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5 ICP-MS ZAW-IEHFPDUVRFD S ITEDRIFHE

INPEIERE !, S ER T, AR !
F—I—F JER, ~ Aol fRsEE, ICP-MS

1. [XL®HIC

1GURRERE & OB DTG IR AR A D JEEL (LLTF, THERAEEH &) ) ITIXAEHIE VICB W TERATFS
NOHEERS (05 (As), WRITVL(C), KR (Hg), =>7 /L (Ni), 72 (Cr), #1 (Pb)) D i K (FFA1E)

RRESN TS, IERHERBRIED IS TS As DSHTEIZIRIROIEIRIER A D EEHZ SV T
B R 3 R LR T M2 8 2 O CRIE 2 IED RSIVCODD, SR OREZ BR[O LB A D
D, R RAGDETICHRERA B 5L EBICIR RO FIRIZIE R ICHER 23 5.

Fio, AR IOREIE S REL, FHEAE T T A E &0 EE (ICP-MS) 2 W THlE 35 514
IZOWTIE, 2015 FHZalvar U7 7 a2 TRy ICP-MS & HWCTOHRRIRIGIEAEEIH D As,
Cd, Ni, Cr, Pb DHIEIEY, 2016 4EIZ[AEED ICP-MS % W CTOIETRIEEH O Cd ORIEIEY, 2018 4i2=)
Yar U7 rvarevEE iz ICP-MS Z W COIERIEEF O Cd, Ni, Cr, Pb OBIEEY ORaE1T->T
BY, IEEHERBRIEICBIT KA FR Sy D ICP-MS IEORIGIRIUE Table 1 £72>TNA.

ZZCAEL, ZNETHRAIL QRS TEIETRIEEF O As DOHTEIC W TalVar VT 7 ar kL & i
Z 72 1CP-MS ZHW=JIEEDORFZIT, B—RBREIC LD Y MR AT TOEEDIT, Table 1| THXIIGE
725 CWDIERIERF D As, Cd, Ni, Cr, Pb DHIEEKR V=Y Par U7 7 a2 2 72 ICP-MS Z Hv
ToRRIBIRIEE D As, Cd, Ni, Cr, Pb DRTEVEIZ DWW TH RO MR EAT ST D THE T 2.

Table 1 Item number of measurement method using ICP-MS in the test
method of fertilizer 2020 for each fertilizer
Liquid sludge Fertilizers other than

El t lid s} fertiliz
emen fertilizer Solid sludge fertilizer sludge fertilizer
As 5.2.Ca)c) _b) o __b) o
Cd 5.3.6"9 5.3.d —Po
Hg _b) _b) _b)
Ni 5.4.¢79 5.4.d _b 9
Cr 5599 55.f —» 9
Pb 5.6.c7% 5.6.d —b o
a) No gas mode
b) Not listed

¢) The part investigated this time is colored

VRSTATEOE N RAMOKEE B 2 il o 2 — IEET RN 22 AT
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2. MHRUAZE

1) SHAEH

Table 2 (T R LT IEEHE FE T 4555 CAPFESIIRIE T D IERIZ I LT, R OVGIEIERHE BRIBIRIERHZ S
W ARRMERBREY 2.3.1 IO %, MIFEATIC 40 °CC 60~70 Rz L7, My 3Rk EaERYE 2.3.3 12
S, FLEWVITOBRE IR K OFIEE T HAEEHT 212 pm D 52 \E1EiE T HETHREE 1 THREL, 201t
DAEEHZE 500 pm D55 E T2 E T 2 THIfEL7cb D20 T HEEIE LTz, 7eds, RRERDESY
TR E S AT OB AT AZENNEETH 7723, (EE DM L7225 XM D454 N EHI RS
EUSINUIZH OB G Totr FRE L=

Table 2 Samples
Type and number of samples

Sewage sludge fertilizer 3 Molded compound fertilizer
Sludge from fecal treatment plant 8 Coated mixed fertilizer
Industrial sludge fertilizer 1 Mixed fertilizer
Mixed sludge fertilizer 1 Complex fzz[rlﬂiizfnxed with 1
Calcined sludge fertilizer 3 Byproduct mixed fertilizer 2
Composted sludge fertilizer 26 Fluid mixed fertilizer 4
Composted marine byproduct 1 Silicate slag fertilizer 1
Superphosphate 1 Byproduct magnesium fertilizer 1
Concentrated superphosphate 1 Micronutrient mixture 1
Processed phosphate fertilizer 2
Mixed phosphate fertilizer 1
Total 66

2) HEFDRAR

(1) OREEYER (As 1000 mg/L) : & L7 A/VLFEHISE JCSS

(2) HRIVLFEARERE (Cd 1000 mg/L) : & L7 A /L AFIEHIEE JCSS

(3) = WAEHERR (Ni 1000 mg/L) : & L7 A /L AR EHEEE 1CSS

(4) 7o LFEAERR (Cr 1000 mg/L) : & L7 A /L AFEHi%E JCSS

(5) SREEYERE (Pb 1000 mg/L) : & L7 AV AFEHIEE JCSS

(6) IRAEER: (1)~ (5) OFEEMERIRAIRA - A RL , IRAHEMERE (As: 200 ng/mL, Cd: 50 ng/mL,
Ni: 500 ng/mL, Cr: 1000 ng/mL, Pb: 100 ng/mL) ZFA8L7-. 7235, A RIFIZILAHEE (1+19) 2 FHV .

(7) BEAR AR (6) DIRGIEMERA AL, Mt HAEYMERR (As: 0.2 ng/mL~20 ng/mL, Cd: 0.05
ng/mL~5 ng/mL, Ni: 0.5 ng/mL~50 ng/mL, Cr: 1 ng/mL~100 ng/mL, Pb: 0.1 ng/mL~10 ng/mL) Z %L
7o, 72k, ARUREICIIAEEE (1+19) 2 .

(8) HRE MR 2B . RNIR (1+19) 24 FALT-.

(9) T/VVEERERS (Te 1000 mg/L) : GL YfT> A ICP H

(10) v¥v AFEHERR (Rh 1000 mg/L) : GL %> A ICP H
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(11) 2By MEHRER (Sc 1000 mg/L) : GL A=A ICP H

(12) ZV7 2FEHERR (T11000 mg/L) : GL Y= & ICP

(13) RAEWNEMER: (9) ~ (12) DEMERE PN ERIKE L CTHW . B NIEEREZ RS - ARL, BE
WAEAERZ (Te: 100 ng/mL, Rh: 50 ng/mL, Sc: 500 ng/mL, Tl: 50 ng/mL) ZFAH L7z, 70d5, A fRIFICITAHER
(1+19) Z v =,

(14) AL T L2 KFW): & L7 AV AFYEHIEE Rtk

(15) P~V AEAER (Sm 1000 mg/L) : & H7 AL LFEHEE ICSS

(16) AT LHEUER (N 1000 mg/L) : B E7A/LAF)EHiER JCSS

(17) |V T 4EHERR (Mo 1000 mg/L) : & L7 A /L AFYEHSE JCSS

(18) Wrle: BASMAL~Y: Ultrapur

(19) #Hz (68 %) : 2 b ¥ T.%¥ TAMAPURE-AA100

(20) fil§l% (1419) : AEERDIATE 1 LAKDIEFE 19 LARALIZHO.

(21) Wb AR (35%) 1 ZE{LF 1% TAMAPURE-AA100

(22) /K. MEHMIAKERLEEE E (Direct-Q UVS, Millipore) THRERLL 7= JISK 0557 IZHIE 5 Ad DK% .

3) /ERUEE
(1) FHESES T TR~ E &I (ICP-MS)
: Thermo Fisher Scientific iCAPRQ (VU EARME &34 5t, 7 27 /VE—R IR E FHEE R HIER)
(2) ~AraPi/yfiEdEE : Anton-Paar Multiwave 3000, ~A/LARN—1F %7/l ETHOS-1
(3) ELTHERE: KUBOTA 7 —7 /L by 75 L 4000
(4) RYVFueLrfnlOaeE: V—x/) AT A DigiTUBEs 100mL 50 mL
(5) Fort 1:)1IGF B T3 T-100
(6) HHik 2:Retsch ZM-200
(7) TRtk : ANinAT7/my—X 72310
(8) FHEIEE T T A I N EEE (ICP-OES) : BERYERT ICPE-9820

4) S

(1) JHEE RO

T 71y TEM RO @[ E RS HTaEE 0.20 g 2130 80, b 10 mL K ONERE LK 1 mL Z21%
7o BRINBEEST-0L, ~ A7l fifdE @& % U Table 3 D7 077 ML~ THRUT-. SR
TEFE 1349 200 °C~240 °C, /yfiRtfe /£ /11 6 MPa Cho7-. B AL LB E G ORI RROHILD
Sr A TXhEEE 2 mL, iR bKSE | mL 200 R ERAT o7, Buntk, mffikzR) 7 aer it n
AR (& 50 mL) (2K THVAZ, 50 mL O ETARENNZ T 3000 rpm/min (K 1700 X g) T 5 43z 0>
yBEUT-. BB AR 2.5 mL 2R 7 e L BT MRS (B & 50 mL) (28D, VIR ORI FE H3 R St A vE
MREFSE LD IOTHEERE N %, /KT 50 mL ([ZER LR AR ERKREL, ICP-MS & HWCHIEL-. HE
T DR IR FE D3 R AR R S P A 2 23552, B (1+19) &2 W Tl B A7 R L 7= (Scheme 1), 7233,
WRDIBIENEBHZ DWTIE, 771 TEM O S R REEHZ0HTaEE 20.0 g 213080, i5lE 2.5 mL &
Ot KFE ImL 20Nz, v A7l pfREEEz AW CTOMRLT-. fint, 2iRikaR) 7 et 8t
Zem (R 50 mL) (2K THEWVIAZ, 50 mL OFE#RET/AREZNZ T 3000 rpm/min () 1700 X g) T 5 4y
BELT. BBAE 2.5 mL 2R 7 e L AU QAR (& 50 mL) 1280, fEfE (1+19) T 50 mL (ZEAL
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T2 Z N ERIK E L, ICP-MS % VW CHIE L 7= (Scheme 2) .

Table 3 Operating condition of microwave digestion equipment
Electric power Time

] State
W) (min)
step 1 0—1400 10 Heating
step 2 1400 10 Fixed temperature
step 3 0 20 Residual heat
| Sample0.20g |
<Nitric acid 10 mL
<—Hydrogen peroxide 1 mL
| microwave digestion |
| Transfer | 50-mL P.P. Volumetric flask
|HWater (To the mark line)
| Centrifegation | 1700%g 5 min

| Aliquot 2.5 mL | 50-mL P.P. Volumetric flask
<Nitric acid 2 mL
<—Water(To the mark line)

| ICP-MS |

Scheme 1 Flow sheet for analysis of arsenic, etc.in fertilizer other than liquid sludge fertilizer using ICP-MS

| Sample200g |

<Nitric acid 2.5 mL
<Hydrogen peroxide 2 mL

| microwave digestion |

| Transfer | 50-mL P.P. Volumetric flask
|<—Water (To the mark line)
| Centrifegation | 1700xg 5 min

| Aliquot2.5mL | 50-mL P.P. Volumetric flask

<Nitric acid(1+19)(To the mark line)

| ICP-MS |

Scheme 2 Flow sheet for analysis of arsenic, etc.in liquid sludge fertilizer using ICP-MS
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(2) WIE K& O D HH

HEF R K NEA NIEERZ TR 9:1 OFIGTIRALIZE ICP-MS ([ZE AL, PAs, Cd, ©Ni,
52Cr, 2Pb, 207Pb, 208Pb , 45 Sc, 'ORh, 125 Te, 25 T1 ZHIEL, Table 4 OFAAE T CHERERM EALZ. 72
B, FMEEL TR 7T 28 TealEHI W T, ICP-MS (240 MCd Z#IE DRI Mo ZHskE L= £ 5
FAF L THD SMo'90" K T Mo SO HAZ LD AT ML TN EUDLZENHBILTNDY Z e, B R
FENINE S TODRIER () 26 L CRIEREO MCd O~ EEHIELT-.

IR, AR AR AR E L, FIERICEEER IEA L, MERAERL Totr B D As,
Cd, Ni, Cr, Pb JBEZF L=, 7235, Pb IZDU Tid 2P, 207Pb, 208Pb DZ N L NDFEREZ AR LI-FER
EZPNEEMERTIEL, Al oo Pb IR EEA R M LT-.

ICP-MS DRITESAFIX Table 5 DEFY.

HCd = 1.000 X 1M —1.073(18M —0.712 X 106M) =+ (a)

HICd: Indicated value of ''Cd corrected HIN: Indicated value of ''Cd uncorrected

108M:  Indicated value of 198Cd 1060 : Indicated value of 19°Cd

Table 4 Monitor ion

Target Internal standard
A 1257
My 103pp
N 103pp
20 g
206py 207py 208py 2051

Table 5 Operation conditions of I[CP-MS

High-frequency output 1.55 kW
Sampling depth 5.0 mm
Plasma gas (Ar) 14 L/min
Auxiliary gas (Ar) 0.8 L/min
Nebulizer gas (Ar) 1.05 L/min
Collision gas (He) 4.5 L/min
Oxide ion production rate
Less than 1%
(CeO/Ce) eos Than 17
Collision mode He-KED
3. BRRUEER

1) RIEFHOEE

(1) AT MO

D5As HIEHFD 90Ca¥Cl K O VASCINZ LD AR MLV T

ICP-MS 2V Ca X° Cl & H T HEF D PAs ZHIET DEHIL, ZIR A4 ThD ©Ca>>Cl L
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WAPBSCIHTZ LD AT LT EL D, IR FA T ANTED AT I FPIFa) Dar W 2% 5281
TR CTEDZEDHBILTNDY . 22T, Table 6 DERIFIZEVFRERY 720 5 % (H &) ~20 % (H &%)
FHEIRE D CaCl I Y As 0.2 ng/mL OFEHERRZRIEL, 155407 As O gL, 4Ca’Cl &
DOAPSCINZ LD AT MV B A A LT,

ZORERIT Table 6 DEBVTHY, CaCl IR OME 1T As 0.2 ng/mL FEHERR &g LT3 4us 1/10 LR
Thofe. BEHITHEAEL7235E120% 0.05 mgkg LN THY, 3. 7) THERLIZE R FIRO 1/20 LR Th-o7
7o, aYar HALLT He 2L KED E—RICTHIETHIEIZED, L1420 THD 2Ca¥ClF LN
OAPSCIINZ LD AN VTP E IS TS/ O E TR CE L2 & ol LT,

Table 6 Spectral interference to As by CaCl

Concentration of Indicated value of ""As
CaCb
% )a) CaCl solution As 0.2 ng/mL
0
5 26"
10 20” 403"
20 78"

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

@75 As PIERFD 150Sm K& Y 19ONd (2L DAY ML

ICP-MS |21V PAs ZlE T 2BRTIX, 2 A4 ThD 50Sm LT PN IZEDAST ML R AL L3,
2MiAANCED AT VT HII BT A AL LiE ) Var H ARG T 52 K0 B AR ETERNY,
ZIT, WEELTZ3ER 66 RUTHOW T~ A7y & 2 -V CofiEL, ICP-OES Z VT Sm A& O Nd A1l
EL, ICP-MS JITERIEF D Sm L ONNd R EZH H L7 (Table 7) 24, e KIEFE X Sm 1.2 ng/mL F2JE, Nd
0.07 ng/mL P& TdHh 7. £Z T, Sm 2 ng/mL, Nd 0.1 ng/mL DOIEIE M O} As 0.2 ng/mL ZFHL, ICP-MS %
HAWTHIEL As O ~MEZMEGRLT-. A5 RIE Table 7 DEBVTHY, Sm FEROFKEFIE As 0.2 ng/mL 5%
TREEEZ LT 5As OFRMED 1/3 FRETHY, Nd 1T 1/30 FE TH-o7. BB L= 54121% Sm 2
ng/mL %EIE As LT 0.3 mg/kg FEEETHY, B FRUL T THHIEND, Sm KN IZEDART ML
VX FEHEAEAR 2 R B A E 3 A BRI B O 2 VR E ThH LB 2 HiT-.

Table 7 Spectral interference to As by Sm and Nd

Spiked

Element  level 75 75
(ng/mL) value of "As As in As 0.2 ng/mL

Indicated Indicated value of

Sm 2 220"
Nd 0.1 23"

a) Mean value(n=3)

634"

@MCd MIERFD SMo'°O* o U Mo *O'H T LD AT ML
BULEWEE S 2 IO — I3 BRI BURERM L LT Mo (LEWAME ST 523, ICP-MS 128D MCd
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ZHE T HETIEEEN O Mo ZHRELTZ 2R A4 ThD Mo'°0* e O Mo O'H IZ LD AT ML+
WRELDZEBRBNTNDY . ZNHDOART ML T % He-a) Va kW E ORI CE N ETH D
728, Mo ZJFAEFEL THEAL TWOZRWAH FFEHS Mo % — & BN 7alk SRR Mo E 2 v ¢
He-2UVar T AZAEH LT ICP-MS (ZLD 0 A el U7z, 7035, Mo INR EE 13l 2 RN 15—
)72 Mo (LBl Ea B ELIRELT.

IIHTHRERAC DN T ¢t BEERFT -T2 58, Mo ZEASINE Mo FINOHEERS FAZ B W Tl B K YE 5 % TH
B ARSI (Table 8).

— 77, EEAHATED I MCd JIERFD Mo IZED AR MLTFERZHOWT, 2. 4) 2) MiER (a) lI2kvis
TREZEAET 27 EDBINESI TODZEND, Mo & —ER&IINILIZiEHI W, JIELZ MCd DR fE
A IE LR U7 AT E FR R E O A IE A L TV WSRO AT EIZ DN T ¢ IEEAT -T2 /ER, &
HrED RN EKYE 5 % THEZTROLNT, MER(a) ZEEHT 5221280 Mo IZEDAT ML
WO BT I B 5 2 e ORI IE CE A e Sz,

FoC, RO E Tl e I FEM B E LT Mo 28 He A1, MER(a)12kh Mcd ofeR
EEMETLIEEL.

Table8 Comparison of Cd analysis values of Mo-added sample and non-added sample before and after

correction
Spiked level of Afalyt;cgti F test t test
Sample Mo correction €O : _ _
(%) a) (mg/ke) Varla.nce Critical t-value Critical
ratio value value
Not added Uncorrected 4.82
1.45 9.28 12.51 2.45
Compound 0.1 Uncorrected 5.21
fertilizer Not added  Uncorrected 4.82
1.10 9.28 0.42 2.45

0.1 Corrected 4.84

a) Mass fraction
b) Mean value(n=4)

(2) [RFBIZLD~ N I AT OHER

ICP-MS 12XV T5As ZIE 358, MERIKFIIRFENTFELILIG AT As O RMES KT 2720, ik
WFFE RS Tl E R IE TP ISR 2 — T BRI 5 Z LIS KO A IE 4D FIEN G SN TG, 22T
FERR ORI B2 5720, As 4 ng/mL FEAENRIZ B BEHIICFERA 2RI As OFE REOH RO FL L 2 g2
THEELIZ, WIEHESTHRIZEDE DR IE CTEH)0 A8 LT, WIZHE TR ITAEHE B IEY K ORI L
LY 25 LT 10Rh KON 125Te ZfH I L7-.

FERIL Figure 1 © L350, Rh ZNIEHESLHE L LG, Bieh: — € &IRINUBEE R E T 5720121 As D
TR LA B LB/ NS WA CTH D 10 % (FE 57 38) ~20 % (IRFE 5 3) BRI 20 E R 585
ATz, —J5, PTe ICRONIEEMIEZAT 7256, HERRZRIEREHK T 1 % (C LLTHI 0.4 %) IRINL T
HEIRINE LB L C As OFRREDOEIG I 104 % THY, HERAE KGR CE D2 L2 MR L.

BETZAREHZ B TIIECEHR BN 0.20 g THY, TOHDOFIREEZZE LA, BN 100 %KEDS
ATHHEER T CIXRFBEL TR 0.04 %RREICETHRIND. T, ATLHEEBRIEICINIZEAE DR
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PRSI, HIRIISDIT NS RDEB ZONDHTEN0, FEATINTERE T, PTe ZPRELL THEM T2

ZeElLr.

600
500

O

400
300 [

200
100 2@ A

Ratio of each solution to
additive-free solution (%)

0o

A

o

[e)

0 5

10

15

Spike level of Acetic acid (%)

20

ONo IS
JIS:!1%Rh
AIS:125Te

Figure 1 Effect of correction of each internal standard element when acetic acid is added

2) REROERMK

2. 2) (ZhE> THRBLL 72 A2 Y % ICP-MS THIEL As/'25Te DR EARATER LT-EZ5, Figure 2 DEEY,
0.2 ng/mL~20 ng/mL O#iFH TR ELREL () 23 0.999 LL ETHY, Y1 D 95%(F#E XK IR A T

7-.

723, Cd, Ni, Cr, Pb I DWW TIIIH H OO | TEAEN R E S TV,

20

75AS/125Te

15

10

Ratio of indicated value

y=0.855x-0.0172
r»=0.999

0 5

Figure 2 Calibration curve of As

10
Concentration of As(ng/mL)

20

Thick line: Regression line, Dotted line: 95 % prediction interval

3) REDFEM

HEZ Rl 457200, (DRBREEEE 2 Wit i, Q)4 BHRE LIc~ A7 2l sy RZ L0 RUEHE R S L
ICP-MS (ZXDMITEEATHI /T (BUF TAE ) SAEBHEBRIED DR FWotE (LR TAAS 1)) O HHED b
BT L DR M CGIRMEINUC E DRl 21T o 7=, 725, M AT RE ThHoT-ilEHI A b TRED FiEE
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WCREmL7=.

(1) FEREAEHER) 2 - EL R O FEAT

BLEATHIT 572, IERRGHEYEY)E FAMIC-C-18-2 & Y FAMIC-B-14 % VT, AIEICEY 3 50HT
SN AR, FEFIL Table 9 (R TERBVTHY, WG EAMEIEREREM IS5 92 E 5w SRR O PN T
Y, EEFERBRIED (RS QWD ELE M O HELTEPH N TH 7.

Tabe 9 The estimation of trueness using certified reference materials

Certified o  Certified Warning limit for the
Element reference Mean value certified value
material (mg/kg) (mg/kg) (mg/kg)
As FAMIC-B-14 3.0 2.87 2.45 ~ 3.28
FAMIC-C-18-2 13.7 12.9 10.3 ~ 15.5
Cq FAMIC-B-14 4.5 4.23 3.70 ~ 4.76
Ni 40 37.9 32.0 ~ 43.7

a) Mean value (n=3)

(2) BEAFIEE O IEIZ LD E R OFEAT

KiEE AASTEIZOWT, As 1 ERUEE 58 45, Cd 130K 30 4, Ni tdEUEE 33 45, Cri3akEl 29 &, Pb 13&k
B 14 S&HOTHOHMEDO I E LTz, BURERROFHBIREL, BUFERROMEE O] 70 95 %EHE X M4

B, B LN 95 % THIXEESIZ Figure 3 (Z/RULT-. B UG8, [BRERROFEBICREIE 0.99 LA
ETHYENFEROMEEZD 95 %IEHXENC 1 NEFN, YD 95 %IEHEXMIC 0 38 T TR ks
BRIE2 RSN TS B R O HELE R A3t 72 LTz

— 07, — O BREAEEHZ IV TAIEIZED Cr DHTEA Table 10 1233 L3580 AAS IEICE D HHEIZ %
L“Cff%fﬁ Lhpotz. IEBMERBRIETIX AAS 125D Cr HTiEIZ O\ T iﬁumﬁ!ﬂi/ﬁbﬁ%@’rﬁéﬁﬁ*ﬁr ZOUVN T
s — il — BRI LM R THDD, AHADIEEHI DWW TR LR IR — SR 1 LD T 50 fif
THY, 2 SORTEEIIRAOCDBEOFIEN 72D, ZOZENLREIOMERIZ L > TIAED iR 75T
THRA R TR AT N T2 B 2 BT,

LEIORFCIX As /9HT1EZ FIRIZE W TWD728, AEOE HFEFH S BEIE o Cr 2RI 3528
EL, BB 29 MODIERRIEEL 16 RAFBRANLTZEEL 13 A VT AAS IZLA T EEARTEIZ LD BT iED t
ATV, R EAROMBIREL, R EMROEE I CNTE T D 95 %lfsEXEERHL, B &L 95 % T
HIX[EEEBIZ Figure 4 (R LT, EOFESR, [FUFERROMEIRENT 0.99 UL ETHYEREAROBEZD 95 %
FHEXNC 1| AEEh, YD 95 %EEXMIZ 0 2858 2N TR IBEHERBR ARSI COD B T D
HELERAPA AT 7= L T,
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150 200 0

Pb/?5T1

y=0.9963x + 1.1891
r=0.999

y=1.0147x + 0.0199
r=0.998
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S2Cr/45Sc¢

y =0.9962x - 4.3082
r=0.993 S

250 500 750 1000
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30 60
AAS (mg/kg)

90 120

Figure 3 Comparison of the measurements in between two methods

Thick line: Regression line, Dotted line: 95 % prediction interval, Thin line: y=x
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Table 10 Comparison of measured values by ICP-MS method

and AAS method
o ICP-MS/AAS
Sample (mg/ kg)a)
ICP-MS AAS (%)
Processec'i.phosphate 63 136 47
fertilizer 1
Processec'i.phosphate 109 232 47
fertilizer 2
a) Mean value (n=3)
1000
S2Cr/%Sc
y=1.0014x + 15.028
70 r=0.999

500

ICP-MS (mg/kg)

250

0 250 500 750 1000
AAS (mg/kg)

Figure 4 Comparison of the chromium measurements in between two methods

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

(3) RIAENNIC XD B E DR

BEZFHNT 5720, IAHEIEME A IER SO TG TR IERE -V T, 5722 3 R CUINEIIN & S L7-.
FE SR Table 11 2 Of Table 12 IRL72EBVTHY, WO BEIRD JEEHERERED I ORSN TO S E T
M DOHERGFLEFN T o7z, 7235, CIRVGERCEHIRIADIE Y Bl B CIRnL7-.
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Table 11 Recovery test(Complex fertilizer mixed with compost)
Criteria of the

Element Spiked level Recoverya) RSDb)r trueness
(mg/kg) (%) (%) )"

50 106.4 0.7 9 ~ 110

As 10 102.2 1.4 909 ~ 110
1 107.3 0.5 8 ~ 115

5 105.5 1.7 8 ~ 115

Cd 1 106.7 0.5 8 ~ 115
0.1 99.5 1.0 8 ~ 115

300 103.6 0.2 92 ~ 108

Ni 60 104.4 2.0 99 ~ 110
6 101.6 2.0 8 ~ 115

500 98.4 0.4 92 ~ 108

Cr 100 95.2 1.6 92 ~ 108
10 93.9 1.6 909 ~ 110

100 99.1 0.6 92 ~ 108

Pb 20 101.3 2.1 99 ~ 110
2 101.5 3.3 8 ~ 115

a) Mean value (n=3)
b) Criteria of the trueness shown in Testing Method of Fertilizers

Table 12 Recovery test (Liquid sludge fertilizer)
Criteria of the

Element S};iked 163761 Recoverya) RSDb)r trueness
mg/kg (%) (%) ©%)"

50 105.7 0.5 9 ~ 110

As 25 104.0 0.4 909 ~ 110
5 112.4 2.7 8 ~ 115

5 100.4 0.6 8 ~ 115

Cd 2.5 98.9 2.2 8 ~ 115
0.5 110.6 0.4 8 ~ 115

300 106.2 0.5 92 ~ 108

Ni 150 102.5 1.5 92 ~ 108
30 109.1 1.2 909 ~ 110

500 98.9 0.5 92 ~ 108

Cr 250 98.8 1.3 92 ~ 108
50 103.1 1.1 9 ~ 110

100 97.9 0.4 92 ~ 108

Pb 50 96.5 0.6 909 ~ 110
10 96.5 0.7 909 ~ 110

a) Mean value (n=3)
b) Criteria of the trueness shown in Testing Method of Fertilizers
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4) PHTRERUGMEEEOFE

ARIEO G TR R O\ RS S 2 HEE 35720, IR EEALE S/ LAIERE BV, 34 A A0y IR
INERE & VA TEBUAE OFFR BT OPRE L2 IOUSINU I3k 2 22 2 ST CREZE T 5 [Bl4T
ATV, ZOHERA Table 13 (TR U7z, 08T il e ZR I CHEE SNV O THS B M OV BTRS 2 % Table 14 (2oRL
7o, ZTORER, WITNBIERHERBIED [RSICOD O TIEEE (D THH IR ME(R 22) M OV RS 2 (P [TAE
IAEWEAR 22) OFFRFPHN TH o720, KB H0REEEZ AL TODI LRSI,

Table 13 Individual result of repetition test of changing the date for the precision confirmation (mg/kg)

As Cd
Test day Comp ost'e.d sludge Compound fertilizer Compound fertilizer
fertilizer
Non spiked sample Spiked samples Non spiked sample Spiked samples
1 3.52 3.59 52.7 52.1 0.50 0.53 5.53 5.61
2 2.94 3.18 53.1 52.0 0.57 0.69 5.40 5.64
3 3.19 3.32 53.4 53.2 0.61 0.54 5.84 5.53
4 3.21 3.31 53.2 51.7 0.55 0.54 5.45 5.44
5 3.23 3.30 51.6 52.3 0.54 0.62 5.72 5.70
Ni Cr
Test day Compound fertilizer Compound fertilizer
Non spiked sample Spiked samples Non spiked sample Spiked samples
1 13.3 12.8 331 325 55.8 50.6 551 543
2 14.0 12.9 338 333 59.3 58.6 560 552
3 13.0 13.3 337 346 60.6 58.2 550 549
4 13.0 13.7 334 335 58.4 60.1 564 564
5 14.3 13.7 338 339 58.6 59.4 561 566
Pb
Test day Compound fertilizer
Non spiked sample Spiked samples
1 3.47 3.34 104 106
2 3.71 4.26 104 103
3 3.69 3.50 105 104
4 3.76 3.94 102 100
5 3.68 3.75 105 104
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Table 14 Statistical analysis result of repeatability test

Repeatability precision Intermediate precision
Element Sample Mean” e RSD:S  CRSD.” s I(T)C) RSD I(T)ﬂ CRSD I(T)g)

(mg/kg) (mg/kg) (%) (%) (mg/kg) (%) (%)
Composted 3.28 0.10 3.0 8.0 0.2 5.8 13.0

As sludge fertilizer
Compound 52.5 0.7 1.3 6.0 0.7 1.3 9.0

fertilizer

cd Compound 0.57 0.05 9.1 11.0 0.06 9.9 18.0
fertilizer 5.58 0.13 2.2 8.0 0.1 2.6 13.0
Ni Compound 13.4 0.5 3.6 6.0 0.5 3.8 9.0
fertilizer 336 4 1.1 4.0 6 1.7 6.5
Cr Compound 58.0 1.9 3.3 6.0 3 5.2 9.0
fertilizer 556 4 0.7 4.0 8 1.5 6.5
b Compound 3.71 0.12 3.0 8.0 0.2 5.0 13.0
fertilizer 104 1 1.1 4.0 1 1.4 6.5

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 standerd deviation

f) Intermediate relative standerd deviation
g) Criteria of Intermediate precision(Intermediate relative standerd deviation)

5) EETRAUVKRHTRO#EE

AIEIZHEST As SR RIRE & A T DL ANEE S ONRIBTEIERE (5 K2 99 %) & VT 7 s TakERg
FHEL, &R TR AR 22) <1028, B FRRIET G YE(R 22) x2x¢ (1-1,0.05) | XA W TR L. &
JUT Table 15 DEBHVTHY, RIEDE R FIRITIBIRGIRIEEHZ OWTIE, B S 72V OIREET As X 0.009
mg/kg B2, Cd 1% 0.001 mg/kg F2E, Ni 1% 0.03 mg/kg 2, Cr 1% 0.04 mg/kg F2E, Pb (% 0.01 mg/kg F2JE,
ZNLSDIEEHZDOWTIE, As 13 1 mg/kg F2E, Cd 1% 0.2 mg/kg F2EE, Ni 1 3 mg/kg F2JE, Cr1d 4 mg/kg
FREE, Pb 1% 1| mg/kg FEEELHEESIL, M T IRITHCIRIGIRAEEHZ DWW TIE, B Y70V DRET As 1T
0.003mg/kg F£JE, Cd 1% 0.0006 mg/kg F2EE, Ni 1% 0.01 mg/kg F2EE, CriX 0.01 mg/kg FEEE, Pb IX 0.004 mg/kg
R, ZN DA OIEEHZ OV TIE, As 13X 0.4 mg/kg F2E, Cd 13 0.07 mg/kg F2, NilX | mg/kg 2%, CriX
2 mg/kg FEEE, Pb 1E 0.4 mg/kg FREELHEESI. #HEESIIZE & T BRITLARAEK}, FEI5TEACE & ONRIR
THIENE (5 7K 3R 99.8 Y%oAi) DN ERUEIZIITDFFAMED 1/5 LU Th-o72h.
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Table 15 Calculated LOQ and LOD values

2 Standard b) 0
Element Sample Mean deviation LOQ LoD
mgk®)  (ore  (MEk®)  (mgke)
As Compound fertilizer 2 0.1 1 0.4
Liquid sludge fertilizer 0.02 0.001 0.009 0.003
cd Compound fertilizer 0.3 0.02 0.2 0.07
Liquid sludge fertilizer 0.005 0.0001 0.001 0.0006
Ni Compound fertilizer 6 0.3 3 1
Liquid sludge fertilizer 0.09 0.003 0.03 0.01
Cr Compound fertilizer 13 0.4 4 2
Liquid sludge fertilizer 0.12 0.004 0.04 0.01
Ph Compound fertilizer 5 0.1 1 0.4
Liquid sludge fertilizer 0.03 0.001 0.01 0.004
a) Mean value (n=7)
b) Standard deviationx10
c¢) Standard deviationx2x¢(n -1, 0.05)
4. FLoH

ICP-MS Z W /B TR O As K OERAEENF D As, Cd, Ni, Cr, Pb D3 HTEIZ DWW TH—3 B S
\CED UM E R LI A, IRDFERE1GT-.

1) AXIMLFEER N~ N I AT O R EBEHRLIZEZA, As IZOWTIE B5Te ZNIEHELL, He Y
A HAZEVRE ST DL, CAITDOWTIE Mo e L TRE A L723UEHZ DWW THIERZ WA ZE T, i
SEPIE I BOIRNEE F TR &2 MRE LT,

2) As OREREIERLIZEZA, As 0.2 ng/mL~20 ng/mL O#iFHTHIEREL (2) A 0.999 LI ETHY, 4]
F D 95 %fE X IR RRAEENTNDZEAMERRLT.

3) BEERHMEOD, IEERRGEEEME OOHF, AAS IED IR E D Ll f OVRINENL 21T~ 7=FE 5, —
OB O Cr FTHEIZB O TR AW S EEOE W EIK LB 2 SN T EO 8 E Rk LA
HEOM CHERRS 20, IR O Cr 2Rt OXf R LT,

ZDOMDFREHZ DN TIE, Wb IEFERBRIEI RSN CTW D EE O BAEA 2L Tz,

4) DTSR e OV RS BE ORI ZAT > 7 i 8, DM TARRHEER 221X 0.7 %~9.1 %, FRAH R MEIR 22
1% 1.3%~9.9 % THY, IEEFERBUEIRSILTODIEE D B ZORPHN ThH-7-.

5) HILHRIZONT, TR FROHEEEATSTAER, IRIGIRIEEHZ DWW T, B ATV ORET As 1X
0.01 mg/kg F2HE, Cd 1% 0.002 mg/kg FEE, Ni 1% 0.03 mg/kg F2/E, Cr (% 0.04 mg/kg F2, Pb (£ 0.01 mg/kg 72
JE, ZN LS DOREEHZDWTIE, As 1 1 mg/kg FRE, Cd 13X 0.2 mg/kg F2EE, Ni (X 3 mg/kg 2%, Cr 1% 4
mg/kg FEEE, Pb I I mg/kg FRIELE X Bz, ZBITAERKBICBIIDFFREMED 1/5 LUF THHZ LafeiblL
7z.

PLEDZEMNS, RIKIFIEEF O As, Cd, Ni, Cr, Pb ZHIET 572012, +072EGEEZH L TNDIED i
Sz,
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Development of Determination Method of Arsenic, etc. in Fertilizers by ICP-MS

YAMANISHI Masayuki' NUMAZAKI Kanako'! ,SHIRAI Yuji!

'Food and Agricultural Materials Inspection Center (FAMIC) , Fertilizer Inspection Department

We examined the measurement conditions of the ICP-MS, validated the ICP-MS measurement method in a single
laboratory for Determination Method of Arsenic, etc. in Fertilizer, and obtained the following results. In order to
determine the measurement condition, we investigated spectral interference and matrix interference using CaCla,
Mo, Sm, Nd and acetic acid. The standard element of 7*As was determined '*3Te. The validity of the method for
measuring As, etc. by ICP-MS was determined based on the results obtained. In the range of As 0.2 ng/mL to 20
ng/mL, the coefficient of determination (r?) of the As calibration curve was 0.999 or higher. We evaluated trueness
using analysis values of certified reference materials, estimated intermediate precision and repeatability 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. As the
result of calculating LOQ based on 7 replicate measurements of naturally contained samples, these were 1 mg/kg
for As, 0.2 mg/kg for Cd, 3 mg/kg for Ni, 4 mg/kg for Cr, 1 mg/kg for Pb. Each was no more than 1/5 of the

permissible concentration. Each was no more than 1/5 of the permissible concentration.

Key words  Fertilizer, Microwave decomposition, [CP-MS

(Research Report of Fertilizer, 14, 53-69, 2021)



