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Simplification of Determination of Cadmium in Feed

Hisaaki HIRAOKA™ and Yukiko MORI"
(* Food and Agricultural Materials Inspection Center (I.A.A.), Sendai Regional Center)

An analytical method for determination of cadmium content in feed was simplified.
Samples were ashed under 500°C and the ash was boiled with hydrochloric acid. = Cadmium
content was determined by an atomic absorption spectrophotometer.

A recovery test was conducted with 2 kinds of formula feed, chicken meal, feather meal and
fish meal spiked with 0.50 and 1.0 mg/kg of cadmium.  The mean recoveries of cadmium were
100.7~111.3%, and relative standard deviations (RSD) were within 8.3%.

A collaborative study was conducted with formula feed spiked with 0.5 mg/kg of cadmium
and fish meal in 6 laboratories. = The mean recovery of cadmium in formula feed was 107.2%,
and repeatability and reproducibility as relative standard deviation (RSD, and RSDg) were 2.7%
and 2.0% respectively. For fish meal, the mean value was 0.530 mg/kg, and RSD, and RSDy were
2.7% and 4.9% respectively.
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HWTEET D HIETHDH. YBiLotriEicis T 5 MIBK OFf ] B B9 IXEUEHA TR O IR F K O 5
DRETH DD, AN ICEFFOVEREN [ £ L TWAHAE, MIBK (X 2fIHBEZEKLTYH
TR REERE LN, POEBEOBENRHETESEEZLND.

Oz, AlEl, MIBK fith Al L, v 7 77 7 NEEMEREM R TR EEER 2 H v
R ON K 7 AOEEEERF Lz, £, BRI EHO 2 MEOMIESE (D, 77k
RN —~ o Bk By 7 759 RAE I TFZERZh (DIE] RO [ELY —~ 4l
E] WOl ) IZOoWTHEBRFNEZEMLIZOT, ZOMELRET 5.

T OMSIATEUE N EMOKPEN B L AN v 4 — B v & —



fagthoH NI U LAEEEOMFEL 5

2 ERAE
2.1 & OB
TIROFGEENEE (FXI—, 72— — A KO KOEAEEZ 1 mm OS50
ZimiEd H E O L, HEEEE Lz,
22 A ¥
1) 7 FI U LEERER B RITA (Cd) 0.1 g ZIEREIZE > T h—/bE—F—IZ AN, HEE
(149) 50mL # /0%, MEL THEML, Bih L CTERBRILHZFREL, Bmtk, /KT 1,000 mL
DERETTAIBL, BITERETKEMATH R U LAMEHEFEZFHR L7 (20 1 mL
X, P RIDALLTO0IlmgaEHETDH. ) .
fEAICER L C, AR O —E &% (0.1 mol/L) TIEMEIZAIRL, 1 mL #HiZ 0.01, 0.02,
0.04, 0.06, 0.08, 0.1, 02 X N04pug 25 AT HEEDOHN FI U LEERZFREL 7.
2) fElE, WRRIIEESBHEROLOE AW, 2SN ORIRIT R A Tz
23 HEROGE
1) PO - BEREFTR AA-6400F & (D, #fi1E)
2) JEFWNER  HSing T2 s no— XM 75010 % (R —~ U #E)
3) ~ v INIFE T RN T w7 4EEL FUL230FA
24 TERFIE
D #h
SN 10.0 g 28> T 100 mL DR U T A BT 7 A8~ —/L B — 0 —IZ A, FELIT
B CRILE 1%, 500°C O~ v 7/VIETIEVL TIRIL L 7o, BREMITD RO KK OUERE 10
mL ZR %2 2%, FIZKEZMAZT30mL & L, $0MEW L-kiim Lz, 2O %E /KT 100
mL OEET7 T AZBL, ERETKEMATE%, A1 (65 TAHEL, RAEHAKE Lz,
R, BB Z WV THE—#FIEZITV, 2ERBRIER 2R L 7.
2) RO R & D HE
RBHAR Z TR EFIC L 7T F Ly — K7 L— 2 F TR E 2288 nm OWILE %
WE LTe. ERBISIRICOWT, FRRICEREEARE L, EEREAMELE.
FRFIZ, &0 FI U LMEERICOWNWT, BEHSROGE & R—RFETHOLELZRIE L, K&
MAEER L CREFFON FI v 2A&ZHEB L.

3 HRRUEBR
3.1 MEMROME
22 THRB L7 FI U AMEMERIZOWT, 2 8 (D ffiEXMREE —~ U HE) ORI
HEEFH A W TR 228.8 nm OWIEEZHIE L, MEMRAEER LT
ZORER, WITRoFRICBWTHRERIL 0.01 205 0.4 pg/mL O CEMBMEEZ /R LI

3.2 fAkhH oo SERE R IR B o 0 R
BRI LAOWEZST I WEBITEBEHENKRE 2Ny 7 7T 00 FRINEZRT Z ERMLIL
T3 ). ARIVLADOERAGET S EEZONLHEMFEETICEASSEVEERL TSN
By T I o T ATz, BAFEIFICZIRMELIZEALTNDE T RI T LA, By
L, BV TARRY 73220 L0 4 FEZERY, BUETRINTO D EEEER, B, %
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B N6 FEOBLAFREZHWT, EGARZHAE L. ZOMFEIX Table 1 © LB T, I
TIHEBEENEDL >0, ABKOFF I —LTIE 5% U LEEENI b Db H 7=, AR
WZOWT, T rU DL, DAL, BV TLAROY TR &2 U E O IX
1.04~2.79% T & - 7~.

Table 1  Concentration of mineral salts in samples

(%)
Kind of feed Na Ca K Mg
Animal by products
Fish meal 1.23 5.61 0.59 0.20
1.04 4.47 0.76 0.14
Chicken meal 0.58 5.52 0.67 0.14
0.44 6.16 0.67 0.12
Feather meal 0.29 0.52 0.19 0.04
Grains
Wheat 0 0 0.02 0.09
Rye 0.01 0 0.02 0.06
Milo 0 0 0.02 0.08
Corn 0 0 0.32 0.07
Feed crop
Alfalfa 0.11 1.54 2.71 0.41
Timothy 0.05 0.56 1.42 0.17
Formula feed 0.08~0.30 0.23~1.11 0.63~1.07 0.10~0.31
(n=16) (0.19) ¥ (0.67) (0.84) (0.17)

a) Mean value (n=16)

33 A AU H RI U LAOWEIZRITT
FREINEA T2 EBEEIC OV T FI U LAOREICHET 0B ETo72. T Y T4,
AN T, AV TEROY T2 T 5O ERNT, £BA 4 IREN 0.1, 0.2, 0.3, 04
FV0.5%E 725 X 9 I2HEfE (0.1 mol/L) WiRA ML, 2.4 OE&EFIED S CIR WL
WL 72, ZORERIT Table 2 DBV T, ZEHA AL DI B FIvLEELTERINTZD
TN T DR TH-TZ. (o T, BRI TVLAOREIZTHZ RETTHIAIII L T LETH
HEEZBNT.
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Table 2 Pseudo concentration of cadmium at various concentrations of various mineral salts

(Polarized Zeeman correction)

(ng/mL as Cd)
Concentration
0.1 0.2 0.3 0.4 0.5

(%)

Na 0 0 0 0 0

Ca 0.0005 0.0025 0.0046 0.0070 0.0090
K 0 0 0 0 0
Mg 0 0 0 0 0

WIZ, BRI TLORERNZH LT A TFHOEEBIZOWNTHHANZ. 0.01 205 1 pg/mL OJRSE
DT R I7 LEAERIZ 0.5%H Y EDO I LS T AEZRIMLUT, DyiiE X MEEY —~ U HHED 2
KD AWt Lz, DR EIL Table3 D LBV Th - 7=,

Table 3 Effect of calcium on determination of cadmium
[Absorbance, (ug/mL as Cd)]

D, correction Polarized Zeeman correction
Concentration of calcium ion (%) Concentration of calcium ion (%)
Not added 0.5 Not added 0.5

. 0 0.0000 0.0046 (0.02) 0.0000 0.0019 (0.00)

% g ~ 0.01 0.0025 0.0076  (0.03) 0.0021 0.0039 (0.02)

T 272 004 0.0080 0.0112 (0.05) 0.0078 0.0101 (0.05)
EE =

§2 2 01 0.0226 0.0224 (0.11) 0.0199 0.0224 (0.11)
Q 8 ~

§ 0.4 0.0745 0.0757 (0.41) 0.0803 0.0809 (0.42)

1 0.1821 0.1776  (0.97) 0.1886 0.1864 (0.97)

WTHOMIESFEEL S FI U LADOKRES (0.1 pg/mL Kl TIE, By AERNOE
M&mmfﬁw/?A%ﬁMLt AR D 57 DSWOCAB I @ DI HE S 4L, Dy fliE D5 232 ORI
REolz. BRI T LAOEBER (0.1 pg/mL LLE) TiE, BN, EHRINEKE B I2WOLMI
%b@@#ok.uﬁ;@,ﬁFi?A@ﬁ%WW(01%ML%ﬁ)fiﬁwvﬁb®$%%
ST 5D, mREE (0.1 pg/mL LE) TIRIEFEAERELZZ T RN EBRbroTz.

W, AN LATFHEZITIZA FIULOEREBIZHENT, EROBFHIERN L@k %
MIBK filith L, & DK % Dy MiiE XK MR —~ U AHIE D 2 BEFE O J1- RO G EE R 2V CHIEE
L7z, ZORERIE Table 4 ©® 280 T, MHEE BEREEICAHNL VT NERIMOEIE & L Th
N T LERMUTERO TR I U LAREELE L TEDICERESNTE. £oT, Iy vAaD
EIIF T TIEH 22 MIBK RIS BT L TWL 2 &R EZ b,
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Table 4  Effect of calcium on determination of cadmium by MIBK extraction
[Absorbance, (ug/mL as Cd)]

D, correction Polarized Zeeman correction
Concentration of calcium ion (%) Concentration of calcium ion (%)
Not added 0.5 Not added 0.5

0 0.0018 0.0247 (0.02) 0.0092 0.0258 (0.02)

kS 0.01 0.0101 0.0360 (0.03) 0.0204 0.0372  (0.03)
§ § = 0.02 0.0295 0.0471 (0.04) 0.0314 0.0487 (0.04)
g _g gn 0.04 0.0513 0.0684 (0.06) 0.0470 0.0700  (0.06)
§ 83 0.06 0.0698 0.0913  (0.08) 0.0726 0.0926 (0.08)
S 0.08 0.0951 0.1093  (0.09) 0.0972 0.1127 (0.10)
0.1 0.1129 0.1267 (0.11) 0.1171 0.1328 (0.11)

3.4 IRINENEER

AU X DA R O HTREE OMERO -0, IRINEIGRER (=3) 21T-7-.

WONEIGRER I, FREAEE, BRBAEE, 3o I—0, 7o —I— L KRORKBICE
LEI 0.50 mg/kg XN 1.0mg/kg HHETEDOH RI T LAEZRIML, 24 1208> TEIEEZ T2, 2D
il B 0% Table 5 e (X Table 6 D & BV, D, i iE TIXFEHEULERIT 101.3~111.3%, T O UK X
FEXF IR 72 (RSD) & LT 83% U N Tod Y, Rt —~ A E TITFEHEINER T 100.7~104.0%,
Z DR UREEIZRSD & LT 5.8% L FTH- 2.

T2, KEECTHE L NZRENARZ W T MIBK b 1T - 72, £ Ot 813 Table 7 2 U Table 8
DLEEY, Dy T EHEICERIL 121.0~131.3%, < OME LEEIZRSD & LT 9.4%LL FTH
D, WY —~ U MHIE TIE R RIL 108.7~119.3%, T O LKL RSD & LT 17%LLF
Tholz. LLEXY, Dy EXMENE —~ U HEOW L E &, AL MIBK iz X 2 ik}
OYMTELHE L RS ORE RN ST,

Table 5 Recoveries of cadmium from 5 kinds of feed (D, correction)

(%)
Spiked level
piked level — Formula feed for Forrr_mla fe.ed for Chicken meal Feather meal Fish meal
(mg/kg) cattle broiler chicken
0.50 106.7 (1.1 b) 110.0 (8.3) 108.7 (4.6) 111.3 (5.5) 108.0 (4.9)
1.0 105.7 (5.8) 107.7 (6.2) 107.7 (6.0) 106.7 (6.9) 101.3 (4.0)

a) Mean recovery (n=3)
b) Relative standard deviation of repeatability
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Table 6 Recoveries of cadmium from 5 kinds of feed (Zeeman correction)

(%)
Spiked level
piked level — Formula feed for Forrr_mla fe.ed for Chicken meal Feather meal Fish meal
(mg/kg) cattle broiler chicken
0.50 101.3% (3.0 b 101.3 (2.3) 101.3 (1.1) 103.3 (1.1) 104.0 (5.8)
1.0 102.0 (1.0) 101.7 (1.5) 101.0 (3.0) 102.7 (1.1) 100.7 (2.1)

a) Mean recovery (n=3)
b) Relative standard deviation of repeatability

Table 7 Recoveries of cadmium from 5 kinds of feed by MIBK extraction (D, correction)

(%)
Spiked level
piked level — Formula feed for Forrr_mla fe.ed for Chicken meal Feather meal Fish meal
(mg/kg) cattle broiler chicken
0.50 12739 4.8) b) 129.3 (7.3) 130.0 (9.4) 122.0 (4.3) 131.3 (2.3)
1.0 131.3 (4.5) 129.7 (5.0) 129.3 (2.9) 123.3 (0.90) 121.0 (3.3)

a) Mean recovery (n=3)
b) Relative standard deviation of repeatability

Table 8 Recoveries of cadmium from 5 kinds of feed by MIBK extraction (Zeeman correction)

(%)
Spiked level
piked level - Formula feed for Fom.lula fe'ed for Chicken meal Feather meal Fish meal
(mg/kg) cattle broiler chicken
0.50 116.7% (12)® 118.0 (13) 118.7 (15) 114.7 (14) 118.7 (16)
1.0 119.3 (17) 115.3 (16) 116.0 (15) 114.0 (14) 108.7 (17)

a) Mean recovery (n=3)
b) Relative standard deviation of repeatability

BRI, TN DPEEERN S%IREDF X0 I — N OV DPEEE DS 1% OB SRR &
BEAZLELEZEZA, RKEEOMIBKEOWTHIZBWTHE ALY T ARBEDEWVCLDL AR
SULADERMISHT HHBIIRONhoT2. ko T, BT TS FI T LADKBERTEH
T T LDOEEBIRD NN T,

AL, WTNOERINKIZBWTY 0.49~0.58 mg/kg DERMEMNELN, ZHEh FI VLD
HRIGRIZEDEEEZ DT,

LIS DO FREN T, Dy MiE M YR Y —~ U #i1E & MIBK O ERIMX O E&EN 0 226
0.02 mg/kg TH 2 DIZxF LT, ARIETIEL0.01 205 0.07 mg/kg & HWEMRHE L2, Z ik MIBK
WIRNAEORENAR E X T Ry 7 7T 0 RAEL (Table3 K1 4) , NS EEBRM LA
Mool ENEZ LT,

3.5 EETREOHH TR
KEDOERTREOBH TREZMHERT S0, 7RI VLAOERERERET T 7 (10 SR
L) ZJRFRIECRERHCHE L TR E DS SN 2R L7z, ZOF%E, 0.01 pg/mL o=y
KD SN T D IET 19, RAEE—~ U MIETIS THY, MAEE HIZ 10 282 Tz, 0.01
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pg/mL OFEHEWIIARIETIL 0.1 mg/kg IS T D700, RIEOERZ FRITZ 0.1 mgkg FRE LB XS
iz, £, METRIZSNEN 3FRE L2 2RE L L T0.03mgkg FRELEEZ LN,

SEOD, HHBLAEE L OEIZH R U LAORENZNEI 0.05 mg/kg &N 0.1 mg/kg
LD EDITIINL, 24 29> T3 EPGHT O 24T o 72, T OREE, B F I 7 LIREED 0.1 mg/kg
DOEE, FHEULEIT 98.0~112.0%, E DMK UK IZMHxHEHERZ (RSD) & LT 16%LL F T
HoTo. PEEN 0.05 mgkg DA, FHEILERIL 96.7~123.3%, + Ok LHEE X RSD & LT 26%
LIFThoT-.

FRFR O R U AOFREREYE Y, EAEE, A% T 1.0 meke, A% T 2.5 mgkeg T
HY, REOER FRIZEEHEO /10 L FTh o7z,

3.6 AR

RIEOHBIEE Z#HET 2720, H@EEHT X 2 MR % 320 L 7=,

FLAERBLAGEHC S KX 7 AL LT 0.50 mg/kg F2% f2 RN L 72 30ROV B SRTE Y S v- Mk
ZHWT, MSATEBOE NESEMR AR (B () BMOKENEZ SN e v 2 —) AKE, FiL
BB (B Rt 2—) , FEMleFEss B Aletr2—) , R4 hEREET (B
A4 iRty =), IRREEA A R E e 2 —KIKEEHT) kK OFE@EMRESI G [
B2 —) (6 RBRE) [CB\T, RECK-> CTHEFRRBZ I L 7.

ZOFER, Table 9 DLV, KO FEREIEIT 0.486 mg/kg, £ DB UK & OVE[H
FFHURS B (XM S YR 22 (RSD, )X OV RSDg) & L TENEIL 2.7% % 1 4.9% T ¥, HorRat (X 0.35
Tholz. £, FAMBE GO RMEE OB EINERIT 107.2%, £ OBPN#RR UK E K OVE
M P BURG FE LX AR (R 72 (RSD, X TN RSDR) & L TENEI 2.7% K% N 2.0%TdH ¥, HorRat i
0.12 TH-o7=.

— 5, BATO SR KT D MIBK % FV TIT - 72 2L [FRRBR O f% 5 % Table 10 (2R L7=,
O O Y E B 0.530 mg/kg, & OENMEGR UK EE M OV FFBURE B (XA X ¥R 725 (RSD;
JOVRSDR) & LTENEN 4.8% &N 13%TH Y, HorRat 1% 046 Th o7z, Fiz, FHAHEA
BEO RGO B BN RIE 116.6%, < O3 PN UK EE & OVER ) P BLRE FE (3R ok A2 Y ff 72
(RSD; X TXRSDg) & LTZENEIN 1.4% K% N 6.5% TH Y, HorRat X037 THo7z. WITHD
A b HorRat 28 0.5 % FlEl > TWedd, ZORKE LT, ERBENARSGIIEICAML TNz &
NEZ LT,

B, BEOW, FHRBRE TN L2 F RGO & O IE 7154 Table 11 1277 L
7.
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Table 9  Collaborative study results

(mg/kg)
Laboratory Fish meal Formula feed for dairy cattle
1 0.529 0.509 0.511 0.554
2 0.493 0.505 0.529 0.553
3 0.510 0.480 0.530 0.540
4 0.442 0.465 0.530 0.535
5 0.450 0.444 0.535 0.537
6 0.503 0.506 0.540 0.541
Mean value 0.486 0.536
Recovery (%) --- 107.2
RSD; (%) ¥ 2.7 2.7
RSDg (%) ” 4.9 2.0
HorRat 0.35 0.12

a) Relative standard deviation of repeatability
b) Relative standard deviation of reproducibility

Table 10  Collaborative study results (MIBK extraction method)

(mg/kg)
Laboratory Fish meal Formula feed for dairy cattle
1 0.523 0.522 0.579 0.603
2 0.476 0.498 0.557 0.559
3 0.630 0.560 0.530 0.540
4 0.487 0.511 0.578 0.578
5 0.541 0.502 0.640 0.650
6 0.545 0.560 0.590 0.591
Mean value 0.530 0.583
Recovery (%) --- 116.6
RSD; (%) ¥ 4.8 1.4
RSDg (%) 13 6.5
HorRat 0.46 0.37
a) Relative standard deviation of repeatability
b) Relative standard deviation of reproducibility
Table 11  Instruments used by collaborators
Laboratory Atomic absorption Background correction
spectrophotometer
1 SHIMADZU AA-6800 D, correction
2 Thermo SOLAAR969AA D, correction
3 HITACHI Z-5010 Polarized Zeeman correction
4 HITACHI Z-5310 Polarized Zeeman correction
5 Thermo SOLAAR969AA D, correction
6 Thermo SOLAAR969AA D, correction
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4 FE&&H
Rt O NI LADEREE LT, MIBK fl HEAZ BT 5 5B OWTHRE Lz L 25,

R DFER % 1FT2.

1) DyfiEXROMREIEE —~ AHEDM GIEE bRERIE, U FI T ARE 0.01 705 0.4 pg/mL O
PHCEMMEZ R LTz,

2) I RIULAOEKEEE (0.1 pg/mL Kiil) TIEANAT T LOTHEZIT N, BEEE (0.1
pg/mL LA E) TIEHEENME o7, 72, BAEEHEOMENSIK TIX, & FI U A0
ThoTHERIIAMRETH-T-.

3) AIEIC L 2 WINEIGERER 2 20 U 72 /5 8, FBIEIGERIE 100.7~111.3%, & O UK B 13AH xF
¥R (RSD) & LT 83%LUFThoTz.

4) AKIEOFERE FIRIT 0.1 mg/kg, i THRIX 0.03 mgke &5 x b,

2o d, AIEITPRL 18 48 3 A 24 AAHT TEIEH M B IR S e Y. ARTEIE MIBK filiHiE & b

e LC, alBE6 N, AEYER 5 ST LZEA, BRI L T2, 3MER, = X MIZ L TH 1,000 o

HI 23 ATHE & 72 D,
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