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450 CTHRBLUTR/LS Y, M, PEOKTCEEYEEL, 1EE 30 mL X CHEEE 10 mL 02 T
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#1 HEMHSERROEE

B~ 1} E 2

miERs  wes  DOCEID RENREEET gy g
ARIT L T AIB PRI Bra 1.51 2.4 1.33 3.02
TR TEIERD 3.45 0.6 0.38 3.02
ISVEREEE R 1.88 1.9 2.08 3.02
THVEFBEREELD 3.9] 0.9 1.91 3.02
THIEREERE R 1.80 0.5 0.90 3,02
#h FARIGIEA S 24.4 1.4 2.00 3.02
TG TRAEHD 28.7 1.7 2.01 3.02
15 IR B ARl 19.3 0.9 1.75 3.02
EIERERIEED 23.7 1.2 2.16 3.02
TS IEAEE AR B 89.4 0.5 1.30 3.02
i TAIE TR 55.5 0.9 2.38 3.02
TFABIEERD 21.3 1.8 1.08 3.02
TGRS BENE e 29.6 0.3 0.38 3.02
TGRS BEAEAED 29,2 0.8 1.61 3.02
JEIERBEIE S 582 0.9 1,13 3.02
Z4=¥ TAIGIEREEra 30.6 1.1 0.83 3.02
ToKIE TS 23.4 1.9 0.58 3.02
TSV RBERE Bla 37.8 0.9 0.47 3.02
{HIEZEBEAR S 31.4 1.2 0.77 3.02
G RBEAL L 86.4 2.8 2.35 3.02

1) 0RAFR KT AT OREHE &M
2) REROEMEERE

3) —rAEOTEI IR SR
4) F(9,10;0.05)

3 HTRERVCENBEREBE

ANEEZBRALCRBREEIVEHLETYE, ERBELOKE GBXHEERFZ RSD)) kUE0
HorRat & (Ho,) I UM SR ER RS BE (R AR 28R 22 (RSDr) ) B2 UV @ HorRat & (Hog) 23 4 IZ7R LT,
HorRat fHIZm 7 HFIEORKE QML T 50 WHRTEY, Ho, 1L RSD/RSD, (P) & U8 Hog 12
RSDy/RSDg (P) iz kWK BIA. 723, RSDy (P) I EHEEEN D Horwitz #'P LRk, RSD, (P) ik
Horwitz TR IR (5/8) BR U TR /2012,

HAAUEZ BRI LIRS AOTRERAE O RSD, & U RSDg 13 1.0~ 5.5% K U8 3.2~6.4% TCb-ole. %,
RSD, % U RSDg OFEMIZAID Ho, Te U8 Hop 13 0.11~0.59 B TF 0.25~0.42 THY, Wihd 2 BLTTh
AR RBRA LT gr O REREE £ RSD, R U RSDg i 1.3~4.6% & W 3.9~7.0% Ch-To. Fiz,
RSD, K O RSDy OFEAHIZA VA Ho, B TF Hog 1 0.26~0.74 K O 0.40~0.70 THY, WThb 2 LT TH
<7 AIAEERA U= L ORBRE RO RSD, B UV RSDR T 1.1~22% K TF 3.9~6.4% TH-oTr.
¥z, RSD, B TF RSDp OFFHIZH 5 Ho, & U Hog # 0.19~0.35 & U0 0.39~0.66 THY, \Wihb 2 BL
T CHomi?. ANEERA Lo bOBRBREEEO RSD, R U RSDR 1 2.1 ~6.4% K (X 11.0~18.7%TH
oTe. Ffz, RSD, B O RSDr DFEAMIZ VYD Ho BT Hog # 0.37~1.24 BT 1.20~1.92 THY, WThb
2 BUFTdhofz®,
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%21 FHRIEEHOBFIY AOLFERE S (mg/kg)

RER Y TAGHIENE R FARGREED BB IR a
A 1.59 1.56 3.50 3.47 2.02 1.99
B 1.31 1.65 139 ¥ 143 ¥ 2.04 2.02
C 160 1.05 2 3.15 3.08 1.58 ¥ 147 3
D 1.41 1.45 3.29 3.30 1.81 1.81
E 1.59 1.53 3.51 3.53 1.97 1.98
F 1.18 ¥ 1.03 ¥ 3.01 2 3.30 2 149 2 1.78 2
G 1.47 1.45 3.31 3.31 1.91 1.91
H 1.40 1.41 3.31 3.20 1.91 1.85
1 1.42 1.48 © 318 3.23 2.13 2.11
J 1.48 1.50 3.36 332 1.96 1.92
K 1.49 1.54 3.54 3.54 1.97 1,95
L 1.70 1.61 343 3.34 2.00 2.01

FERE 15 IEFBERELLD 1HUEFEEENE e
A 3.81 4.02 1.78 1.99
B 3,99 3.94 1.86 1.85
C 3.64 3.75 134 9 140
D 3,69 3.67 1.69 1.66
E 3.84 3.92 1.83 1.98
F 3.68 ¥ 310 ¥ 130 ¥ 1.50 ¥
G 3.72 3.69 1.74 1.74
H 3.71 3.73 1.72 1.68
1 3.65 3.86 1.79 1.89
J 3.77 3.80 1.79 1.78
K 3.91 3.89 1.81 1.81
L 3.93 3.99 1.81 1.82

1) XERBRICEMLAFRBREOTRE (ERRF)
2} CochranF AL A4 UE
3) GrubbsTARCLAANAE

2.2 IHIRIEEHH OO LT RER R -~ {mg/kg)

Ripz’) - TGRS TARETRIEED 1B R RBEAEEla

A 25.9 25.8 30.7 29.8 18.9 19.4

B 24.7 25.3 29.3 28.9 19.3 19.2

C 25.6 24.9 27.9 29.0 18.7 18.1

D 234 ¥ 215 ¥ 28.5 26.4 16.4 18.6

E 23.8 25.8 30.3 31.1 19.1 20.2

F 23.5 27.5 28.4 306 164 2 19.8 ¥

G 24.7 24.3 29.1 29.4 18.7 18.4

H 25.0 25.8 29.7 29.0 19.1 18.9

I 27.2 25.1 29.0 32.6 236 ¥ 226 %

] 24.0 24.8 28.8 28.5 19.0 187

K 25.4 25.4 30.3 20.9 18.9 19.1

L 22.8 ¥ 212 3 243 ¥ 240 ¥ 17.1 16.8
MELD) ~3) 1332- 1% 5 R
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F22-2 {BIEALEE P OEr D R BRI (i) (mg/kg)

HEpeE 0 (HIREECHD VHIERRERIE e

A 22.4 22.7 87.2 87.9

B 22.5 22.1 95.0 95.0

C 21.9 22.5 89.8 87.4

D 20.7 22.0 81.8 83.3

E 23.1 22.3 86.8 89,9

F 231 18.1 2 84.7 86.1

G 21.3 21.1 85.7 84,2

H 22.8 23.0 83.8 82.4

I 254 ¥ 254 % 87.4 87.0

J 21.7 22.2 86.1 87.3

K 22.8 22.6 84.0 85.7

L 19.1 18.9 748 ¥ 732 %
B ~3) ixE2-14 5 W

F22-3 {GIRRERLF O =L LR RABR AR (mg/kg)

shEra? TRTETEAE B TAIETREED 1HIeFREEE

A 57.8 56.7 21.8 22.8 29.9 29.0

B 60.9 62.2 23.4 22.9 32.2 31.7

C 59.2 60.2 21.9 22.2 20.1 20.8

D 57.5 57.9 223 22.2 29.5 29.3

E 56.2 55,7 21.1 21.7 29.1 28.2

F 53.2 53.2 15.1 2 185 2 24.5 24.7

G 53.1 53.2 20.1 20.4 28.2 27.5

H 57.3 56.0 21.7 21.6 27.4 27.6

I 54.8 54.9 20.1 21.3 29.9 30.0

J 57.0 58.2 21.7 21.7 295 29.3

K 58.5 57.8 22.0 21.6 29.4 29.6

L 575 2 60.9 % 22.7 21.4 259 2 28.6 2
e TS VESEEEIEED TEIEHBER Bl

A 29.0 28.7 58.8 58.0

B .30.4 31.7 62.7 63.5

C 28.4 29.1 60.7 60.2

D 27.7 27.8 59.9 60.3

E 28.5 27.8 58.0 57.5

F 24.0 ¥ 24 ¥ 53.3 51.9

G 26.6 26.5 56.1 59.6

H 27.1 27.6 57.0 56.4

I 29.0 29.3 57.4 58.6

J 203 28.9 59.8 58.1

K 292 28.9 58.1 57.6

L 26.9 28.5 57.2 56.8

MED) ~3)133R2-12 88
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F22-4 TEIRIEEIRO 71 b 3 R BUER R {mg/kg)
ahERED FAKIBIEAE R TATSTRARE b IR
A 38.7 36.4 30.9 29,3 43.0 44,0
B 34.8 34.7 31.5 27.4 409 2 350 2
C 443 38.1 32.0 33.2 44.5 46.1
D 30.5 32.6 25.9 273 40.4 40.2
E 29.3 28.1 22.9 22.2 36.3 35.0
F 33.3 36.0 23.8 25.9 39.8 39.8
G 32.3 32.0 24.5 24.7 38.8 40.1
H 41.4 41,9 35.4 32.6 49.5 49.8
I 33.0 29.1 22.8 22.8 45.0 42.0
] 27.1 27.0 20.4 20.2 34.4 34.4
K 28.7 30.3 21.1 21.0 38.2 37.8
L 40.9 40.8 31.7 33.9 44.8 44.0
PRERE BB REEAC B THUERBERE R
A 32.0 33.3 95.9 91.6
B 34.7 29.1 95.9 80.7
C 38.5 35.0 101 95.9
D 27.8 28.0 85.0 91.0
E 27.8 27.5 71.3 78.2
F 28.9 27.3 85.6 86.4
G 30.1 29.6 81.2 90.0
H 35.9 38.4 90.9 106
1 28.5 29.9 81.0 78.5
J 24.8 24.3 65.4 68.9
K 26.4 27.1 74.1 75.7
L 35.6 32.7 95.4 91.3
B ~3) 1358 2- 12518
F3 HREERBICHERBURTRE S EE
Mz A—Fr—4 (B0 BRI A dy—2 (IR
A B SLRAERT (2-8000) G H 3L 8T (2-5010)
B A SEBYERT (2-5010) H HAR Dy —1l /7w 2 (SOLAAR M5)
C U7 (SpectrAA 220) I B BLERT (AA-6800)
D A SRR (2-5300) J B a3 4ERr (Z-5310)
E A sz RUYERT (Z2-8200) K B s 8{EPR (2-5010)
F B BUERT (AA-6700F) L

HAR 17 vi/a (SOLAAR M5)

1) ZFERBRICBMUCHREORS (FTF)
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F4 HFERBEREOMEYTHE R

By BORA PB . gE? RSDY RSDY  poe  goe
w80 (mghke) (%) (%) ' OR
HFITL TARIERIES. 10 1.50 55 6.4 0.59 0.42
TARIBRESD 10 3.35 1.2 42 0.14 0.32
BB Bl 10 1.96 1.0 4.4 0.11 0.31
THIEREEDED 11 3.81 1.9 3.2 0.23 0.25
TEVRFEEE AL 10 1.80 3.5 4.9 0.38 0.34
& TARIGIERER 10 252 4.6 3.9 0.74 0.40
TGRSR 11 29.4 3.7 4.3 0.61 0.45
{5 IE RSB Bla 10 18.6 3.2 5.0 0.49 0.48
1B SEEIE B 10 22.2 1.8 7.0 0.28 0.70
TETESERIERLC 11 86.8 1.3 4.0 0.26 0.49
=obrne TGRSR 11 56.9 1.1 4.6 0.19 0.52
FARIBIEEED 11 21.8 2.2 3.9 0.35 0.39
BRI Ela 11 28.9 1.3 6.4 0.21 0.66
RS ey S 11 28.5 1.8 4.4 0.30 0.45
IEVRFEEE RS 12 58.3 1.6 4.4 0.30 0.51
VAN TARIBIEA AL 12 33.6 5.3 15.6 0.89 1.65
TAIGIEREED 12 26.3 4.9 18.7 0.81 1.92
15 IESEEERE la 11 41.3 2.1 11.0 0.37 1.20
{ETESEEE P S 12 30.2 55 13.8 0.91 1.44
15 TER B 12 85.0 6.4 12.5 1.24 1.52

1) SEATICRVW B =

2) IRIEME (n =R AEVELE(2)
3) ENEVELURE AHMEEEZ)

4) EBEFBEREE (HRER®)

5) EEPNEDIRLHorRatfE

6) ZEREHHorRatfE

4. F&H

12 BBREEITIUNT 5 S840 (10 5 DIERIEEIE W TARIT A, 8, =v7 /b, 7es0ERRBREER
L, BT EOTFMET T, TOFRER, IFITAC OV TRERBREE (R EEREE) 2 3.2~6.4%,
F ORI VD HorRat f81E 0.25~0.42, SRIE DWW TSR EREE GEEREE) 21 3.9~7.0%,
OFEARIZ VA HorRat fE1T 0.40~0.70, =97 A DWW TR BRI E GExMEHERE) 5 3.9~6.4%,
ZOFMIZ VD HorRat B 0.39~0.66, 70AZ- DWW TCIIEMBBREE (A EE¥EE) N 11.0~
18.7%, FOFRMIZ VS HorRat 118 1.20~1.92 THY, WP 2 & TE-7, ZoZ&nh, SBRFTHR O
B AR EOERBRBE MR o0& ThoT.

BESIC LB ERE, AEEREOBESHEMRRF SN TBY, ARBIEILFRES P OINIT L, i,
=y VR O/nAOMEHOCAIEP CELR SR EE THILPREEN. ZODEdh, 2007 £
EREBSEHRIMSOEELZY, FRBIEEE SRR (2008) iU niz .
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Determination of Cadmium, Lead, Nickel and Chromium in Sludge Fertilizer
by Atomic Absorption Spectrometry: A Collaborative Study

Yoshinari SAKAKIBARA', and Manabu MATSUZAKY'
' Food and Agricultural Materials Inspection Center, Kobe Regional Center Osaka Office

A collaborative frial was conducted to evaluate an atomic absorption spectrometry method for
determination of cadmium, lead, nickel and chromium in sludge fertilizer. The samples were ashed in a
furnace at 450°C, and the ash was digested with hydrochloric acid—nitric acid (3-+1). After the excess acid
was evaporated, the residue was dissolved with diluted hydrochioric acid to prepare sample solution.
Cadmium, lead, nickel and chromium were measured using an atomic absorption spectrometer at the
wavelengths of 228.8, 283.3 (or 217.0), 232.0 and 359.3 (or 357.9) nm, respectively. The study involved 12
participants representing official control and research institutes. Five kinds of sludge fertilizer which was
contaminated naturally by cadmium, lead, nickel and chromium were used as test samples. The samples were
analyzed as blind duplicates. Mean values, the repeatability relative standard deviation (RSD,), the
reproducibility relative standard deviation (RSDg) and the HorRat values (RSDy/predicted RSDy) of
determination of cadmium reported range from 1.50 to 3.81 mg/kg, 1.0 to 5.5%, 3.2 to 6.4% and 0.25 to 0.42,
respectively. Those of determination of lead reported range from 18.6 to 86.8 mg/kg, 1.3 to 4.'6%, 3.9t
7.0% and 0.40 to 0.70, respectively. Those of determination of nickel reported range from 21.8 to 58.3 mg/kg,
1.11t02.2%, 39 1o 6.4% and 0.39 to 0.66, respectively. Those of determination of chromium reported range
from 26.3 to 85.0 mg/kg, 2.1 to 6.4%, 11.0 to 18.7% and 1.20 to 1.92, respectively. These results indicated

that this method has acceptable precision.

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

collaborative study

{Research Report of Fertilizer, 1, 50~59, 2008)



