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i E.BH #5BTFeE-ob@ibnain v s Sk, AiE QBASHE 10156 AR,
VAR EAAT R (12 mmol/L) AT 5 46 kil , R A4 TAE AR, A Ag/AgCl IS b W ARBE X, Bk P &3 = S A0k
W XtATseml, R ZF L S5~200 ng/L R ERE NERLARIF MEARKR £0.999, ZFExTaiEL
E AR A 3.5 /L, EERA 9.5 ng/L, SRR ER GIEHR, E 10,30 250 pg/L A mARKEKF T ebik &
F91.7%~102. 0% %7, B AARXTAFAEMR £ (RSD) £ 2. 2% ~4. 8% Z 18], B &l RSD £ 1.5% ~1.9%Z W, A7 x5
GB 5009.36—2016{ R %A B X4t RHAAY AN E) PR MEHFHITE ZEREFLLHFEL
(P>0.05), it #ZAFBRETHRM LR SREHTE,ER T LRGBS P RS GEN

KR 9\, BT Gk hob s, il
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Development of an analytical method to detect cyanide in Chinese liquor
by ion chromatography with pulsed amperometric detection
WANG Zifei', MIAO Hongjian', LUO Pengjie', SUN Tiehu’, ZHENG Xiaowei’’, GUO Jie*”
(1. China National Center for Food Safety Risk Assessment, Beijing 100022, China;
2. Nutrition & Health Research Institute, China Oil & Foodstuffs Corporation, Beijing 102209, China;
3. China Oil & Foodstuffs Corporation Biotech (Beijing) Co. , Ltd. , Beijing 102209, China)

Abstract; Objective This study aimed to develop an ion chromatography-pulse amperometry (IC-PAD) technique for
the identification and quantification of cyanide in Chinese liquor. Methods The real samples from local markets were
diluted to 1 : 10 with ultrapure water before being injected to IC-PAD. Potassium hydroxide (12 mmol/L) was introduced
for gradient elution. Silver electrode was utilized with Ag/AgCl composite reference electrode mode. Three potential wave
forms were also involved in the study. Results This method showed good linear responses ranging from 5 to 200 pg/L with
satisfactory linear correlation coefficient of 0.999 9. The limit of detection ( LOD) was 3.5 pg/L, and the limit of
quantitation (LOQ) was 9.5 pg/L in Chinese liquor samples. For different types of Chinese liquor, the recoveries of
cyanide in fortified samples (10, 30, 50 pg/L) were from 91.7% to 102. 0%. The intra-day relative standard deviation
(RSD) was from 2.2% to 4.8%, and the inter-day RSD ranged from 1.5% to 1.9%. The comparison between this
proposed method and the GB 5009. 36-2016 method showed no statistical difference (P>0.05). Conclusion This
technique was performer-friendly and exhibited high reliability and accuracy, which was suitable for the detection of cyanide

in real samples.

Key words: Chinese liquor; ion chromatography; pulsed amperometric; cyanide
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SKIMAEHT, CB 2757—2012( £ 5424 H Fhr e 7%
TR R EL e ) O R T R R AR A AN
it 8 mg/L(LAFALEIT) .

H AT, 3R B P S U R iy ik 32 B A 1k
N RIS 5+ 05307 SN W/ RNt - SN
B ke SO B Y Bk
R B — S RUAE BRI R P AR et
JEW: G2 FE i & pH H FE SRR SR 2, SOM
T R A A B DL T AT AT AR BRE
BRI N BB R AR DL B, B
Wk A TOHR A A BRAE T R A T = D A AR
PR ARG S AR T R PR
HER 35 FH T R AEAS 5 rh 50 1 i o ff 1 75 0K
DRI, A 2R A0 2 3 o SR R A O 45 A B B R oY
Bilt, 2551 IR VRS R X A I 25 SR i s ), ST T
FAPS H 8 € 3% ik o 22 3% 0 2 AR 0 A A
WIJ5 s, ADy i nl EEzERE o e S AT AL B G| K
(ARG e BRI, RBUE &, B A KAl
FE S EALY & I TAE

1 #Rl5AE=E
L1 FEAE S5

1CS-3000 &+ 3% A (B 45 EG Ik ¥ & 4=
#) ED50A HLAL A &% (HL 75 Ag TAFE M . pH/
Ag/AgCl ZEZ FLH AT Ti X HE AR ) 0 B 32 [F 2%
BROGHER

K EUS ST AT R HEY BT GBW (E) 080115,
CN ¥R 50 pe/mL, AL 2EZ R BE ],
50 mmol/L AL (g4l , #ai/K (F54 GB/T
6682—2008( 43 BT 52 4 % F /K HLAS Fl it 56y v ) 2
HERI—20K) .

1.2 H¥:
1.2.1 bRy &

FALY (LA CNH) AnvER T (1. 0 pg/mL) 1
TC )« R I AL AR A (50 peg/mL) 0. 2 mL
F 10 mL B, Ak E R B2 ELIRE,
4 CIRAFEH,

FAYI (LA CN™ 1) brdE R 5 TAR R AL . 43
BB ALY (LA CN™ ) FRUEH A (1.0 pg/mL)
0.05.0.1,0.2.0.5.1.0 f12.0 mL F 10 mL & &
o IR AlKE R B2 BELL IR, B sk o ik
¥4 5.10.20.50 100 F1 200 wg/L 6 MR bR 1E
RN TR 4 CIAAF4 .

1.2.2 FEAHTALEE S A

W B RE S 1.0 mL T 10. 0 mL Fe @A i

LK ER 2 10 mL, ARG HEA A s HEAE

FCERFEAIR T FR 2R 8 T B SR B b, 4% B
2 bR M 2RI 08 25 A B ShatE AR
1.2.3 {50

@ik 635+ . TonPac AST11-HC 7374 (4 mmx
250 mm,9 pm) , IonPac AG11-HC f£$"#E (4 mmx
50 mm, 13 wm) ;#5330 °C; PR : 12 mmol/L &
S HR, AR RV M 1. 00 mL/min; #FFE J7
W, Ag/AgCl BG5S LR, Dk b2 55 = b Ao %
JERGI, LR 1,

1 FALYME P =B ALETE

Table 1 Three potential waveforms of cyanide determination

Hif ] /s HLAL/V By
0 -0.10 —
0. 20 -0.10 on
0.90 -0.10 off
0.91 -1.00 —
0.93 -0.30 —
1.00 -0.30 —
H—RARRE

1.3 Geitesrmn

K GraphPad Prism 8.0.1 & Microsoft Office
Excel BT EE A BRI GE 112753 7, P<0. 05 2
ERAGITEEX,

2 #R
2.1 AR

I TP 25 32 Joi v S0 Ak 4 A6 0 ) SR P I i Ak
By — N - 208 IR ek K 5 ke T AT
A G B S ) sl HLI | B A AR G R
HANE A EBR, Ak T 87 655
B, v T A G- T R VA AL B RS B
R % s R R 2 0 JR BR A% TR X 8 7
Tk BRI SE T R R R R AT R IE A
FALYIHE 0. 001 mg/L Y 38% w5 A AU 1715 [l 4k vk
FESHCRERY 1.2.3) DL 4K B 10,50 F1 100 £
J& A S ASR S W (VR BE 0.2 mg/L) | 78 Ho Ak
55 55 AR A B0 F S SL AT 3 WK, 1A
HOF- Y NSRRI AR X AR A 25 (RSD) , L3 2, 45
AR G REAT B 10 A5, 52 B A I [mT
S RSD A, KL, AL 560 BE B B 10 5 | EL 3
FER BT ik mr A 7 vk, B SV TR A8 |
PELE (A DL R i A SR A
2.2 PREEE RS

AWFFEFE A DT L T 75 5 RS B X &5
BRI AR T AR R E R 0.01,
0. 03 F1 0. 05 mg/L MR , B BEZKF- FHJE K
O K 43 53] T ) T A TR BE A 20% FT 50% 1Y
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Table 2 Influence of dilution folds on analytical results 2 1-CN-4.375
S O S A s
10 0.2 100. 7 1.1 a 10
RES 1 50 0.2 102.7 3.9 }g 5
100 0.2 97.8 6.0 0 i
10 0.2 100. 4 1.5 -5 lﬁ
B 2 50 0.2 102.0 7.9 10
100 0.2 97.2 6.9
10 0.2 100. 2 2.3 1833 12 3 4 6 7 8 9 101
B3 50 0.2 9. 5 7.0 | /min \
100 0.2 103.0 9.9 [CS I AR k7 v ot R ERFLE
Figure 1  Chromatogram of cyanide standard solution

VR, ESEE AR 6 YK, AR R ISR TE 90%
LAL(3€3) ,RSD FFARIHRIBERITERL ' R,

3R EENZT BRI ALY R (n=6)

Table 3  Effect of alcoholic content on cyanide analysis
LR T VA VR e B ml e R RSD
/% /(mg/L) /% /%
0.01 99.5~105.0 2.8

20 0.03 96.3~101.3 2.6
0.05 98.6~102.8 1.5

0.01 102.1~104.0 0.9

50 0.03 98.0~101.7 2.0
0. 05 94.2~103.6 3.4

2.3 LAEEH

Fie BB B 1) DU 2 S04 0 % et 0 A 2% 1 X AY
ar AT HOR SRR 5 Bk o8 5.10.20,
50,100 1200 we/L [ RIARAE I, 74 1. 2. 3 1L
ST, DAAS I H bRk B S A Ak A, LA
15 (W TR A A A 2 Tl A v h e 1B, O33R H 4k
PEIRERAHOC R B, 45 R R ik S ALYk
FES5~200 pe/L U NEMRLREE, RPN
0.999 9, £tk 2R v =40. 60x—0. 01496, [r] i} 15
SN F AR AL T IS LA 1,

analyzed by IC-PAD

2.4 fo b BRAE R

PEREZS FIRE S, IS AR A, H IR 1. 2
TrEMGHT A TR, PR L E IR LG (S/N)
3 W KA i A ARG HH B 5 7 R L A 10 B i
I e R, S IRE R R 1.0 mL B 5
R HBR A 3.5 pe/L, RN 9.5 pe/L,
2.5 KR

PEHLE AL 0. 001 mg/L 1) 38% % 77
RUFII0 | 28% 1 7 B [0 A1 35% W A AU 1 PG4 A Ak
T, A3 I A SR bR S T (R 0.2 mg/L) , [F]
HNZELLELZ R 6 W, ELME 3 d, HW RSD
TE2.2%~4.8% 2218, HIA] RSD 75 1.5% ~1.9% Z
), 455 4 S o R R I B I BT P A R
(F4), 3FELTHSIERNO0.01,0.03.0.05 mg/L ¥
FE BRI SR, B NIV B4 1. 2 T i n g
P&, AR 6 YO R iR, g5 AR
(] Wi 3 B 7E 91. 7% ~ 102. 0% 22 18], RSD 1 1. 1% ~
4. 0% 1), 756 A0 A v I AR I i i el g
MIESR (£ 5) .

Fz 4 KEEKMEER (n=6)
Table 4 Results of the precision study
1d 2d 3d o

BEf FHWEE  HARSD  PEWER  HWRSD | PEWGEM HRRSD HIF RSD

/(mg/L) /% /(mg/L) /% /(mg/L) /% /%
38% 57 B 0.192 2 2.4 0.189 3 3.0 0.196 1 2.5 1.8
28% 1 A B P 0.191 8 4.5 0.195 8 3.0 0.197 4 2.2 1.5
35% WA B P 0.1916 4.8 0.198 2 2.9 0.198 0 2.3 1.9

F5  FISCREIZER (n=6)

Table 5 Results of the recovery study

B ANCAH AR BICRIE R RSD
/(mg/L)  /(mg/L) /% /%

0.01 93.0~97.0 1.9

38%FEEM AW 0.001 0.03 91.7~94.3 1.1
0.05 94.6~97.0 1.2

0.01 92.0~95.0 1.5

28%IEF G 0. 001 0.03 94.7~97.0 1.5
0.05 95.8~99.6 2.1

0.01 96.0~102.0 2.8

35%WFIAE 0. 001 0.03 92.3~99.7 4.0
0.05 93.8~100.2 3.3

2.6 SEBRER SR

4 BEAR T 7 14 i Ak B R 48 56 4% 1 o S B
R (LG T b WY 3 A A VS A B FIVR R Y )
AT, 35 GB 5009. 36—2016 ( £ 524 [H %
P B AR A B s ) T R SR S ik
FrHexd, MRIGHMEER (€ 6) TS0 4, 45
BB WIF I LR R 2E R LGB XL (P=
0.991 4,95% B {5 X [d] ;. 0. 021 70~0. 021 48) , &
TRk (E 2) BoRiZ ) kIR IR 547, 6
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6 AFTTENE WA & A (mg/L)

Table 6 Comparison between different cyanide analytical methods

FE Bk AT
FHmA 0. 065 0. 063
FFA 2 0.072 0.073
W Fm 3 0. 059 0. 061
AR 1 0.038 0. 036
WeAR 2 0. 046 0. 044
e 3 0.017 0.019
TEER 0.014 0.015
EAA 2 0. 025 0. 023
ERR 3 0. 023 0.024
12,6 ED 1
1-CN-.4.387

10}

8 L

6 L
g
2l 4
E

2 L

0 L

-3

-04 1.0 20 30 40 50 6.0 70 80 9.0 10.2

t/min

B2 Schrredh G 1 FiE
Figure 2 Chromatogram of cyanide analysis in real

samples by IC-PAD

A0, LR J5 3 068 TR S B 1 9 2 o LA
Y B BAT AR RS

3 NG

ARG T T8 (- ok e 35 A DU
HEAR . T AR B P M, O TR B AR
(R ZE AR AN A 45 i A B O B W RS T L R AE
H A BYRES I 8] A 10 min, 45 A0 A, Ty
E 5~200 pg/L W BEJU N OC R RAF, AH G
FRECH 0.999 9, LM 58, MEw B =, BRUE PEAT .
2T S TSR S A0 (0 Hh s A B R I 434
PRGBS T I SR SR R R
PR AT | O B T 2l i il B 4 Ik i 8 mT RE AU BEOR
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W E.B8 i RMEE A2 S A0k AR G- B (UPLC-MS/MS) Al &5 A5 F 4] € %tk Ao 2R 5 i
FACA Y (LR AR T e AR L 3,5- = F AL B)ME BT, Ak HISLBM R LBIREE
B KB FHiE B o, EFRIAYT pH 1L)E £ PBA/PCX A4 B 48 3 BUAE 416, Agilent ZORBAX SB-Aq #: (3.0 mmX
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R E Bz E NAREEE, BR A EFAE 10~100 ng/mL, 2R B ELSHE 0.2~20 ng/mL SEEH A2
BAFOS M X A2 AKX R (r) 34 0.999, FlEF G BRFZ ZRSHH 0.5 F 1.5 pe/ke; &R e £ L4
Mgt B E BIRS A A 0.1 42 0.3 ug/kg, A EF (1. 5~15 pg/kg) AR B £ 444 (0.3~3.0 pg/ke)
Fom 3 AR LR BT R R AR R FE R 91.4% ~ 103. 7% , 2R d e £ AL A4 69 @ K F 4 94. 3% ~
108.2% , #3447 4 2 (RSD) ¥ /0 T 10% ., G518 Ak AR MAR Rt RHUEZH DR ERHFH S,
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Determination the residue of ribavirin and adamantanes in poultry food by isotope
dilution-ultra performance liquid chromatography-tandem mass spectrometry
XIE Ji’an, LIU Bolin, ZHAO Ziwei, WANG Xiuli
(Anhui Provincial Center for Disease Control and Prevention, Anhui Hefei 230601, China)

Abstract ; Objective An isotope dilution-ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/
MS) method was established for the determination of ribavirin and adamantanes ( amantadine, adamantanemethylamine,
rimantadine, memantine) in pouliry food. Methods After enzymatic hydrolysis and precipitated by trichloroacetic acid, the
samples were centrifuged by high-speed centrifuge at low temperature, and purified by PBA/PCX composite solid-phase
extraction cartridge. The separation of ribavirin was performed on UPLC system with Agilent ZORBAX SB-Aq (3.0 mmX
100 mm, 1.8 wm), adamantanes with Waters BEH C; column (2.1 mmx100 mm, 1.7 pm) and determinated by tandem
mass spectrometry. The method was quantified by internal standard. Results The calibration curves showed a good linearity
between the peak ratio and the concentrations of 1.0-100 ng/mL (ribavirin) and 0.2-20 ng/mlL ( adamantanes) with r=
0.999. The limit of detection of ribavirin was 0.5 and 0. 1 pg/kg for adamantanes. The limit of quantification of ribavirin was
1.5 and 0.3 pg/kg for adamantanes. The mean recoveries of the ribavirin ranged from 91.4%-103. 7% and ranged from
94.3%-108. 2% for adamantanes spiked at three concentration levels (1.5-15 and 0.3-3.0 pg/kg), with the relative

standard deviations (RSD) less than 10%. Conclusion This method was simple, high sensitivity and accuracy.
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