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FEHEHRLPEAOR LORLLE S, HRBENELEN, E
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REZHAK, A7 F B R BT 2 H092R, ALdd ki
HRiAREE, 25T BT EE - LEABSE B TR REN
I FEHARBES(ZMR FER.CER) G E, £
KR %A E A (R G B 8 My B R B ) T EULR R R e R
G ek B EATRE S R L - FRRRBR - 3R - F AR
SR AR A PIRA AT F AR AR S RP B AR FE B A &
MeZe e A C18 &3E42(5 pm,4.6 mm x 150 mm) #4745 & , 734888 10 mmol/L TAi 4k -0.12% L - ¥
PRRIR - 5% P B R AR AT ,5 min WEPTT RH AR B ENEE S B, WK . FERPTHEFKY
AR EAE T9.9% ~111.2% 2 08 , #e IR # 4 0.5 pg/keg 0.6 pg/kg 0.9 wg/ke, ERAERSH AN,
REBTRARGG I, RA B AW EALAELR T0% A L 4883 R 2R, ArkEf Rl its
PR R By KRB A AR PR A, 35 T HRIRE E 80% vA L LB 547 @ KA T ELAR A 34K
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TR A T AT 0 B, ZE R A BT A v ofs AT
Al BRI SR T B A0 I o 8, e i
LA R AR 73 B T B kil F- By i, ECD |
AAS AFS ICP - AES % R 5 5 25 4 ) ICP -
MS; H ICP - MS H A AR & 119 R 08 AR & 1 i 4%
PE X TR 04T, e P2 8 L A g 19 202 A D R B
8 o i, FE LR BE B P T B T4, 5 B T sk
PLICTH R 10 B SR 2 2 S B

AN T — Rl 1l - s S5 R A
[ (1C = 1ICP — MS) J5& 3Lt h R IE AR B 0 A Bk o
S H AL VAR T B v R 2R A S
it (2 1t AR IDT G DA ) X Ry B BT i R
07 TERY A TR RS, LA L - 2B R IR A B TR
BV RAE A SRIBGA A 7 P S I, A it RP [ AR A
BUNMEEBZYR TGS A Agilent Eclipse XDB - C18 {4,
TEHE(S wm, 4.6 mm x 150 mm) FEA773 85, i SRR
10 mmol/L Zid#% —0. 12% L — &R - 5% i
TRABEHA TR, S5 8 ICP - MS Xf =FoRTE
SR AR CHOR) 1T & EITE
FUB R 1w IR S S O S A

1 SEUssy
L1 AYE e s
ICS1500 &Y &5 1~ (4 3% A ( 3& [ Thermo 23 H]) o
BT 3% 4 1. Agilent Eclipse XDB — C18 & ji% 4+
(5 pm,4.6 mm x 150 mm) ; RPEH : 10 mmol/L 2R
Bt —0.12% L - B IR - 5% W BRI it 8
1 mL/min; #FEEE 20 wlo
Agilent 8800 i, JBAH 5 55 By 71K BT X (£ =
Agilent 23H]) o [AL.OF AL AR AL 2 AR
H(2 £0.1) Cs BRlGE, BB NS &R 1,
A ICP — MS AHER A LI 2 A0, 5 m,
DMASO 7 AX (32 [F 22 R Wi A7) o

# 1 ICP - MS {38 Tk

Table 1 ~ Working parameters of the ICP-MS instrument
LIEZ% B A AT L% BOE AN
TR 1500 W RREIR B 9.5 mm
B (Ar) JiikE 0.60 ~1.20 L/min|| SRAE T B 02 Hg
= Y= = NTe E“,‘ .
e can CCRRIER e,
e PRAFAEL 0~ 1.2 AR 2.5 mm FLNETE
UIL L/min 2 [i] . B}
PR AR <0.2 mm RYE  >300 Meps/ (pg/g)
RAEEHE FAHE LI 0.5s
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ALK AL (T8 Merk 23 7]) , P 0T v KQ
~ SO0 ( B L7 A A g A IR A \)) L, K4 (b st
KA KBRS AT IR A T, 18 URES O AL (T8 R
AR o
1.2 brifkisig 53 A5

HILIR (76. 6 ne/g) LHEFK(75.3 ng/g) \
Hrok (1000 wg/mL) FRUEFE W B op [ 2R 22
FEBE . PHIIAWL 10 ng/mL 8 g 47 Al IR B AR
HEVE IR (2% TSR A o1, 57 ' Part#5184 - 3566, Ity 1§
ZEEH Agilent 23T]) o

IFRIE W : 1. 0 g/ mL SUbRET I (2% E TR A
) g A E R

L — LRI IR (261 >98% , 5 [H Sigma 24 7]) .

HE B (35 PE =400 units/mg, 2% [F Sigma /A
w)) , B8 Wi i (7% 1k =700 units/mg, 3 [F Sigma 7%
A]) ;o — VEMEE (V5 300 ~ 5000 units/mg, KELTH
fE Ak .

RP [EAHAEHUNE (1 mL, K AR B
ARAF) o

T (352l , | R A B AR ER B (70 A
i, b st an) ) ) L BRI (AR gat, Jb stk 2 1)
J7) Ak (R BHAR 18.2 MQ - em) , F T HECHI B Ay
PRV IS FE A T
1.3 585051k

PRERZ 0.5 ¢ #EahT 30 mL N, A2y
20 mLK#EST, w5 FHLZE, AR I G T TR
A% 0.06 g (BMC AR RN , BT 37°Cokitim
FEf 14 h 5, A 30 g/L i L - 2Bl 1. 0 mL.5
mol/L £ % 0. 5 mL A1 F [ 1. 25 mL #Ry% #EEL 10
min, FAKERZE 25 mL H A H,5000 r/min
BLOJE BRI WGE RP /M, 4 0. 45 wm SIS 5
A C18 {4 (5 pm,4.6 mm x 150 mm) JF795 5,
SR T HL SR 5 45 B T M B (A T A, ) I T
SIS

2 HER5HHE
2.1 PERMATACHEL 5 ik

G I 2L i P R SR T A, R il i Ak B ) R
TSR bR RCE B U T R ER B AR S 0 R AL
FRO SO IRA0 ) e i A BLIR AR A 5 FEE By
TR SRS S e A ERE N L, Sk
HEATOERTUTE T R sl E 2 5 8 1 i3 (W e
Sy E TSR L TR, JCE A I A . LA
Bk T2 2 20% 8 15T, 29 30% 1) g I A
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50% MFLREALRL " o B IR VRS S A
RATERTAL PSR LB, 2% @ L I A 3
R o SRULR IS MIE SRR DU
RNBEE ILDTTE M 2% , [ AR R A5 i R e R AR TF
FELARME A
2.1.1 FER PR LR

FUBTRE SRR % SR G A T 0 B
Jomr ZERFERPIES . TR RBRE A 75
WAL LA : CHS IR SR  ZIRTUTEHEE S5
MUTHESE B LR R DO i 77 SR DIEE A A
AW, BT S A KRR O (—BE B
60% Ze A7) , KT 1CP — MS AR ARG 45 ik, 76 7355 I
H B — IR ], AT LA & BRI R A T
BRAAL, 38 1 1CP - MS H KA A TR E , HE IR K,
FoRIEF AR . LBRULTEE A AR BARX T ICP -
MS A5 I 11 75 AFAEBR A [RDEE, {H T BRAE A 7L
i MR SR A B i 5 SR TR AR R Y
Al IR SE I, 2R T BRI 14 07 AR METLIE H
K FHAREE S T A YR BT, S5 A UTTE 8
F ARG T A S FUB , (ER 4R R A
BB, T 2O R A pH A, AN B R R R
At ORI

ALY A VR R (14 05 X PR AR B, X Y
BRI R BT TR . B LR IR, S
25 R AR P16 N M R 3R 2L ol ) A R L
By EA TR . A2 WA X A O R AR B
MIPE o — BEINT o, JER ) S vy A PSR B
(EURARAS B o — PR A 5T, AR S 22 m
BT A AR 2SR, B AR IR

TERGE I SE g, FRIZY 0.5 g BEAR T 30 mL
HIE= S o AR 6 s 07 e A0 0 I 114 5
A 0.02 g BFIGME 0. 1 g, Ao Pl fiff A5 R ok
Frvbtr e AR S0 0. 06 g I, i 4
REYF . [RINPRE B 5 B 9E I 0. 45 wm SRR AN
RP /MR BR AP R E T, 75 2 AR CR T SR ASUAG:
MRS A T AR S E . EIAIE T, BoKR
DR Tee NN S0 T NG (= B Ipie by e
ORIl

TE BRI ) SE 00 v, 1 B S (R A 2 14 h DL E
W B IEA S M. — e pH > 4.5 By Z&A4F T #EAT
Bty SRR =M T 0.5 g FUBHAMEAEZY 20 mL
OB ZEK N pH =6. 5, T AL BiERE A9 25 0, DG 1Y
pH {Eo T A% i B ) — JB 6 4 20 1 A9 B 5 i
37°C.

2.1.2  $RIBUA TR IER

XFFARIE B0, AR BIRE il 5 A SR HTAH B
WS BTk, W R ERIBOT A AT e ik sde ik LA )
RN AR A IO S 00 5 0 T R 4 BRI Bl 4
IR RO LI AT T %58 FE M I A0 B B
T 1C - 1CP - MS #ATI & M. A TR T
B AL FESE B B IR, 5 5OR A ML S 1R
BOR(eR) .

M 2 BSERR AR ] LI Y, X T AR A R
B AR R R IBCR 2 AR . RIAERQ
PEATHRI, M oA FH B oR 1 ISR AR 7 , i 2 oK
Il AE 80% Zafv o 5 3 MU A BB R 6
I, AT DL g LR 4 [T, RIR AR R OBEF 7 2
I, X B 23 SR B 1l WAg 3 B A 1, 23 100% , 15
Je A IRE IR B, TCIE W AR R . A
RO RIRNERFR SRS TEZS ) ISR BAR, BAAA
EEN o L85 I8 =R R RIE S [ AR 4G
ROARSCHHER AR R (AN 0. 12% L - EBEE R
P +0. 1 mol/L 3R +5% HEE) AT 52 L

%2 NSRRI AR IR
Table 2 The recovery rate of Hg speciation by different

extraction systems

IR (% )

HRZD:0.12% L -

. M B A FA W HH22:0.12% kR B: 50
wps it o WL B mmol/L
W« O oVl LB
5% HI i R +5% B W +5% W
MR 12.1 98.5 55.3
A 3L55 100.4 102.3 44.9
LFETR 97.6 80.6 39.4

2.1.3 RO

— B R S BOR FRE A IR AR IR K S5 T
ol TR 2 AME IR K IR 2 A0 32 U ) B I, 5
B ZE X T PRI T T AR o K R I 9 T
AL = PR R IR AN H R A I RO T AR L
ZEHF[R] 433 R 0.5 .10,20 .30 .40 .50 .60 min,,
MIE T ATLAFE 10 min J5 S B B0 1 8 A9 221k,
R 2 5 A P I TP 10 min,  [R] S AE SR 7
kB, R I ] B, SRR BT AL ok,
e LA 75 I ] AN B K o
2.2 TGk - AL ISR
2.2.1  ORHERIRGER A

PEATIRIC S I3 A, W S A v AR € i A A
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Fig.1 Effect of ultrasonic extraction time on extraction rate of
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RO TBL TERABEA ik v [ A A AR PE /D
TS A 38 A T4 B AR AR s
et . ARSI e CI8 FE A R R IE A1 20 B
M, PEFRAE S 1 s R S R A W O, A R
WAL A W AE SOARE E T8 o

TR EILHELET L - LR 00 T I |
TALER R 221 Ry B 1 R 500 X R B 28 k4T PR i
L — 2 B U BR A PR L RE g B S 5 T 00 T 25 I8 Ak e A
TRALER, [l L - 2P PR A A —Fh &7, B )
RS RIE SR . Y L - LR
AR, 7R 1 45 FhOE 25 W AR B8 B ) 34, 1T i
B MR S RGNS — e RREERT, MR SR T
Oy BSRURAR 22, WETE H R AR B 5 SR TR B i
& AR ERRAAUE A 5 76 1CP - MS 1 U
B T AR, [ Aok o €0 3% R A S840 th A O TR L 2
L — P BRI FEAE 0. 12% B, BETE 5 min Y58 A%
I

F ARG 3 A P oA 36 U BT . O PE IR
H FR A A 2 R SR, R B, R 4%
iR 28 1) £ B BsF ] B0 T 5 204 FHY IS ok J32 1 3] 10%
B, AR R ORARXE S 5 4 ) 3648 40 5, R It
SR R VR BETE 10% LA T, @R ITTETE ICP -
MS il a4 b i R B AR, PRk B 5 — U B RES
1007. 1 kJ/mol , L 85 203 B0 [H ok, FH A g —
Pl AL, B XF ICP — MS A5 LA 44 sk 17, 184
BECRICN 7= A 114 D DR RT R FL 8 Bk B T 5 o A
B EARES P2 AR T BT ROR, M TR
fi R B AR B T R T L (R Y Y A
GBI, S AR T IRIE R SR R
BRAR, RO T BB A, REE AT
o SEIRERIR R T — . 2 AR Ta] B H
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WREZRMET 10 g/ LoRIERIY REBUZ R AL, 1
W2 5% I, R 1 RABRE fie iy, X5 (03 70 g 2
SRR EE S R TE 10% LR B A AR 45, e A 4%
HIBEHRE N 5%

XY B A AT AL IS , 7 5 min N RESE B =
MRS IL B (E 3) o
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Fig.2  Effect of methanol on detection sensitivity of Hg
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Fig.3 Chromatogram of mercury speciation by 1C-ICP-MS

2.2.2 JREES NI RE

RAE AR FIA 6 AR, b F %t
I 245" Hg ™ Hg ' Hg *” Hg, £ B Ltk 4351
16.87% 23.10% .13.18% 29.86% , i3 & 5 44>
%IJ%?-%%%I 183W160 \184W160 \185 R6160\186W160 %g
JEF B F T, SR 1 Al AT A0 X se ) UL A
FAETE RS, T sE 0 = e T o
(14 202 1A R AL 1 o e 4, B R I R 4t
2.3 JiikAs it FR A Ze P

e 4 0.5.1.0.2.0.5.0,10 .20 pg/LiY—
Prok IR RN IR RN bR e AT T 4Pkl
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BRI S , = 2% i 4 1 2 M A A G R B 36 3
PSS 2 Fe IR S, ERE R 10wl B RAR
EAR R T 9256, SRIE AR IL TS = 78
I E S 55T Ry v i ok SR A
CHER AR K B 43 314 0. 01 pg/L. 0. 012
pg/L.0.018 wg/L(ULFE 3) o X FFUMAE a0 R
FEASHIOR 50 A5, R RE S RS B R4k 0. 5
ne/'kg 0.6 pe/kg 0.9 pe/kg, AHICICHRL 7 RS
RO (AT — H R & 55 B R T (HPLC - ICP
- MS) g oK VHEE TR LR, AR SCR A 1C
—ICP - MS {{ g5t FR 5 HPLC - ICP - MS J7 i 4H
FLARRRAR T — £ , AR 2 T R MR K -, 58 420 2
FLRS H IR R TR S A A R

43 M) el kv B AR A R
Table 3  Linear equations, linear range and the detection limit

of the instrument

HIRFRE RMEHE (ERRHR

By
() (ng/L) (pg/L)

RILA

TRy =20512x-1268.7  1.0000 0.5 ~20.0 0.01
ISR y =14778x-586.9  0.9998 0.5~20.0 0.012
LHTR y =13671x-258.4  0.9993  0.5~20.0 0.018

2.4 nbsICRFIRS 2%

N T B UER B A TE 25 B [T R B0, B PR RE A
R S AR AE AR AT IS [ o S0 EAE:
FIIA 2,10 20 pg/ L=/N85 B2 (Y BRI IR, 2515 I
SFATINAE 6 IR (n=6) . M3k 4 AT LI H, Joigt —
Mok R IE 2 S FEIR, R IR P 7E 79. 9%
~111.2% Z 8]  fE % (RSD) £ 1. 7% ~3.2% 2Z
[h], 58 i L SE R 2K

4 JiiEnbRRDS R 5

Table 4 Recovery and precision tests of the method

bR 1 TERR 2 TERVWR 3
(2 pg/L) (10 pg/L) (20 pg/L)
7. j—é 012 ﬁ 7. :[{L

(%) (%) (%)
(%) (%) (%)

“Hk 105.6 2.1 91.6 3.1 95.2 2.1
HIER  95.6 1.7 97.5 2.2 111.2 2.0
LK 79.9 2.8 84.7 3.2 87.3 3.2

3 SKhaRER T
REE S FHSEBRFUBIAE il , AR ASCI 2 L 1Y
ORI [ R A AR AL 1C - ICP - MS J5

POIME MR R HEIR  L R R RIE A, L =R
SRIEZS 0 AL 55 6 R AG T 245 SR A e 4 15 31) $2 B
BRI F R S NERE R LIE 6T
R EEARMRZL AL i, R AT S I HR R AR A
£ 70% V) L, w] LI 2 SEE K o

KA TAEEE L 1Y 1IC - ICP — MS J5 ¥ X £ [
FE bR UEY) 5 (GBW 10029 ) #EATIN & , Gk 5 AR
TR i AR AR E V) G, Uk W% v e A]
FE(FRS) .

Bl 4 Sk R F a1 ZLR 19 i 43 B 181, ] LA
Bk R E SRS EERE MR R,

5 FprhoRmIBES b

Table 5 Analytical results of mercury speciation in milk powder

AWM EME (mg/ke)

TFRASI 7E 1Y) KIS
AR EREE - 3L ZaR  RECR
(mg/kg) =V (i (%)
A8 0.352 0.317 0.028 Fiom 980
HH 2 0.152 0.132 0.015 KK 96.7
A3 0.036 0.034 PRoG: FAH 944
4 0.019 0.011 0.003 R 736
AW S 0.025 0.021 S Fio 840
fEFRER  0.86 . 0.85 ,
(GBW 10029)(Fitefi0.85) O (pogegio.sa) il 988
80000
70000 R
~ 60000 |
5
2 50000 |
%
% 40000 -
> 30000 |
ﬂg
20000 |
10000 | LR
0
0 60 120 180 240 300

R (min)
Pl 4 LB REMHIRIE AR (il o A

Fig.4 Chromatogram of Hg speciation in milk powder

4 ik

FUBT A RIE S I BT A — S0 A, T el T A
02 V3 AR IBCRRAR FLAY Hh i & B AR AT 5 VA
PR 7 S R, AR SO Y 18 1 (031 — rl J
BB RO Ty iR R 1 X SO R R, %7
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Speciation Analysis of Mercury in Milk Powder using Ion Chromatography-
Inductively Coupled Plasma Mass Spectrometry Technique

LIN Li'* | WANG Ling-ling” , SUN Hai-bo>, SUN Ji-hong'
(1. Beijing University of Technology, Beijing 100022, China;
2. China National Food and Safety Supervision and Inspection Center, Beijing 100094, China)

Abstract; Sample pre-treatment difficulties arise during the analysis for mercury speciation in milk powder due to
the complexity of the sample matrix. The organic mercury combines easily with sulfydryl of proteins in the matrix
sample, to form a stable complex. Therefore it is very important to ensure that all forms are extracted completely
and do not transform during the pre-treatment process. The method with a lower detection limit was necessary
because the concentration of mercury was too low. For this purpose, the method for determination of mercury
speciation ( inorganic mercury, methylmercury, ethylmercury) in milk was established by ion chromatography
inductively coupled plasma mass spectrometry with optimized pre-treatment conditions. Protein, fat, and starch in
milk powder were dissociated using a variety of composite enzymes ( protease, lipase and amylase). The sample
was ultrasonically extracted using mixed solution of L-cysteine, hydrochloric acid with methanol and was further
purified by RP solid phase column. Mercury speciation was separated by Agilent Eclipse XDB-C18 column (5 pm,
4.6 mm X 150 mm) . The mobile phase contained 10 mmol/L. ammonium acetate, 0. 12% L-cysteine, and 5% (m
m) methanol solution. Three kinds of? mercury speciation were baseline separated within 5 min. The spiked
recoveries of inorganic mercury, methylmercury and ethylmercury were obtained in the range of 79.9% -111.2%.
The instrument detection limits were 0.5 pg/kg, 0.6 pg/kg and 0.9 pg/kg, respectively. The results obtained
from actual? sample testing show that the extraction rate of total mercury can reach more than 70% in low
concentration mercury milk powder, which meets the test requirements. The extraction rate can reach more than
80% because the composite enzyme was used in this method to dissociate mercury speciation from the complex
matrix during sample pre-treatment processing. Methanol was applied as a sensitizer to improve detection
sensitivity. A simple, rapid and reliable method was developed for the determination of mercury speciation in milk
powder.
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