 O :

U, (std,) = /Uy (stdy_;)2 x 2+ Uy (stdy_y)? + Uy (std_3)°

—/0.004042 x 2 +0.0005772 +0.00316% = 0.00655

(3) ArAERMKEL N B | AR A B u (stds)

K FEL R4 1 ng/mL ARG ZJf5+5 mmol/L
B Z R (1:1, VIV)ECHIAL 20, 10, 5. 2. 1, 0.5 ng/mL ¥
PR RN AR, o A AL A AT AT B L 2 £ 2
(IR R 2 ng/mL. FB AR T 200 pL Z5 W4
1Y%, 5 mL ZIBEWRASASEL 5 mL /KFH 2 7k, 5 mL 21045 %
B4 mL AR 3R, IAERZE 10 mL FEIEHP . WHAR
T FEAT LU 5 4L

D200 pL FARZIRAE 5B AI & B

JIG 196-2006 % SIS AR MR ) U7HRLE 200 uL
BRI (A MR 222 7+0.003 mL, BETE/> i,
220 B B W 5 | N R R R A 2 3 oA

0.003

Bros- 0.00866 .,

@5 mL ZI| B A 5| A AN & i

JIG 196-2006 & DY 38 F 2 A6 2 MLRE U HLE 5 mL
ZIFEW A (A G783 f22% 4+0.025 mL, BUETE /i, N
Z B R WA R I 5 mL 1 4 mL VS LA SRR S o B 43
TN

ur(Std3—l) =

Uy (stdy_ ) = % ~0.00289 .

U (stdy_, ,) = % =0.00361 .

310 mL A5 1AM A2 B

JIG 196-2006 (& FH 3% 38 B 2 40 MR ) U7
10 mL (A ZORE L 25 9+0.020 mL, BUEIE 345,
DU SRS 1A B AT AN 2 A

U (stdy ;) = 7%03100 ~0.00115.

@WRSEAEA A S

ST TR AR AL I R R (20+4) °C, 20 °CHY 25 Hy 4
FUEAK REOCH 1.37x107°, $5 R 51 43 1 R % 3 5 |
A B AR AN R B

U (stdy_) = 4><1.3\7/%< 0.001

OARA A

Ph b 4 a3 AR, WIARHE R 900 B 18
TR AR R AN A2 B i B O

U, (std,) = U, (tdy_;)” + U (stds_p 1) x 2+ U (stds_p_5)?
T k34 u,(stds_5)* +u,(std; )2

=0.00316 ,

=0.0132 .
x3+0.001152 +0.00316>

g5 B, PR b L R b g AR E B S
T IR A
u,(std) = \/ur(std])2 x 2 +U,(std,)? +u, (std, )

~ \/0.008662 +0.002897 x 2 +0.003612

—J0.00042 x 2 +0.00655% + 0.01322 = 0.01475 )
332 AAEEMERIE TN T EESE ull)
¥ 3313 I RIVAR A W B ML, B vk AR
LR, 25N 1,
NS HEM 26 y=bCi+a
ey | AR TR TR PRI TR A

Ci—5 | MR R TR B e
b—&l%;
a TR .

FLAE A BRI B LS A SR 2k o6 R e BRI/ T
I 25 S5 51 h : y=0.5647C;=0.0313, r’=1; y=0.4927C;—
0.0192, r’=1,

W LA H LR Co BT AR OR B B

sy 1,1, (€ I ) PGyl N By oY
ub=, ,p+n+z‘s:l(cré>2’ SO =

o u(L)y——mH A B Co B = A BB RE
S(y)——F% D FEIR A TR LA AR e 2R (bt i 22,
p—FF SRR A 5B R, p=2;

N——HRIEVE IR I 5 B UCER, n=6;
iR PHER U T AR D B g T AR LA

b—— ¥, HAH N 0.5647 F1 0.4927;
a——H 8L, HAE M-0.0313 F1-0.0192;
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Ci— o 35 W T L A o i 00 £ 8 T 2 1 o J¥, ng/mL;
®1 ALEAZNREFLEARITERTIFRKAIRE RN K AIEHER

Table 1 Corresponding peak area of malachite green & leucomalachite green standard series solution and internal standard solution

FLAE ARG (AL A B YL Cl(ng/mL) 0.5 1.0 2.0 5.0 10.0 20
FLAE 1 ERIE HTBUAs 12896 26745 53616 139089 279071 560490
SRS A BRI T As; 49269 49161 49385 49826 49846 49721
FLE A 2 55 L A e T AR LA 0.2617 0.5440 1.0857 2.7915 5.5987 11.2727
e £ LA A ST B/ A 19828 41479 82463 211079 422019 848129
SRR LA A SR BV A 86089 85829 86619 86657 85757 86270
W fL 28 A 2 5 L AR s T AR L 0.2303 0.4833 0.9520 2.4358 49211 9.8311
9 o R T U L A 2 B (0L 1 R A R B 25 FRTR, FESLETAL PR R g | A BN E B Ay i
I 4448, 6.4 ng/mL; i FH 5 FIAR 2 KoM
) ng/nfio e h L O s fa AL A SRk, u,(P) =\/Ur(Pl)2 FU.(P)? 40, (P)? +U (P,
W3 1 BRI A FRAR, HEETILE LGSR =+/0.00005772 +0.000693 +0.00577% +0.0404> =0.0408 .
@ILAEG 4 U4 B 0.0211 ng/mL F1 0.0208 ng/mL, il 334 HeZAHMNEIANGTHAZLESE UR)
FLAE 1 R (LA A5k u(L)=u(L)/Co 4151 0.0105 A BIRE LA SEARSHMA TR, o7

0.0104, TREREL B NILE GGG OILE LSS R i B A PN G VR . FEBHERE S RN 4 ng/kg
A, PEZ RN SN s, bk RIDACPIORLAE ARG EALIR AR, ORET 1 6 Dl

A BRI A A PR L8, X LS R T ST, PR BE AL AY
> > ABRHERE it 6 IREER PENE SR 25 R LT 3£ 2,
U, (L) =~0.0105% +0.0104% =0.0147
R R ° FT2 AMHERPILEAZNEEILEAZHNIRER
333 HaRal I RHEESE u(P) Table 2 Experimental results of malachite green and
(1) BERFRE MR UES | AR E E uP)) leucomalachite green in negative samples
FREFES AWM HB 7R EIER PRk RERN fLeerist BEflEas
L 5474 B A = :
0.5 mg, FESWIEN 5 g, HIS MR, AR AR Ericd T R wkE AR
ARHERE R u(P) a0 05 40000577 fughkg) % /g/mL) /%
) . 33000 1 3.806 95150  4.073  101.825
(2) FESVEARZE 25mL W5 AR E B u(P,)
UG 1962006 {1 5 B F A A ML ) U7 2 3.873  96.825  3.968  99.200
25 mL @%#ﬁ(A é&)ﬂ@@%ﬁ%ﬁiOOS mL, EY%EJ?%HE, 3 3.819 95.475 4.044 101.100
- . 0.03 4 3.860 96500  4.003  100.075
DU ILAENT AN BE A up(P) = =0.000693 .
J3x25 5 3.837 95925  3.995 99.875
e S S A S
(3) FRAMES 2 1 mL HEI/\E/JT%’EE Ui(P3) 6 3802 95.050  4.033  100.825
JIG 196-2006 { # FH 3 38 5 2540 e MU U721 mL
BARN-HE 3.833 95.82 4.019 100.48

HEINA SN ERE 22 H+0.01 mL, BUEE 04, WHAH
0.01
XA B BN P,)=——=0.00577 .
IRBRERAER: U (P) NERY! AHEE UR) 001188 0297  0.01546  0.3865
(4) 1 mL SAAREIAE 5 IR AHIE L u(Py) M ARHRE U(R)  0.00297  0.00310  0.00387  0.00385
JIG 196-2006  H FHBEHS R 2R 2 MLRE U THLE 1 mL

R (A ) 0 B B 10 S0, B, I A
ARRREA Mﬁﬁ%ﬁ%mo%?’ B, KLU, LA 5 I o FL A 7 5 T O 1

RS AN 12 o H ur(P4):m=0.O404o AR AT E 43520 0.00297. 0.00387, FHTF#F
i a RN LE A SRR afLE G Z M, BEZEAR

DL SE IR b 22 0.02909  0.727  0.03787  0.9467
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B dn 2 4 R R I A 4R

510 &

AELER DG B AH DG 5, 5ORE B S PRI 5 5 T A X
AN R B
u(P) = J0.002972 +0.00387% = 0.00488 .

3.3.5 AeAREICE TG R A E 0 F u(Re)

FE% 2 AT HIFLAE £ SRR O FLAE T 4RAE 4 pg/kg TN
B BE KT (A [T R 4331 °A 95.82% (n=6)F11 100.48% (n=6),
HE CNAS-GLO6 k27 3T AN i B i 1Al F i U kA 7
T K6, BCEEHHER 95%, M T A/NTF Tops=2.571(H H
JE df=5), MRS 1 2 Ef B2 5, W2 Ry E
ORI AR E L [CZ WA

EE/AECH% AT AALAE A SRR L FL A A 0 T (B
u

SR 14.077 F11.229, WIFEE2E AL A SRnpR [l R
BB HX AN 2 B

u,(Re)=0.00310,
34 AR AHAEEITE

16 3.3 W 5 DT EF08 2 AURTEAE A e M BiA S v
55, WA E E A R R AR

" C)- \/ur(std)z +u (L) +u,(P)

+U,(R)? +u,(Re)?

0.0147% +0.0147% + 0.0408>
- =0.0462 .

+0.00488% +0.003107

35 YRAMBEE UITE

MRS L A g S REAEARZ S /EN
7.852 pg/kg, HA BB HEAHAE N

U(X)=u,(C)x7.852=0.0462x7.852=0.363 pg/kg;

3 RATE B AR U=kxu(X), Hid k=2, EH
U=0.726 pg/kg.

4 &

0 3 X A e L R (RLAR R AL A S A
W FE I 7T, A BN 5 14 F2 2R IO R AT AL B 7,
LR TC i b v ph 2 5 R R M il 24D 5 e A, TR A
SEPESZIG AR IS5 AR AN 58 B0 L A 2k
SRR/ o BRCPE L ARG A v R 3 8 P L e B 1Y
i H LA/ AT RES A BN AE JBE, DT PRAIE S 36 235 SR A o
k.
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