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SERUTREARMEP IR RS SRS ERE

WAFE BB REE REE OREW BRRE SIS ETEROBRRS

R E BT bt

W R

BN AETEEZEATRR  TLEREFL TR EHRY - 2T ELH
TEHRMERHZESETHHEN  FAENK BRABRBLAHHNEEH R
MELBZAR - LREEEHATRUENB AL LTI AFFRKETER
P BB NBRACE NS T R N EAREE - Rt 174 @ROREEALE - AR
JE#2 48 4L H 3%4% (Inductively Coupled Plasma Mass Spectrometry, ICP-MS)Az #] » &
BEATRMENBZAS RS EHRBR T F o R EBARB A RSB - & B0E L
AL VAICP-MSEAT 441 © 45 REAT » RAEBOR H AL & 38 2 240°C m 24309
A (TFM2004E » M 1004E) 5 IAICP-MSH#1 8F » H & HOA 85208 B 471142 % © A
HE 55 P 5 S8 RARAZ MR wh 4 2 A8 MR B 10,9990 F 0 R EARIRIY 40.01 ppm > 4F
S F o BARE T RMNRE S AR AES50.5 ppm)ZF K o 2 5 MR 3 E
Z )M M M 'H (FASPAS-T07221QC) ~ £ Bl 2 AT A% %% 4 ] (NIST-1577¢) ¥
Bk A 2 78 BAZYE 4 F ) W (ERM-BB186) » 4 R45 A& 4u = B4 % 45 51 4100.0 - 101.9%
B94.7 - 104.3% ° 7 5 Bl iR b BARAR ME S AN BT ~ B0~ B~ BBAE ~ BBATIR
ARG BN Fel s B R IE ARG P 0 S5 RS e e R E 4 ] A A86.2 -
129.7%581.7 - 120.0% = 1747 & & Skl 45 R+ 1452 B a2 45 4% 40.10 mg/kg
11 #E AT #8402 % 40.04 mg/kg ~ A1 TBITH B2 45 & 454 F 5 %] 40.06%0.07 mg/
kg * A ARRAIIRI0T RS ASA A TR X T s iT R MY A T ARE
FARRRE R H KA -

RASEEE - #4  8R - B URCHILE - RIEERBS BRERER

[l

Al

W MBEARARZIYE  RAFER
et FREVRALTFTHREEF IR
() 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 AT E BUE K+ (IARC:
group 5 EBIE R HEWHFEEHE (the US

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

BT RS - RR G A NMEEE V)2
SFEE - B E MR - BEE AT PuE
WE - T SREmEEEENVER - 8
RERATEIE X - T KE e REAS
PERBEEAEBFEOEZEEC - 8 67
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AR R P s e S o AR T R

HIREREE S - SR 2RIFEAAE E YRt - R - 52
Bih 0 REED o i AIRAI RS - HA
HIFRER  TRHEY) RSt 5 -

EIRBE B GG m Y — O AK
e LERER  BEENMEFEEYEE
BElaYH E - EERTEEY 25 EHEB
oo FIA0AT - BEERRCY . B ABEARZ
THRAY) - FERBETEESBZEEF -
MmEeEAENEHZSEEIGS A 86 H&F
WL R FHERMTESBEF LIRS
PREEEENINDUE # » DURRR A B 2 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
J2 B fie B < T B PR & 3 B 0.5 521.0 mg/
kg™ o HhE i 2 B BB B R (China Food
and Drug Administration, CFDA)# & #5[F &
$50.5 mg/kg"Y » Bl & AT B8 (Codex
Alimentarius Commission, CAC)# & #5E =5
0.5 mg/kg"” - FE# A MEFH1074E5 H8HET
EZ T EMPERYE EREEEE - 1
FF 5 B2 AR RE 0.5
mg/kg s 7E4F ~ F 0 5 & - BZIFEFER
E1%0.50 mg/kg s £ F 0 FE B BIZE
gt PR E AR 1.0 mg/kg

4 F o SRR E R EEEIY AE  a0
BF - Bt A B ESERY - L EHEA
o EYIAEEA SEE - hHERERR
ErkERR" > ERIEELIEEZECINEYD
1o R EH TR BB « 20 4y
mE R B AT S EESE - IRIEMiranda
EN(2005)F F - Nk ~ B 2EAENE
©& - TRERA R EE A FEEERE - B
2 EEAEEREY - Gilani% A (2016)7
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) L FEEf

14.34 + 4.62 mg/kg (n = 30) ; $Ea ELFEFHT0.14
+0.02 mg/kg (n = 30) » FHF0.21 + 0.40 mg/kg
(n=30) * 4F80.93 + 0.13 mg/kg (n = 30) L E&F
1.93 £ 0.41 mg/kg (n = 30)* « FRAIF R
oo EEERIR BN - HERETE B R E
R EHeBI R REGE - BEHEHE
SR ES YL LM ~ B - R e
ARERFERS - Wi EZRAERRE
(e e B B G 3 L BT -

BEREBREEL(HFTERTE AR
HZ BN MRS - B IIREZE (renal
disorders and dysfunction) + ‘B#8# (L K5 [F:0
=R

PRI » B 98 H B R B S B~ PR 2
Bl ETESE RN RS E
HIE - WASRESZ YA R inEl e < b
TR DM ER & R x &l Bk Al E
BB S BR REA R ETTE (R R -

MFERTTE

— ~ IR

105ZE 1065 LT E TS KOKE G
R BBV N 17 - EEE
O FEE - BN FERRE  FERIE - FDNE
HeLs o~ FERD - HEAT - IERERT - WRAT R RIS -

N R

SIS AE VAW (Lead standard solution, 1000
mg/L) » FAEUEZS R (Cadmium standard solution,
1000 mg/L) 5 $E AR HEA K (thodium internal
standard solution, 10 mg/L) (Merck, Germany) ;
8l A5 8 (Mallinckrodt Baker, USA) &%)
PR S B Y)E (FAPAS T07221QC) (Food and
Environment Research Agency, UK) ; 412
#EZZY)E (NIST 1577¢) (National Institute of
Standards and Technology, USA ) ; F&EiEHES:
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)& (ERM BB186) (European Commission) °

= fE=RalR
()R EAE & B 4 E FE# (Inductively coupled
plasma mass spectrometer, ICP-MS) (Elan
DRC-e, Perkin-Elmer Sciex, Canada) : 28
2 RE— -
(O E L& (Microwave digester) (MARS 6,
CRM, USA) : E#BHAEE" -

Gk 25 RIF PSS E (Acid steam cleaning
system) (TraceCLEAN, Milestone, Italy) °
(o) 25 Bt 7 7k 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 HE S50 mL » FIIFHICP-MSHETT

53 ICP-MSH#R{EBRF IR —FTR » DA

SKH B R %2 AR 1 i o

I B bR R LR 2 RS

1. NIEE L S TR ER 2
R T F Y B 7 S FAPAS-T07221QC
0.5 g FSHEALE T - IIANERIELES
§0.2 mL K fiEf6 mL - F5 BIANAGERS
b1 ~ 283 mLEBIE Y5
DA BRI SE B HA L3043 3 GH A LI
fFIER ") - ST AS0 mLA =,
DIEBEF/KER » i & LAICP-MSHg Al
BB 2 e R STEEECE
ERLAER FRLAZ 8 BEETR S L EE IR
oz

2. B E B A EICR
FETEREEUFAPAS-T07221QC 0.15 ~ 0.25
J20.5 g » 53BN A PN ERIEHES 0.2 mL
K HEfE6 mL - ETHEEAL » HAESE
A% ST ASOmLA B - DLk
BETOKESR » FHLUCP-MS Wl &Y
B2 e R TR EE R R
¥ AR MIUR EH B R &
‘z’éﬁ o

3. TRl Y A L PR e P S e LS R e 2
FEHEFBEUFAPAS-T07221QC 0.5 g * Il
AN EREHEATE0.2 mL K 26 mL -+ 3
TR EAL - R IR R 43 B33 i oy
30 ~ 605290578 ¢ JHLFERR - ST
AS0 mLAENF - DIEBEF/KER
FLUCP-MStll i EYE Z 8 ~ e
& 0 WETEHEICR S R - BREY
TRRIRE Y L PR R R S [ R 2 R 2 -

E)E SR e

UG8 22 AR E80.5 ¢ MINE B A=

WYy AR FEATYE (4 5240 ng/mL) » HETT

TEESHT - i EE L EAE R -

FHICP-MS 31 » LE10REIE®EZE » {Fhy
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TE MR -
(IERESE Y K AL E Y E

PAFAPAS-T07221QC ~ NIST-1577¢ K%
ERM-BB186fF fufu e » fEMEREEL0.5 g
LX?{%WHI%#%%M& + REICP-M S il

AWEHEEEIER - & HE E R A
B’\\so - 120% °

(B IEG
122 F A ek B A TR el G - Ak
B HIARAN0.05 ~ 0.1 21 ppm.Z #5 K2
FR¥ES » DU SR VL 2 e (R IR 2

(El—)METT3EE T - FIEHEELER -
0.5 g M ALk
l
#/m1 mg/L Rh 0.2 mLAE % P 4%
l
e A 4h B B 6 mL
l
Pk K L3044
l
ICP-MS
(Pb, Cd)

B— - Al in R A TRAE

(i 2 AT
B T B NBRCE R S (FERF20F > 02
o BB FERLLE SR L - 5
REG1LE ~ F/NG 1~ FEIGLEE ~ #E00
e~ #E20 ~ FEF L - IR - PEEE
FRLE R AR L) T 17 i - DAAHE
FURETLZ STk R e E

FEREAETER

— SRR BT RRIRAE (AR
FE I E AL S B R A E P E (FAPAS
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T07221QC)H #f K 87 & mEE R Z 77

P Ghimpeteanu® A (2012)ifF 7% » L
FBIFEELEAPAS T07221QC 0.5 g * WRANZK15
mL ~ EELE3 mL g6 mLAETT305
S HALEERE - % DUICP-MSH#EAT 7>
B - HS R EREY & =7 1 R0.58 + 0.03 52
1.02 + 0.02 mg/kg * [AIERE87.1 + 0.02 %
96.6 + 0.02 % * FIFH L 532 AT HIAS IS K
& EIVE AFAPAS T07221QCHE S
ZIRFEHEIE o Ry T HERIATE RS A R
7= KEBFSIRITRERE(LEa 2R
BEIREICEREEF - EEEER © RIRIK
KARIEELE] » 253 mLZ5HE Y
S EMRFER0.56 £ 0.03 ~ 0.58 = 0.02 ~ 0.56
+0.01/£0.55 = 0.03 mg/kg * [AIERS B Ry
842 +4.0862+2.783.8+1.681.9=*
5.2% ° S EMT F51.06 £ 0.01 ~ 1.03 +
0.03 » 1.00 + 0.01521.00 + 0.05 mg/kg * [=]
R 97.8 £ 0.6~ 97.0 £ 2.8 ~ 94.7

0.55294.6 + 4.4% » {7 b2 [E 0 g0 2 7 51
% HEERWEYEZH - Re &85 E

(£ BREERIEE LSBT RESK
. [E R S 28
CEMNEEHRLEYE(FAPAS
T07221QC)H#f ~ #a & EOIR Z 722
RIS HEREELFAPAS T07221QC 0.15 »
0.25520.5 g » ININGEIEE6 mL » 1730576
O E L - EEBAEER  WEYE S
£50.63 £ 0.01 ~ 0.61 £ 0.0220.61 + 0.02
mg/kg » EIER S 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 * [HIYR
53 BIE595.5 £ 1.0 ~ 93.4 + 0.65:98.44 +
2.1%(FR 1Y) o A [EIGE M EUVER 2.2 # K #R (e
WERAHT » mIRE R A R B Y8 Ry BREZ 12
EE T Bl R EREHE S
AR 2 B ERAG R 2 - R
HAREZ IR KR TR m BEH05g -
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= CHIBERERFINAE L SR FEREYE (FAPAS T07221QC) Z i R iR & B BN R T &
MR W oo Bl il E(mg/kg)* QIR (%)
(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 £0.01 842+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

G EI B0 T LR T 5 R/ ) B (FAPAS
T07221QC)H K #7 2 mEE R 2 72
FEEVFAPAS T07221QC 0.5 g » FRINEES6
mL > 53 BEFT0.5 1R 1.5/ NS A T
(LR - EEGE « HirE &5 01R0.61
+0.02 ~ 0.56 + 0.03520.58 + 0.0 mg/kg * [
W43 RIE591.8 + 2.6 ~ 84.2 + 4.05:86.9 +

=M ~ B EHRREYE (FAPAS T07221QC) 2
thRREERE
ke BHl{Emeke) QCIEIEE (%)
(2 Lead Cadmium Lead Cadmium
0.15 0.63+0.01 1.01£0.00 94.7+1.0 95.5+1.0
0.25 0.61+0.02 0.99+0.04 90.8+2.9 93.4+0.6
0.5 0.61+£0.02 1.04+0.02 91.8+2.698.44 +2.1

* FAPAS T07221QC: Pb, 0.668 mg/kg (0.441 - 0.895 mg/kg);
Cd, 1.060 mg/kg (0.723 - 1.396 mg/kg)

b
n=3

RE - WRH{ LRSS B E (FAPAS
T07221QC)Z i KR = ERE

s BillEmgke) QCIEN R (%)
(2 Lead Cadmium Lead Cadmium

0.5 0.61+0.021.04+0.02 91.8+2.6 98.44+2.1
1 0.56+0.03 1.04+0.01 84.2+4.0 97.8+0.6
1.5 0.58+0.021.01+0.02 86.9+2.4 953+1.9

* FAPAS T07221QC: Pb, 0.668 mg/kg (0.441 - 0.895 mg/kg);
Cd, 1.060 mg/kg (0.723 - 1.396 mg/kg)

b
n=3

24% (Fh) s wEESHIE1.04 £0.02
1.04 £ 0.01 521.01 + 0.02 mg/kg * [BIRS
k5984 +2.1 > 97.8+0.6595.3+£1.9% °
Bl S AS FN R H 63057 8 2 [ R
BIE23100% @ Z R E ISR EEM
B30 SEAET TR -

- EAkEATES - RE R AR
pElL(e gz
(Rl B
DL#ts Fe s e JFOR BC B4R 0.1 - 25 ng/mL
TEHEVATE > NS 10 ng/mLEEIEHEIR T (E Ry
RN DU RS E R s
{EREEE - BAE S S R SRR
BUEREMEHIAR o MY A VEd AR AR 1 T 12
By = 0.0231x - 0.0001 * IR ERE
1.0000 ; & 2 AR AR E TR Ry =
0.0107x + 0.0008 * r* ¥ TE (5 #050.9999 ([

feH

IR

)

(C)E EIRZ Ha
& B RIRE R Y 2 L DU R R 2
Frorift - AT EETEE T - STETE
R ARUE RS - A HE 223 D1 05 B
Ry R - 53 HIRIN4 540 ng/kgI8H
FSRITHEA TR - HARHEAZ)%0.56 - 0.73 (3=
YRR SR e ANERE 3 VA - Ny ]
%2 E B F50.01 mg/kg ©
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0.7 1

0.6 y =0.0231x - 0.0001
R:=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 (nug/L)

B= - "PbR'CdziB#ahig

E

) E Y RIFHERE Y E R

DL B . Bh ¥ A ik i & ) B (FAPASS -

T07221QC) » EB 24 fFIEHE2EY)H
(NIST-1577¢) Je BUH 2 58 B AR HE 225 W)
B (ERM-BB186)(F futihd » [F H I E &
RORI3R - 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 » [EIERF5103.1% © 3
Bl A4 IR EE 2 F V) E (NIST-1577¢) #
A HIE 50.06 + 0.00 mg/kg » [EICRE
100.1% ; #.2 fH{E F50.10 £ 0.00 mg/
kg > [ELEFE104.3% © B 2 58 BAmUE
21’8 (ERM-BB186)$5 . f6 HI{E 550.04
+0.01 mg/kg * EIERES100.0% 872 6%
HI{EF51.03 £ 0.01mg/kg » IR F94.7%

=t MENERGESENEHR

RN~ MK T A 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
W {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 & &~ {H
FRFTETLZ e ER R AT -

(9)[=] H (intraday) 5 22 H (interday) /712 HEXL
HFFAPAS T07221QC LA 8L A £ 5
o ETEIH R EH R - ERER - 8
HITE H R 22 H o2 8 AR R 1.8% &
8.7% ; $EAYIF] H e 52 H 2 8 AR5 I Fy
0.9% 5 3.7% 2 [ » BRI IE AL 73
B 2R R S 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-1577¢ 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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x\ ~ REZEMWIAMRESEME (FAPAS-T07221QC) 2 [ HE R E BB R E

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
= -ThERE 5. Agency for Toxic Substances and

DAL Z oA 5 Rl T N B A i
RESE & 7 R FE I ~ FEPIRE - BB ~ TR
g se A= i - FREFSTE17M R R - RSB b
HIEHE % - DAICP-MSHHT © 174 i 2E Mg
MRS - 1 FEE e 3 2 /%0.10 mg/kg ~ 1
ST he B SR & 8 50.04 mg/kg © R 1EIEFTR
BES KRS &0 BE0.065£0.07 mg/kg » F&
B AERAES107ES ASHEMTEL " RMmH
HRYE R BREESE - HErmER ISR
gt -
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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.
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