52 AEBLF 724 Vol. 12 (2019)

4 ICP-MS %ICKBBRHPOBEERSDAEIE
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1. [XLBHIC

TBIRIEEHIIIAE RSV IZB W CEFEFINDAER S (OF, WRIVA, KR, =vF v, Z7an, ) o
B K& (FPAE) MR ESILTEY, Y% B ORBRIEIIAEIETHD AL TR 0% S A B S 4L
T2 EDIERFERBRIED SR EN TV D, bR T, IRIV A (Cd), =v4 /L (Ni), Z78A4(Cr),
¢ (Po) (LAF, EARBEWD. ) I, BUBHZER S i LR RO AT 25 CTRIE T 2 HIEDSHUES TV D28,
B0y i3 DN 2 AL - IRAL T B BN H 5708, B R A 5GH E TR A B9 5.

T ZTIHIRAEE R OB AR O T OEAL o OV Sz BHIEL T 2016 SR~ A7 mile oy iR M O
BiEA 7 I A B EINTEEE (ICP-MS) &2 W TH E R 2 E T2 T IEOKRE MT O, LInL IR
DUAMIIAF IR OB ELZ 70, W THERBELNRD 7Y . ZOHERKELT ICP-MS JIIE R
DAY VT PEORENRIBR I TN, AT LTS ETIE X Gt B U D LR F LD E AT
NOFERVITER T LT THY, ICP-MS ORIEIZB W TCKRERF L 525, ZO TSRS ke
LCalvar - U7 rvarenz HnAZENIRSFHILTWDAY, 2016 DM Tl FHL7Z ICP-MS 2=y
a VT 7 ar g BMEH I TR o T 22T, SEEaVvar v EFEH L ICP-MS 2 VW TER
JEEF O E 48 ORI EIEIZ OV TR ZITV, o2k U CHE— B E I LD 2 Y R 21T 272D
THEEARET 2.

2. MBRUAHE

1) o

THUEFEBEAEEL 10 s, UIRIGVEAEEE 3 A, BERIGIEAREE 3 R N LZEVGTE AR 1 (BT 17 /) 2L 72,
40 °C T 60~70 IRz L, H BHE 500 pm D 520\ A @il 35 E T LIcb D& ot ekl Lz, 72k,
BB B YR E AT T D2 ENREECTH o772, (LR DR LD 55 B RTBY NI A TRINLZ
OB THHT HRERE L.

2) AEFORHE

(1) HRI7LfEH#EWL (Cd 1 mg/mL) : AccuTrace™ ICP-MS MW R I AE #Ej (Cd 1000 pg/mL)
(AccuStandard)

(2) $AEEYERR (Pb 0.1 mg/mL) : JCSS St HENR (Pb 100) (& L7 A /L AFnYEAli%E)

(3) =7 /VEEHERR (Ni 0.1 mg/mL) : JCSS =/ /VAEHERR (Ni 100) (& =7 A /L A FneAiisk)
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(4) 7L fEHER (Cr 0.1 mg/mL) : JCSS ZrAFE#ER 1(Cr 100) (B EAL:)

INOIEHEREZ N NOEERREL TR . SIEEFIREZ RS - AR L CRAEHEFK (Cd: 10
ng/mL, Ni: 500 ng/mL, Cr: 500 ng/mL, Pb: 50 ng/mL) ZFH% L 7=, F7-, IR ORI A ARL, AR EE A
FRBHAR LRI FE 12722 O\ B AN R 2 N 2 IR AR R A AL L 7=

(5) AW T LMFEHERE (Sc 1 mgimL) = JRF- WOt Hr FH AT 220 A HER# (Sc 1000) (B HE)

(6) =L MEAERK (Co 0.1 mg/mL) : JCSS =13V MEHE (Co 100) (B AL F)

(7) Ay Fy LfEH#ERL (Y 1 mg/mL) @ AccuTrace™ ICP-MS HA v kU A FE R (Y 1000 pg/mL)
(AccuStandard)

(8) mYyUAfEHERE (Rh 1 mg/mL) : AccuTrace™ ICP-MS iy AE %% (Rh 1000 pg/mL)
(AccuStandard)

(9) AV 2EHERG (In1 mg/mL) : JCSS =7 /LEE #E (Ni 100) (& -7 A /L L FneHisk)

(10) L =7 A= % (Re 0.1 mg/mL) : AccuTrace™ ICP-MS AL = A1 %% (Cd 100 pg/mL)
(AccuStandard)

(11) #V 2EHERE (TI L mg/mL) : JCSS #VUm AZEHERE (TI 1000) (BIHALS2)

(12) v A~ A=A (Bi 1mg/mL) : JCSS b A~ AFEHE (Bi 100) (& L7 A /L LR HEE)

R A TN IO NAEEFUR E LT, & N HE R A IR A - AR L CR BRI B S R iR &
[V L7 D X\l HAEEA 2 I %, IR NEEYERZ (Sc: 100 ng/mL, Co: 100 ng/mL, Y: 100 ng/mL, Rh: 50
ng/mL, In: 50 ng/mL, Re: 10 ng/mL, TI: 10 ng/mL, Bi: 10 ng/mL) Z7HH 1L 7-.

(13) fHl2: TAMAPURE-AA-100 fiff% (R X 68 % (E &7 3R) ) (L F 13E)

(14) WERIEAKTFE: JRAWEoH HRIE (EE 300 %~355 %(E &%) (BEILS FAWemor
)

(15) 7k #BMiKILELEE (Direct-Q UVS5, Millipore) THEBLL 7= JSK 0557 I[ZHLET 5 Ad DK E -,

3) BERUVEE
(1) BFERE 7T IAE 'SR (ICP-MS)
: Thermo Fisher ScientificiCAPRQ (VU SEARME & /547 5t, 7 =7 /LE—R RE G EHRHER)
(2) ~Ar7u/rfifdtE@E: Anton-Paar Multiwave 3000
(3) ELVyEERE: KUBOTA T—7 /Ly 7 & Db 4000
(4) A7t nsss: Y—x/L AT A DigiTUBES 100mL 50 mL

4) TAHIOED R —ICP-MS EICKDHERIBH

(1) FHBHEHKOFR

T7ay TRM O @ E 3 iR 2o ATakkr 0.20 g 21370 &0, AR 10 mL & ONEER{b/k3E L mL Zi0x
2. BIANBEEST=0L, v A7l 53 fiftEE 2 VT Table 1 DS ET 10T M- THRUTZ. 55k
IR I3 140 °C~180 °C, i)/t /11% 6 MPa Th o7z, 7ok, N A+ LB b dGAl, i
fFE2 2 mL K ONEEE bk 38 L mL 23N RS CREEE iR AAT o7, Bumtk, iz R 7 a8t
HARZHIAK THLIAZ, 100 mL OFE#REC/KZINZ T 3000 Az, 4y (£ 1700 X g) T 5 4y s Doy B 7=.
EEAE S mL 2R e LA T O RGRICED, K5 mL 2%, fi§lE (1+19)° ¢ 50 mL ([ZER L=k
FRBHRIRE Uz, JE T 2 R0 I FE A3 B FE SR 288 2 255 A1, I AR L, TR T O RS ER IR A
A (1+19) L[RIPR L2 D IO IThE IR A N2 EAY LT= (Scheme 1) .
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7ok, BERERERYE (2018) DRIV A ICP B & HTEIZB VT, ElE 2.5 mL, @BF{L/KE 2 mL 2R
ML, DREIT>CWDD, —E D5 TIIAR T4 CHIEN T 2N S o= 2 Lol b /K FE 4Nz 72
DOBITRITHIBE N R U=, IR EL, WE L /K FE AR L Y% 7k Clile 7.

Table 1 Operating condition of microwave digestion equipment
Electric power Time

(W) (i) Sae
step 1 0—1400 10 Heating
step 2 1400 10 Fixed temperature
step 3 0 20 Residual heat

(2) FBHAIROWE

AUEHRIR e R A WA Z T 9:1 OFIATIRALZ#% ICP-MS (28 AL, MCd, ®Ni, 5Cr,
208pp, 53¢, 9 Co, BY, 18Rh, U5, ¥ Re, 25TI, 29Bi 2L, Cd iz OWTIE RhE7-iZ In, Ni l2oW T
Co, Y F721X Rh, Cr {22\ TlE Sc F721% Co, Pb iZ2oWTiE Re, Tl £721% Bi THAZHERIIEL 7.

[FIRFL, IR A AR VER AT E L, M EfA 1ER L Copratkl oo Cd, Ni, Cr, KOt P iEAF L.

ICP-MS ORIEFRMITLL T D LED.

High-frequency output 1.55 kW
Sampling depth 5.0mm
Coolant gas flow rate(Ar) 14 L/min
Plasma gas flow rate(Ar) 0.8L/min

Carrier gas flow rate(Ar) 1.05L/ min

Collision cell flow rate(He)  4.5L/min

Collision mode KED mode
|  Sample0.20g |

<Nitric acid 10 mL
«Hydrogen peroxide 1 mL

| microwave digestion |

| Transfer | 100-mL P.P. Volumetric flask
|<—Water (To the mark line)

| Centrifegation | 1700xg 5 min
|

| Aliquots5mL | 50-mL P.P. Volumetric flask
<—Water 5mL

«Nitric acid(1+19)(T o the mark line)

| ICP-MS |
Scheme 1 Heavy metal analysisin fertilizer by microwave digestion -ICP-M S method
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3. WRRUER

1) REROERMYE

2.2) IZ0E> TR LIRS IR HER A ICP-MS THIE LB EMAERL72L25, Fig.l ®Lish, Cd (3 0.03
ng/mL~2 ng/mL O#iH T, Ni & O Cr 1% 1.5 ng/mL~100 ng/mL D% T, $31% 0.15 ng/mL~10 ng/mL i
PHCURERREL (r?) 73 0.999 LA EATRUT-. ATEHIE OFFRMEREE G4 T 250k 2 241208 TREREIR DO
REATWIIELZSE, Cd, Ni KO CriZ oW T % St fi PN I E DR BE T o728, DV T
REHTZDDREFRE D mL, /A XFIZLDREREDIR T ARBO NI ZENDIRRE TREL. 725,
SRR B HR O Y FE R I LR B I B 35 & 0.15 mg/kg~50 mg/kg THY, LRI DO ZL & RmIRTHZE
22IEHDRDIRE THS.

Intensity (cps)(x10°%)

30 | ] ! ! ! ! ! /
25 1. Cd ; P fﬁg 15 L N I i 1
» | ISelement:Rh X IS element:Rh
@
15 L ; @ 0T
2
10 £ y=12674x+24 g 051 y=15650x+324 |
- 2
5 / 12=0.999 I= r2=1.000
0 U U U S 0.0 +— — | t f :
0.0 0.5 1.0 15 20 0 20 40 60 80 100 120
Concentration (ng/ml) Concentration (ng/ml)
i 20 F 1 !
e —
g Cr =) Pb
= ot X ¥ |SdementTl
) IS element:Sc = ement.
&) o
~ O
- 2+ : H ~ 10 4
= _ >
% y=35490x+245 ; % y=165834x+1045
= 1 e 05 + g
E r*=1.000 = r2=1.000
0 o } t t 0.0 t } + } t t }
0 20 40 60 80 100 120 0 2 4 6 8 10 12
Concentration (ng/ml) Concentration (ng/ml)

Fig.1 Cdlibration curves

2 mzDEBWNIEIAEEDEE

ICP-MS THIE T DFRIIIART VTR HE IR Z KE T 20D, ZOREBL RS T2 51ED
—DLL T MzOEENFHESNTNDY . ZD7%, TGIRREEIEE R O\USRIGIRIEEE VT miz 28 F L
HIEZATV, EBOF WA R L. FHMIZIT5729, IERHERBRE CHROIE (LT, BEfFIES T EE W
9. ) B IEMEL L CYRAMEICH T 2B A Z A L (Table 2) . 7o, MFHofli L= mizid 1) BB O EMBRIET
REFRELDS 0.999 LU EA /R ZEEMERRL TD.

HARITAE miz 111 28R UTZ85A, A ELT 99 %~108 %L BEAEEDHH IS MEA R L7223, [7 110
TITEAELT 112 %~167 %, [7) 112 TiEEIA L1 T 96 %~149 %, [A 113 TixEI AL L T 94 %~126 %, [7)
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114 TIEEIA L LT 101 %~144 %l @y Ml s 7e o7z,

=0 Mz 58 AN L2454, EIA L LT 161 %~400 %l BETF LM EIC KT L TRV MEZ R L7223, [F
60, 61, 62 TILEIALL T 92 %~100 %&BEFIESHHEICIT Ml Z /R LT,

7aiEmiz50 2RI L7254, BlEE LT 124 %~450 %l BEAAEI B L TR MEZ R LTZ23, [F 52,
53 CTIIHI G EL T 102 % ~116 %l BEAFE D HHEIZUTV MEZ R LT

#h1% Mz 204, 206, 207, 208 ZRINL 754, KERENDB LT, HIELL T 92 %~99 %l BEFIE D HT
EITEVWMEZ R L.

2016 FITHRFETLCBRICITAFICE B ORW = 7L Ve AMZB W TREAE ST ERD SV MEZ R LT
W, AENFaYVar e EERLTZ ICP-MS 2L TEY, ZNOOREBNMEHSIZEE 2 b5, L
DL, —H O Mz TIIEIRE L TBEAEGHTIELD S SWEZ R TH 0650, mzOERITITE BN LETHD
ZENTRIBE N,

ZNHORER R O OFBRIE CTHEH S TS mz #5&12L>7, MCd, ©ONi, 52Cr, 28Pp 2 ARIEDREHC
HnAHZEELT.

Table 2-1 Comparison of quantitative values by difference of m/z (Cd)

Composted sludge Composted sludge Raw sewage
m/z fertilizer 1 fertilizer 2 sludge fertilizer
vaue ratic?  vaue  ratio” vdue  ratio” vaue  ratio”
(%) (mglkg) (%) (mglkg) (%) (mglkg) (%)
Conventional method” 2.83 1.78 11
|CP-MS method 110 125 321 113 1.99 112 1.86 167
111 128 2.86 101 1.75 99 1.20 108
112 241 2.72 96 1.70 96 1.65 149
113 122 2.76 98 1.68 94 1.40 126
114 28.7 3.00 106 1.79 101 1.60 144

a) Natural abundance ratio (%)

b) Ratio of this method to conventional method (%)
¢) Flame atomic absorption method

Table2-2 Comparison of quantitative values by difference of m/z (Ni)

Composted sludge Composted sludge Raw sewage

m/z fertilizer 1 fertilizer 2 sludge fertilizer
vaue ratio”  vaue  ratio” vaue  ratio” vaue  ratio”

(%) (mg/kg) (%) (mg/kg) (%) (mgkg) (%)

Conventional method” 73.0 54.4 20.9

|CP-MS method 58 68.1 117.7 161 217.5 400 60.5 289

60 26.2 72.2 99 54.5 100 19.1 92

61 11 717 98 54.3 100 20.4 98

62 3.6 70.3 96 52.9 97 19.5 93

a) Natural abundance ratio (%)
b) Ratio of this method to conventional method (%)
¢) Flame atomic absorption method
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Table2-3 Comparison of quantitative values by difference of m/z (Cr)

Composted sludge Composted sludge Raw sewage

m/z fertilizer 1 fertilizer 2 sludge fertilizer
vaue raio® vaue  ratio” vaue  ratio” vaue  ratio”

(%) (mglkg) (%) (mglkg) (%) (mgkg) (%)

Conventional method” 82.0 54.8 29.9

|CP-MS method 50 4.3 101.5 124 68.0 124 134.6 450
52 838 92.20 113 58.0 106 31.8 106

53 9.5 95.30 116 59.2 108 30.6 102

a) Natural abundance ratio (%)
b) Ratio of this method to conventional method (%)
¢) Flame atomic absorption method

Table2-4 Comparison of quantitative values by difference of m/z (Pb)

Composted sludge Composted sludge Raw sewage
m/z fertilizer 1 fertilizer 2 sludge fertilizer
vaue raio® vaue  ratio” vaue  ratio” vaue  ratio”
(%) (mglkg) (%) (mglkg) (%) (mglkg) (%)
Conventiona method” 36.0 15.6 4.6
|CP-MS method 204 1.4 33.7 9 14.9 95 4.27 92
206 24.1 35.6 99 15.0 96 4.31 93
207 221 34.8 97 14.6 9 4.28 92
208 52.4 35.8 99 15.2 97 4,34 94

a) Natural abundance ratio (%)
b) Ratio of this method to conventional method (%)
¢) Flame atomic absorption method

3) HREDEVICKLIFEARINLTHDIER

ICP-MS HIEIZH W T, HAEHR TN T DIEAT ML TSRS B 5720 (X EHATR O IR0
SN TNDY . ZDOZENLIBIEFHEEENEEL 5 45, LIRIGIEIEEF 2 S VT35 1RIEE 1 52 AV, 2.4) &
BHEROTRBDI G, 53 i - 35 Loy BER DU DO AR R 22 THE L IR L7z, BEAFIE ST IEE AL T
BONTAMEOMEXZ Fig.2 IR .7208, MIRIEEIL T X CHR— LRI BB E IR L. 725,
WA HEST F21 2016 4E D FIEY LRRRIZARIV A, =o)L RO aaIns s b, spidl =0 2% L.

BETFIE T EE R L 72225, IR AZOW TR (BEAFIESHTHEMED 572 2 RZEBR),, ARE 1150
S HTEIE 107 %~ 114 %k SE O 1 2~ U723, AR 55D Eid 91 %~105 %, AR 10 (5Dt
fIElZ 90 %~107 %L BE AL/ HriE &y Mz R L7z,

= AT DWW T (BEFRE AT DME A o 72 L& BRS) , AR L5 O ST 112 %~ 125 %l FE o
Mz R LTz, AR 5 RFO TR 99 %~118 %, AR 10 5D HHEIE 92 %~121 % CTh-7-73, [Fl—
FEFC IR T D LA 10 £5 DT E AN B BEFE /AT IS ME I AR L7z,

70 NI DWTE BEFAEDITEAMED -T2 1R AERS) , AR 1500 EIE 153 %~213 %, K 5
DS HTEIE 122 %~205 %, AR 10 /5 O3 HrfiElE 101 %~212 %&\ VT D FES BEA-IE AT B L2 b
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LEEOE AR L7223, Fig.2 DL 3V R —3BCLule 32 LA R 10 5D 4 Wi A3 FLs AR M I A7 L
7-.

FCHONTE BEAFESHTEAMED 572 2 SABRS) , APHEE 15D HTEIL 73 %~85 %, AR 55D
SYHTEIE 69 %~86 %, ABRKE 10 5Dy HTli 73 %~85 %\ 7LD LS BEAF 1 /0 AT 12 b LA A o
EH[ZRUIZDS, Fig.2 DOERO[E—FUENC 5 AR 10 (50 MMl s LB O B 2R LTz

WD N THARET 572 7 BEAAE ST BT AR DH M 3 HY, HRTDZLIEDIEA~S
MBSO BB EE X DND. ZNBDZENLARIETIIANEL 101541, REBMREBZD5E12X
HEARTHIEELT.

35 100 Ni
5 3 Cd z 5 80 IS element : Rh N
= IS element : Rh - =3 Y
5’25 X, S o
£ - 5 60 N 4
g 2 L £ .
T * g
515 =40 Xt
n ) @ )
s & >
a 1 R aQ g-
o ! =20
0.5 - ‘..-'
0 X 0
0 1 5 3 0O 20 40 60 80 100
. Conventional Method (mg/kg)
Conventional Method (mg/kg)
100 40
° .
80 Eerl-ement' Rh g Pb -0
g : % g 30 IS element : Re ﬁ
D o
£ B “o
3 ®0 o T ) .
B * >0 ¢ B
s 40 ] % 2 e n&
0 [ o oK
= Q10
& 20
. 4
o ® o L@
0 20 40 60 80 100 0 10 20 30 40
Conventional Method (mg/kg) Conventional Method (mg/kg)

Fig.2 Influence of measured value by dilution rate
X:Ixdilutionrate  A:5xdilutionrate  @:10xdilution rate Dot linely=x

4) E%ﬁif&wttis*zl-;éﬂ%ﬁiimﬁﬂ&vﬁﬁr‘o)ﬁm

ICP-MS ZHWW=]IEIZIBWT, Wﬁﬁm?ﬁ%ﬁﬁu\tﬁmﬂﬁ IZDWTHIFARI ML E RSS2 7 H
R HETHDY. £ T, 2016$ ZRAWTENEEHEST R OMIZY, o3k TEDI TODNEEHETTHEIZ DU
THRIVATEEL 20 A1, =o 7 Vidalk 19 a8, Z7a s dmlkt 17 a1, $ni3alel 17 82 VW TRita {172,
BEAFIE ST & WAEHE ST 3R 2 LA E LT AL O E Bl D[R E AR O FH BILR B OB E AR O Z I 0N
Bl @ 95 %fE#E X M2 5 H L7 o4 Table 3 1R, FHRAXI KL OY 95 % 1l K4 Fig.3 IZRLiz. £/, [A]

ELRROAH B EL Me ONENR EAR OB E L ONTYI T O 95 %fE 18 X [ & B BRI I RSN TV D EL AT
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OHELTFIFED (LA T, SRBRIEELEHESEFFA LD, ) LU=,

HRITAZOWTIIWNERE LR L TP LA L A Py bE AN TR L. ooy a2 ERALZSGEA,
*ﬁ%‘é{—%&&(ﬁ 95 %f 5 FE X A 1T v SRRV E B HELE R PR 2 7 T b D ThhoTz. LinL, A PU L%

=56, BEFE WM ELOS EEAMEL IR DE A A300, fHZ D 95 YofF X 1 LB 15 L HE ST Et B 2 7
7T,

=TT OWTHEERE LR EL T b, AN AR Yy 22 D TREILIZEZ A, FEEIREL Y
B D 95 WfEHE XN DV THEW T SRR IE B EHELE R P AT 7 T b O Th o7z, HED 95 %fFHH X [H
TV BRBRIE B E HERHH 25 7= 872200 72b O 0, b7 Wit - 6 R BR L B HESEF IV
DEIRST. WT IO NIERETTHRZE FIWTZHE M T BEAFE AT & HLi U TIREIC 22 D M 23 > 7223, =
DU LTH 5 LB FE ST BTV WVEA R LT,

BB ONWTENERE LR EL TR DU LKL N2 N O TRET LT, A oo LafE A LT
FRBIFRELR OY 95 %5 HE X W3 b sk BB B HER R A 7= b O Th o7z, :I/\ﬂ/]\é’);ﬁl/‘flﬁﬁ
BEAFIE D HH B & L U RIS 22 D A0, HE D 95 %fFHE K I D\ CRlBR Ik B HESE R PH 25l - &
o7z,

FRICOWVWTIINEAE TR EL TL =T A, ZVT AR DPE AT RIZOWTHRH L. 2V L2 LIS E,
FABIRE KL O 95 %S M X TV T 7vh alBris B A HEREI P AN 7= b O Th o7z, L=U AIEHED 95 %
(21 X B S SRR VL B HE R R i 1= S 72 o 7. E R RIFHUT AR = AL I L IEH S XN D S,
GIR D 95 %fE M X 2SR A B P HELE R PR 2t 7= S 700 o 7o, W IO NEEHE TR I OV THBEFIE T
il & L AR A2 DA 23~ 7.

P HE ST 3R T E TR OB BT WS OZEIR LIZIEHDS ICP-MS 022 [ HE i 0 ehLBsh G o 8
PDIRNESITODNY, A EIOFER TIZL T LHIRIE THEOE BT WS O PNAEHETLHRIZEH L TV D

LITBROZRNZ D RSN, ZAUTEBHINEEE LR T TICE AL TWDIGER, FIER T DZEE &N
BHETLROZFEHBLT L —EL TWRWZD EFE X DIV,

PLEXY, KIETIEARIV LR R=o T 2 OWNWTIRY T L%, ZO W IOWTUIAT VT L%, $hITD
WAV L EERE TR EL THWDZEELT.



60 IEBLF 725 Vol. 12 (2019)

Table3 Comparison of measured values of ICP-MS and conventiona methods using regression equations

Mesurment Interna standard Correlation b))

m/z Range of slope oD

Range of intercept

element element coefficient (r)a)
Cd 111
= 103 0.999 0.9623 ~ 1.0054 -0.0705 ~ 0.0537
In 115 0.999 0.9148 ~ 0.9638 -0.0524 ~ 0.0887
Ni 60
Co 59 0.998 0.9103 ~ 0.9664 -2.7894 ~ 4.1997
Y 89 0.999 0.9199 ~ 0.9724 -1.8044 ~ 4.7333
Rh? 103 0.998 0.9332 ~ 0.9976 -0.5358 ~ 7.4960
Cr 52
sc? 45 0.999 0.9582 ~ 1.0090 -1.6979 ~ 8.3871
Co 59 0.999 0.9023 ~ 0.9476 -0.3377 ~ 8.6388
Pb 208
Re 187 0.998 0.9218 ~ 0.9869 -1.9008 ~ 0.8879
T 205 0.998 0.9392 ~ 1.0109 -2.2677 ~ 0.8033
Bi 209 0.991 0.8957 ~ 1.0400 -6.5254 ~ -0.3435

a) The recommended range of trueness evaluation criteria*: No less than 0.99

b) The 95% confidence interva

¢) The recommended range of trueness evauation criteria*: Inclination includes 1.

d) The recommended range of trueness evauation criteria*: Intercept includes the origin (0).
€) Interna standard elements used in this method

* The criterias shown in Testing methods of Fertilizers (2018)

6 ) 6
y = 0.9838x - 0.0084 . y =0.9393x + 0.0182 .
5 / 5
=) =)
v =
E E
e} e}
e 3 o 3
B B
P =
n 2 n 2
= b
a ol
O 1 O 1
0 0 ©
1 2 3 4 5 6 0 1 2 3 4 5 6
Conventiona method (mg/kQg) Conventiona method (mg/kg)
Fig.3-1 Comparison of the cadmium measurements Fig.3-2 Comparison of the cadmium measurements
in between two methods (I's element:Rhodium) in between two methods (Is element: Indium)
Thick line: Regression line, Dotted line: 95 % Thick line: Regression line, Dotted line: 95 %

prediction interval, Thinline : y=x prediction interval, Thinline : y=x
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ICP-MS Method (mg/kg)

300 | y=0.9383x+0.7052 300 | y=0.9462x+ 1.4645
. r=0.999
(@]
Y4
E
200 = 200
e]
o
<
i)
=
n
100 = 100
a
O
0 @ 0
0 100 200 300 0 100 200 300
Coventioal Method (mg/kg) Conventional Method (mg/kg)
Fig.3-3 Comparison of the nickel measurements Fig.3-4 Comparison of the nickel measurements
in between two methods (I's element:Cobalt) in between two methods (Is element:Y ttrium)
Thick line: Regression line, Dotted line: 95 % Thick line: Regression line, Dotted line: 95 %
prediction interval, Thinline : y=x prediction interval, Thinline : y=x

ICP-MS Method (mg/kg)

300 | y=0.9654x + 3.4801

200

100

0 100 200 300
Conventional Method (mg/kg)

Fig.3-5 Comparison of the nickel measurements
in between two methods (Is element: Rhodium)
Thick line: Regression line, Dotted line: 95 %
prediction interval, Thinline : y=x
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62
500 /
500 | y=0.9836x + 3.3446 y = 0.9250x + 4.1505
= r=09%9 - r =0.999
= 400 é» 400
D B4 o) L
E v 4 E
B 300 8 % 4
< Y Al
» 200 © 200 W4
s >
o , ’/ O ,',,’
O 100 = 100
0 0
100 200 300 400 500 0O 100 200 300 400 500

Fig.3-6 Comparison of the chromium measurementsin

Conventiona Method (mg/kg)

between two methods
(Is element: Scandium)

Thick line: Regression line, Dotted line: 95 %

prediction interval, Thinline : y=x
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Fig.3-8 Comparison of the lead measurementsin
between two methods (I's element: Rhenium)

Fig.3-7 Comparison of the chromium measurementsin

Conventional Method (mg/kg)

between two methods
(Is element: Cobalt)

Thick line: Regression line, Dotted line: 95 %

prediction interval, Thinline : y=x
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Fig.3-9 Comparison of the lead measurementsin

between two methods (Is element: Thallium)

Thick line: Regression line, Dotted line: 95 %
prediction interval, Thinline : y=x

Thick line: Regression line, Dotted line: 95 %
prediction interval, Thinline : y=x
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Fig.3-10 Comparison of the lead measurementsin
between two methods (Is e ement: Bismuth)
Thick line: Regression line, Dotted line: 95 %
prediction interval, Thinline : y=x

5) REHREWMEZ RV -EE O
BEZFH T 5720, FRFEEAEYE FAMIC-C-9 X O FAMIC-C-12-2 % VT, 3 R T Catia S0t L C
EEN RS Table 4 TR LT, Wb EIE ISR 125 A B IR ORI N T, ks BR e
(RS TV EE Rl OHER RN T o727

Table4 The estimation of trueness using certified reference materials
Element Certified reference Mean® Certified value ~ Warning limit for the certified value

material (mg/kg)” (mg/kg)” (mg/kg)”

cd FAMIC-C-12-2 1.8 1.8 16 ~ 20
FAMIC-C-9 2.7 2.71 2.56 ~ 2.86

Ni FAMIC-C-12-2 78 73 64 ~ 82
FAMIC-C-9 35.6 38.8 35.1 ~ 424

o FAMIC-C-12-2 89 82 69 ~ 95

FAMIC-C-9 72 64 53 ~ 76

Pb FAMIC-C-12-2 35 36 34 ~ 38
FAMIC-C-9 45.7 47.2 424 ~ 52.0

a) Mean vaue (n=3)
b) Mass fraction

6) BHTHERUPREREEDFR
AIEDOPHTHIEE M O RS FE 2 #2720, (GRS REIEE £/ T UIRIGIEIE R Z VS, B3R5 Gl bl
B OV TE R DOFF BT O E LR D IO T B 2 2 2 ST TR AL A TS RIS EIT VY,
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HIERE KA Table 5 (IRLTC. ZOREREIED, —ICRLE D O 21T > TROIVZ M TR KON i AG
% Table 6 (Z/RLTz. ZORER, WI MOMIMEAERZED I FRBRIE RS TOL M TREEE (DFTHXMRE

HEMR 22) Mo OV PP TRTRG BE (P FRJRR e HE R 22) O FF

FH0RREEL AL TN RSN,

S A

A )

AN THLAZD 2.0 fELINTH-72ZEn5Y, Ak

Table 5 Individual result of repetition test of changing the date for the precision confirmation

(mg’kg)
Cd Ni
Test day Composted sludge fertilizer Raw sewage sludge fertilizer
Non spiked sample  Spiked samples  Non spiked sample  Spiked samples
1 0114 0112 4.74 4.83 135 12.8 234 240
2 0.108 0.105 4.60 4.53 12.8 12.6 241 231
3 0.110 0.117 4.50 4.56 14.2 13.8 236 227
4 0.114 0.107 4.53 4.56 135 129 239 240
5 0.107  0.108 4.44 4.63 12.9 13.0 240 232
Table 5 Continute (mg/kg)
Cr Pb
Test day Raw sewage sludge fertilizer Raw sewage sludge fertilizer
Non spiked sample  Spiked samples  Non spiked sample  Spiked samples
1 17.6 16.5 460 473 124 11.6 98.2 9.5
2 16.1 16.9 452 445 117 11.2 95.2 9.8
3 184 17.2 435 433 12.7 12.0 102 104
4 16.3 16.2 457 455 135 115 938.8 9.7
5 16.0 16.7 453 450 115 117 103 103
Table6 Statistica analysis result of repeatability test
Repeatability precision I ntermediate precision
Element ~ Sample  Men® 5" RD,” CRD,” s’ RD) CRD
(mglkg)  (mg/kg) (%) (%) (mg’kg) (%) (%)
Composted 0.110 0.003 3.0 11.0 0.004 35 18.0
sludge fertilizer 4,59 0.07 1.6 8.0 0.12 2.7 13.0
Raw sewage 13.2 0.3 2.5 6.0 0.5 4.1 9.0
sludge fertilizer 236 5 2.2 4.0 5 2.0 6.5

a) Tota average(test-days(5)xparalel anaysis(2))
b) Repeatability standard deviation
c) Repeatability relative standard deviation
d) Criteria of Repeatability precision(Repeatability relative standard deviation)
€) Intermediate standerd deviation
f) Intermediate relative standerd deviation
g) Criteria of Intermediate precision(l ntermediate relative standerd deviation)
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Table6 Continute

Repeatability precision I ntermediate precision
Element Sample Mean® S, ) RSDrC) CRSDrd) S (T)e) RS:)|(T)f) CRSD|(T)Q)
(mglkg)  (mg/kg) (%) (%) (mg’kg) (%) (%)
Raw sewage 16.8 0.6 3.6 6.0 0.8 4.5 9.0
sludge fertilizer 451 5 1.1 4.0 12 2.7 6.5
Raw sewage 12.0 0.7 6.1 6.0 0.7 5.7 9.0
sludge fertilizer 100 2 1.8 4.0 3 2.8 6.5

7) EETRFOHESE

TGRSR NEEE T XURTGTRIEEZ -V, RIEIZHE-T 7 SO TRBRZ S LU E & TR A O FERD
ERBEAT 7=, DN WM EOERE(R % 105 L CE R FIREHEEL, £, YR 2% 2xt(n-1, 0.05)fF&
LTI FRREHEED L7255 e Table 7 1R L7z, ZOfER, IRIT AL 0.07 mg/kyg, =>/7 /L% 4 mg/kg, 7
m .l 5 mglkg, $11F 0.6 mglkg Th-o7-. L, Moy triks e Lo 10 & FERAMEL 22 5[ IcHY, A
ARIMVTHRE DEBICLY, BT HRIT A, $NIBWTER TR TIZEEMEL 2D ATREME A RIS S
iz, IERFERBIAICB O CE R TIRIZIATEHMICBIAFRMD U5 LLFTHY, ZOL LD EFELE
RENTWD., ZZTHESNEE FIREZSEZIZHRIVAIL 05 mgkg, =v7/LVix 5 mg/kg, 7R 5
mg/kg, 1% 1 mg/kg 2NN ERERZ i L 7-(Table 8). Dk H, [FIIX=RI% 101.4 %~107.2 % THY, It
BHERBRIEI RSN TOWAEFEFED HIEZN7-L Tz, Zhb kb, @& FRITVRITVA 05 mgkg, =
75 mglkg, 715 mglkg, $4 1 mglkg SHEELT-. 7238, i FERIZH I 2 0.03 mg/kg, =77 /L 1 mg/kg,
7ual 2 mglkg, $7 0.2 mglkg EHEE ST,

Table7 Caculated LOQ and LOD vaues
3 Standard

Element Sample Mean deviation LOQ i Lop®
(Mokd)  (gkg  (MOKD  (mgkg)
Cd Composted sludge fertilizer 0.118 0.007 0.07 0.03
Ni Raw sewage sludge fertilizer 3.15 0.4 4 1
Cr Raw sewage sludge fertilizer 231 05 5 2
Pb Raw sewage sludge fertilizer 0.353 0.06 0.6 0.2

a) Meanvalue (n=7)
b) Standard deviationx10
c) Standard deviationx2xt(n-1, 0.05)
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Table8 Spiking and recovery tests

_ 4 Criteria of the 9
Element Sample Spike level Recovery ruenesy Allowable value
(mg/kg) (%) (%) x1/5(mg/kg)
Cd Composted sludge fertilizer 0.5 101.8 85~ 115 1
Ni Raw sewage sludge fertilizer 5.0 101.4 85~ 115 60
Cr Raw sewage sludge fertilizer 50 101.8 85~ 115 100
Pb Raw sewage sludge fertilizer 10 107.2 85~ 115 20

a) Mean value (n=3)

b) Show in Testing Method for fertilizers(2018)

¢) The maximum amount of components harmful that the sludge fertilizer is permitted to contain
at official specifications

4. F&H

Wl

~ A7 53R — ICP-MS IZ L HIG TR AR D B4 8 OFRERVEIZ DWW T — BRI LD 2 Y MR iR & 5

MELT=EZ5, IROFERAEGT-.

1) BMEMAVERLIZEZA, IRIV AT 0.03 ng/mL~2 ng/mL O#iH T, =v /L k7 aiid 1.5 ng/mL~
100 ng/mL DA TEIE 0.15 ng/mL~10 ng/mL D& T ERREK (r?) A3 0.999 Ll EZ R LT-.

2) B ILHRITHOWT miz & gL R, 1Cd, ®Ni, %Cr, 8P 2oLz,

3) AT T DREBER T 5% HBNTREHR K DA TR MRET LR R, g -3 05 B O
Wiz 10 (5L ISR IRT 28T, FEART LT OB R 52N TET,

4) BILFIZOWTHIERE TR L LR, IRV LR R=y 7 /WdInyy b, 7a LI OWTEAT
DU LZ, FNTOWTIFV Y L PIERE TR EL THWDZEL LT,

5) FEFHlOZ®, WAEEEME FAMIC-C-12-2 X U' FAMIC-C-9 Z HW\ T 3 RO T &7 o Tof R,
WD IEHE TN TH MBI TFERE IR T 5 E IR LN THY, BB ERBRIEIORSN TV EE
D HEEA 72Tz,

6) KITHRITOWT, JHTHEEL K O\ RS EE DR AAT o TofE A, DM TA R MEIR 2213 1.1 %~6.1 %, H1fH
FOR R 72T 2.0 %~5.7 % THY, IEEHERBRIE RSN TODREE OFF A #I & 7L Tz,

7) BILRIIONT, EE TRFOMWREAT 7R, AEICBIDE R TRITAEREOTFAIED 15 L
TT®HD, BRIV L 0.5 mglky, =>7 /L 5 mglkg, 7225 mg/kg, $ 1 mg/kg FLETHY, B FRITAR
72 0.03 mg/kg, =4/ 1 mg/kg, 714 2 mg/kg, #3 0.2 mg/kg FEEE LHEE Sz,

U EDZ LS, RIEZFEEOHIEE T OE B ZWE T 572018, 372 HREZ A L TWDHZ LR
nie.
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1) FEROKPER f IR IR S X @ B O N E KA E O LD, IBF 61 4E 2 H 22 H, bk
IKEER 7R 284 5, Ik ek IE Rk 30 4F 9 A 5 H, EMOKFER 5/R5 1991 5 (2018)

2) EMIKEER BB IIICAT AR AT (1992 4EAR) , IR E A B AR EWH 2, (1992)

3) MMNZATEUE NEMOKPEIH B Z 2l 2 — (FAMIC) : IR AR £ (2018)
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Deter mination of Harmful Componentsin Fertilizersusing
Inductively Coupled Plasma-M ass Spectrometer (ICP-MYS)

Satoko SAKAIDA,Mayu OSHIMA? Keisuke AOYAMASZ and Yuji SHIRAI*

! Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
2 FAMIC, Fertilizer and Feed I nspection Department

(Now) Ministry of Agriculture, Forestry and Fisheries, Kanto Regional Agricultural Administration Office
3 FAMIC, Fertilizer and Feed Inspection Department  (Now) FAMIC, Kobe Regional Center

We examined the measurement method of heavy metals (Cd, Ni, Cr and Pb) in sludge fertilizer using ICP-MS
with collision cells. The dudge fertilizer that contains heavy metals was digested by microwave, after digestion
nitric acid and hydrogen peroxide was added to sample. Digestion fluid was measured by ICP-MS. As a result of
studying the measurement method, the measuring solution is to be diluted at 10 times or more, and as m/z, *'Cd,
ONi, 52Cr, and 2®Pb were adopted. As internal standard elements, rhodium was used for cadmium and nickel,
scandium was used for chromium, and thallium was used for lead. Under these conditions, an ICP-MS method for
the determination was validated as a single-laboratory validation. Trueness was estimated using certified reference
materials, intermediate precision and repeatability were estimated by duplicate test per 5 tests on different days
using two analytical samples of different concentration. As a result, they were within the criteria of trueness,
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 0.5 mg/kg for Cd, 5 mg/kg for Ni and Cr, 1
mg/kg for Pb. Each was no more than 1/5 of the permissible content. Those results indicated that the developed
method was valid for the determination of heavy metalsin solid sludge fertilizer.

Keywords  sludge fertilizer, microwave digestion, inductively coupled plasma - mass spectrometer (ICP-MS),
heavy metal, single-laboratory validation

(Research Report of Fertilizer, 12, 52~68, 2019)



