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Determination of total mercury in food by direct mercury analyzer
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LIN Hui-Huan', LIANG Xu-Xia'", XIONG Xin'
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ABSTRACT: Objective To establish a method for the determination of total mercury in food by using the direct
mercury analyzer. Methods Total mercury in food was determined by direct mercury analyzer. FAPAS 07322
soybean powder samples were determined by direct mercury analyzer, atomic fluorescence spectrometry, inductively
coupled plasma mass spectrometry for comparation, and the direct mercury analyzer was evaluated in combination
with FAPAS 07322 capability verification report. Results The correlation coefficients of direct measurement
method of mercury in low concentration range (0-20 ng) and high concentration range (20-300 ng) were both up to
0.999. The limit of detection of this method was 0.07 pg/kg, the precision was lower than 8.0%, and recoveries
ranged from 90.0% to 103.5%. The result of FAPAS 07322 was 323 pg/kg, and the Z-score was 0.0, which was close
to the median value in laboratory comparison. Conclusion Using direct mercury analyzer for total mercury analysis
in food is a fast, accurate and easy-to-use method, which is suitable for the analysis of total mercury in food.
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1 51 &
R R LT CE, W A ke E R
MHFE g R R BB v Y, £ S RGN AR ER, (HEHR

HENERNBRAGHEE, BoA R 2EER KNP IRZ—,
[t 5 A= 2H 4 (World Health Organization, WHO)H}
RN R BN ESE Y, ARANREZEDICE
K. THURMANR 3 FEEACRISELE, MIMFIES F2
PEHELS TN, S 2 Tse s M E, XA
IR 2 A AT A, BEARAE R R T, e LA
TR TR AE RIS P 2 L & 7 A AN RS T, A PR
(10 B DU B B8R O T B 1o R 1 AR R R AR A AR,
5 W IR B A K & B4 (Joint FAO/WHO  Expert
Committee on Food Additives, JECFA)iEFF it 45 J&1 i 52 45 A
R 4 pg/(kgbw)(BRZEHH F2)®, 3% HEZ M GB
2762-2017 { B 5 s Y P BR A ) X B i o SRR H BB Y
PR R,

H T AR 8 23 47 5 vk R B2 K GB 5009.17-2014
CE P ROR A MR E ) R /Y B0 E ik,
A5 5T 9 6615 43 Mk (atomic fluorescence spectroscopy,
AFS) ., ¥R TR (cold vapor atomic fluorescence
spectrometry, CV-AFS)!'2, AFS = {ifi FI IR (8] A GG, $7 A B3k,
IR ARG, IO RE SR N eIz B i, EETAL
PRRVE SR, AT Y, B R A S T
1A JiT 1% 7 (inductively coupled plasma mass spectrometry,
ICP-MS)f & R &, ICP-MS 1238 A0 & £ i
SebrifErp ], GB 5009.268-2016 (ol id 4 ARME 24
R ZILREME ) Pk ICP-MS B AR AIE FB 2
— O S0 vk R . MR T, ATSEELZ o0 R R B,
AR AR, FERCIRER, N S B R RN I R -5 ot
Wk, H OICP-MS fAERES T I Zan T4, 233k s
AR AR

B R R A ] B R AR o AR, 2
Ja T 1 A3, BTG PR A R AL E AL BR 2,
JT A R A B AL TR G 1 B BIR T 2% h iE AT 4R
FEICNE, WG T Ak A I (R, 55 R R 28 SRR R
£ 253.7 nm @ R FRBOGTE AT E R . B
TRIE SR JLAE MBI R $O8, %0 R AT DL 0 1 6 A5
BARFETTRE S TP OR, BURE R, REE R, Bk,
WARWEE, JrEAME, R A iR, KR
218201

b [ 4 BR S5 = B 8L 4 BT K T 3 AG 1 ) (Food
Analysis Performance Assessment Scheme, FAPAS)if i)
Bt — k3R SRR E I IR A 45 45 S S B & AT
R 48 52 36 =[] &5 TR A — S0Pk ok W & SE 3G = AR
T ARSI i 3 B2 AR IR S ST BRI SR A A £

AR SR, ME FAPAS 07322 KRERH ECR,
5 AFS.ICP-MS il % 45 S Lb Xt 4347, 454 FAPAS 07322
RE I B0 UE S SRS, B TIE B I SR i i A R R BRI
W, DA B R 0 i e ) R H Rl .

2 MRS TS

21 W5
2,11 FEKA

RAFUEVSE W (HEFE S 1000 pg/mL, 3% [E Inorganic
Ventures A Hl); SFRIEER K 1000 pg/mL, EZE
A 164 8 B BB BT s ) B v T TR R
4 1000 pg/mL, 3 [E Inorganic Ventures /A #)).

B R (PR 2, i 20 3% 2 06 Rk 4 I A5 BR A Wl ),
IR (LG al) . AL . EAS AN (b al, Tk
AT, WAL (bl KT R AR ),
Milli-Q ## 47K (H1 5% 0.55 pS/cm, 25 °C).

212 FBEHS

K B AR E W B (NIST1568b) . T 3¢ b #E 9
(NIST1570) . 45k BRI BT (NIST1566b)(3E [ [ S bR e 5
HARBIFEBE); LRI T ARHEY) T (GBW10023) . 41155
b #E ¥ i (NIST1566b) X% A AL 4 43 #f b5 #E ¥ o
(GBW10018)(HuBRY BEHBER{b 2 h A BFFT ) o

Kok, ok, KA RIE).

B8 T INIEFE o KA (4% 5 07322) 1 FAPAS
Pt
22 UESEEF

AFS-8230 JEF2OGIHAL (LN #FR AFS-8230, b5t
T RALBAEBRAFD); Agilent 7800 Fo /B & 25 8 F A iYL
(LA R AP ICP-MS 7800, “ZHEMRFHE A PR/ F]); DMA-80
BEMRAL (VAT fRiFRk DMA-80, & KAISEMIZE e A BRA w);
Multiwave PRO f{ilk 1 A A (SR 22 ZR 23 /] ); LE104E J7
Iy 2 — L F K (Hi 1+ Mettler Toledo 723 w]); Milli-Q
Advantage A10 BURAIK R G5 (15 [E Merck 237
23 ELWHE
2.3.1 AREIERA B &

(1) BEHmTR

W BGRARMEE I 100 pL, FAREER (0.5 g/mL EKMR
BI-5% MRS R EZE ZE 10 mL, 185K 10 pg/mL B
Vi) it 4 V5 FRD T 5 VR0 i 45 VORGSR A o 3R 90 AT, 75
YRR 100 pL BSRE A8 00 1. 3, 5. 10,
15, 20, 25, 30, 40, 50, 100, 200, 300 ng [KAREZ 4
a3

(2) AFS

W IBGRBREAR 100 pL, F S%IEAREZ ZE 10 mL, 5%
WEEN 10 pg/mL HHEIGE S T 5% AHIRFH G o8 MOR A 31
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WEHR 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 pg/L BIFRIERTIAW

(3) ICP-MS ¥:

YR MR R A U 5 YRR A R HE T VR 100 pL, FH 5%
TR EZ 2 10 mL, BFVERN 10 pg/mL PRGERR; H
5%l BRI i A R B AR B B2 0.5, 1.0, 1.5, 2.0, 3.0,
4.0 ng/L IFRAER IV
232 AT

E MR SR A A 2h ke f8 Bt ke, Jomit
ATAE S AT b B

AFS J5H1 ICP-MS JEXTHE S ATAL S 5 B an T . FREL
0.3~0.4 g B ih 2 TR RIS, A 6 mL iSRR, /%
B, R, BRSO T I R, TE AR
SRR 1. FHIHMGER G, BT 90 °C TR
BAROLNE R, LK ERZZE, B, R L.
233 ZBRAAEE

(1) EIEW5RE

YR S5 FPHERE S A T 3 e 800 °C%5 58 30 min
EBRRIRE, BEMGE AE, AR UEH R B WoR /N F
0.0010,

i 22 91 VRFTIRAS A i A B2 )-8 100.0 pL, [
AEEM HERE SRR 0.1 g, BEEMTICE T A ShillFeee
b, AR IR SR X R S A TR D, A B IR SE 50 A
BAIMTER . BRI SEEANER 1 R

&1 DMA-80 {UFEITIE&KH
Table 1 Operating parameters of DMA-80

P& =1 Bl

THRIRE °C 200

T st a] /s 60
SRR /°C 650
Gfi Pt 1l /s 60
FrALIRLE/°C 850
FEAL IR /s 12
A =/ (mL/min) 100

(2) AFS ¥:F1 ICP-MS 4 2% 51

FRUAR IS F 26T AFS-8230 AL 2SSk, Mo 2k
T (5%E5 R ) A JEL 1 (0.05% A A AL A1 -0.5% E A AL A1) .
AFS-8230 {X AR 25 an3 2 T/, ICP-MS 7800 14#8 45141
3 iR,

3 HZRED

3.1 FERZSER
P TE 1 ) BB SR AR v R PR IR 2.3.3 1R
SRAFTEA TR, LSS FRvE 2R B P 7R 5 & (ng) MR AR AR,

DA IO P W B (A) A A AR, i) 2 LR o g 23
PR . K7 E(0~20 ng)brifERIZ N Y=0.00091409+
0.05859861X-0.00097661X>, 1% R %k 0.9998, ¥ & (20~
300 ng)bRMERIZR LR Y=0.002475159+0.0008147464X, i
X 2% 0.9996.,

2 AFS-8230 (R ITIEL M
Table 2 Operating parameters of AFS-8230

&= Pl
JeREIEE TRV 270
ST U /mA 30
B/ (mL/min) 300
S-S B/ (mL/min) 800
JE AL A5 5 B2 /mm 8
VE A /mL 0.5
BEHCTA)/5 20
FEIR T} [A] /s 0.5

# 3 ICP-MS 7800 X8 T1E&H
Table 3 Operating parameters of ICP-MS 7800

P& 21 B

RF Jj#/W 1550
FALS MR 7 /(L/min) 1.02
b Dy MR /(L /i) 0.90
LB TSR & /(L/min) 15.0
Z/A W/ (mL/min) 5.0
SHTLR Mg
MARICR 2094

32 MR

D WA 28 VA, X 28 VA T 11 RGBS,
Fi R 3 A (AR 251135, AR BR  0.007 ng; LA
FREERE R 0.1 g 11, ZEER R 0.07 pg/ke.
33 FHHEREE

AR A  BEE . BSR WR AR 24 A
[R) L o A B A A A T, B SRR T E 6 IR, TT
B HAHX BRI R 22 (relative standard deviation, RSD), Z415L
IBHRE  EE Y/INT 8.0%, ik EBIME RIF(GR 4). FiEA
TESE L R R I (B R A, P B8 DR R 1 BORE /S,
3.4 HHE

PRI K | IR K 0 R T 0 55 DL A 5 4 Ry i3 %
G, WS 3 AT TR] v 7K T B SR AR R AT U n [ g 38 5



4122

B dn 2 4 R R I A 4R

F10 &

B, BISCRSE G RME 5 R, 250 BREsre il e 45
TR T AT 23R 52 06 4 SR 2 SR 7 9 0 58 1 O P BOR B 5
FIHERAPE . BRAARE KRR . 8 SRS TR I A {35 76 s v
{EICEN, PRI 25 RN 90.0%~103.5%, H EH M
RN E A B SR W HERR I R
3.5 FAPAS 07322 XS #a04&:0

K E SR . AFS M ICP-MS #:%F FAPAS

=4

07322 KE MBS TINR, B 3 Oy kgl R A T Hext .
3.5.1 FiEsbkkgR

B0 EAE MR . AFS FI ICP-MS X RE b gEF T4
W, &—H g ntr 6 YOPATINE, Jrik xS R an
%6 Fim.
3.52 AefREK SR

TERES AR 1 g/ BRI, 1% 2.3.2
SRR SR IET TR AR T, DRI e S R AR 7 s

RizHBNELER

Table 4 Reuslt of quality control samples

5 {E/(ng/kg)

A RE S FRUEE/ (ng/kg) FHME/(pg/kg)  RSD/%
1 2 3 4 5 6
KKH NIST1568b 5.91+0.36 5.7 5.6 5.6 5.6 6.0 5.5 5.7 3.1
3 NIST1570 29.742.1 253 252 250 261 253 262 25.5 2.0
3% GBW10023 16+4 162 163 164 153 157 159 16.0 2.6
X% GBW10018 3.6%1.5 3.7 3.9 3.3 3.2 3.4 33 3.5 7.9
HHFH NIST1566b 37.1£1.3 340 337 339 339 342 341 34.0 0.5
5 BRMERELHRLER
Table 5 Reuslt of recovery of total mercury
FE b FEARWR B /(ne/kg)  FERIIARIRE/(ng/kg) T O 2 Ve BE / (ug/kg) B %/%
10 17.1 92.0
PAT/S 7.9 20 28.6 103.5
30 37.2 97.7
2 3.8 90.0
Rk 2.0 4 5.6 90.0
6 7.7 95.0
30 93 90.0
Wk 66 60 124 96.7
90 150 93.3
F6 3MARESEMNBRIERLE
Table 6 Comparison of experimental results of 3 kinds of determinations of total mercury
W7 1/(ug/kg) 2/(ng/kg) 3/(ng/kg)  4/(ng/kg)  Slugkg)  6/(ugkg) FHIME  RSD/%
ELHMRAL 324 320 322 324 325 325 323 0.6
SRS v A 307 291 294 304 289 298 297 2.4
H R 48 B A BT v 308 317 340 322 313 287 315 5.5
x7 EREIZHER
Table 7 Reuslt of recovery experiment
ik Fibbling  mbsdpyy  RARIRE R IR RRRIWEIREE g,
/(ng/kg) /(ng/kg) (ng/kg)
BRI RAYL 0.1052 30 323 285.2 612.6 101.5
JRF 9 0.4055 125 297 308.3 616.7 103.7
PR A 5 B TR BT 1 0.4213 150 315 356.0 681.3 102.9
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Fig. 1 Histogram of Z-score for mercury(total) in FAPAS 07322

3.5.3 FAPAS %8 9AGE 07322 AR L

AU FAPAS BEINGIE 07322 KEDRBSHFAGER | S 4.
EERLESREIED H SIE 11 R s, Hiskis
B TR ISEE0E 78 A MRS RIIRE 2N 323 pg/ke.
354 SR

454 FAPAS 07322 BT 00 UF 45 SRR A5 X S 36 = A5 04
3 BT, BHENGRENA R SR BREEN
323 pgikg, Z{HK 0.0; JEF 9 HIRERIIAR KGR SRS
R 297 pg/kg, Z (HH-0.4; FUBGREG S B TIRBTRERINE
KEM P ERSE N 315 ngke, Z 4 9-0.2,

AFS 75 I ICP-MS 2 I 5 871 T B2 % B b 1A T Ah 3,
FESRTESCBE W L R o . R . R S RE TR A S
TR I g, SO e 45 B AR, B SR AR A
PRHERE, TOAEAT AR ST AL B ERAE, AT 3BE 6 SR 7E B AL B
AR .

ICP-MS 3 2 SR AF AL A2 A0 1 T8, 772
NG IEWAE R E T, 45 A B4 7R 55V s /N R 1l
ACRNE T HE o R T 42 0 SR AN 5 38 3o A v IS 5 i A At 3K
), WA sfe ik, Hes] ARG Y.

4 45

AR 5% 30 b L 42 I SR A A ST B 4 I R RO OR
TR, AR FWAAENS EEHE0~20 ng)filE & i
JEFE(20~300 ng)HH X RELIEE] 0.999, [ K H RN
0.007 ng, JFEEM B K 0.07 ng/kg, W5ERE S B RS 5 B
BI/NTF 8.0 %, AIRIFEAARE 5 b [ s 56 v [l
il 90.0%~103.5%, Ll FAPAS 07322 K & 445286 4 4,
HIEF 9O ik | R A AE B IR B LT AR,
454y FAPAS BETVIESE RGeS, 3 Fhoy i 45 21

PIFEWE TS, BN SR A E 45 R (Z (50 0) e HiAth
PRl 7 7 0 5 R S e T S B 3 PR RSB % s AR
Vel (bR EE, 25 RAERG, MOAEAR, &M T &P Bk
993 Hr o
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