11 55151 B 2 4 o iR A A Vol. 11 No. 15
2020 - 8 f Journal of Food Safety and Quality Aug. , 2020

5

# RS, LE RGN, AWK B &
(ERTBILEMZ AT, HEK  409000)

B OE: BN gAY R P ARIE Y (inductively coupled plasma mass spectrometry, ICP-MS) ] il
BB M. BMEREY Bl Ok ML % S VA EICR SRk, IR IERIE . A R
THMR ICP-MS ¥, [l 41 #LRERE . 48 HLRKTSHA . 28 HEUREME P . B SR, . 3% S i E0Rm
ity SRR T U5 Y BTN R NG 25 G DR 15 e B0 10 X 3 4 S V5 Y I 0 EA A R S [ R
TR 32 1 B bR AE 5 R B PP AL G R X AR AR . R IR AR R AF, MOCRECH
0.9992~0.9999, #iiHFR>A 0.002~0.023 pg/g, “FHIMIKE R 86.7%~108%, HXIRAEMZE R 0.6%~4.8%(N=7).
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Determination of 5 pollutants in tripe, duck intestine and yellow throat by
inductively coupled plasma mass spectrometry and health risk assessment

RAN Jun’, MA Zhi-Pan, LONG Chang-Zhou, WANG Chun-Lin, TIAN Xia

(Chongging Qianjiang Food and Drug Inspection Institute, Chongging409000, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of lead, arsenic, mercury,
cadmium and chromium in tripe, duck intestine and yellow throat by inductively coupled plasma mass spectrometry
(ICP-MS), andto evaluate their health risk. Methods The content of lead, arsenic, mercury, cadmium and chromium
in 41 batches of tripe, 48 batches of duck intestines and 28 batches of yellow throats was determined by ICP-MS with
microwave digestion. The heavy metal pollutionwas evaluated by single factor pollution index and Nemero
comprehensive factor pollution index. The risk of heavy metals to human health was evaluated bytarget hazard
coefficient method proposed by US Environmental Protection Agency. Results The linearity of the method was
good, the correlation coefficients were 0.9992-0.9999, the limits of detection were 0.002—0.023 pg/g, and the average
recoveries were 86.7%—108%, with the relative standard deviations of 0.6%-4.8% (n=7). The results of standard
substance determination were consistent with the standard values of biological standard reference materials. The

single pollution index and comprehensive pollution index of 5 heavy metals in tripe, duck intestine and yellow throat
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were all lower than 0.7, which were in the safe level. The target hazard coefficient and comprehensive risk index were

far less than 1, which did not constitute the health risk. Conclusion This method is suitable for the accurate

determination of trace harmful elements in animal hot pot ingredients, and provides effective data support for future

standards improvement and food safety risk management.

KEY WORDS: inductively coupled plasma mass spectrometry; tripe; duck intestine; yellow throat; heavy metals;

risk assessment
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W Bk WEMRCE e =0, B AT KE Y
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e PSE R - ey e SR NE A CREE
Yy, nlilad P EE R AL B AR, R E R AT LR ik
AR & B A I E . Sh ik i 4 R
AR AMGE L, B, B B R TR
FEAR AR A 2 BT e i BB TR, T O — e YR
JEX N F AR SR HTA G F & LA IR £
JCE B MBS 50, i R L 4 7
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BT, A WE ST S O S A T A R
(inductively coupled plasma mass spectrometry, ICP-MS)K:
Wz, B, Mimth s M LIS E R, JFEES I
FIGYAE R . WD (Nemrow) TG Ye2i A48 B Al H ARG
IKr 22 B0(THQ) 7 146 P41, 45y 4 T 3t 53 W0 JL 775 e K P i fk e
WU, B TE B 2 A AR SRS R, oA ek
SRR PR AT A R A SR P 2%

2 MHERE

21 U 2|

NexION350X H K #E & 55 8 7 K it % X (£ |
PerkinElmer 2% #]); Milli-Q 4 7K AL (3 [ 2% F A ) );
MARSG6 % R (S5 CEM A #)); BS224S Jisrz—H
TR ([ FE L2 R AR ER 28 W] ); GM200 AFEE A (i
FEHA ) o
22 i

THER (P aE, B|PINEALARAF); Pb, Cd, Cr,
As. Hg BICZEARMER (1000 pg/mL, ¥4 (48 M
TR 0); Be, Ce, Fe, In, Li, Mg, Pb, U
JRIE PR (1 pg/mL, PerkinElmer 23 #)); Bi, In, Sc. Y
PRSI (1000 pg/mL, B KA G4 8 KT A8 Hril i

by, YRR MEY) R WS (GBW10018, H [ iRl
2 Bt M BR A BRI BR Ak 25 S A5 AF 5T )
2.3 HmkiERACTE

SR TR A X, EFXFHE AR, BEYI MU
FOERMERE S, 117 HER, FHEIRARIEAE 500 g LA B, Fidsk A
B E O R 41 fHbk, TERAMA G 48 ALK, W
ARFIAS Hh B 52 37 O 28 HEIK

A REERE R, &FBmEIBRESE, BT
OBl B B, 20 CYR kIR AE . FERIRTRIS, MEFRRIL
0.3~0.5 g FE&h, FEEFR GB 5009.268-2016 (il 4EF
PREZIC R I ) PV — ik A Gl T Rk A T, RS
KEARZE 25mL,

24 UEILIEHEMH

T T e 2 AETH AR 2h R 1600 W R, FH 10 min F+
% 120 °C, {R%F S5 min;[F T3, A 8min FHfL % 160 °C,
PR%E S min; H 4 min FHEE 180 °C, £#£F 20 min.

ICP-MS ZMEAb LR . A AR AR faf 7755y
HEAEhR, Wi IR E L, 10 ng/L JHISIA R
AR S EL, RS B2 ST 1300 W, 255+
Ry e 18 L/min, 5403 0.92 L/min, BRI E
1.0 L/min, SREEHE/BEUHE NS, MEREE 45 s, Bkl
FE 900 V, EAIEEL 3 K.
25 HmPEEREEIFNEE

S M T5 Y PRAN 7 1 SRS, A 5 SR B 9
15 YA BT NG E 54 T3 Y48 BOTA 2 Fhor kot
B b 4 V5 Y DL IR

P T R 2 pi:% ()

b PONESR | ARG YRR, CONESR i S
TR, S NEE | AREREE. PR, K2 HER
i BTSRRI TS R MO BB I — R
G B PR ST CIR L, N BE ST WRFR I R Y TTRK, R
Jot ) B < X PR R AR, TR IR R R
A L5 T YA R B TR )

WAHEZ L5 G TN 715 Y s Bt A 2 2

2 2
Pu = (Pmax) ;—(Pave) (2)
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K, P oFoR NI LB T YR EL, P ML FI5 YR
B IR KA, Paye JHLH 715 Y8 B AR BB . 15 Y448
BIEM RN P<0.7 NE4, KZi5Y:0.7<P<1.0
HERLR; 1.0<P<2.0 HREIHYE; 20<P<3.0 HPE
15 3<P<S5, @E LY P>S, J@mE 5.
2.6 ELEEMABREXEIFNSGE

K FH 22 E IR R 3 1Y B bR S F R $ (target hazard
coefficient, THQ)I: AL T 42 J& X A M e B 18y UG 1481, %
J7 1 EEE AL AR A Y T 4 N R A A
N7 114 22 550 o SHe ) Wi A %) R R NI, B V5 S R LA 51
S TRBGA &, For 48— 4 8 i il R XU K 2 e
G IS A KR . THQ #%5X(3)1H55, TTHQ &K (4)iF
B MFEZENT 1, WU REE AR B S 0 X
W, =2, JUAATE R AR

Efx Edx FirxC

THQ it /A THQ=————— 3
Q * Q Rfd xWhab x Ta )

5
TTHQ 452450 TTHQ =) THQ )

i=1

Kb THQ Wi —H B B H R E TTHQ hZFhE 4 Jm 45
BIEFERE E—RERPUREE— A — U, W52 dAF);
E—BFX N (F\ERSIHFELE 2018 BoREa il Har 75.7
%, B = UL A, i E B 72.7); F— NI EYHEA
i, kg/(d-N); C—EYIME LR & (mg/ke, IR
EMARAHAIE); Ry—Z R (mg/(kg-d), %I Pb. Cd.
Cr.As.Hg 4} 0.0035.,0.001.0.003 ,0.0003 il 0.0001)1;
W,y— A MOE YA T (kg, B B R 57 5 18 bk Dl 4
H(2015)31H 61.75); Ta—AE MV 35 Z2 88 ] (365 d/4F
< BHEEL, WPl 75.7 4F).

3 HER5HH

3.1 {UEFEHM®K

ICP-MS il fehZ 2 R E-TIARBERME T
Yoo AT U fr 8 T8 e b 2K
Bk b g oM A R B A S R T, Xl e R
TRl 07 28 164, LASE SR I 2 [ 57 3% 09 A R = B AR S 0,
WA Z R T TR RERV R ER.

XFZEFGr )BT, AR AR SO
HARMATINER, A #E"RAERES T, TR MS 3
FE T B REAR . XS [ B AR T2 AN R AR i SR,
43 SR ST I R T A AS ) s vy %A o

FFAE MS T4, AtRiE I ICP-MS JIE A 25 55 1E
TR ARE A AR RIR A S W N 50 pg/L I PIARTE
B, P M R R I L AR S s R I RS, 5
Yo AR AT AL UE -

25 P BN R i R R I T R YRR E T K v R B AR Y
il A S I, AN SIZ 86 22 SCHR AN bR v L 1), e
H SY%TERR A 2 P HEA T AE .

3.2 fRfERhZ SRR

X2 RN E 11 U3 8 3 A b 22, FEFR
Fit 0.5 g, A2 25 mL, B HEHR 0.002~0.023 pg/g;
BIOLEE LM EN, A RIFMAIERR, HIXRE
()4 0.9992~0.9999, ZEIRILE 1.

3.3 FREMIRIE

VERA W) A PR HER) T 1R (GBW 1001 8) i 7 <2, 45

REPREEIAAERT, FRHITEST IR HE, 45503 2.

F1 KMEEAFE. BXRBME SR

Table 1 Linear regression equation, correlation coefficient and detection limit

TLHE NARTTE ST Ze M Ta I/ (ng/L) etk 1 )y AHIE R B Az FR/(ug/L)
208pp, 20Bj FrifE 0~30 Y=0.011X-0.00096 0.9997 0.005
cd Oy FrifE 0~30 Y=0.003X-0.00085 0.9994 0.003

2Cr *Sc filf 42 0~30 Y=0.050%+0.00362 0.9992 0.023
As 51n filf 42 0~30 Y=0.007X-0.00191 0.9999 0.003
Mg 209§ FRifE 0~2 Y=0.008X-0.00047 0.9996 0.002

Fz2 FEMRMREERNEE k2
Table 2 Standard valuen?;(::r[ir:;:sured value of reference B GBW10018
JLE —
GBW10018 PR {ﬁ/(mg/kg) 52 14 {ﬁ/(mg/kg)
TLE
FRiE(E/(me/kg) 52 ¥ /(mg/kg) Hg 0.0036+0.0015 0.0038
Pb 0.11+0.02 0.10 Cr 0.59+0.11 0.50
As 0.109+0.013 0.106 cd 0.005(Z%1H) 0.006
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& 22 A0 e R 16
WREER . W9HG . B RESLSET, A3 B A — g ik
K1 5 FhOC RS TINRR BEIGR K (n=7). 45 0% P-4 [
WCRTE 86.7%~108%Z[A], AHXTARENR 2 (relative standard
deviation, RSD) A 0.6%~4.8%, WA R B FUKS 235 1 [ 4T,
ERF 3,
35 HRNESER

e E B xR E & MR E AR R NY/T

15132017 S it 3 & nT 2 AR =ik )M GB 2762-2017
(iR Y PR ) S ML, NY/T 1513-2017( 4%
MBS AR P ELSE R, HI,
AWFFEH I ENT 41 #EE L 48 HEWSNF | 28 HEEMRIEAT
3 UCHATR NS (A SE R, SR NY/T 1513-2017 (4 &

34

a8 AR ) SRR 4).

3.6 EAt. BBl RifxP S MEESRBERTFMAME
ZHEARFISRTEN

MRIGGET 4 AR TE NY/T 1513-201 7€ r v B dh &
Bl R ) X E G R A R EOR, SR BT
Pio HIZR 4 B FIAKX (D) @Bt RE S B Win, ¥
e B < SR 4 LD R A £ s e B SR LIAT 1.

GURKRN, B, Mip . BEPR S MESEILRN
FIGE RS O ZE G 15 R B9 T 0.7, AT 22K
15 YR MR, 3 2877 b TP BB RIR 9 15 Qe 5UR /D,
BRI AR 5 YR BT 0.05; A AR A TS e dis 4L
BOR, HrP sk G R BN 0.473, SEAIFRA 2R G154
TRETTI LR, B E SR YORIR.

3 BEEMEYRKELERN=7)
Table 3 Test results of precision and recovery (n=7)
THE A JEAH/(mg/kg) ks i/ (mg/kg) A5 E &/ (mg/kg) M E/% RSD/%
Cr ESit: 0.0632 0.109 0.167 95.2% 4.8
LY 0.0925 0.102 0.189 94.6% 1.0
I 0.204 0.139 0.346 102% 1.8
As Bt 0.0180 0.109 0.113 87.2% 3.2
5 1% 0.0270 0.102 0.128 99.0% 4.6
R 0.0186 0.139 0.163 104% 3.8
Hg EJit: ND 0.0109 0.0118 108% 1.8
T iz ND 0.0102 0.0104 102% 2.7
B ND 0.0139 0.0136 97.8% 0.9
Pb Et 0.0534 0.109 0.158 96.0% 4.1
5 1% 0.0467 0.102 0.155 106% 0.7
R 0.109 0.139 0.252 103% 1.4
Cd Efit: 0.0372 0.109 0.148 102% 3.9
T iz 0.0306 0.102 0.119 86.7% 0.9
I 0.0359 0.139 0.165 92.9% 0.6
FTE: ND FORARAMG Y, ARAG B HRARKS RIS, TR,
F4 HIUEER
Table 4 Sample determination results
i ook POERE emimeke  MslUmekg T RS R

/(mg/kg) /(mg/kg) % %

Cr <1.0 0.0356~5.36 0.273 0.121 100 2.4

As <0.5 ND~0.0400 0.0174 0.0186 87.8 0

Et Hg <0.05 ND~0.0177 0.002° 0.002° 26.8 0
Pb <02 0.0222~0.322 0.0884 0.0758 100 9.8

cd <0.1 ND~0.0663 0.0211 0.0208 80.5 0
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k4
T PRI R RWGER (mgke) WS (mgkg) P Rt R
/(mg/kg) /(mg/kg) % %
Cr <1.0 0.0421~0.983 0.129 0.0922 100 0
As <05 ND~0.0301 0.00989 0.00875 81.2 0
1 Hg <0.05 ND~0.0179 0.00234 0.002° 29.2 0
Pb <02 0.0142~0.399 0.0650 0.0486 100 2.1
cd <0.1 ND~0.136 0.0353 0.0302 93.8 2.1
Cr <1.0 0.0319~0.495 0.128 0.101 100 0
As <05 ND~0.0257 0.00626 0.003* 50.0 0
HHIE Hg <0.05 ND~0.00761 0.002° 0.002* 3.6 0
Pb <0.1 0.0138~0.330 0.0632 0.0473 100 14.3
cd <0.1 ND~0.202 0.0318 0.0213 39.3 3.6
& a RRFM AR T A R, DUSARAS tH BRI, ND S RAa .
BPCr MPas MPHg Mpph MWPCd M PZE
0.50
0.45
wm 040
& 035
A_EE
= 030
1w 0.25
EE .20
& o1s
HEH .
0.10
0.05
0.0

B

7 U
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Fig.1 Pollution index of heavy metals in tripe, duck intestine and yellow throat
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H F DS AR ATl 21 f 5 ] S 8 R U E K
RS NEBH, SN 88.7%, Hk Wi, &
H A 58.5%, FEME AR 18%, I, LABM 0K, it
TV A2 [0 4 58 DR A5 G )y 5K, RETL A R P
X 150 422 JCH I 10 B ek A FH i B A N 8015 100 164 1A
T, BCERRIE 127 0, BAESGSRER, BHAEY4
KA 10~25 kg(Uh 17.5 kg i), Frail st A LIEE R 300
Nite @BEEARI A HEABIE . Wm . #Ee R
A3R129 0.058. 0.038., 0.012kg, Z54FE 4 BMTHTES
J& i, SRAC2.67H T Jriksr At 41 it B A 48 HETS /7
28 HLHE MR DEAT (B RU AN, TR [ J0 2 A9 (THQ) M
(TTHQ), FH45 H & o R XS 1 sTmkZe . 255055 3%
5HE 2, B WG, BME S R E SR P BAREE RE
LA W TR BN T 1, o KU 256 XU 1

AR, B > M > Bk, BIEEREREK, BT,
Moz . Bk 5 ME4AEN TTHQ TNRIFEE S, Wik
i Pb Hil As I BTk /D, B Cd. Cr il As BTk E
K, BHALL As il Cr MBTRRERE K, 50108 37.6%F
24.5%; BRORE, HAFRXENE SR F2 R Cr.

4 %

1t ICP-MS Z: AT I ARAS I Jr ik, #5774 EF X
KRS SR b < JR = 5 TR TS Y G I Ok, 4
BRI . Wi, vIfE.

NP Y alll oty o 7 N g iy | U /Sl D U (E
fEE Pb, Cd. CrioHE ARG, JUIE Pb U A AE b
AAPRG L o B EE 4 S Y PRI 0L, BT Y K
@ AR, UL R TS YK Bk, SR, RIS Y
A BASR NETAGS, JoHE DL AR BB R B TT Y
I8, EoRTFERR . RA B R BB T
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Table 5 THQ and TTHQ evaluation results of 3 kinds of food materials
K- A 22 g
BT #EERERRES TH G M A 8
Pb cd Cr As Hg TTHQ
Efit: 0.0028 0.0027 0.0052 0.0080 0.0026 0.021
5 7y 0.0012 0.0025 0.0026 0.0025 0.0017 0.010
B 0.00036 0.00057 0.00090 0.00027 0.00053 0.0026
B

= pb

5 7 m Cd

m Cr

m As

Bt = Hg

0 20 40 60 80 100
TTHRAE/%

B2 3FPEkh 5 A E G R TTHQ WY TTRRATE B
Fig.2 Bar chart of TTHQ contribution rate of 5 heavy metals in three kinds of food materials

k= a P E S B MR . THQ Al TTHQ /M
1, UHAX R ABEATETE T B AR XS . X F TTHQ,
B > 18 > B, B EWR ARSI, B
JHE BT 25 5 2% B E 4 A ) AR R KU . R REER, RAE T
RS E BN E B —E A, R
RSB ISR 0 4 R, [ Bt BRI SR A A B o
IKANZZ Y5 Y, SR IR Sk 3 il 3 4 ) 1) 8 SRR T, DR
AR A R 2 4 BB A A Sh A P T R
WSR2 — o PR R = AR, K%
JEE 4 BAER N BRI R, ATREE— S A, A4k,
TCRMARFIEA SHEEEVIMSE, X As W5, JTHL As
PR, AEUENE, MEZEEPLAsIREEEE, PLE As
WM L RVEAATE—E AT E Y, I As A5 Qi
WE P BT AR RS E A 2R,
T X TS B S0 B o KR TN B KRR R IR ER R, BB
ZEXTPER IR AR SE, AWER FARER TRCKRER A A, H
AT AT LA LA B AR 2R 1) 5 s R bR 7= s 1 1 o e 2
BETH 18 4, REE R E G 3 T VR IR B a5
P, AR e XS RS
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