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1. FL&HIC

FFABROEB{LOERELHERLLT, PRk I ECEERBERREYSN, BRIEHSHED
BESETHBENOHL—MORBKIEEE2 T EEHCBITSE, HEFRME~DR HILBMKE
REOBBEHEOMFLLU. ZhICED, BRoOREEEZRETIE A0, FRIEESOBRE NN
LTRY, E£REORERELEMLTWA.

B, A (B HTiE 1992 /) 2 Cik, BRIBBSFEDAEF T2EBTOINIVL, #7, =
Vv, JRLAOGERICAVARBIEORBICL, KL% - MR CHBTIFEREHS TS, 20
fit, EARTHRVELLMETIHERUHEB - RERB TR T FEAERINTHER, 7obh0RIE
I3 A T &R, BB ORE OB AP REREORK — LESHIEZ SV TREDBHETH
2.
PHLIZISHERIESPOESBORESHIEY T, TAEREVOESRBESEAEONMIL, T
RICEB MBI REL CHABLENTWD. 22T, BRIESHIYWT, Z20RBHEEOESHEIR
{LU7ct%, EXRICIDMBLHEEITV, TORBEBEMATESREYER T EEREL, &F BT
IBHED LUBEIT o, BICRLEOBBEERL-OT, ZOHMEBELHETA.

2. MPRUAE

1) BHOEDRRTHER

FELTWBIFRES 34 R (FRAREEE 17 &, LRBERIEE 7 &, TABRIEE | &, EREE
FERE 8 R, TEEBRIEH 1 ) 2HBALUCNEL, AEEICEE L. RBRAE 65CT 24 BB
L, BB 500 pm O 530 2ETAIDHBRL COTARE2HEL, RRICHLE.

2) BEERUSBA

(1) RFREDHTERE: BUNAT7/nP—X8 2-5010 F R —< BE-rRELER
(2) BRUF: y~rREH FO610
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3 RE

(1) ARIT A, §8, =or VRO aLERENE: Merck BUURFID AEHEE (1 mg/mL, JCSS), FAtE HERE
{1 mg/mL, JCSS), =7 VAEHER (1 mg/mL, JCSS) K /o MEHER (1 mg/mL, JCSS) B NEF DK
RS LCHWE, SEREEYERAL, HER(1+23) TERLTE SN (0.05~0.5 mg Cd/mL, 0.5
~5 mg Pb, Ni, Cr/mL) 25817,

() HEE (& E 35%) ROEEE (B 60%) iXRBE I ARELH V.

ﬁﬁlg

4) BHBROHRHE

SrHTEEL 5,00 g B —H—100~200 mLITIE0ED, BRIFICAR, ERERRLIETR250C
THIELU%, BIZH 450°CT 8~16 BERIMBAL TRLEE7, Bn, BEEW 5 mL (R4{b — FBE 55 fif
W PE SR BUL VIR 30 mE R CREERRY 10 mL Rk — FEok ARk S BB B A, Bb i L CIm#Ek
LTHREL, BITMBEET TR L A SRR, Hmtk, BEE (1+5) 79 25~50 mL %4> 4 12
%, MBALTHE L. Bnt, IBERE K CER77A2 100~200 mL B L, BITERETKEMR,
A3 TARUTHREBERE L.

I ottt 500g | b—2—H—100~200 mL
|

- Fasoh

Rk RpIE

FK}% 450°C THAZE
I Fey | =B

|_
[ By | PEOAUAMKTREEET

8@ %9 30 mL
—fEER %9 10mL

| iR | BEITEV. S

i ﬂﬁlﬁﬁ | RRtIETHL, BOBRE

L ﬁk’?% | =&
—¥EEE(1+5) 25~50 mL

| T, | EEEFILCE, B

I fﬁzgrf% | =&

{ @Liim,e | 2E7Zx2100~200 mL~BLiALr
7K (R ET)

E 218 | TSR

I fﬁ'ﬂ;ﬁ |

K1 {BRIEETR ORIV A, 8 =y, Z7nsRERIREFIE
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5) AFSOL, 88, oL BEURYOLORE

HEBEE EREYEFRAESITEBICEAL, IRIYA, §, =vsr LR bilonTEE
228.8, 283.3, 232.0 KR! 3593 nm OEBEFEFZREL, SHREPOETNEFHOESEBOBELRD
7.

3. BRBIUEER

1) BHBEOHESEMOLER

RAL— B O ER ORI — ERSBIEOR NI FEIZIHERIER G4 RAIFOEESBORE
EOEER 2-1~2-4 [TRLEZ.

ARV LOREEO—RERAOERGEEE TR 1.022 RU-0.029 Th-o7e. £OFBEKE (0
L 0.988 THY, mW RN L.

OB TEAE O R ENE S OEUR R E R OWIF 1T 1.034 B 1-0.077 Thote., T OFBREAFHAE (r) X 0.998
THY, WEORBREE I -],

=y OREEO—REUGROBEIRBRER CEI A T 1.344 R U-3.817 Th-Te. £OFBERE ()
0.955 THY, Kb~ FHEE S MIEICIDMEME IR — EASBEORLBFECISBEBOFHE
ApBEEMAE R LY. 1T, BERIERIEE (8 A) W, 0 mANEE ThHY, KL~k o LIl
TR — FER SR ORI EMS 2 fE2L LRI Rb o7, 72k, BEIFREHORBHEER
T, A=y A OMEBOREZE 3-1 RUE FOREEO— KRB ORRFRIE G A
1.140 B TR-2.270 Th-ofo. TOMBERE () I1X 0988 THY, BOEENRDLE.

2 LOPEHEO—REFROEIREE R GBI R 1T 1.793 R18-14.228 Thoto. FOMBERE ik
0.868 ThY, KL —HEE S IREI LABEMEIVIKAL ~ EARSHEORNEFIEICIDMEROT 1 E
LIpAHRETR LT, BRI, BERRIEIRIBEH(S ) IV, TOMEMMEE THY, P L OB TR
TR — R S RREOREER 2 HU ERRUE. 25, SEFRESORBREZIROT,
BHE =y 7 A OREE O AR 3-2 10K U, F O E O — Wk BUE o BUSHR EUR O A 1520.997
B 0372 Thofo., EOMBEREK (1) X 0975 THY, HEREDLIE.

2 R OBERIB RIEEE AWT, [R{E— BSOS BRTMES 5~20 mL SEBREENCE 2 THTL
By VRO abOR ERE R CRE —ERSGAEEORBIEEEZE 1 1AL, BEER 5~15 mL
MB TR VR0 ORI EMBITEMERERL, FE3ED S mL BN TR HBEOMBEOBNR
+43ThAHEE LN, LpbLaRs, EE 15 BN 20 mL HINE T, =y AR/ L0R EEIEE
Hb$, A THHLE LR ZEICE AT TIBIEVME Thole. JRIGABEB U4 HRIEL, EHEEY
EEDIEENCELEFETHS, LLadh, HE CABIABERBRIEEHCEEEDEE £V
b, RIGMBLU=oBEORARELHEZE 2N, 20k, BERGRBEHIEREEE OS85
BEBEBLEFRBWEE R, £BOBRFILERA3HZLELE.
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50
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60
40 |
:éj 30 \%j 4 L
i
%’% 20 ‘ iﬁé
¥ | ¥
i ; H 20
Lo y = L.140x - 2.270 | 4 v = 0.997x + 0.372
X . r=0988 | K ‘ r=10.975
0 L ' i ‘f 0 * . 1
0 10 20 30 40 50 0 20 40 60
TR AL —~ RSB 45 % (ma/kg) RAL — n§ k4 B (mg/ke)
3-1 RAL—FHER o ff R ONRAL — R X 3-2 FRAb—BBR 4y AR B UNRAL — K o i
CEAEREREE RS D X AERIGRIEE Z By a Lo
i 2B 0O b HEE OB
$1 BEREIBIRIREIO AL T I AR EE IR M B O EIT LA
Sy OO oV EEE ruabiEBEiE
BEEUE {mg/kg) {mg/kg)
BERLTH TR TR SmL 69.6 58.2
FHER 10mL 73.4 66.1
fHEE 15mL 79.0 72.3
FHES 20mL 79.1 75.4
EK 40 mL 111.1 123.4
BERLIBIE2 FHEE SmL 35.4 24.3
FHTR 10mL 43.3 27.5
AHBE 15mL 48.5 31.6
R 20mL 453 29.9
EK 40 mL 56.0 43.8

2) e EER R E

IETESEEEACE (5 A), TEBRIER (1 SIS, BRIEBOAEREIIBILIEFEHINLFTERY
OB ARED (HRITLELT 0.0005% (5 mg/kg), $8&1LT 0.01% (100 mg/kg), =y AL 0.03% (300
mg/kg), 75L& T 0.05% (500 mg/ke) yREMUAERE (LUF #HSERSERMUZEE LG, 20
1710 #8848 (UFI7 AL T 0.00005% (0.5 mg/ke), $8&LTC 0.001% (10 mg/kg), =72 T 0.003%
(30 mg/kg), Z7E.A521LT 0.005% (50 mg/kg) ) FWEMUILEE (LT HHMED 1/10 Y EHRMUIZERED
WG, RAE~EREIEIC LY, RDIRL 3 B L TRLNZEGRRFE RE R 2 ITRLE.

R [EIR SR K OB AR R R 22T, BMEERR Y BB Gl PR AT 97.5~99.2% K U 0.3
~1.9%, #TIX 99.1~100.6% K TV 03~1.4%, =7/ Tid 98.5~1003% K T 1.3~3.3%, Z7abLTid
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97.5~100.0% K& T} 0.6~2.7%THY, HEED /10 Y BIFRMURE CEAFIY LTI 96.7~99.7%
B 1.1~2.5%, 7T 97.5~99.6% K Tf 0.4~3.0%, =7 Tl 97.1~99.9% & U 2.1~9.4%, Z/md
Th 95.9~101.9% KR T 1.0~6.7% Ch-o7z. ‘

PLEDZERD, SFEMAYERCRAMED 1/10 MY ERMLUZRBHCBIZERERBRIZB VT, W
FTHbRIFRERS EYEINE) R ORDIELURE R EERZE) NELIL.

32 UTINIE] R ER AR

HIEsRE:  (BRREEE  SREE O SERE  BREESR O LE5RE
REREA B JERC AEED AERE Rk

BIERSY HOONEE  Mean” Mean Mean Mean Mean Mean
(mg/kg)  (RSD?) (RSD) (RSD) (RSD) (RSD) (RSD)

HRITL 5 992 98.6 98.0 98.5 98.5 97.5
(0.8) (0.3) (1.9) (0.7) (0.5) (1.9)

0.5 99.7 97.9 98.3 98.0 98.4 96.7

(2.3) (1.7 (2.2) (1.1) (2.2) (2.5)

i 100 100.4 100.1 100.0 100.6 99.1 99.9
(1.4) (0.3) (0.8) (1.3) (1.2) (1.4)

10 99.2 97.5 99.6 98.3 99.3 98.8

(0.4) (3.0) (1.8) (0.6) (2.1) (0.4)

=y 300 99.4 100.3 100.3 99.5 98.5 99.4
(3.3) (1.3) (2.1 2.8} {2.0) (1.6)

30 97.1 99.9 98.4 98.0 97.9 97.5

(3.3) (9.4) (3.4) 2.7 (2.1) 2.1

ety 500 100.0 99.0 98.6 98.8 97.5 97.7
Q.7 (1.6) (1.5) (2.4) (2.2) (0.6)

50 98.1 101.9 959 . 969 96.8 97.0

(2.9) (6.7 {(1.8) (1.0 (1.1) (2.3)

1) 3RGHTOFERED FHEINE (%)
2) FERPIRHERZE (%)

3) EETROER .,

BIRFBEICE, URERIEE R T EERIEEICOWT, KIb—EASHIEICIVEVIEL 7 BIOH
LTHRLI - ER TROBEREREREE 3 IWRLE.

HEIY LOFHEEMITENFI 0.126, 0.222 KX 0,109 mgkg THY, FOEEREZEFNEH
0.008, 0.007 & TF 0.009 mg/kg ThH-olr. BE TRITFEEREIC 10 2R/UTROLNDEILNG, THLEN
0.08, 0.07 B U} 0.09 mg/kg &72Y, KIEOEBETIBIX 0.1 mgkg BELHESR, i, B TR (B
R ZE) x2xt(0-1,0.05) LLTRENDY O C, FNE1 003, 0.03 R UV0.04 mg/kg L7220, REOKR T TR
I% 0.05 mg/kg REL#EEIN:.

SROEHBEMITF NN 1,133, 1.324 B 0.909 mgkg THY, ZTOEERZEITITHFI 0.082,
0.079 BT} 0.077 mg/kg ThoTo, THRENIZ 10 XRUDHE 0.82, 0.79 BT 0.77 mglke &Y, RIEOFER
TEEIX 1.0 mg/kg ELHEEEIN. F, FRFNIT 2xt(n-1,0.05) 2R LD L 0.32, 0.31 KT 0.30 mgkg
ERRN, REOKRH TR 0.5 mg/kg BELHEFINE.
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= A OEHRIFEEIT TSN 1,883, 2,511 BT 1354 mglkg THY, ZOEBREEILLTH
0.094, 0.097 &} 0.086 mg/kg Th-oto. THENIT 10 2R/ UEDL 0.94, 0.97 BT 0.86 mgkg L7220, ik
OEETIRIZ 1.0 mgkg BESHEI. £, £H-F1IZ 2xt(n-1,0.05) £FL5L 0.37, 0.38 RTr0.33
meg/kg 2720, RIEOWHHE TRIZ 0.5 mg/kg BE LHEINE.

s NGB EEILFIEH2.646, 3.381 BT 1.303 mg/kg THY, TOEIERFEITZFNFN0.099,

0.095 R T} 0.083 mg/kg BRE Choto, TRENRIZ 10ERLAHL 099, 095 KU 0.83 mgkg 2720, KIED
EE TR 1.0 mg/kg LHEESN. $0, FRENI 2xt{n-1,0.05) 2 F LA L 0.38, 0.37 BT 0.32 mgrkg

L0, AEOBRETIRIZ 0.5 mg/kg BELEFESNE.

*3 EETRERMRBROER

wFE EROEE  TwERED EREE FETRoOHE” RETROHEY
(mgrkg) (mg/kg) (mg/kg) (mg/kg)
AFIT L {BIRFREEER 0.126 0.008 0.08 0.03
LERTBTEIEE 0.222 0.007 0.07 0.03
TEEIHTEIRE 0.109 0.009 0.09 0.04
én 1HIeFREZIE R 1,133 0.082 0.82 0.32
UR{B TR 1.324 0.079 0.79 0.31
TEEIHRALE 0.909 0.077 0.77 0.30
=i (HIESEEEIEE 1.883 0.094 0.94 0.37
URRIGIEAER 2,511 0.097 0.97 0.38
T BT 1.354 0.086 0.86 0.33
ZA=NN TR FREEIR R 2.646 0.099 0.99 0.38
LIRTGTRRERE 3.381 0.095 0.95 0.37
TEIGIERLE 1.303 0.083 0.83 0.32
D) TRHT AR
2) {EYERZE<10
3) EHERFEx2xt(n-1,0.05)
F4 EEROZEHEAR
RO & =y 7w
(0.3 mg/L) ¥ (2 mg/L) (3 mg/L) (4 mg/L)
REFHE  MEE  ze? B EfE Py BEE Ee HEE i
(mg/L) (%) (mg/L) (%) (mg/L) (%) {mg/L) (%}
14 R 0,298 99 1.97 99 2.99 100 411 103
2 R 0.302 101 1.99 160 2.96 99 3.99 100
37 H 0.299 100 1.96 98 3.01 100 4.04 101
44 A 0.299 100 1.94 97 3.00 100 4.03 101
57 H 0.297 99 2.01 100 2.96 99 4.03 101
64 H 0.296 99 2.01 100 2.99 100 4,08 102
1) FEEUBRE
2) PRRL-BECHTAIEEORE
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4) BEROREM

={E QSCLUT) TRE LRIV LEEER (0.3 mg/L), SAEMEREQ mg/L), =7 A EHEK (3 mg/L),
I ARYER (4 mg/LY D | BEORBEER 4 1R, £ BIUF ILEBEERE» OB LR
BHRABREEIVERLCREREPA VTS EBBEORERZEL, BMU-BEICHT3HERED
A O EEHLE, 2oORE, EBEEROBMEREOE AT 97~103%Thole. ZOZEND, WIh
OFBEEIR IRV CHIEES (1+23) THIRL, BE QSCUTUREE LSS, 6 »ABEETHAZLNTA
HHIL,

4 F&H

IRA — ER Rk (BRIE) AW TR LI B B L IR (b — FEBE 4 iR s (el i) T LB IR IR (34
BYRDIRITL, =i, JubBURERELL. BORAEERLELELIS, BERIBREEE
BRERIEEIC B W CR T EERIC A ORI NS, BERBRIER POy VR O asiL, 1
FETRHEBBEICHELUTRNBIEEELR U

TETRBBEIEEL (5 A) B OVDEBRIEE (1 801, DRIVL, 88, =vi b, 7usOEEER Y 2415
MUT-RE R OYRRE D /10 0 8 B2 RMU 30 Bl V(S B EBIC LV RN B R 2 B L s 25,
S EUE R O OB IERER, YFITL T 96.7~99.7% K 00.3~2.5%, S8 TH 97.5~100.6% &}
0.3~3.0%, =7V T 97.1~1003% B F 1.3~9.4%, 7T 95.9~101.9% & T 0.6~6.7%& T
NHRFLREE ThHoT. BBIKICLY 3 BEHOBRBRAEL IR 7 AT oL TELNBE
EOBEREIVERLELIA, REOERE TREITAIFIZATIRO0.1 mgke, $7, =y, 70T
mg'kg LHEE XN, oS, IR QSTCUT) TRE LA R AR (0.3 mg/l), SRR (2 mg/L),
=y VIR QG me/l), Z7usBHIE (4 mng/L) ik 6 » AEEETHAIZLNRLLN.

VL EDOFERDD, BBER, RBELLIRBRENOZ YEPRABSH, BRSO ELASORELS
bNAHZENFERINT.

W

TOBROEMICEB W TIREEXE UM 3 A SR BRSSP RO K B sk K IR
WELET,

X #

1) BRI EgEE e EERR 1147 B 28 RIBEE 111 5 (1999)

2) BMKES BERERTTFRR: BSOS, p72~118, BREERERS, HR (1992)

3) hERER, B ER BREMIEBLERERE 252 SIEREMPOEBLRODEERE,
p.2~43 BARKER BRI SRR EHE SR (1983)

4) REEK RIFRERAKRER EWEHEESHE~=—=T7VOKE, BE, KEEW), ps-11
(2008)
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Validation of Atomic Absorption Spectrometry for Determination of Cadmium, Lead,
Nickel and Chromium in Sludge Fertilizer

Yoshinari SAKAKIBARA!, Manabu MATSUZAKI! and Tadao AMANOM®

' Food and Agricultural Materials Inspection Center, Kobe Regional Center Osaka Office
? (Now) Ministry of Agriculture, Forestry and Fisheries, Tokai Agricultural Administration Office, Food
Safety and Consumer Affairs Department

We developed and validated a method using atomic absorption spectrometry for determination of
cadmium, lead, nickel and chromium in sludge fertilizer. The sample was ashed in a furnace at 450°C. The
ash was digested with hydrochloric acid —nitric acid (3+1). After the excess acid was evaporated, the residue
was dissolved with diluted hydrochloric acid to prepare sample solution. Cadmium, lead, nickel and
chromium were measured by an atomic absorption spectrometer at the wavelengths of 228.8, 283.3, 232.0
and 359.3 nm, respectively. The results obtained by procedure digested with hydrochloric acid —nitric acid
(3+1) agreed with those obtained by procedure digested with nitric acid except nickel and chromium in
calcined sludge fertilizer. The accuracy and the precision were assessed from 3 replicate determinations of 6
samples spiked with cadmium, lead, nickel and chromium at 2 different concentrations (maximum allowable
level and 1/10 of MAL). The recoveries and relative standard deviations (RSD) ranged from 95.9 to 101.9%
and from 0.3 to 9.4%, respectively. On the basis of 7 replicate measurements of 3 naturally contaminated
samples, the LOQ values were 0.1 mg/kg for cadmium and 1 mg/kg for lead, nickel and chromium. Those
results indicated that the method we developed was valid for the determination of heavy metals in sludge
fertilizer.

Key words  cadmium, lead, nickel, chromium, sludge fertilizer, digestion, atomic spectrometry

(Research Report of Fertilizer, 1, 41~49, 2008)



