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EHREAEHAA SRR ARAFRSABRGKEZ — o £ K&K Ll
A2 o B b T e BACES RBLER AR AR TT R S 60 R Th F 0 280 T AR AR & B o P 4
BT RBIERZ R EARE - 5L MR E - R EFANZAYE R IFAL
R4 REFXFTHRERAT - HABELANAEXMELE 2B THREERITR
A o A RN B SR B AR 1 e B B ARTE LR FE AR 0 AR ERB A T R
(inductively coupled plasma mass spectrometer, ICP-MS) - #7 JL 4% Z 4769 4 - A5 T
HEERBATILE o KU R T ik S ERRBAR (2K ~ Zwf & d) 0.5g 0 LR ikaH
B (70%) 5 mL » 2 5] LABK B E ALA0 48 B B B AR TE AL 12004574 AICP-MS %
Mo BB AR08 B ANG6S EF o Mk LG Bohe SR AR T AL AT B PR 2 AT UE ol 4R 0 S 2 AR
F(R®)H T H£0.99904 £ o 45 B4R 8 F AR IR 5] 40.0340.25 ppm © A EEEEE I
F o RE o BE BRI E T 53R An450.03 ppm A 4F0.5 ppm 0 VABK R AL AT
2 P A 8593.2 - 100.3%&4787.9 - 125.4% © 738 5% ~ W& R & Bk
Ao R A% P 2 B iR 450.03 ppm A 4R0.5 ppm 0 AL Bm HAR AT L Z T
M F 7] & 8580.5 - 115.8% A 4798.7 - 119.1% © vAKRFF 5 P74 5L 2 5 ik 5 A 234 1 £
Bk > 48 B 4942 5 5] AN.D. - 0.03 ppmAN.D. - 3.66 ppm * %K 4% Bl 5 AR
FAERAE(450.3 ppmiA T 5 4A5 ppmiA T) o Mok o SEEREFASEHINER  RES
WEHER  RE HE  BEALAT LEFXOATEREERESS -

BRSRE 1 8 4 BUROHCE - BERMBRE RIS S BN
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B B A] R MR B i B - TR
EHFERE - BEREE - FRENERERE
& NEREES - Hi o ERKRBREZ
BN SRR REE Y o R B
HERHINABAKESRRE - HEEEH
TOIREE R ik - e ARBEE - (HE R
i (EEmEly - FIREE B E LA - U
R E SRR TP RNl » S LE SRR

EFRERR(E - PiIE & E R EwA L - DAER
E R R BER - R - REFEH s ER
AL — E By H B KR L& i AR MR E &
TR RS EE L2 RE -

R EMLEYE - F R HE
BIEEHEANE » NEHENREBREEEATHE
B L & & 550.005 mg/kg bow © S5HE AN BE
%o AR © B R E A i Rk e
BN E100 mLIME H#52 E= 80 ng » #
HEAHR60 - 80 pg » BIAJREFE A" - —X
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TE#EAL0 - 15 gz AlvATE s g g S Mgl h
B EAE - iSESE B RER o FOEAE
FEEHASHEEL - 5 mgZ AVATEHES -
R ERENAEL EEEFE - SR
RS ~ SEB LS ThRE R -

#i fy NFHINTR LR - REEEE AL
FHEREN?2 - 3 mg > HEEHEEAEREH
T ZAI L E - FHEEIUEERE - &85
MEH&H m =T ERA I EE M AE
ko BEAN - SR RN S [ L~ MR R
IS EER O

BRI FE Y - B A AN E YR 2R
IR EEEEASELS - BEAXEMITS
N HESBESZEEHMESR - Nisianakis
FEANFCRT S - KHE  BE R
ERBETEEREATHMETEGEENE
2 AfsHEEPMETZSEREAS - DA
HTR R - HEE - KHEE C IBE CIRER
REEETHPEEESHH1.272 ~ 3.407 »
1.108 ~ 1.55921.351 ppm * 8% FHrh iS4 &
$0.254 + 0.243 ~ 0.560 ~ 0.44020.097 ppm’Es
=Y+ MiGiannenas® ARFZ2 /R 28 B (AT =4 -
ERERMEETEANGE R SREAY -
{ESSHIMZE 71 - Fue AN HLZE B P EHY3E
EHINTEET - HENS S B8 SRS YN
I E S T EES -

HETHR BRI - EREEFEETEEE
HBBARLE - PG R R R DN B
G BIETH0.5520.2 ppml & & IR EFEUE -
HETHE &R S = 15#550.05 ppm © 11
HEEERAEETE " EEEETE - HR
ERE AR S R 2 AR AE 55 B R $50.3 ppm e
#H15 ppmPAN » DAVE Fo 2 # fefr 2R B B SR IRF Y
SDERE -

HeBE A ZrEE T EEEEE
(dry digestion) ~ #=IH L% (wet digestion)FI{
e biE (microwave digestion) © =f& HiESH
HEgwrE - sz =0E Lk ] SRR EE

Pokkhh - EHIRACEEE - ZhEpdEsE TR
B HRERTRIFEPA S S RT S - iR
HILEBREEE - R fRERIE - N 2ER
frADTRRSR - A HEERE - ZRAER
/INZ IR (HEESHER BB LR ERE
B R ER R A (E R TR TR 2 (EE -
OHLEAEER - HEETRA SR
TR NE R, BHHRATREELZ
R EAR - BRI LEER RS -

I A B 92 % B 25 8 AL 07 ik Z B iR
B A2E TESBEBRITEEA, C B
W R T R BRI AL T TR
Nisianakis % A S H (L ZBFFE » FRRTAIE
AR HE 5 - OH bR G S| EMUH AL
DURAN RIS RERRF T S AL R i - AP B,
By~ St IR E > RImEECICP - MSHETT />
1 DI RE(LZ BT % - AWFFEIRse
/NI I - BRRT R A G e
INEE ~ BEE R ROEE) E AR (2
& EEREA)ZH NG E - WA
ZAGRAENE B 7 RS St B B e T &
L FHR R 2 5IRE - RIHEENR
ZHER -

MFERTTE

— ~ IREERIR

AFFERT M iE (R RZEE R 105412
7 A [l E S ER TS RS - Bl R
EFETHE N E3  REM  EAME R E
3 HEF23 RS -
=~ MR EREE
(HEAA - HE AR R B A LA B E
B Mallinckrodt Baker/\ &) ~ 5 K¢ #i {2 &

W~ SN RS W BRI ICP 43 i
oo HEEEEMerck KGaANF] + &K
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RASEVITE R 5

FRUEZ2EY)EH (NIST-SRM1845a) » i H & x— REBSESREEEIHRSY

FIFHER T I 2 FTNational Institute Parameter Condition
of Standards and Technology(NIST ) J& iy Nebulizer Concentric
(Gaithersburg, MD, USA) * ZFE A2 Spay Chamber Cyclonic
#4355 A Millipore Milli - Q#LE (Bedford, Nebulizer Ar flow rate 1.00 L/min
MA, USA) » [LEFHR25°CH3E18MQ-cm RF power 1400 W
ZEEEK o Ar plasma gas flow rate  17.0 L/min
CERE : s (b A ATREELEE - R Ar auxiliary gas flow rate 1.1 L/min
SRR MEESHIEL BRI Avolens ON
(Pyrex)M'&E » MBI (SC475 > 50 mL > T Mass (m/z) **Pb and “Cu
RIEHE - W3) - ARSI EE  Dwelltime 500 ms
o o AREKIEIRIR - DIRZERIBUEEE Sweeps 20
FEGRRVEL/ N o DIEBE TS Z g Readings !
BE 2 RABRYERZS - RGN - e Replicates il

VEFHTHIR PR FH A BB AR -
IR R L

1. &5 R SR AE VAR« FETERE 1000 mg/L ()4 7Z R 15 R 25 E (TraceCLEAN, Milestone,
S R HAFEAE 10 mL 0 DA% AEER VA TR Sorisole, BG, Italy)
TEAZE100 mL » HEF S R #1577 () K BT /k BEERE(MIll-Q, Billerica, MA,
(100 pg/mL) USA)

2 NEEREEY  WRIIO gLz
S0 mL - D% mA e N SEIA
100 mL - BEREEEAT( g/ s R (LR RS © KT

mL) TS BE HBEEE0.5 g » TN ERIEHE VA TG
3. I R S AT AE VA R ¢ R T B R A 0.5 mL A VRAN0.1 ppm:Z S5 HE S, -
R - ARSI YA 1K0.5 mL - fll AREEES mL - ETTRUEIEAE - I IE RS
AGHEES mLERZES0 mL - R fEIE E30 ~ 40150 778 » H L5ER % -
Tyl - 25 ng/mL(& N EITHERREE 10 ng/ A’ A50 mLA BT - DAEHEET/KE
mL) > HE(ESY R SRR HE VAR - B RS 7 FLACP-MS e 258 7 6
Bl o G WGETE R R R BRET

_ — PR LR B R S EICR 2 2 -
= BEER () B B 1 P P L 2 S
RER S ERELE  BRSEAE— FERER U S R 550.5 g I A NERE
(Perkin-Elmer Sciex, Concord, Canada) HEVATR0.5 mL S iEIRS mL » DUA SN2
(7) 2= E Bl e BE 0 S E SR #E (Milestone MEFTIHAL - AR R Ry 120 ~ 150
Ultraclave, Sorisole, Italy) 180 ~ 2105224077 ## » fx 1% LAICP-M STz HI
(E)H BB Y55 (DigiPREP MS, Quebec, [ EY)E 2 fiE & - TR H IR

Canada) 8t ELAA WY > BRET BN B RICR 2 52
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2 .

EICP-MSEM 2 MR L& E « BURZ0.1
157510 ng/mLZ$5520.5 510
25 ~ 50 ng/mL.Z $i{E & EEHEVAE RS0 mL
FIFHICP-MSHETT 5347 » DUSK HA# K il 2
TR -

() TR HRET - BEEZE A R#E0.5 g
WINEACHER Y ZARRERER, -
Dl E bR E L - FIHICP-MSS
M DA R ARG IR E R ST R 80 -
120% Ry & EABIR -

@A EGEE R EE RS S i
EHD K 2ER - REiEH 5B 10.03
ppm.Z SR K2 0.5 ppm 2 HAFSEHE S, - DA
ARG A R R FRR e T3 4
T ETEEEICER A AR -

NEZER ST BUEHEZ2EY)E Whole

mnf AR N Z A B {E 53 Bl F50.1 £ 0.0520.1
+ 0.0 ppm  [FIERT88.8 + 1.352102.5
+ 0.6% ° HlCu651E1 7% HER EA 2
SHE LA T 2B (E S 2.1 £ 0.0
J22.5 + 0.2 ppm * [EIER85.7+0.5 K
103.746.5% ° BRNENFITHRRIRE 215
HEHRAR T - A RS B [E R RT
EHESORE(EIERS0 - 120%) » HrL
7% H I AC B 2 REAE AR AR - EL[EfR ]
BT 100% @ FEE R &AM S &
ZhbaiEGERD) -
2. IR B

DAsh AR HE RO RO B2 0.1 - 25 ng/mL
TERHE VR TR DL R SRR HE [RR F 80,5 - 50
ng/mLZAEHEETR » FIFI10 ng/mL#E
THEVA TR R NI YE i - DASS B £
T #f B $% (5 5 o FEE LU AE - B $BF i 2 81y

FISFREE » 73 B S E IR dh A - AL e
HHER 53 BT B 7% B E R - PA1% K
7% FE TE S HIPb20 845 1tk F7 R =43 Bl
Fyy = 0.0617x -0.0041 (R*F51.0000) 52
y = 0.0496x +0.0005 (R*}%0.9998) ° #fi
Cu65 A1 K 7% R & A IR TE T2 =0

Egg Powder (NIST-SRM18452)%70.5 g °
FEERE E - DU EE LR HEALER - &
ICP-M St HIST E T & H Bl - & Hil i E
FylEIERIAS T2 80-120% ©

+ Egza
R BE 533 Esy =0.0127x -0.0019 (R*/50.9999)
N . Fy=0.0094x+0.0021( R*£50.9999) ([
— Eiﬁﬂhﬁﬁ&ﬁﬂﬁ%#ﬁ%ﬁﬁﬁﬁfﬂt —.
feteriz R (AT e

(e s A M
1. BEHEHhR TR R S H R R E M T YES
R T ] 2 B R B £ LT AR RSS2 e E R

ARBALERRESENHER SRR R

g R B (e - gL BT HNO,REECR) (%)
ICP-MSTHI EFT=EMZ b - P : sas L
RN iR, Z lgii*gg
3 S 2 = - a 4+0.
Wi mRECMEsEE . OV ! e

(ERUR S ECNEH) - e TR

N S S 7 T ! :3
0.1 ppmi S, - R I T

= o $Pb208TE 1 B 7% MR TE 75 & tE e

 FER & (ppm)
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Zospb
700000
7%HNO,
| y=25225x+ 259.17
600000 R*=0.9998
500000
2
£ 400000 | 19%HNO,
z y=21709x + 851.47
Z R?=0.9999
£ 300000 -
E
200000 -
100000 -
0 : " . . ; ;
0 5 10 15 20 25 30

Concentration (pg/L)

B — ~ LU %7 %S 2 S ER AR A HhAR

120.0

100.0

80.0

60.0

40.0

Pb recovery (%)

20.0

0.0

30 min 40 min 50 min

i i 1+

B— - SRR LR EE R RPN R AR R 2 8

HUBERG0.5 g iR AN0.1 ppm $AEHES, - I
A BB HE AR 0.5 mL K iSEES mL 0 43
BIHETT30 ~ 40 ~ 5043 S AR IE (LR -
HESEICR T BI99.8 £ 6.59% ~ 99.7 £
0.59%294.03 + 1.44% ; $FAEIEESH1kE
91.6 + 0.9% ~ 104.6 + 4.8%2103.0 + 6.4%
(8 =) > BRI Hb40 5 - HLBl R
[ =R A]5E100% HARHEZE AT /N5 % »
SRR A0 ST TR -
E)VE SR INEWRE (L AR BRI

HUNIST-SRM1845a 0.5 g I AfHEES
mL > 53HIETT120 ~ 150 ~ 180 ~ 21052240

65Cu
300000 +
7%HNO,
250000 y =4790.9x + 1064.4
R?=0.9999
200000
£
£ 150000 - 1% HNO,
g y =4464.7x +585.78
2 i
p— R?=0.9999
50000
0 . . . . . .
0 10 20 30 40 50 60
Concentration (ng/L)
140.0
120.0
= 100.0
X
-’
' 80.0
Y
>
e
g 60.0
L
=
O 40.0
20.0
0.0
30 min 40 min 50 min
e iy 1 e

Sy EER) SR NEGE LR - R R
5B E594.8 £ 0.0% ~ 97.6 £ 0.0% ~ 92.8 +
0.1 94.8+0.0599.1 £0.1% (E=) - HER
SR IR TE 12053 88 7] 52 2 [ U 3R i
[E80-120% - HLAAAREIZR » #EIH HiE b
WATER - B EIE - BOEEGSEM
BE 210578 - (E R 2 iELRIRTER
o

— s EEMIREREY

i 2 A R IR AR ) 2 iR DA A (R R 0
P o MF i IR IR AR e & - R
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140.0

120.0

100.0

80.0

60.0

Cu recovery (%)

40.0

20.0

0.0

120 min 150 min 180 min 210 min 240 min

& BRI
B =« 2FEALEYHE (NIST-SRM1845a)iE A
AEMENE L RFEFRIE 2 $7(Cu) By =4
1t

JnTE [T =R RF 7 B b b B2 e A5ORE # (8 0 -

FRAN0.01 ~ 0.03520.05 ppmESTEHEEW » H[a]
439 121.8 + 32,5 ~ 105.1 + 5.81/2102.1
£ 4.5% 5 ¥RA10.05 ~ 0.25520.50 ppmifEHEyA
TR HECR S 80.4 £ 28.8 ~ 99.5 + 43K
99.7 + 3.6% ; 5 K2 [BICER A VR 110.03 41
0.25 ppmiFE T8 E - MU 2B EE R E
BHRERS) -

=~ FAMERE B
CEE

1. [A H R 2 H R
53 BIBIEE0.05 ppmBlilE T 2~ i K
DU & &2.40+ 0.11 mg/kgfE@H#E22321)
Bk - DABORE LR R ST
[ H (intraday) }2 £ H (interday) il 5& 15
SREUR - $H9[EI H R H Z S EIER
$5100.35299.5% » B ERE B 1.3
Fe2.1% 5 #AB9[E H & 2 H S E iR

120%)HORSITE - HIE e IR - A T
== DIMRCE b E AR R 82 LOQRT S
3 =, VN N =, N
Pb(f?f)i befﬂﬁ ECR)  FEI%) C‘Eﬁﬂi C“(fifgﬁ EUCRC) I
0 351 - 0 636.23 - -
1514 1163 694.26 1161
19.71 162.0 655.46 38.5
0.01 15.53 120.1 1218 0.05 674.65 76.8 80.4
10.85 73.4 673.55 74.6
17.25 137.4 68421 96.0
37.07 1119 87176 94.2
3276 97.5 869.73 9.5
0.03 36.43 109.7 105.1 0.25 884,31 1023 99.5
34.14 102.1 890.45 1048
34.79 1043 878.15 99.9
55.58 1041 1157.86 1043
54.26 1015 1147.48 1023
0.05 52.04 97.1 102.1 05 1131.98 99.2 99.7
57.80 108.6 112,15 95.2
53.02 99.0 1124.16 97.6
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=~ LSRR E R AENMAUE L BRI R R B REBQ I

- R iked level Intraday (n=3) Interday (n=3)
Wi Spiked leve y y
(ppm) Recovery (%) CV(%) Recovery (%) CV(%)
. Pb 0.03 1003+ 1.3 13 99.5+2.1 2.1
T L \
Cu 2.40£0.11 98.7+0.3 0.3 99.3+4.2 42
Pb 0.03 103.2+5.0 4.8 109.8+7.9 7.2
GEREWRIE .
u 2.40+0.11 102.5+4.0 3.9 97.9+42 43
CHESREYE 2 R & (ppm)
53 B E98.75:.99.3% » $# FE{RES Bk (EVY) - SRR - FrEHEN2E

0.3524.2% » BRBIRIHAL TR I E h2
MR Z PR R (RNY) -

2. ARIEFEE 2R NG 2
FORTiesEeE » NE  FOE - E R EE

ZE

K B B

& H AN AR T A

0.03 ppm sz HAISHE 0.5 ppm » DUETLZ
PEAL BT - RS IR

1400 1 DOWhole Egg BEgg Yolk BEgg Abliumin 140.0 1
1200 - 1200 -
£100.0 A i o~ £100.0 -
< [~ T e =~
£ 80.0 - [: : ~ £ 800
q>a - o o g
> [ T = <)
2 60.0 1f: i [ § 60.0 -
= - T
- oL .
= 400 1 [: i ~ 2 400
[ : s X
200 4 [: ;5 " 200
R
0.0 et 3 et 0.0
L 4 -
140.0 ~ BWhole Egg BIEgg Yolk EEgg Abliumin 140.0 ~
1200 - 1200 -
£100.0 - ] £100.0 -
— R o X -
£ 800 4 [iE~ N g
z oW N 2
153 4 |- N s 153
3 600 B X 3
S 400 o [ . 5
:: o M
200 | [ifEp N
o .
0.0 A a 0.0
R i -

ek i 1

EHE R EASEER 3.2 £ 2.2
92.5 + 3.2}89.6 = 1.2% * FAEITE 5
87.9+0.7~91.1 £ 1.45:92.8+£2.0% ; I
ENEE - EEAEANMEICR
97.1+ 1.1 1155+8.85101.2+1.0% °
SAEII R F599.6 + 14.3 ~ 87.7 4.2 ¢
100.8 + 2.9% ; ZENRZE » #{l[EL

OWhole Egg BEgg Yolk BIEgg Abliumin

80.0 -
600 1 [
400
200 |

3 =
'0‘: B L
o 1 \ :1\
o B g B L A
= ) st L
\ 1% 5 'od VIR 5 by v
TR e 1A
R : ::\. ::\.
= B R DR
R 1 '1\ '1\
" % L B
N % s B
= 1 51 51\
= 1] D R
i A L s

PR AR AR AR AR AR AR AR R

=

s

i
T 5 A e

=]

» TREREMR R A EMENUELREIE #5RH 7R ER



0.40 -
035 -
0.30 4
025

E 020 -

= 015 -
0.10 -
005 -

0.00

6.00 -

5.00 4

Cu (ppm)

B - EREUMRRASNMNUH LRIEZ MRS ENT
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ok H LR
Nk -ME OLE MR XWE

4.00 -

3.00 -
200 ' n
1.00

0.00 i

Wholeegg  Egg yolk Egg albumin
HEE 8%k Ok SMMEM XAk

H X

.+

Wholeegg  Egg yolk Egg albumin

1254 +£ 2.9 119.9 £ 6.5 111.1 £
1.1% ; @ERN2E « FH& E
[ER593.2 £ 9.1 ~ 104.0 £ 2.052100.8
+1.5% » #[E#EF103.8 £ 5.0 ~ 84.4 +
13.2K97.1 £ 1.5% : #MENEE B
JeFE FIESEIEF599.8 £ 0.3 » 99.6 +
4.35:100.4 £1.8% > HAEIERE110.9 +
14902 +2.6/96.5 +2.6% ° [T %
EE2ENHFEICREREMEEHESA
Y [ R & [E (80-120%) » AIREJR A
Ry R B 2 e T R R R RIR
VEEE - EHETREYER > gHEN
HRENER - HESLEIA—F0 A
EHHESTMEHSEENEZR i
325 I P [ SR S A i L R L

Pb (ppm)

Cu (ppm)

0.40 1
0.35 A
0.30
0.25 A
0.20 -
0.15 A
0.10 A
0.05 -

0.00

6.00 1

5.00 -

boe)
=3
=3

b
1=}
=)

2.00

1.00

0.00

% % BR AR
NEE -ME OLE SMEEE XAXK

Wholeegg  Egg yolk Egg albumin
MR -ME OLE OMHEM XHE

T -
i
T

Wholeegg  Egg yolk Egg albumin

B - T HER AR B SO -

ERSinEEbE

1. [F] H R B E TR

S AEUEE0.05 ppml o i B K #il &
H2.40 £ 0.11 mg/kgiZHEZZYE - D)
GRS EA LR EGRE - ETHRE
(intraday) 52 2 H (interday) it B o #5584
o $SEIE H R 2R H SRR 3 B R
103.22109.8% * % B LR H 53 B 4.8 )
7.2% ; $AEYE H &2 H S ER RS
BIATH102.55.97.9% » 8 E(RE5 B/
JA3.9%04.3% 2 M » 8 UG SN2
AT E 2T R 2 IR B AT
(M) -

2. ARIEFEE 2R AR ER
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RSV

TR EESESE ~ AR R WA PR
2~ &K E IR IS E &
0.03 ppm K HilfF#E550.5 ppm » DLETT .2
AEMESE LT ES T SHEEY

2E - EE MEAEILERE115.8
+£10.5°952 + 1.4594.7 + 1.2% - #fila]
R 599.6 + 18.5 ~ 84.5 = 17.052107.3
+4.9% ; WENRE - &5 KEHH
[EERE590.0 + 6.4 ~ 92.6 + 0.55290.3 +
3.0% » SHEILERF98.7 + 13.7 ~ 92.6 +
26.25290.3 £ 5.4% ; WENZRE  EHE
R SRR 1152 £ 3.6~ 116.9
£ 10.95299.4 + 0.8% » $AEIRE111.1
£5.089.4+0.15103.6 £ 5.0% ; @k
B2 ~ B KR RS EICR R 80.5
£1.3:109.6.0 +3.4593.9 +2.9% * i
[ 119.1 £ 4.2 ~ 96.2 + 0.35107.2
+5.5% ; BENEE - EEMEETH
[EER103.2 £ 5.0 ~ 99.0 = 3.652100.0
£ 1.1% > SRR E104.7 £ 3.6 ~ 98.5
£4.6596.1 £ 1.1% » LiltSFEE AR
IOENCE 3 1A i L R A i [
R (80-120%)([E )

ARG BT E R R R e R a
SNNEME LRI - 0T HukaE b
ERIERET - HER AR - R
ZNGRE - ZITREG/NE - HK
o tmbasE H AW BEE HATREE R 2 &
a  ERMEER A EINEWIH I LEE -

PO - tBaiE R 2 LLEg

DR Z A ik Bl S S R B
FEEHEE N - E - BERRE - HEETS
230+ 3 RIDA E AL oA B BWE LR
DAICP-MS73 47 « A5 SR8 » #rlEsEE - N
E > NE - BEMRENZEZESEBRR
HY - 0.03 ppm ; #il5 & 45747 550.28 - 0.63 ~ 0.68

-1.220.89 - 3.66 ~ 1.05 - 1.15}0.82 - 1.02
ppm * EFFEEREGEEE0.3 ppmlA T ;5 #f
E&S ppmPA ) (B ) - AREFHEEEH
PIRIAE S - S E SR AR - 0.04 ppm - H7fF
HEE NE - HE BEDARENZEN
&&550.51 - 0.97 - 0.57 - 0.72 ~ 0.91 - 3.37 »
1.18 - 1.8720.81 - 0.98 ppm ° DL #5554
b T AT E FAS SRR - B BT
EFHE N T EMEML - S EEN S ER
& - EFHES B o EEE E(CP-MS
B IR E - NE - KE - BED
R ER R A E 111 - 1.58
1.00 - 1.44 ~ 1.28 - 3.75 ~ 1.29 - 1.97411.29 -
2.48 ppm © fEHZ i EEHTAEHEE  INE
R~ WED B ET I R AR S EE
i EEEN AR - ENE - K& E
B E T3 0 550.10 - 0.17 ~ 0.31 - 1.44 ~ 0.57 -
3.71 ~ 0.74 - 1.97520.36 - 2.48 ppm °

ZENR

1. #iE4 - 2000 - ZESFEFHREZGEE S
PTEE HIRIE A - B G EBRERER
an R SR RE AR DL - BRPET -

2. H&F o HRFTEE - BER= 22000 - THE
HE WERKEEEBGES  FHEE
HE - YR RBFHENRER > 18:
180-186 °

3. Nisianakis, P., Giannenas, 1., Gavriil, A.,
Kontopidis, G. and Kyriazakis, I. 2009. Varia-
tion in trace element contents among chicken,
turkey, duck, goose, and pigeon eggs analyzed
by inductively coupled plasma massspectrom-
etry (ICP-MS). Biol. Trace Elem. Res. 128:
62-71.

4. Giannenas, I., Nisianakis P., Gavriil A.,
Kontopidis, G. and Kyriazakis , I. 2009. Trace

mineral content of conventional, organic



31

SRAATEH i bR T kB

and courtyard eggs analysed by inductively
coupled plasma mass spectrometry (ICP-MS).
Food Chem. 114: 706-711.

. Fu,Q.L., Liu, Y, Li, L. and Achal, V. 2014. A
survey on the heavy metal contents in Chinese
traditional egg products and their potential
health risk assessment. Food Addit. Contam. B
7(2): 99-105.

. BEETRFIES - 2014 - T EHB B E A

HI ; » 103.08. 253 #% & F5510319011695%
INEEET -

- BRE - BRImE - ML - 2015 - THEE

HrhEsBRE AR S ERE - 104F%
BihFE AP G B GRS - BlE
CESE



32
RASEVITE R 5

The Development of the Method for lead and
Copper in Eggs
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ABSTRACT

Eggs and egg products are highly nutritious and inexpensive foods as an essential part of daily
diet in Taiwan. Century egg also known as preserved egg in Chinese preserved food product made by
preserving duck, chicken or quail eggs in a mixture of clay, ash, salt, quicklime, and rice hulls for several
mouths. Lead (Pb) or copper (Cu) may be added inoder to fasten this process and the amounts may exceed
the limits of regulation. Lead is a toxic element, and dangerous to most human organs when exposure
exceeds tolerable levels. Copper is a dietary element needed in a very minor quantities for human proper
growth. The deficiency of copper may cause anemia, osteoporosis, and depigmentation, while overtake
of copper may causes liver cirrhosis. This study investigated the contents of lead and copper in eggs
and egg products purchased from Taiwan markets. Samples were prepared by microwave and graphite
heating block digestions, followed quantifications were conducted by inductively coupled plasma mass
spectrometry (ICP-MS). The sample each (whole egg, egg yolk, and egg albumin) 0.5 g was accurately
weighted into a digestion vessel and 5 mL of concentrated nitric acid (70%) was added. Then, the samples
was heated by microwave or graphite heating block digestion for 40 and 120 min. Sample solution was
analyzed by ICP-MS for lead and copper detected at m/z 208 and 65, respectively. The results showed
that the determination coefficients of calibration curves all were above 0.999. The limits of quantitation
(LOQs) for lead and copper were 0.03 and 0.25 ppm, respectively. The standard reference material of
whole egg power (SRM 1845a) was used for method validation, and the average recovery of copper was
103%. For spiking tests, lead and copper at thelevel of 0.03 ppm and 0.5 ppm, respectively, were added
into fresh eggs, marinated eggs, century eggs, salted eggs, and iron-hard preserved eggs. The results of
samples prepared by microwave digestion showed the average recoveries of lead and copper were 93.2 -
100.3% and 87.95 - 125.4%, respectively. Samples prepared by graphite heating block digestion showed
the average recoveries of lead and copper were 80.5 - 115.8 and 87.9 - 125.4%, respectively. Twenty-three
egg samples purchased from markets were analyzed by this method, and the result showed the contents of
lead and copper were N.D.-0.03 ppm and 0.28 - 3.66 ppm, respectively, both below the regulation limits
in Taiwan (lead 0.3 ppm; copper 5 ppm). The order of the copper contents in the 5 different eggs showed
the lowest was fresh eggs, then marinated eggs, iron preserved eggs, salted eggs, and preserved eggs,
which was the highest measured. The copper content of egg yolks was found to be higher than those in
whole eggs and egg albumins in the five types of eggs studied.

Key words: lead, copper, microwave digestion, heating block digestion, ICP-MS



