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1. [ICHIZ

BIEIEEHI A EBMICIVE A EZTSINDIHE ER D ORKENDEDLNTEBYY, ZOERELLTIE
BEHTIEY SED LTS, BUE, TNAATBUE N R EE R 22l 2 — (FAMIC) T, ikt
SINTIEEDFEGVEICE B LN D T2l E S O 2 Y A fess L, TIERHERBRIE 1P 2R EL, F—2L4
NV L TS,

AEEL 3 BT s CIEA H EHA R OB T LT, BB DYEEE BICRE L THhD0, s a7
TR FEN 5 L (ICP I3 YE) IR DB FIL R DO E R (B E) b AiEEL T D, LaL, ZOfFEEICIE
M ETTEOWEDHEITIE, ATV THE, ST T30 R TRHLDOT, HENUOZTNLDEED
RESEFRTHIETHAIENMLETHD | LR INTND., ZTVETOFEELORFTIX, {5IRIEEZ
ICP 3t M2 & (ICP-AES) T EAEIZROIE 5L, ~ N o7 Zh FAZK IERER DAL
7o ETo, WYL OB AT BERINLE~ N 7 2=y F o 7RI AHIE TH A D7k B gohg
Dolo. KT, BEERIMEIZES ICP-AES O HIZ DWW TRETLIZEZA, AR Rnimoini-oT
WET5.

2. MERUAE

1) HAMORREVHAR

F LTS FARTGIRIEEL, UIRIGIRICEL, TG IRICEL, RE 75 IEILEL, BERTS JEILE e UG JE %
BBk 2 s i U CTIEE L, Z 2 AUIER S SBRIE IS KD Pl e 2 L7 1%, Fo et < B BEE 500 pm o
5DV A i I $ 5 ETHEL T atElk e L7z,

2) HEF

FRBFD 43 SR N D SR B OV 1, A% o0 BT (Rl T 36) SO3a H e e H (B A b)) &
L7, BRI, IRITVA(C), 1 (Pb), =7 /L (Ni), 78 (Cr), 8 (Cu) & OVFi$H (Zn) D 1,000
mg/L (Rt #li3E T.38) 24 e (1423) THARL CTHEHA L7z, KiZ, ICP-AES O E (2 148 fli A i 4 i
(Millipore Milli-Q Labo) {Z&WHERLL 7= ik (>18MQem) 2 FH L7-. TN LA OFEHATR, R3O
R Tk B 25 & (ADVANTEC RFD240NA) (2 L0KERIL 7= JIS K 0557 ([CHLE 5 A3 #H24 Dk Y 24l

VIRNIATBUOE N BROKENEEZ AN — M E o2 — (Bl BRI E
POMSIATBOEN BHKPEN R L RNt 2 — i F 2 — (B FoREELE
PNIATEOEN BMOKEEN B R RN A — s —

(BL) T | B RAROKEE R B 2 —
STATEOE N BEMOKEHE L et A= E e A —
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AL,

3) ¥E

ICP-AES /X ICPS-8100 (& HAERT) 24 FHL, & TR OB E K F1X Cd 228.802 nm, Pb 220.351 nm,
Ni 231.604 nm, Cr 205.552 nm, Cu 324.754 nm, Zn 206.191 nm ¢ U7=. B ERHI Y —~ 2l T
WG EEFE LT 2-5010 TR Z-2310 (Wb A AT 7 ay—) 2fF L=,

4) HHBROFR

(1) HHAE — SEme o iR

HEEH BRI LD, S HralEl 5.00 g Zh—/LE—7—300 mL (Zf0 &Y, 450 ‘CT 10 FEfKILL7-1%,
FHAERR 10 mL & OGRS 30 mL ZiRINIL C, et Il CEWWIbIR ETomy RIS ETME R LT-.
T %, HEE (1+5) 50 mL 2002 TMEWL, 2875223200 mLICBLIAL K TERL, AR FETAEL
THRBHARELTZ.

(2) ICP F& A BT L DM E (BEHEA NN FRHE IR DAERL)

Cd, Pb, Ni, Cr, Cu X T Zn D4 1,000 mg/L DEHER %, Cd 0.25 mg/L, Pb-Ni+Cr 2.5 mg/L, Cu+Zn
25 mg/L 72510 —EmEIL, BiE (1+23) THRL b OAIRAEERE L. FEERINBURHE, 2 &
77X 10 mL 12, 2.4) (1) CRRBIL7250EHATRZ 5 mL BRELL, IRAIEHERR A 0, 2 KUV 4 mL LB BEAYIC
WL, fEf E R (1423) ZMNZ 7=b O AR MERIB AR E LTz, & 1 IR EHE R Z L0 %
JTLRIREEZRLTZ.

K1 RS IEERINNE AR ERINGE T OF TR ORE

IR A IR % IEFR O (mg/L)

W& (mL) cd Pb Ni Cr Cu Zn
FEAERIMFEH 0 0 0 0 0 0 0
FEUERNEA L2 2 0.05 0.5 0.5 0.5 5
FEERNNEEE3 4 0.1 1 1 1 10 10

(3) SR EEIC LD E

KL R OERERR O THRERZIERL, 2.4) (1) THRBLZENARZ H T, WO SEE Rl
ELTZ. CricBL TR L C MR )Y 2%, BRIk D 110 HEZRML, K CTERLZ
HOEREHAIRE LT,

3. HRRUBER

1) ICP R oI iE RERME) EIRFWA RS E LD LB

THIRIEEE 49 s CRATGIEEE 3 48, LIRIBVEAEEL 12 £, T3EEIRMEEE 3 a8, IRAVETRIEL 1 4%, Kt
RIGTRAEEL 7 s OB IR FEBEAEEL 23 20 ZHEFA1L C, ICP 600 6k (EEHEIRINE) &R 7 WO ik
(B &) 1285 Cd, Pb, Ni, Cr, Cu KT Zn ORIEMAFE L7 (B4 1) . FHBEAREIX, Cd 1% 0.996, Pb
1% 0.993, Ni /% 0.995, Cr 1% 0.991, Cu (£ 0.997 K O Zn 1X 0.995 THY, W3 b @A BI B BT,

7235, ICP-AES THOMr 2B DD FIELL T, BEMRIE, A2V T A (In) XA v T A(Y) 23
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INUTZNARHEE R OV 20 DRI~ M) o 7 A=y F o ZIEIZOWTRRET L2 (R 2) . B s s T iy
BAFRMEZ R UTZAN, TR R D38 Tz,

y = 1.0088x - 0.0322 y = 1.0447x - 0.3066 y = 1.0095x - 0.9626 .
s r=0.996 . r=0.993 r=0.995
L 60 | 7
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X 1 ICP &t IR LI RO D IE DO DT ED Ll (n=49)

2 ICP&AEHIE ik LR RS EikE ORI EE O LS

Cd Pb Ni Cr Cu 7n

T3¢ 73CS A A A O O A
— Iniizj%jju X O X X AN O
Y O X X O O A

~ v F L 7E (Calisin) X X X X X X
IEERANE O O O O O O

LB O FEBIRE ) r=0.990L)
A FHEAERES = 0.990LL_E7223, T ETZIXICPDHY B — 5 ORI EMEMEL /2D
X AHEAGRE T = 0.990 A

2) BHTREDHER

3.1) DTG TEEE O IEAE 2 (238 E L7 FRVGTRAEEE, LIRTGIRAREE, T35 IR AR, RE 15 TR ARE
BRI VR IR K OB TR R BEIERE 45 1 231U C, Cd, Pb, Ni, Cr, Cu, & Zn % ICP /5 ikl X
03 P T CHIE L CTEO T TR, 12 R 72 M O RE YE R 754 3% 3R LT, DFFTRS B L 30RE o R
72T 0.1~4.1%Th » ERMICBAF R IEE AR LT,
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#3 ICP3E N4 WeiEIC I A5 TR IEE F o>Cd, Pb, Ni, Cr, Cul ONZnD 1 T3k5R

PB4 Cd Pb Ni Cr Cu 7n
S g (mg/kg) 2.14 86.4 86.7 80.8 929.7 1278.6
ARG TRAE TR = (mg/kg) 0.09 0.79 1.05 0.69 5.11 1.23
FE SRR MR 7= (%) 4.1 0.9 1.2 0.9 0.6 0.1
SR (mg/kg) 1.06 6.92 22.9 38.0 157.3 638.8
URIGIR AR TR 2= (mg/kg) 0.01 0.23 0.34 0.45 1.02 3.68
FERHE R 7= (%) 1.3 3.3 1.5 1.2 0.6 0.6
SEE Y (mg/kg) 3.30 17.2 163.6 381.8 38.6 583.8
TG TRAE R IR R (mg/kg) 0.05 0.30 1.61 9.51 0.71 13.4
FE AR e 72 (%) 1.6 1.7 1.0 2.5 1.8 2.3
S g (mg/kg) 1.38 18.4 21.3 20.3 614.1 539.3
1BE VG ek TR = (mg/kg) 0.03 0.33 0.37 0.27 6.65 1.91
FE SRR MR 7= (%) 2.1 1.8 1.7 1.4 1.1 0.4
SR (mg/kg) 2.75 46.4 77.8 102.2 1092.7 1710.5
BE R YR A IR R (mg/kg) 0.02 0.95 0.91 2.15 13.0 12.8
FE R HE (7= (%) 0.8 2.1 1.2 2.1 1.2 0.7
S Y (mg/kg) 1.60 28.7 87.7 65.4 504.6 829.6
15 URFE TN} 2 A (mg/kg) 0.03 0.92 2.25 1.58 7.18 8.21
FE AR A 72 (%) 1.8 3.2 2.6 2.4 1.4 1.0

1) 3 GH T THIEL THRO B DOV E

EETROFER

ICP-AES (24% Cd, Pb, Ni, Cr, Cu, %O Zn OJE & FIREIZDOWT, 7 0T CHIE L7l O e
D 10 (552 E R FIRMEEL CTHERAZTT>72. Cd, Pb, Ni XX Cr iZoW T, KRB NAERK TEDD
A EHENDAE B DR R (LT B O 1/10 FREZE A T 575 TR EBEAE 1 52 Vst
L7z, Cu KON Zn T DWW T, RMOKPER &R CIRFEE RN 4 B & 72 D FE (Cu 300 mg/kg, Zn 900
mg/kg) 225,  1/10 FEEE LD JOFRBRL TRIE L7z, SREIZIT R =27 (Cu 0.15 mg/kg, Zn 0.58 mg/kg
ZHA) 2~ Ny 7 2L U T, (GIEFEBEIEEL 0.5 g (2L RG24 4.5 ¢ AT 2.4) (DITRLIZHIEIZ
KOG FRUT-. & IeRONV-LIE, FEAER 2= & OVE & FIRIEICOWTER 4 1Rz, RIEOE & FRIE,
Cd 7% 0.2 mg/kg, Pb 7% 5 mg/kg, Ni 2% 8 mg/kg, Cr 2% 4 mg/kg, Cu 7% 3 mg/kg, Zn 7% 8 mg/kg EHEE S
7.

F4 EE FIRMEREABROM R

Y BERE R TR

Tt psrnalkERes (mg/kg) (mg/kg) (mg/kg)
Cd 5 0.12 0.02 0.2

Pb 100 2.59 0.50 5.0

Ni 300 8.38 0.76 7.6

Cr 500 10.21 0.43 4.3

Cu 300 5.27 0.34 34

Zn 900 15.21 0.75 7.5

D 7R0MT TRIEL THELNIZE DO E
2) B YR ZE< 10
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4. FED

ICP-AES (2L 55 RIEEH @ Cd, Pb, Ni, Cr, Cu, LT Zn OJFIEIZOWT, K E BHE T2 k%
RETLTZ. ICP-AES [T KO HEIRIMNE LIE R O TR OB EE THIE M A i L7224, WFiid ot
FHMHBAREIT 0.990 UL ETHY | MiEMIZ RAF72MH B O BN,

DT EEIZ DWW TH BTG TRIEEL X OV JC 36 C RAFRRE R EO 2. & & T IREIE, Cd, Pb, Ni, Cr
VRHMED 1/10 L FECTEEARELHEE SN, Cu, Zn IZOWTIE, EPEEERAFE SN N ELE D
EAED 17100 fHEETE R AR HEE S 7o, EERINEL, 1 3 EOREIZ 2~3 S OREEFINE
MLFE L7570, FBHH U 2 3203, G IRIEELD K5I~ R w7 20D 0 Vil 2 fth e 35 [ Ig )
ETHUIA R FETHHEE 2D,

X B
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Simultaneous Determination of Cadmium, Lead, Nickel, Chromium, Copper and
Zinc in Sludge Fertilizer using Inductively Coupled Plasma-Atomic
Emission Spectrometry (ICP-AES)

Masahiro ECHI', Tomoe INOUE?, Megumi TABUCHI®, Tetuya NOMURA*
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This research examined the measurement method of heavy metals using the ICP-AES in the sludge
fertilizer. The measured heavy metal is cadmium, lead, nickel, chromium, copper and zinc. This
examination uses six kinds of sludge fertilizer, and they are produced from sewage sludge, human waste
sludge, industrial sludge, mixing sludge, calcining sludge and composting sludge. Forty nine sludge
fertilizers were measured by the standard addition method of ICP-AES and the calibration curve method of
atomic absorption method. Both methods had similar results. The correlation coefficient was cadmium 0.996,
lead 0.993, nickel 0.995, chromium 0.991, copper 0.997 and zinc 0.995. The relative standard deviation
choose one sample of each from six kinds of sludge at random, and it was analyzed in three parallel by the
ICP-AES. The relative standard deviation is from 0.1 to 4.1, respectively. The determination limit was 10
times the standard deviation. It was estimated cadmium 0.2mg/kg, lead 5mg/kg, nickel 8mg/kg, chrome
4mg/kg, copper 3mg/kg and zinc 8mg/kg. Standard addition method is cumbersome because it takes time for

sample preparation. But, it is assumed to be an effective way to accurately measure the sludge fertilizer.
Key words 1CP-AES, sludge fertilizer, standard addition method, matrix effect

(Research Report of Fertilizer, 4, 30~35, 2011)



