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3 ICP-MS IZ&AFREBHBDDEESREDAE

AT !, Ve AR !, AR
F—U—K  GIRIEE, ~A7ui i iElEE, ICP-MS, HAeR, IRV A

1. [XL®HIC

THIEMEEHIIZAERE VIS W TE A EFFSNOAERN I WRIV L, $, =vi b, 7rb, UF, K O
BeK & GFAIE) BRRESITRY, YA B ORBIEILATEE THO B ITEY D2 UMD HER S
T EDIE STV D AR R BRIE Y I GRsi S QD ZBREBRIEDO T, IRITVA(Cd), # (Pb), =
v (Ni), 785 (Cr) (BUF, E&BED. )L, SRR 20 i U WS AT B CRIE 32 5 1R 03 8
ESITWDD, BRI IET DRNIRRHZ AL - IRAL T DM N D570 8, BRI REFFD ETICR I ZE 5.

HBJEOPT, DRIV AT EORAREREY, KPR TAEREOFRMEBEIE LS ZL, =7,
K OSROFF MBI O FTREMELY BV SRR S TRYY, JVIEEZE T L L/ mSITbi Vg, £,
TENLED TIZHBITTHIEN LI TEYY, FAMIC 123\ Ch{G TR o8 b 3B A S L, 1
WE~OBAT AR T DL ZOBRENIE A SN, RIS L 504 R FRIHA T, Rdtho
HGEHEEL RSN TODT . Zo7ed, IGIRIEEH P OARIY AORBRIEB R EZE 12, BT, O
DEEJE~OW T O REMEZ BRI AL, A 18], HIEIEE T O E 48 O /3 #r O E L O T b OBLED
DA u Sy R E 2 FORURH R L 7%, 86 7T X~ B B E (ICP-MS) IZ LD |IETEIZ W
TR EAT o7, Bric ikt o U CH—RBR I KD 2 Y R 21T o 7o D T2 H S 775,

2. MHERUAE

1) FRHORR

TGURFEFERERE 14 08, URIGIRAEEL 7 4, FATGTRAEEL 2 AL, TIEVHUEAEEr 1 AR, BEsGIeitet 1 Ak O
IRATHIRIEEL 1 5 (BF 26 &) ZUNELT-. 40 ‘CT 60~70 FFRI# L, HBEAX 500 pum D55\ a2+ 5%
THRLTIZb D& AT R LT,

2) BEFOREH

(1) BRIV LFEUER (1 mg/mL) : FRYEHISE T3 JCSS

(2) EOFEHERR (1 mg/mL) : FISEHIZE T3 JCSS

(3) =o7 /VEEHER (1 mg/mL) : FOEHISE T3 JCSS

(4) 7o LFEUER (1 mg/mL) : FOYGHIRE T2 JCSS

(5) (1)~ (4) DIERER ZZNLNOEEERIREL TRV, SEREFR RS - AR L TR A UE IR
(Cd: 1pg/mL, Pb: 10 pg/mL, Ni: 10 pg/mL, Cr: 10 pg/mL) ZH#L7-. 7z, IRGAEERIK A AIRL, fHRRE
FEAY 5 % (RFE 53 38) 12725 KO\ BN R 2 N % A AR R & i B L 7=
U ARNTATBOE N EMOKEE T B 22 2 B & — IR L2 AR A
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(6) T AMEHERL (1 mg/mL) : FYEHIZE T3 W/ H

(7) L= E%ERT (0.1 mg/mL) : AccuStandard ICP-MS H

(8) (6)~(7) D FitiEHER A TN ZNOEAERGREL THWE. BIEHEFURZIRA AR L CRYBRE FE 23
5 % ((RFES ) 1T D IO BRI A N %, 1R-A PAEHERR (Rh: 0.1 pg/mL, Re: 0.1 pg/mL) 7R 7.

(9) fiHiz (68 %) : ZEE{LF 1.3 TAMAPURE-AA100

(10) EEELATE (30 %) : FEHMIBE T3 JFr-Woe i il

(11) 7K: AKEHIAERE (Elix AdvantageS } O Milli-Q Academic A-10, Millipore) CHHL 72 JIS K 0557 12

TET D A4 DKE .
(12) Rt L QOB LS OFRIEIZ DN TRk V-

3) BMERUEE
(1) FERETITAE R&IHriLE (ICP-MS)
D ESHERERT ICPM-8500 (MY EEARAET Sy AT at, v VI R EE TR B )
(2) ICP Hl H EhA AL & - B FERT ADU-1
(3) ~ A7/ fiEdEE . Anton-Paar Multiwave 3000
(4) LV BERE: =79 H-26F
(5) A7l AxSs: Y—x/LY) (T A DigiTUBEs 50 mL

4) TAHOESR-ICP-MS [CkBHHBRIE/E

(1) FEHAIR O

T 71 TEM 8O & L3RR EH TR 0.20 g 2130080, fEfE 2.5 mL K& QM@ /KSR 2 mL 211
7o AP BIEST-OL BIaNFELWREHIEEAIL L T/ — V2 H0iH ), ~A 27wl o fidkiE 2z H
T Table 1| DT 07T MMIE>THIRLTZ. 7238, RN+ EROLNLGE1E, TIZHEE 2.5 mL
R ONEREbAKSE 2 mL ZIRINLESME CHESE1Tolo. mtk, SiRiRE R 7 e L 8l 0 A%
KTHELIAA, 50 mL OE#RETAREZNNZ T 3000 [E1§5,7 45 (K 1700 X g) T 5 4y MmO BEL 72 %%, R AR
ZRBHEIR & LT, JE T 25000 IR FE D3 B EE R A 8 2 5 5 60121, B A AR, Wi O R Ee e B
D35 % ((RFE/3R) O LD IO IR & N A B LT= (Scheme 1) .

Table 1 Operating condition of microwave digestion equipment

Electric power  Time Temperature State
W) (min) (©)
Step 1 0—1400 10 Room temperature—240 Heating
Step 2 1400 10 240 Fixed temperature
Step 3 0 20 240—Room temperature Residual heat

(2) FUBHEIE OWIE
ABHAR e NE A AR YEIRZE 21 9:1 OFIGTIRGLIZ# ICP-MS 2 AL, "'Cd, ®Pb, “Nj,
2Cr, '®Rh, "¥7Re #EL Cd, Ni, Cr i% Rh T, Pb /% Re THEEHERMIEL-.
[FIRFIZ, IR IEERATEL, MEHREERL COMaE T OARIV L, 8, =7 /b, ZabRELZ R
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L7z, IR OTEAERR I IR BRTE FEAS 5 % (IAFE4R) 9V L7 B XL 7=,
ICP-MS DOHIERFITLL T D LY.

High-frequency output 1.2 kW
Sampling depth 3.5 mm
Coolant gas flow rate 7.0 L/min
Plasma gas flow rate 1.50 L/min
Carrier gas flow rate 0.70 L/min

| Sample 0.20 g |

<Nitric acid 2.5 mL <————

«<—Hydrogen peroxide 2 mL As needed

| Microwave digestion |

| Transfer |

—Water (To the mark line)

| Filled up | 50 mL P.P. Volumetric flask
|

| Centrifugation | 1700xg 5 min
|

| Dilution | As need

«—Mixed inner standard
(Added 1/10 times the amount)

ICP-MS |

Scheme 1 Heavy metal analysis in fertilizer by microwave digestion -ICP-MS method

5) IBMFHEERE(EKSB—RFELEE) ITKHHEREF

AR BR LS I CINE S 0D 5.3.a, 5.4.a, 5.5.a, 5.6.a 7L —AJRFIEIEIC I AT e R O AR
ZME LT (Scheme 2) . 7235, BEAIGIRAEENH O AT/ HTEA TR, FEEE - HilR - i SR 0 /0 fif — 1
W SETE L2 DT REREA TR0~ T
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analytiség?simple 200-mL tall beaker. < About 50 mL of hydrochloric acid (1+5)
|
Charring Heat gently | Heating | Cover with a watch glass, and dissolve
Incineration Ignite at 450 °C £ 5 °C |
| | Standing to cool | Room temperature
| Standing to cool | Room temperature |
< A small amount of water | Transfer | 200-mL volumetric flask, water
< About 10 mL of nitric acid |<— Water (up to the marked line)
< About 30 mL of hydrochloric acid | Filtration | Type 3 filter paper
| Heating | Cover with a watch glass, and digest
| <« Chromium is added to the interference suppression agent
| Heating | Slightly move a watch glass to remove acid < Adjusting the acid concentration by the hydrochloric acid
| solution at the time of dilution
| Standing to cool | Room temperature
| Measurement Atomic absorption spectrometer

Scheme 2 Heavy metal analysis in fertilizer by Aqua regia decomposition - atomic absorption spectrometry

3. BRRUEER

1) REROERE
22D > TR ZZIR B AR HE 2 ICP-MS THIE LB M AR L. DRIT L, $, =L, ZnAid
0.1 ng/mL~100 ng/mL OHFH CTEGHRIE (RELFREL =0.999 LL 1) 2R LTz,

2) BIFEEOHE

REE 26 RAEHWT, BEFECTHOIEEMERBIE L ARIEICB T2 ENENOE &L KD, 2 FIEOE &E
OFHBIMZAERL, Bl EROMEE (a), @J)#(b)&U*ﬁE&H@&(ﬁ%k&ﬁ_(Flg1 1~Fig.1-4) . F7z, [EIFHE
FROMEE KOG D 95 %G X M2 H H L7z (Table 2) . ZIH % IEEHERBRIAI RSV TOD B EERHl O HE
PP (% () D 95 %X 1 G Eh, YR (b) D 95 %IEHE XTI A (0) 235& Fh, HEERE ()
2099 LA EHHRLT2E2A, IR LD HEFEFATOHERFEFAN CTho7c. 7238, Ui%nR BT HARE
7 95 % T I X [ & [B i ELRR D J PR LS iV 7z (Fig.1-1) .

BARELT, ARV NTERHERER L LR FEORIEENTONTN, $h, =y, 7abIfGbivenoT:.
£, NTBETAIEICH U TRIEE /2D, =y b, Z7a TS EEE 2 B a2 A bz, RO 84 51216
AR D2 LD, 2O FIER ORI E OB X, #9280, A L7 ok, IEE o nHEl
RO LR -2 1 E S G2 0 38 D43 fif B DR, I TE MR OEE ML R -2 TR R EE OBV DM BRI
L CNDIENEZLNT-.

721, T DR ORE A IR EHERBR E TR O DI TWOAREEE-HEER (143) D EKICTHIELE 2 DT,
e DR [F— LU CH BRI R EINE T (e KIE : RRIED 60 15) 43 CIXBRICE D 0 RE N 7252 L

HEZOI, Fo, HWEEZEH 5L ICP-MS I[CEHEEATLHIENTEY, — AR CERT 0%
PEDITHZEND, OB R LB AL TRV E bR et 21T/ o7z,
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Comparison of the nickel measurements  Fig. 1-4 Comparison of the chromium measurements

in between two methods in between two methods

Solid line: Regression line, Dotted line:y=x Solid line: Regression line, Dotted line:y=x
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Table 2 Confidence interval of slope and intercept of the regression line

Y=aX+5b
Element a (Slope) b (Intercept)
Lower limit?  Upper limit” Lower limit?  Upper limit”
Cd 0.976 1.044 -0.008 0.089
Pb 0.742 0.891 -2.256 1.378
Ni 0.673 1.243 5.759 32.928
Cr 1.048 1.220 -3.151 6.844

a) Lower limit of 95 % confidence interval
b) Upper limit of 95 % confidence interval

3) BE=S—AFTUDOEE

ICP-MS THIE T DEITITART MV F O T O REMEIC B2 KT T ZE0HY, ZOEA RS 51
THEE BHOERDAHESITNDIO . 07w, HIRREEIREL | FERE, RATEGIRIEE 1 fifE, LIRIGTR
AEEE 1 FEEE VT, RIETE BRI =S — A4V B E R AR CRIRFTREL S TS E=H— o
FATERLREZEATV, BIROA EAHZE L. FHIZ1TO720, IERHERERE THRONTMEZ EEUEL L T
YEEICH T 2FI G AR L7 (Table 3).

FERELT, IRIVATET=L— A4 (m/z2) 111 ZRIRUT2EE, BIGELTI7 %~105 %l fktEERIEIC
PLVMEZZRLTEZDS, 7 114 TIEEIEELT 127 % ~158 %l Ml 7257,

T T=H— A4 (m/z) 208 ZIRINLUIZEX, FIAEEL T 84 %~95 %l At 5B L L bhig L TRV M2 R
L7273, A 206 THEFEB{LIZ AL Tz,

=T ITE=F—AF 0 (m/z) 60 ZRINLT2&E, FIEELT 146 %~205 %l AEEHERBRIEIR L TEv
EZ7RUT=28, 7] 58 TIXEIALEL T 216 % ~567 %EHIZEVMEE /-T2,

JOANFTE=H—AF 2 (m/z) 52 ZIRIRUT- L%, FIGEL T 129 %~140 %EAEEMERBREICXH L TRV VER
FRLTEDS, 6] 53 TIFEIGELTI133 % ~152 %E0R0mVMEE /2T,

BRI BEL 80 LA FOH T FHEZITOT VSN TRYY, =7V R a sz U CRE BTN
ARIT DL =S — A4V EFRHIEITEVMEE /2o T2, ZRHITARI LTIV OEBLE Z BN, 72
B, 3BLL CA I M TEORK LD A4 19 % Table 4 |ZRLTZ.

INHDOZENLE=L— A 1F MCd, 2%Pb, Ni, 2Cr ZAREORFHI WS ZEE LT,
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Table 3 The comparison of the determination values by the difference of the monitor ion

Ratio of this method for the cd Pb Ni Cr
Sample o hod” *b) * * *
existing metho 1Y 1142 206 208 58 60 52 53
The existing method (mg/kg) 2.33 31.7 26.3 51.6
Composted e thod (me/k 225 3.05 303 302 568 384 713 72.1
sludge fertilizer is method (mg/kg) . . . . . . . .
Ratio (%) 97 131 95 95 216 146 138 140
) The existing method (mg/kg) 2.17 27.0 19.8 26.8
Mixed sludge .
fertilizer This method (mg/kg) 2.23  2.75 22,3 227 52.5 40.5 345 35.6
Ratio (%) 103 127 83 84 265 205 129 133
The existing method (mg/kg) 1.97 19.8 26.9 33.0
Raw SeWage  ppic ethod (mg/ke) 2.06 3.11 164 166 1527 485 46.0 50.1
sludge fertilizer
Ratio (%) 105 158 83 84 567 180 140 152

a) Testing Methods for Fertilizers
b) Monitor ion (m/z), *standard selection

Table 4 Polyatomic ions that cause spectral interference

Element m/z Polyatomic ion
111 95M016O
Cd
114 114Sn 98M016O
58 8Fe
Ni

4) RBREOEE

AEBFEEERIER L T IR ER - HERR \C LA BRI E AR iRAATV, ARUETITAEE: - BER LK R ICL D~ A7 sy
iz 1T > TS, 3.2) BEfFIEL O I CHERSNIZIITER, =v 7V KR O a AT IREFE RBRE I ORS T
HEEFHATOHESEGLFASL L7020, 2D, SREDEWIZI DL DRD), ATV FBEDRBEIZLLH D
IRDNRIRE L2 DoT 128D, RO TR B A TR L 7=, 3BF 15 /RIT OV T, JERMEERERTE (F K — i
FROIE) &, RiE, RiETROIVE R RO TS E S TEZ R, &K TIEOFHEEE, WEE2T
7 &I 7o UCHRL N U T A R 22 Je OVH AR MR 22 2 AR T R & LTe. & 5 IE OB B 0 2% F ik
1%, bR T oy s LB U TR E BT ATV, T OREES EE I Tukey EICKVRERTT-T-
(Table 5).

728, WE R IR SRV E R R A R & E SRR IR & DR - BRI S 2 B b5 10120, Fi, Z7uiidH
TR SEETHIE T DBRICIE TSGR 2 RN LRE 32288725 TNDD, v A7l 53 i CRD L3R
SRR U A A RN U E U 7o & A ERR FE OFRBHI T L CRIE 7 —# DG DR D> T2 28
5, ZOJRRIT AL TUBHE IR O FRFE & TV HI Al L OB DRI LD EE 2, TSRz Rme 4
HEEAT ST,
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FERELT, s, MREM EREER OM T CHEZDBRBO BV, —MKICHEEE IR KR~ TE
KOOI FFRINIRZ D, BB G R~ A7 LD 0 R L T CalBHI R L TR 2MER 35729, B
HCR EKRGIREOG RN D EEDLIENE 2 L. £z, FfERR%A ICP-MS TRIETHEF KRR THOI
TEEVBIRWMES 22572, ZOZEND AT I LD RIE EARSIREVE KO3RS TODHD, FEARTR
JVFEY LD NDIE R O TS OREE S IR MEL /2D 2L AVRIZS .

=V, SRER TR BEAITRO LT HIEEM THEENRO L. LD CIImfRiERE ©F
BENRDOLNZN= 7V TIERD LIRS T2Ze0n, JTERITES TH R RE N RID T ENIRIBI L.
Z DA, A% ICP-MS THIET DL 1 BBV TT R CEWES T2, ZOZENDART LTIV E
BONDHE RO T O EE T @ MEL 2D EDTRBES .

Ja b, SRERCIIA B ZITROONTHEER CHRBZEPRO LN, £z, ~ A7l 0 CHED
ATAEIE FAR R CEDNTEE LB L TEIA L LT 63 %~136 %ER0IEL XN KEN-7-, BERTIETH
PHIFIZBIMUIRNAEDIES S ER ALY LBV, T HIHIAFIRINATOBAKIRROBFE N B2 D08, 4
[E]% [Fg A CTdhotz.

JEE A BN, ~ A7l i T IR E R ERE (BB R ELUERSNTRY, #1745
HNEZEE - 3RS Lo T, I iRiE L BARDMER R P EONL RN S LD 1S5, 4 Hl,
FRIY LIBEAFIEE D BIF AR BAME NSO, ZOMOEE BTGNS T2ZE0, MEHIHWE
REHEBO—FONIZREE RIAEN. Ko T, BRI IV AR EL TOMTEZREL Tz EeL
7-.

Table 5 Basic statistics and results of analysis by Tukey test

Average” SD® RSD" Significant Significant
Element Method difference test difference test
(mg/kg) (mg/kg) (%) for B for C
Pb AY 25.9 1.5 5.9 *? *
B” 20.8 1.8 8.8 — *
c” 29.9 0.9 3.2 — —
Ni A 44.3 2.7 6.1 * ns.V
B 57.3 4.7 8.2 — *
C 47.2 2.9 6.1 — —
Cr A 53.2 5.1 9.6 * n.s.
B 62.2 4.3 6.9 — *
C 52.7 2.1 3.9 — —

a) Aqua regia decomposition-atomic absorption method

b) Microwave digestion-ICP-MS

¢) Microwave digestion-atomic absorption method

d) The total average value of the 15 sample

e) SD was calculated using a value obtained by subtracting the average value from each analysis value,
after obtaining the average value of the analysis of the three test methods for each sample.

) ((SD of e) / the total average value of d))x100

g) There is significant difference between methods (significance level 5 %)

h) There is no significant difference between methods (significance level 5 %)
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5) GHTHRERU P EE Qb

ATEDOPHATREEE K O IS EE 2 RS 5728, 2 T OIGIERRENLEZ VT, 2 RPMTTREZZZT S
[ 3T ZAT o T Al R BT, —TeRlE T BT AT > TR DT O TG S OV R RS £ 4 Table 6 1 Z/R LTz,
WP IO R R AR 220 IR R BRIE RSV TO D M TREEE (B TR MR 72) M OV TS B (PRI
SHFHENR ) O B 2N Tho72Zlnb?, REFH0EEEA L CWD e RS,

Table 6  Statistical analysis result of repeatability test

Repeatability precision Intermediate precision
Sample Element  Mean®” s RSD.” CRSD.” syt RSDyn) CRSDyp?
(mg/kg) (mgkg) (%) (%) (mgrkg) (%) (%)
Composted sludge 0263 0.022 8.5 11 0.031 12 18
fertilizer 1 cd
Composted sludge
fertilizer 2 2.39 0.04 1.6 8 0.10 4.1 13

a) Total average (test-days (5) xparallel analysis(2))

b) Repeatability standard deviation

¢) Repeatability relative standard deviation

d) Criteria of Repeatability precision(Repeatability relative standard deviation)
e) Intermediate standard deviation

f) Intermediate relative standard deviation

g) Criteria of Intermediate precision(Intermediate relative standard deviation)

6) EETRFOHEE

TGIRFEBEREAEE Y, ARIEICHESC 7 MM TR i L E & F IR & O FRROMERAIT o7, B8 T
PRIT (BEHER ) 10, F7-, i FERIZ BEAEMR ) x2x¢ (n-1, 0.05) EL TREND YO T, KIEDOE & FIRIZ
ARIV L 0.1 mg/kg FREELHEES AL/ (Table 7). A ERY, IR SO E & TRITE AFFAED 1 mg/kg
Y EOBETIEZD 1S LT THHAZENEREINDY . DRIV LOEGHIFARRILS mgkg THHZEND, Rik
TIBIRIEEHP DA RIT WG A B OIS0 5370 B BHIHZA L TWOAHZ LRSI,

72E, MR RIS RBRIE BT DR WREED A RIV ADER FIR 0.1 mgkg LRISEThorz, —
AXAIIZ ICP-MS O HYRREE 1R RO 2L E O R M LB @V e F T ICP-MS IEDIEH KK
EE FREZELNEL O LML, SUBHRIREDS 200 mg LD 720727201 X5 D ENRELARVRBRIED E
& FIRIZEL oo tE 2 onT-.

Table 7 Calculated LOQ and LOD values (mg/kg)
Sample Element Mean ¥ St LOQ" LOD®

Composted sludge
fertilizer

a) Mean value (n=7)
b) Standard deviationx10
¢) Standard deviationx2x¢(n-1,0.05)

Cd 0.235 0.008 0.08 0.03
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4, F&H

~ A7 53 fR-ICP-MS (2 X D15 VR IEEN o 8 4 @ O FRBRIE I DWW TH—FRBR (2 LD 2 Y MR & £ it
LizeZh, IRDFERAE157-.

(1) BREMEIERLTZEZA, BRIV, $, =7V KO a il 0.1 ng/mL~100 ng/mL 0 #iFH T E M
(R ERRE 17=0.999 L) k) ZR LTz,

(2) #EF 26 HEMAWT, BEFAECTHOIEEEHEBRIEEARIEE O EBO B AT o7 ZA, HRIV LD
BB LR BR LS E 6 5 B E R O HESE RPN CTHY, 5 23 AT RE S I S v (HE D 95% 15 HE X I
0.976~1.04, G/ 95% 15 #HX []1E-0.0085~0.0889) . 7233, SplIBEAFIEICRIL CTIREE 2D, => o)L, /=
DN ES U= [ v Y A [R/APNSY gl

(3) HKorF 2 MHEOET=F— (A4 &L, Cd, 2%Pb, “Ni, 2Cr ZAEOKRFHNIHVZ. (2) TEIEL
IR o Tz = VEDIE DR E R T2, WFEX AN~

(4) &, =7V RO a IO TR R LK B LD~ A /el il BRHCR EAR O iRE D53 fif
DA LT-EZS, SACIIA B EDIROOLNTZN, =v7 L RO a A TIIAEETRD L)1,

(5) HRIVAIZOWT, BHTHEEE K O RS B O MER 2 AT - 7= 45 B, O TR SHE R 1T 1.6 %~
8.5 %, THIFHRIRMER 21T 4.1 %~12 % THY, EEHFRBIEI RSN TODREED H Z izl Tz,

(6) ARIVLIZONWT, E&E FREDHEREIToIMR, RIEICBITLER FIRIZ 0.1 mg/kg FREE, i
TRRIZ 0.03 mg/kg PR LHEES AL,

UL EDZED D, RIEZEEOTGIIEEIF ORIV AEH BEZWETH2DIZ, HaattiEa AL TnaD
EDHERRS LT,

ARRERDED FLOIZBRL, T FIEFIZOWTTIREWEE EULESHIER FEIE N R Bk ESE
AR DT IERAS B A S FTERT A S 1+ M OSPRBRBR A ISR e L £

X M

1) JRMKEEA &  EBHGRRHE S @D O A E R ZEDHEOM:, 1 61 422 H 22 B, Bk
IKPER SRS 284 75, FcQCIE TR 27 461 A 9 B, BWKFEL SRS 52 5 (2015)
2) EMOKPER RZEEREEEANDIZERT BT IE (1992 200 , ITETEE N A A NERRE Fh=, (1992)
3) BRSEATEUE NRMOKEETN E 2 280t % — (FAMIC) : R BRTA(2015)
< http://www.famic.go.jp/ffis/fert/obj/shikenho_2015.pdf >
4) JRMOKEER GIEIER O R G REE T E  SGETH 1R K 27 43 A, p.2~6 (2015)
5) RMOKEEE WH-geR REZEEMHR EEHMEEPE GRIEBOHH OHY I7 I+ D3R WS
=Rk 21 423 A, (2009)
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6) EHAIH, BEEZ, (IR, B A RID A0 HHEERE M OWYEm I 36 1T 275 Je IR EhE H o
OB (fe) , IEEHIFZEERES, 6, 43~60 (2013)
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7) HZsEr, hERE, MR, SR, SRR, R, PSR v Ay e — T S RIEL R
BiEG T T AE R HTIE (ICP-MS 15) & FW -8 P O 88 2% o 380l — F T iE ORGSR
ARFZEATAE R 20, 75~80 (2002)

8) FEEH, MARFER, (WAE —, P T ~Aray o —T 3 fpdtE s A - B4 R ORI O HEDR
i, 1 i B OR A BR BT SR P4, 36, 61~66 (2009)

9) BREEAE ST IR DL e T FIRHAE 15 (B2 0 iR/ ICP-MS %)

10) BREEE K- RABRBER A LT OWT, Fak 24 458 A 8 H  BRZKKI/KFE 120725002 5
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Determination of Heavy Metals in Sludge Fertilizers using Inductively Coupled Plasma-Mass
Spectrometer (ICP-MS)

Toshiharu YAGI', Kenta SAKUMA' and Yoshimi HASHIMOTO'!

' Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

The proper applicability to the analytical method for the heavy metals (Cd, Pb, Ni, Cr) in sludge fertilizers was
studied. The sludge fertilizer that contains heavy metals was digested by microwave, after digestion nitric acid and
hydrogen peroxide was added to sample. Heavy metals were measured by ICP-MS, using Rh and Re as an internal
standard substance. 26 samples were compared in measurement values with existing method (aqua regia
decomposition-atomic absorption method) and this method. Only Cd was within the recommended range of
trueness evaluation criteria (95% confidence interval of slope: 0.976 ~ 1.04, 95 % confidence interval of
intercept: -0.0085 ~ 0.0889) defined in The Testing Methods for Fertilizers provided by the Food and
Agricultural Materials Inspection Center. In addition, Pb was low values against the existing method, Ni, Cr were
high values against the existing method. The degree of digestions were compared between the aqua regia
decomposition-atomic absorption method (open system), the microwave digestion-ICP-MS and the microwave
digestion—atomic absorption method. Degree of digestion for Cd was equivalent in the both digestion sytems and
methods. However, with respect to Pb, it was realized significant differences between digestionsystems and
methods. The values of Ni differ significantly in both methods, but not in digestion systems. As to Cr, it was
shown the significant differences in both methods, but not in both digestion systems. According to the above
results, an ICP-MS method for the determination was validated as a single-laboratory validation specialized in Cd.
As a result of duplicate test per 5 tests on different days using two analytical samples, repeatability relative
standard deviations (RSD;) were 1.6 % ~ 8.5 % and intermediate relative standard deviations (RSDyr)) were 4.1 %
~12 %, respectively. As a result, they were within the criteria of repeatability and intermediate precision of the
Testing Methods for Fertilizers. On the basis of 7 replicate measurements of naturally contained samples, the LOQ
values were 0.1 mg/kg for Cd in the sludge fertilizers. Those results indicated that the developed method was

valid for the determination of Cd.

Key words  sludge fertilizer, microwave digestion, inductively coupled plasma - mass spectrometer (ICP-MS),

heavy metal, cadmium, single-laboratory validation
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