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BN AETEEZEATRR  TLERFL TR ENRY - 2T ELH
TEHRWERZHEZEETHHEEN  FHENE - BRABRERCH Y NEEA R
MELBZAR - HREEEHATRENB AL LTI AFFRKETER
P - RE B NBRACE NS T R N EAREE - Rt 174 0 SROREREALE - AR
JE#2 48 4L K 3%4% (Inductively Coupled Plasma Mass Spectrometry, ICP-MS)Az #] » &
BEATRMENBZAS RS EHRBR T F o R IEBARB A RSB - S BB0E L
BIHACIE » AICP-MSHEATOH o & RET > RAEMIIHLIEH 408 2 240°C m #3050
AE(IFM204E 0 FIR1004%) 5 AICP-MSH 1 i » B & # A 45208 A 4511452 % o
Y 90 PTHE 5285 B ARAR I Wy SR 2 AR B4R B 120,999 £ 0 AR R34 40.01 ppm >
S F o BARE T RMNRE B AR IE(450.5 ppm)ZF K o 2 B H0R 3 E
Z )M M M '8 (FASPAS-T07221QC) ~ £ Bl 2 AT A% 4 % 4 ] (NIST-1577c) ¥
Bk A 2 78 BAZYE 4 F 4 W (ERM-BB186) » 4 R45 A& 4u= B4 % 5 51 4100.0 - 101.9%
B94.7 - 104.3% ° 7 2Rl iR 85 BARAR T ShAh T ~ B0~ B BE - BT
R B B s BRI P 0 8RR B 5 B4 086.2 -

129.7%281.7 - 120.0% = 174174 & A 45 B+ 14k 7% B4R 8247 4% %0.10 me/ke -
1P e AT A 8% 4% 2 40.04 mg/kg © AR ATAR B8 85 & 45 6% 2 7 40.06 %20.07 mg/

kg > FEEHTAMRFIIRI0TFS AR A A TR [ fodb

H A A R e

5 g M B A A

RABEEE &4 88 B - URCHILE - RIEERRS BRERR

[l

Al

W MBEARARZIYE  RAFER
et FREVEALTHREEFITLR
() S 2 AL R i S o I W3 i 5 S
(International Agency for Research on Cancer,
IARC)#F #5551 By 5E LN FH 2% ¥ '8 (1ARC:
group 2B) » #F fs N BT E BUE K+ (IARC:
group 15 EBIE R FEWH 2R (the US

National Toxicology Program, NTP)EL #1441 By
GHTER BUEEY - BN EEUE
=

BT RS - RR G A NMEEE V)2
SFEE - B E NERER - B AT PuE
WE - T SREmGEEENER - 8
RERHTEIE X - ST KE e RIS
PERREEEAEBFEOEZEE - 8 7
ETEMZ EIFEEZ  ER T EFNELR
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HIAIRIE A - 87 Z 2RIFANAE A Gt - 2R - Be
B REED o f i AVRA R  EA
i%@?&k IV%FW%&%E%@@MM(S)
EIRBE B GG m Y — O AK
e LERER E&YF’E?&H%%%%E@
BRIV L FEBREEY S EHEE
oo BIANAT « BEEREECTY . B AEAERY
THRAY) - FERBETEESBZEEF -
MmEeBAENEHZSEFEEIGS A8 H&F
WL R FHERMTESBEF LIRS
PREEEEINDUE 2 - DURRR A B2 88 2 &
b > 20014FEXEE (European Communities). BX
P& 5L %2 J5)(European Food Safety Authority,
EFSA)G]ERIEMEZH YN < E &85
FRE /0.5 mg/kg » 7£ 7] B 1% & & 8 V0 I B
&mﬂﬂﬁEPE%%f’LBEEQEU%O.S&I.O mg/
g o L EE L BB G B /S (China Food
and Drug Administration, CFDA)i & #5[F &
$50.5 mg/kg"Y » BIBE & AT B8 (Codex
Alimentarius Commission, CAC)# & #5E =5
0.5 mg/kg"” - FRE# A MEFH1074E5 H8HET
EZ T EMPERYE R EEEE ) - 1
FFFE %ZT@[&W%EP@LBEEEO.S
mg/kg s 7E4F ~ F 0 5 & - B ER
E1%0.50 mg/kg s £ F 0 FE B BIZE
gt PR E AR 1.0 mg/kg
4 F o FERFEFEAEEEAR - a1
Ff ~ Bt A\ LEEERY - FEFHEA
o EYIAEEA SEE - hHERERR
ErRER" > ERIEELIEEZECINEYD
1o R EH TR BB « 20 4y
mE R B AT S A ESE - IRIEMiranda
EN(2005)F F - Mg ~ B 2EAENE
©& - TRERA R EE R FEEERE - B
g2 FEAEE SR EC” © Gilani® A (2016)12
AN EIE) A A s = & - 04 21.10 +
3.30 mg/kg (n=30) » FHF17.05 + 5.17 mg/kg (n
=30) * 42810 + 3.39 mg/kg (n = 30) R FEEf
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14.34 + 4.62 mg/kg (n = 30) ; $F& EEAT0.14
+0.02 mg/kg (n = 30) » FHF0.21 + 0.40 mg/kg
(n=30) * 4F80.93 + 0.13 mg/kg (n = 30) FLE&F
1.93 £ 0.41 mg/kg (n = 30)* « FRAIF R
e R EHIRETER - HERANE HEE
HFTE] E BB R [REFHE - EHESH
EEI R A LME « B - TSR
ARERFERS - 1o EZmaR R
(e e B O G 3 L BT -

WERERGS | HEETE - SR
MRBRREET - &0 EEIEEZ B (renal
disorders and dysfunction) + ‘B#8# (b k5[50
=R

PRI - AHSE B A R B EE ~ Dol 2 b
SR ETEE R RN RS R
HITE - WA YV E RN nE G 2 b
RS DMHER S AR E BN+ =
BB AR FEE R - HETM R R R -

MFERTTE

— ~ IR

105ZE 1065 LT E TS KOKE G
R EBY RS 7R BT - B
O FEE - B FERRE  FERIE - FDNE
Hels ~ FED - HEAT - IERERT - WRAT R RIS -

~ MERLER S

SIS HAE VAW (Lead standard solution, 1000
mg/L) ~ $FIEHEVA T (Cadmium standard solution,
1000 mg/L) & $& N R UE A (rhodium internal
standard solution, 10 mg/L) (Merck, Germany) ;
B S (Mallinckrodt Baker, USA) © E1%)
PR SL B Y)E (FAPAS T07221QC) (Food and
Environment Research Agency, UK) ; 212
#EZ2ZY)E (NIST 1577¢) (National Institute of
Standards and Technology, USA ) ; FEEfEH#ES:



ST BEERES

%I&i
&
il

o

68

Z [ TRIBEES ] www.angle.com.tw

RSV Ul

)5 (ERM BB186) (European Commission) °

= BRI
()R EAE & B 4 E FE# (Inductively coupled
plasma mass spectrometer, ICP-MS) (Elan
DRC-¢, Perkin-Elmer Sciex, Canada) : &7y
ZHYHRE— -
(O E L& (Microwave digester) (MARS 6,
CRM, USA) : E#BHAE" -

Gk 25 FRIF PSS E (Acid steam cleaning
system) (TraceCLEAN, Milestone, Italy) °
(o) 25 Bt 77k BL5E % (Reagent water system)

(Milli-Q, Millipore, USA) °

0~ SHERTTA

(IICP-MS e i 1 5 [
HUEEE0.1~ 15 7.5~ 105225 ng/mLZ

x— REBSEREREZHRSHY

Parameter Condition
Nebulizer Concentric
Spay Chamber Cyclonic
Nebulizer Ar flow rate 1.00 L/min
RF power 1400 W
Ar plasma gas flow rate 17.0 L/min
Ar auxiliary gas flow rate 1.1 L/min
Auto lens ON
Mass (m/z) *%®pb and "“Cd
Dwell time 500 ms
Sweeps 20
Readings 1
Replicates 580

x&= ~ BAIRER SR BB bR
Ramp time  Hold time
(min) (min)

Power (W)  Temp. (°C)

20 10 1800 240

B R SR UE 550 mL » FIFHICP-MSHETT

307 ICP-MS#AE Rl R —Frs » DA

SKH B R % 2 AR 1 i

I S b FE LR 2 e

1 NIEE L S R ER 2
R TR Y i ) S FAPAS-T07221QC
0.5 g FSHEALE T - IIANERIELES
§0.2 mL K6 mL - F53 BN AGERS,
{bE1 ~ 2K3 mLEBIEEYI 5
DA PR SE B HA L3043 S GH AL I
fFaNER ") - ST AS0 mLA =,
DIEBEF/KER » f & LAICP-MSH Al
BB 2 e R STEEECE
it YA S IR o e | 1)1 2 59
oz

2. AR EH A EICR
FETEREEUFAPAS-T07221QC 0.15 ~ 0.25
J20.5 g » S3BII0A PN ERIEHES 0.2 mL
K EE6 mL - ETHEEAL » JHAESE
A% ST ASOmLA B - DLk
BETOKESR » FHLUCP-MS Wl E Y
B2 e R TR EECR SR
¥ AR IR EH B R 2
‘z’éﬁ o

3. T ipl v A L PR e P S e LS R e 2
TEHEFBELFAPAS-T07221QC 0.5 g * Il
AN EBEHEATE0.2 mL K 26 mL -+ 3
TR EAL - R IR R 43 B33 i oy
30 ~ 605290578  JHLFERR » ST
AS0 mLAENMF - DIEBEF/KER
FLICP-MStll fEYE Z 8 ~ e
&= 0 WETEHER S B R - BREY
TRRIRE Y A L PR R R S [ R 2 R 2 -

E)E SR e

G 22 R E80.5 ¢ MINE B A=

WYy AR AT YE (4 5240 ng/mL) » HETT

TEESHT - i EE L EAE R -

FHICP-MS 31 » LE10REIE®EE » {F Ry
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AR R P s e S o AR T R

BERETHEE  FE
JE ER -
(ERHE2 B A R E Y E AR

LAFAPAS-T07221QC » NIST-1577¢ k%
ERM-BBI186/E fyfafts » FEMEMHN0.5 g
LX?{%WHI%#%%{[:?& » FEICP-M SHg I

AGEHEHEEER - I E# E S ECRE N
B’éso -120% °

(I

1422 N Bt A T T AR NI - AR
BECR ST BIRAN0.05 ~ 0.1521 ppmZ #5 K &5
fEUE S, - DU SR T 2 BB (EIE T
(E—)ET3EE T - FHEHEEEER -

0.5 g M ALk
l
#/m1 mg/L Rh 0.2 mLAE & M 4%
l
Jm N AR 4884 B 6 mL
l
Pk K L3044
l
ICP-MS
(Pb, Cd)

B— - Al R R TRAE

(i 2 AT

B T B N BRE R S (FERTF20F 02
o BB SRR SR L - 5
REGLE ~ F/NG 1~ FEIGLEE ~ #E00
e~ #E20F ~ HEF L - IR - PEEE
TR R AR LR BT 17 i - DAASHE
FURETLZ STkt iR e E

FEREAETER

— SRR BT RRIRAE (AR
FE I E AL S B R A E P E (FAPAS

T07221QC)H #f K 87 & mE R Z 77
HePEGhimpeteanu® A (2012)ifF 72 » L
FBIFEELEAPAS T07221QC 0.5 g * WRANZK15
mL  EELE3 mL g6 mLAETT305
SRR - % DUICP-MSHEAT 77
B - HES R ERE & =7 5 R0.58 + 0.03 2
1.02 + 0.02 mg/kg * [AICEREE87.1 + 0.02 %
96.6 + 0.02 % * FIFH It 532 ATHIAS IS R
R EIVE AFAPAS T07221QCHE S
ZIRFEHEIE o Ry TR RIATE RS A R
7= KEBFSIRINTRERE (L8 Eh
BEIREICEREEF - EEEER © RIRIK
KAIEE LR » 253 mLZ5HE Y
BT 50.56 £ 0.03 ~ 0.58 £ 0.02 ~ 0.56
+0.0120.55 = 0.03 mg/kg * [AIERS B Ry
842 +4.0862+2.783.8+1.6X81.9=*
5.2% ° S EMT F51.06 £ 0.01 ~ 1.03 +
0.03 » 1.00 + 0.01521.00 + 0.05 mg/kg * [=]
R A 97.8 £ 0.6~ 97.0 £ 2.8 ~ 94.7
0.55294.6 + 4.4% » 1 b [ If; JAE S 22 7 5
M HEWERGLVEYE 28 - 85 EHE
(£=)  BREERIEE LSBT IREEK
$% 2 [ L SR e B2

OFEMNEEHRLEYE (FAPAS

T07221QC)H#f ~ #a & EEIR Z 722
RIS HEFEEUFAPAS T07221QC 0.15 »
0.25520.5 g » ININGEEE6 mL » 1730576
O E L - EEBAEER  WEYE S
£50.63 £ 0.01 ~ 0.61 £ 0.0220.61 + 0.02
mg/kg » EIER ST HIF94.7 £ 1.0~ 90.8 +
2.9K91.8 +2.6% ; #@e = 51.01 +0.00
0.99 + 0.04521.04 = 0.02 mg/kg * [H[Y=R
53 BIE595.5 £ 1.0 ~ 93.4 £ 0.65:98.44 +
2.1%(FR1Y) o AN [EIGE S EUVER 22 8 K #R (0]
WERAHAT » mIRE R A R B Y8 Ry BREZ 12
B R Bl ﬁﬁ%@?ﬁﬂi’j@
TR 2 B ECRAG R 2 - R
HAREZ IR IR TR EXU@ BEH05g -
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RAEVIRSESR B
= HEARRFINE S SHRIEESEYE(FAPAS T07221QC) Z i R iR E B EINERRE
WERSWE o, BRLE HHl{E (mg/kg)* QCIEIER (%)°
(8 (mL) (mL) Lead Cadmium Lead Cadmium
15 3 0.58 +£0.03 1.02 £0.02 87.1+4.1 96.6 + 1.8
- 3 0.55+0.03 1.00 £ 0.05 81.9+52 94.6 £4.4
0.5 6 - 2 0.56+0.01 1.00 £0.01 83.8+1.6 94.7£0.5
- 1 0.58 £0.02 1.03 £0.03 86.2+2.7 97.0+2.8

- - 0.56 £0.03 1.04 £0.01 84.2+4.0 97.8+£0.6
* FAPAS T07221QC: Pb, 0.668 mg/kg (0.441 - 0.895 mg/kg); Cd, 1.060 mg/kg (0.723 - 1.396 mg/kg)

* n=3

()7 [EI BB A L e e SR B ) ' (FAPAS 2.4% (F11) ; #EE5H151.04 £ 0.02
T07221QC)H ¢4 ke & EmIR 2 o2 1.04 £ 0.01 521.01 + 0.02 mg/kg » [FIERS
FEHVFAPAS T07221QC 0.5 g » FRINEES6 5984 +2.197.8+0.652953+1.9% e
mL > 53 BIHEFT0.5 ~ 1R 1.5/ NRER B0 1 T 5 Bt AT AR I L3070 # 2 [E] iR
{LRREL - HERAER « HEhE &5 5/%0.61 Bl#E3100% » 5 & B B i iR 0RO
+£0.02  0.56 + 0.03520.58 + 0.0 mg/kg * [A] FIE L3057 SEITRIBE I -

RS BIEE91.8 + 2.6 ~ 84.2 + 4.0586.9 +
— BT - REERERTIER
U+ BUE B A B EWE (FAPAS T07221Q0)2 AT 2 BRES
RA=REE (e g U

bR Wk’ QCEMGECA) DB R SR O B E20.1 - 25 ng/mL
(2) Lead Cadmium  Lead Cadmium FEMEVATE » N2 10 ng/mLESEEMEVAYEIE
0.15 0.63+£0.01 1.01+£0.00 94.7+1.0 95.5+1.0 PSR L s DR e v TR S B B
0.25 0.61+0.02 0.99+0.04 90.8+2.9 93.4+0.6 (EBERRE L (E » BIAE S FE 2 S5 S s
0.5 0.61+£0.02 1.04+0.02 91.8+2.698.44+2.1 BV R UE A o B 2 R YE A S5 A

*FAPAS T07221QC: Pb, 0. mg/k 441 - 0. mg/kg); S S >

e TSRy = 00231500001 PR

®n=3 1.0000 ; $f .2 EEHEHh AR AR 1 TR A Ry =

0.0107x + 0.0008 * r*IR7E (R EF50.9999 ([&]

RO~ BURDHLE R R EME (FAPAS ).

T07221QC)Z i KR = ERE () BRI = )

Wi BlEmgke’  QCEIGRCA) 5 S ST (I B DL 1P 12
(8) Lead  Cadmium Lead  Cadmium FEsM i » AT RGO - TS
0.5 0.61+0.021.04+0.02 91.8+2.6 98.44+2.1 TERERE L2 e B fEE SR ) 1 02 H])
1 0.56+0.03 1.04 £0.01 84.2+4.0 97.8%+0.6 BE BRIE o 4 BRI R 40 ng/kgE"]%
1.5 0.58+0.02 1.01 +£0.02 86.9+2.4 953+1.9 B SE RS HAEUESE 0,56 - 0.73 (%

* FAPAS T07221QC: Pb, 0.668 mg/kg (0.441 - 0.895 mg/kg); 7?) R f@%,%é%%ﬁﬁﬁy%%%&{j%ﬁ , 2&73

Cd, 1.060 mg/kg (0.723 - 1.396 mg/kg) R e .
*n=3 % E MR F50.01 mg/kg ©
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AR R P s e S o AR T R

0.7 1

0.6 y =0.0231x - 0.0001
R2=1

0.5

0.4 A
*Pb
mCd

0.3 A

0.2
y=10.0107x + 0.0008

o1 1 R2=0.9999

0 10 20 30
Concentration (ug/L)

B= - "PbR'CdziB#ahig

E

) E Y RIFHERE Y E R

DL B . Bh ¥ A ik i & ) B (FAPASS -

T07221QC) » EB 24 fFIEHE2ZY)H
(NIST-1577¢) Je BUE 2 58 B AR HE 225 W)
B (ERM-BB186)(F futihd » [F HHE &
ROAI3R - EEAS R B Y)EFAPAS-
T07221QCH.Z i HI{E F50.68 + 0.01 mg/
kg EIERE101.9% 5 8.2 Hl{E R
1.09 + 0.01 mg/kg » [EERF5103.1% © 3
Bl A4 R EE 2 F V) E (NIST-1577¢) 8
A HIE 50.06 + 0.00 mg/kg » [EICRE
100.1% ; #.2 i H{E F50.10 £ 0.00 mg/
kg » [EIERF104.3% © BUH .2 58 B 1
21’8 (ERM-BB186)$5 .2 f6 HI{E 550.04
+0.01 mg/kg * EIERES100.0% 872 f%
HI{EF51.03 + 0.01mg/kg » IR F94.7%

=t MENERGESENEHR

RN~ AR T A2 R $RE BHER

Fhi
WINE 4 ng/kg 40 ng/kg
Lead Cadmium Lead Cadmium

3.53 491 3899 4333
3.95 455 3891 4224
4.42 4.17 39.53  43.16
Wl {E(ng/kg)  4.22 461 38.50  42.09
3.69 3.98 4072 4276
2.58 432 39.03  41.88
4.86 6.13 39.59  42.90

Mean 389 467 3932 42.62

SD 073 071 072 056
LOQ (ngkg) 731  7.14 719 5.58
LOQ (mgikg)' 0.01 0.0l 001 0.0l

*BELOQERHEHR & ATl Ml R B M7 B

(1) - FASPAS-T07221QC ~ NIST-1577¢
JERM-BB186.Z g HI{E & S~ {H
FRFTETLZ e ER R AT -

(9)[=] H (intraday) & 22 H (interday) /712 HEXL
HFFAPAS T07221QC LA 8L A (£ 5
- ETEIH R EH R - ERER - 8
HIIE H R 22 H o2 8 SR B R 1.8% &
8.7% ; $EAYIA H e 52 H 2 8 BRI Fy
0.9% 5 3.7% 2 [ » BRI IE AL 73]
JE 2R R ST 2 R I RAF (R ) -

o . Certified level Analyzed level® N
Certified reference material (mean SD, mg/kg) (mean SD, mg/kg) Recovery (%)
. Pb 0.668 (0.441-0.895) 0.681 +£0.010 101.9
FAPAS T07221 QC offal (liver)

Cd 1.060 (0.723-1.396) 1.09 £0.01 103.1
o Pb 0.063 +0.001 0.062 +0.000 100.1

NIST-1577c¢ bovine liver
Cd 0.097 £ 0.001 0.100 = 0.000 104.3
Lo Pb 0.040 = 0.005 0.040+0.010 100.0

EMR-BB186 pig kidney
Cd 1.09 £ 0.05 1.03 £0.01 94.7

"n=3
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R\~ EEZEAREREYE (FAPAS-T07221QC) 2B H & E BRI R

Content level Intraday” Interday®
Sample Analyte
(ng/kg) Recovery (%) CV (%) Recovery (%) CV (%)
FAPAS T07221QC Pb 668 101.7+1.9 1.8 93.2+8.1 8.7
Offal (Liver) cd 1060 104.0+1.0 0.9 102.8+3.8 3.7
n=5
®n=3
= -mERE 5. Agency for Toxic Substances and
Disease Registry (ATSDR). 2011. Toxic
DT 2 ST 17 I A P AR £ 5 - gistry ( )

IRESE & S R M e ~ FEAIEE - BB~ TR
BB R 2 B - HRETSTE 7R R - RS (L
HIEHE % - DAICP-MSHHT « 174 i 2E Mg
HIAES - 1S E e & 2 /%0.10 mg/kg ~ 1
TFHET R RE SR 2 8 50.04 mg/kg ~ K I FHE AT A
BES R & &0 B E0.065£0.07 mg/kg » F&
WAERFRT107ESHSH# MR EZ " &
GHYVE KR AARYE ) HERREG R R
faHd -

ZENR
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Development of the Method for Lead and Cadmium
in Edible Offal

YU-NING SHIH, I-CHEN LAI, MENG-CHIN TSALHUI-YU DAI,
CHENG-MING CHU, CHIA-DING LIAO, YA-MIN KAO, DER-YUAN WANG
AND HWEI-FANG CHENG

Division of Research and Analysis, TFDA

ABSTRACT

Offal is a good source of protein, and is very nutritious. Heavy metals may accumulate in offal
through the food chain. This study aimed on the investigation of lead (Pb) and cadmium (Cd) levels in
offal of poultry and livestock. Eleven samples including liver, heart, kidney, stomach, liver even, intestine,
and small intestine from pig, heart and gizzards from chicken, and tripe from cattle were collected.
The samples were prepared by microwave digestion and analyzed by inductively coupled plasma mass
spectrometer (ICP-MS) to establish a testing method for Pb and Cd in offal of cattle, sheep, pig and
poultry. Sample was accurately weighted 0.5 g into a digestion vessel, then 6 mL of concentrated nitric
acid (70%) was added. The vessel was digested by microwave-digester, and then the prepared sample
extract was analyzed by ICP-MS. The results showed that the best condition of microwave digestion
was at 240 °C for 30 min (heating for 20 min, and holding for 10 min). The detecting m/z values for
Pb and Cd were at m/z 208 and 114, respectively. The determination coefficients of calibration curves
for Pb and Cd were both above 0.999. The limits of quantification for Pb and Cd were both 0.01 ppm.
The recoveries of Pb and Cd in standard reference materials of offal from United Kingdom (FAPAS-
T07221QC), bovine liver from America (NIST-1577c¢), and pig kidney made by EU (ERM-BB186) were
100.0 - 101.9% and 94.7 - 104.3%, respectively. Standards of Pb and Cd spiked in liver, heart, kidney,
stomach, liver even, intestine, small intestine of pig, and heart, gizzards of chicken, and tripe of cattle
showed recoveries 86.2% - 129.7% for Pb and 81.7% - 120.0% for Cd. A total of 17 commercial samples
purchased from markets were surveyed. The results showed one pig kidney sample and one chicken liver
sample were found containing 0.01 mg/kg of Cd and 0.04 mg/kg of Cd, respectively. A duck liver sample
was found containing 0.06 mg/kg of Pb and 0.07 mg/kg of Cd. For the other 14 samples Pb and Cd were

not detected.

Key words: lead, cadmium, microwave digestion, ICP-MS



