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R T 7 =T MEEFRORBHAROFRGIEOU R 1

1 ZBRICETA7 U E=THERODANBRDAMFEZDLR

B2, /bR ) 2
AR, RVET VT EREE, BB EIC D% Y MR

\1

o=
F—I—F jER TUoE=THERE,
1. [XCHIC

JEEFFR DT =T R FOSHTIEEL T, IREHERBRIEY ([TITREIELRV AT AT ERIENIERS T
B, Etotﬂlﬂﬂ XU CIZARIEN T HENDDY, AIKEFRLPRFED IO 7MBN I i3 Db &Ws
GHTLGE IRV LT VT ENERAWSND. 5%, AW E S E2MERIEEHZ I W T, ZKRIED S
MrfiE ﬁ\ﬂ“/bA?’/I/TI:HiEO) SINTEE LB L TR B 5 b o TR RDZEMRD L2 Y RV AT VTR
RIEIX T VB =0 DDA A OB E T 50 EORKME |, Awe S Eicat il &/ 1573/
ﬁ&foté:b)‘{%ﬁméﬁ’bfa%?éé:&é EPDIATETY, F7z, RIVAT VT RNl 2 2R AL OR E LY
B EE PR CTEOLHNEHRMEY ITHRESH TODIEND, RVAT VT EREEZ S AT HZ001%
J&j‘é/\%f‘&;é.

Arlal, ZRBEIZ DWW GREBHR O G IE R UIoRE R, e Tl U7 3RS IR A 2R BB I 25
THELKONT.. ZOBHR LTS HTIEIC DWW TH —RBR=I231F 5 % 24 % (SLV : Single Laboratory
Validation) Z FEZRL7=D CHE AR5 3 5.

2. MHEERUAE

1) SiAEH

(1) i Ame:

kAR pE T CRLES @RS, 7o =T R E2EAT2I08 13 filE 23 ,ﬁ%{iﬂﬂbf:
(Table 1). BEFAEEHZOWTIE, HBIE 500 pm OHE5SD\ Z @i 35 E T (ZM100; Retsch ) (2
Do—%—[al#sEL 12000 rpm F2E THAELI-HOE2 AT FAFEIE L, iRIEEHZ DWW T i%@ii’%ﬁﬂ%ftﬂ
LTz, ZOHinG, K2 S ORI B Z LI IERE IR TR L.

Table 1 Commercial fertilizers and others

Ammonium sulfate 1 By-product compound fertilizer 1
Ammonium nitrate 1 Liquid compound fertilizer 2
Ammonium nitrate lime fertilizer 1 Mixed compost compound fertilizer 1
Mixed nitrogen fertilizer 1 Mixed sludge compound fertilizer 1
By-product botanical fertilizer 1 Magnesium ammonium phosphate 1
Compost 2 Composted sludge fertilizer 1
Chemical fertilizer 9

VNTATEOE N RMOKEET B e fidfre s 2 — Bk 22—
2 MSTATBOE NRMOKPE B Z 2t 2 —larr2— (B) IR 2 A i
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(2) FHRLAmAEL

FEETFIREE O FIROHEEIZIE, WYIMERIEED T =T HREZ LS THIEEO A ERRETH
Szl=h, FEERREEHEAEHI R G T2 TIS B I E SN DS R i 5 4 O TR LU 72 et (R ERLIEER)
PERLTC. TUoB=THERNPEFZ (N) ELT0.2 % EEDER) LT0.02 % (HEDHR) ERDHIDITHEET

FE=T OB HEEZFHEL, SOICMBIEEIOR S EIAEESE M ORELE S LIz (Table 2). 723, 72
=7 PEEESE 0.02 % (B & 503) IMEREOWIRIEEIZ R E L TA7®, BRERA/KICHEMEL TR,

Table 2 The preparation of analytical samples

The mixing ratio of the materials (%)a)

Materials
AN-0.2 %" AN-0.02 %"
Ammonium sulfate 0.94 0.094
Calcium Hydrogen Phosphate Dihydrate 25.00
Potassium Dihydrogen Phosphate 2.500
Dipotassium Hydrogenphosphate 5.00
Potassium sulfate 15.00 2.500
Potassium chloride 15.00
Calcium Sulfate Dihydrate 39.06
Water 94.906
Total (%) 100.00 100.000

a) Mass fraction

2) FERUFE

(1) KRARKAALERE

(2) BB EEERERE : Metrohm 814 USB Sample Processor
(3) ETEEEERVIREH: 7R 771 THMO62FA
(4) \EAEERLOK: #(7v7 SR2-W

3) HAEDAR

(1) 7k: AKEREER (XL Milli-Q Advantage A10) &2 FAWVCTHRLL7- JIS K 0557 IZHETS A3 1Y
DRZEFER L.

(2) 0.1 mol/L /KE&{LF R APAHE: ISO/IEC 17025 *HGZEE3HTH 0.1 mol/L /KEE{bT R AFRIK
(B )

(3) 0.25 mol/L fiif#: ISO/IEC 17025 %S &AM 0.25 mol/L fiel (& £ 7 A /L LFEHIEE)

(4) . JISK 8180 & /i Ml (B L7 AL LFEHi%E)

(5) Hife(1423) : HFEOREE 1| LAKOERFE 23 L2EALIZHO.

(6) Hil (1420) : HEFEDORFE 1| LAKDRFE 20 E2EALIZHO.

(7) <ZABEERWE: JIS K 8283 Fpfkikdk <X AME— /KW (& L7 AV LFEHIEK) 20 g Z/KITIRLT
1000 mL &L7-.

(8) KAt TR LK (200 g/L) @ JIS K 8576 ka3 /KEg{bF MDA (E L7 AL LFDEMZE) 100 g
ZRKIZEENLT 500 mL EL7=.



R T 7 =T MEEFRORBHAROFRGIEOU R 3

(9) Bfb~27 % 7L JISK 8432 ki dk (B H(L %)

(10) AALTIVTERHE: JIS K 8872 Kkl 3 (B L7 AV ARDEHIEE) | AEITHLTK 1 AERENZ
7z.

(11) KERALAVY DEHE: JIS K 8574 Frkak3E (B L) 170 g 27KIZE7>L T 1000 mL &L7-.

(12) HFALT A= A () ANAKF#): JIS K 8114 FifkatdE (BT b5:)

(13) AF ALy REERR (0.1 g/100mL) : JISK 8896 FifkaddE AF /L LR (MiiE(LT) 0.1g % JISK 8101
ekl dE =% /7 —/1 99.5 (BIHAL) 100 mL (ZHA LTz,

(14) AFL o7 —# (0.1 /100 mL) : JISK 8897 AF L7 /L— (& L7 AV ARDEHE) 0.1g% JIS
K 8102 FpfkiddE =& /—/1 95 (BAHILS%) 100 mL (2D LTz,

(15) AF AL YR —=AF Lo T N—IBBWHE: AF LUy RS (0.1 g/100 mL)2 BEICHL, AFL T IL
—¥I% (0.1 g/100 mL) | REEINZT-.

4) FWDAEE

LR LT8R EORIE 7 1 —% Scheme 1 [ IRL7-. EIO—E (2.5 g) Z & E 77 A2 250 mL (2&0),
2 (1+23) &40 150 mL Nz, b FEsEREERD IR EHE (FH55REH58%) (Scheme 1-1) XUTFEAFEREOH
(FEAL PR EHH%) (Scheme 1-2) T 30 3R L 7= 5%, KA MR E TN CRUERARE LT, SBNAIRIZAR”E 77
AN —EERIL, Bt~ R LE A TEBEIT), LT E=7% 0.25 mol/L fiihE CHifEL
7o, ZOMERA BN A BhiE T E 125D 0.1 mol/L /KER(L TR AVEHE i E L 7= (Scheme 1-3) . 72354
WX A SRR AR R E ST 5.

2.5 g analytical sample Weight to the order of 1 mgto a 250-mL volumetric flask

«Add 150 mL of hydrochloric acid (1+23)

Shaking to mix Rotary shaker (30 - 40 revolutions/min) , 30 minutes

«Water (up to the marked line)

Sample solution

Scheme 1-1 Flow sheet of ammoniac nitrogen in fertilizer (Extraction)

2.5g analytical sample Weight to the order of 1 mg to a 250-mL volumetric flask

«—Add 150 mL of hydrochloric acid (1+23)

Vertical reciprocating shaker (mix by reciprocating vertically at

Shaking to mix 300 times /min, with amplitude of 40mm) , 30 minutes

«—Water (up to the marked line)

Sample solution

Scheme 1-2 Flow sheet of ammoniac nitrogen in fertilizer (Extraction)
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Sample solution
I
Aliquot
(predetermined volume)

300-mL distillation flask

< Magnesiumoxide (5.0 g) to a distillation flask
(The amount at which the solution becomes alkaline)

Liquid receiver: 200-mL - 300-mL Erlenmeyer flask or beaker
Steam distillation equipment | A predetermined amount of 0.25 mol/L Sulfric acid and

Steam distillation Distillation speed : 5 mL/min - 7 mL/min

Stop distillation 120 mL - 160 mL Distillate

a few drops of metyl red-methylene blue mixed solution

« Water(Wash the distillation equipment touched the liquid receiver)

0.1 mol/L sodium hydroxide solution

Titration
(Until the solution becomes gray-green)

Scheme 1-3  Flow sheet of ammoniac nitrogen in fertilizers

3. WMRRUEE

1) HHAZEOEEFIZONT

Tk 30 4F B A E @R T A O o IC BV T, BFIESAV AT LT ERIEORIEMICA B AR
DHITIEE LR IERID) 2 L C, 3B H{ED Ble s T- BHIEE RNV LT VT ERIEO /30T it R
[Ee RN RN /P s 3 IR N ST REIE SEOLAR i [RaWopicvag i -0 1Ol

T, RBIEOHMPITEORFEL T, BBHE B 7 T A TN LV RE 2175 )7 1k (EEEREE),
B K T U7 sUBHA IR & 28 7 T Ay UL CARR 24T J7 15 KB INZR R E) , SRk A- ek C i
LTCBHE IR & 7R 7 7 AUy IR CAR R AT 15 (RERR AR ) K OB X ABRES R Tt L 72
PREHNAIR A 28 7 7 ATy B TR AATO 7R (K R AR AR BEYE) O 4 J7 1L CHRGETEAT o7, Sl fE
AT 2HEEEORRIENL, FVLT VT EREOH 7 AT AT 258 (1+20) L NTWEE- AKX - BEE&EEDOS
BRI HTIE TR L CQODHERE (1423) L LT, KR ABRTEIR DS Z VBRIV, <EMERC Ofi &SN
HIREELFIC 2 % (E &) U7, EHZERIEIL, 3B 0.5 g & | mg OHTETIEANDED, KB 7742 300
mL (Z A4 Scheme 1-3 [ZJVZERE -l EEITo 7. SR Z&84151E, Scheme 1-1 (2L HhHIZ1TV, Scheme
1-3 ([ZHVAR - EEToT. AR AR LT, By O E GREHE: 1.0 g 22 &7 T 22
I ED, <X ABREIAD 150 mL 202 C 1 KefE] 30 CCIMBSME T CThiti %, KEERE ML TRENATK
ET%) DI, FREHRIZEVIOMTEICZEN AL L) E a8 35728, Scheme 1-1 (ZHEC TRkl &4 2.5 g 2L T
AR IR 21T o CRUBHAIKE L, Scheme 1-3 ICKVWARRE T EZIT o7z, fERIL, FVAT LT ERIEIZRL
T ALK QUK R EO S HTHEAMEL, — 7 CHEEH A E R O 2 AT R B IEO 34T il
I3 8.83 % (B /7 3) ~8.94 % (H&/4r3) ThHY), EHZARIE R OKIIHZARIEL LT, BLLT VT ER
EDIHHE 8.68 % (E By ) ISV E R Tdh-7= (Table 3) . iR, <X AMREHICRIEIANCEEILIE D F
FIERZETHLHD, WD T NIV ORBREITE KL TWDHEB 2D, Fio, BEFOEEMER S O
FIECWEER AT 56, WAL R TEENRNED. (it TiiRE R L L, BT
BHERBRIEY THHWDILTOAIERR (1423) ELT-. 53 2SRRI X BRSO, JEE SIS0 5y
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Fr VB TODILRZ SR L L TR OB~ DO RBEHE R FE LN TRY, AN TH %
PERERE AT TODY Zlinh, R ESHED i L CIRIRHZ Mk o 2 4 PEfERR A 1T o 7.

Table 3 Comparison of values in various ammonia analysis methods

. Distillation method
Measurement conditions — Formaldehyde
and values Direct Water Hydrocloric Hydrocloric Critic a'md method
distillation extraction  acid(1423) extraction acid(1+20) extraction extraction
Sampling size (g 0.5 2.5 2.5 2.5 1.0 2.5 5.0
Flask volume (ml) - 250 250 250 250 250 500
Shaking time (min.) - 30 30 30 60 60 30
Aliquot (ml) - 50 50 50 100 50 10
Measured Values (%)"‘) 8.21 7.67 8.94 8.88 8.88 8.83 8.68

a) Mass fraction

2) BEEOGTE

(1) FERERRERE M B IS LD B DR

Wt A RNEO B EZ MR T 2720, IERRREEEME A & EEALRIEE (FAMIC-A-17) 245 L C, [A]
R LM LD B ORI SRS LA IC R 3 M T T e =T R E 0N L7 (Table 4) . %

DOHHED FEEIE, FIEREEIHEICI DR 11.68 % (EE5yR), HAIREOMIC IS 11.81 % (E &5y
) THY, FAMIC-A-17 OFFFEEOLTRR A OHIFHLAN (11.36 % (H &5 F) ~12.08 % (H&E533H) ) THY,
e BB VAV |2 301 D AR AR MW B & PR - B DL AT 7= L7

Table 4 The estimation of trueness using certified reference material (FAMIC-A-17)

Rotary shaker extraction Vertical shaker extraction Certified Warning limit
Sample Value * Relatlve‘ st.andard Value Relatlve' st‘andard valie  lower limit upper limit
deviation deviation
%" (%) (%)” (%) W (W
FAMIC-A-17 11.68 2.18 11.81 0.22 11.72 11.36 12.08

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

(2) LR LRI X DA

Table 1 DAEE} 23 UZDOUNT, HEEehh MR B IELBEAFE GRBE R OV LT VT ERIE) O HTHED B
DAV FABENE ONC[ER E AR O B PHIC 95 % Tl X A4l % Figure 1 lIIRLTC. 728, AHEMA 2 &ICE TRk}
(IR LT IVTFTERIEDE S ThHZEND, BVLT VT ERIEEO i TIERE Y T DI 2Rl B 4
LT 13 AL, ZORERITIEFEREREY 12301 DHESE L HEA-T7- L CIov, el H 78 B VAT BEAF
BELRSOOHTEE S ONDZEDERINT. £, BRBIEOSHHEI RNV LT VT ERIEIZH L TR o7
AEHT, iﬁ@&%ﬂatﬂm%ﬁa@&%ﬁz&@tm BV CHDARRIENA BITROIIHEE 2D, YRR AR L LR
VAT VT ERIEED EETIXFRE O S HTHEL 72722805, iﬁ BRI AR R BT — B IEEFCRRD B
T MBI N T 20 T E D ZE B2 ffiH 3 285 2 L7z (Table 5) .



AEEHIFZE RS Vol. 14 (2021)

o 250 r
S & y = 0.9902x + 0.1883
_g E 20.0 + r=10.998
2s
2 2
7 5150
=3
B
‘q"é 'S 10.0
=5 50
==
Z23
Q 00 1 1 1 1 J
0.0 50 100 150 200 25.0
Coventional method
(Distillation method) (%)
o 250 ¢
=
5< y=1.0411x - 0.2546
£ B 200 | r=0.999
s
= o
2 e
g g 15.0 B
3
S § 100 F
EZ
g
5 50
==
29
Q = 00 S 1 1 1 1 J
0.0 50 100 15.0 20.0 250

Coventional method
(Formaldehyde method) (%)

250 -

QO ~

23

== y=0.9903x +0.1931

e 5 200 f r=0.999

S

25

273 150

5 %

]

S >

% = 10.0

£ .2

= O

o

£ 50

- O

g3 5

= Q

D < 00 ‘ 1 1 1 1 J

0.0 50 100 15.0 20.0 25.0
Coventional method
(Distillation method) (%)

25.0 ¢

L2

s y=1.0385x - 0.2199

25 200 F r=0.998

52

23

2% 150 |

5 'g

o

22 j00 |

o <

g .2

= O

SE s0}

5 X -

= o o

232 o

5 8 00 4 1 1 1 1 J

0.0 50 100 15.0 200 25.0

Coventional method
(Formaldehyde method) (%)

Figure 1 The comparison of analytical value by Distillation methd using hydrocloric acid and Coventional method

Heavy line - Regression line

Dotted lines - Upper and Lower limit of 95 % prediction interval

Thin line * y=x
% - Mass fraction
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Table 5 The comparison of analystical values of anmonium methods (% ( Mass fraction ) )
Coventional method Dlstlﬂatl(?n m.ethod usu.lg
Sample hydrocloric acid extraction
Distillation method  Formaldehyde method Rotary shaker ~ Vertical shaker
Chemical fertilizer O 8.18 8.51 8.85 8.70
Chemical fertilizer @"” 17.51 18.05 18.07 18.15
Chemical fertilizer @7 11.72 12.18 12.15 12.14

a) Proficiency testing sample of fertilizer in fiscal year 2018
b) Ammonium phosphate, the measured value of the Distillation method is lower than the Formaldehyde method
c) Proficiency testing sample of fertilizer in fiscal year 2016

3) BHTHEE R U H¥5 B o 51

WA B EO DM TR B K O\ RS EE 25T 92728, 9 mOfi@AEEHE WV CT&IERF 2 S 0fTCH
HHEZ T 5 [BI3HrEdTo72 (Table 6). ZDOFEFD D, —IJRLE /I 21T > TR U0 TR e OV ]
K% Table 7 (\oRUTz. W LM MR HE(R 7228 R BHE SRR E VIR SV A DM RS FE (DF T AR SR YR 22)
e OV TETRE B (HR R AR HE (R 22) OFF AR LINTHY, +07e G4 352 L0 i &,

7ok, HHLZIEENT, B EICHEMZEDRD D IRE (EEIEEIO R LR IEEID) , LT VT
RO TR 32 Ik A & ekt ((RERIERID) , 7023 Ffilid TR DEIES Uz Eet (BIEEE A IEED & OV
S AHERE A B RURN S 3D AR GR A HENEAE B AR 25, ATt LS OWE (< 8 v 7 Z) |2 2D 5 B2 5l
THBLRNO SRR B O AL R E LT, HTERBEIEEHT, 157 BT E=T HEROREITLE T
RN, EFREAMEEMIT - EROEMIEEREEALTRYY, 5% OIEEHBLEEMIC LD G HE &M D
FIAMREZEL T, K0Sk~ Ny 7 R LD F B M OB SIREHIE A L.

Table 6 Individual result of repetition test of changing the date for the precision confirmation (% ( Mass fraction ) )
Test day 1 2 3 4 5
(Rotary shaker extraction)
Ammonium sulfate 20.87 20.43 20.90 20.53 20.35 20.90 19.94 20.47 20.04 20.81
By-product botanical fertilizer 0.52  0.54 0.52  0.50 0.57  0.56 0.52  0.51 0.54  0.53
Chemical fertilizer D 8.81 8.78 8.84 892 886  8.96 8.81 8.80 8.87 8.8l
Chemical fertilizer @ 17.21  17.57 17.70 17.74 17.69 17.55 17.68 17.62 17.60 17.57
Chemical fertilizer @ 2.14 215 223 218 2.17  2.20 2,13 219 213 2.18
Magnesium ammonium phosphate 543 545 518 534 535 535 529 542 535 537
Mixed compost compound fertilizer ~ 11.79  11.47 12.07 11.79 11.76  11.86 11.73  11.75 11.69 11.70
By-product compound fertilizer 8.85 8.45 9.13 8.97 8.88  8.86 8.85 8.86 8.78  8.87
Composted sludge fertilizer 2,17 213 2.09 2.10 2.06  2.09 2.06  2.07 2.03  2.06
(Vertical shaker extraction)
Ammonium sulfate 20.53  20.79 20.67 21.01 20.85 20.75 20.88 20.93 20.67 20.85
By-product botanical fertilizer 0.54  0.55 049  0.51 0.51 0.47 0.50 0.52 0.60  0.59
Chemical fertilizer D" 890  8.81 8.69 896 8.19  8.89 877 837 885 855
Chemical fertilizer @"” 17.56 17.44 17.62  17.60 17.36  17.17 17.69 17.64 17.61 17.48
Chemical fertilizer @ 2.18  2.06 223 223 2.18  2.19 2.13  2.18 2.14  2.00
Magnesium ammonium phosphate 5.32 5.35 5.44 5.46 5.37 5.47 5.41 5.43 5.40 5.41
Mixed compost compound fertilizer ~ 11.81  11.84 12.10 12.13 11.86 11.77 11.68 11.73 11.66 11.47
By-product compound fertilizer 8.83 8.92 9.16  9.03 8.80 8.76 8.64  8.85 8.83 8.87
Composted sludge fertilizer 212 212 2.10  2.01 2.08  2.06 2.07  2.09 2.06  2.05

a) A proficiency testing sample of fertilizer analytical laboratories in fiscal year 2018
b) Ammonium phosphate, the measured value of the Distillation method is lower than the Formaldehyde method
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Table 7 Statistical analysis of repetition test result for evaluating precision

Repeatability precision Intermediate precision
Mean”
Sample 5.9 RSD® CRSD? siry)  RSD ;P CRSD, ;)"
©%)" (%) (%) (%) (%) (%) (%)
(Rotary shaker extraction)
Ammonium sulfate 20.52 0.388 1.9 1.5 0.388 1.9 2.5
By-product botanical fertilizer 0.53 0.008 1.4 3.0 0.023 43 4.5
Chemical fertilizer(D 8.85 0.046 0.5 2.0 0.059 0.7 3.5
Chemical fertilizer® 17.59 0.125 0.7 1.5 0.152 0.9 2.5
Chemical fertilizer@ 2.17 0.031 1.4 2.0 0.031 1.4 3.5
Magnesium ammonium phosphate 5.35 0.066 1.2 2.0 0.079 1.5 35
Mixed compost compound fertilizer 11.76 0.139 1.2 1.5 0.150 1.3 2.5
By-product compound fertilizer 8.85 0.140 1.6 2.0 0.174 2.0 3.5
Composted sludge fertilizer 2.09 0.019 0.9 2.0 0.042 2.0 3.5
(Vertical shaker extraction)

Ammonium sulfate 20.79 0.151 0.7 1.5 0.151 0.7 2.5
By-product botanical fertilizer 0.53 0.018 34 3.0 0.044 8.4 4.5
Chemical fertilizer®D 8.70 0.287 3.3 2.0 0.287 33 3.5
Chemical fertilizer® 17.52 0.084 0.5 L5 0.165 0.9 2.5
Chemical fertilizer@® 2.15 0.060 2.8 2.0 0.075 3.5 3.5
Magnesium ammonium phosphate 541 0.034 0.6 2.0 0.049 0.9 35
Mixed compost compound fertilizer 11.81 0.068 0.6 1.5 0.207 1.8 2.5
By-product compound fertilizer 8.87 0.085 1.0 2.0 0.149 1.7 3.5
Composted sludge fertilizer 2.08 0.030 1.4 2.0 0.034 1.6 35

a) Total average(test-days(5)*parallel analysis(2))

b) Mass fraction

c¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability precision (repeatability relative standard deviation)
f) Intermediate standard deviation

2) Intermediate relative standard deviation

h) Criteria of intermediate precision (intermediate relative standard deviation)

4) EETRREUVRHTRO#E

Table 2 OFRBLAREN L C, A ARRET T SO TN &2 FEM L7 (Table 8). & & FRRIZ (FE#E
i 72) <100 2, B FRRILT EHE(R 75) x2x¢ (n-1,0.05) | KZ A WTHE L. 2R R, B OFHRARE
(AN-0.2 %) ZfE L7, [EHRIR OB LD O & & TR 0.07 % (B &453) B, i FRIL 0.03 %
CEEDF)FLE, HAUEEOMIC I O E & FIRIZ 0.03 % (&3 B, B FIRIZ0.01 % (E &5y
F)RECThHoTz. Fio, RROFHRALEL (AN-0.02 %) [Z31T D [EHRIREIBEIC L D H O & & TERIZ 0.003 %
(B &3 FREE, i TIRIZ 0.001 % (B &5 %) B2, HRREIBEIC LDt o0 & TFRIZ 0.005 % (B &
Ay SR FREE, M H T FRIZ 0.002 % (B &40 3R) FREE Th o7, AEHKEY 10\, Td ik (FER=HES
AEEFZBRS) DE A T & F sy K ONERFD 5B O RS 2B 3 DI LAY (2D DR EIRA IRk
(FRER == B2 BRL) OIRZER S D/ NelE, ToEBE=THREFLLTEENER 1.0 % Tho. -, FiE
2= G B O G H T &R L O SR G IR (FRE R = F AR EHZ PR D) OIRAERL 73 D Fe/N &,
TUoR=THERZELTEEN R 0.1 % THD. Mo THEEMH AR AL, @207 =7 M%E
EDOEGHBEMRTDODIHIELL THARE R FREATHZ AR L.

S
=,
=

i
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Table 8 Calculated LOQ and LOD values

Design 2 Standard b) 9
Sample component Mean deviation Log LoD
@’ W’ )" ©%)” ©%)”
(Rotry shaker extraction)
Preparation sample AN-0.2 % 0.2 0.218 0.007 0.068 0.033
Preparation sample AN-0.02 % 0.02 0.019 0.0003 0.003 0.001
(Vertical shaker extraction)
Preparation sample AN-0.2 % 0.2 0.200 0.003 0.027 0.013
Preparation sample AN-0.02 % 0.02 0.020 0.0005 0.005 0.002
a) Mean value (n=7) ¢) Standard deviation X2 Xt (n-1, 0.05)
b) Standard deviation <X 10 d) Mass fraction
4. FEH

JEEFFOT =T PEERDOONTIBNT, ZREIENRLLT LT ERIEL LU T B ZE2H > Tl
TEIPMEL 72D ZENFRDOLNT-Z LMD, BEEOKREZITWV, KB LI HEIC OV TH SRR =EICB T 5%
UM R A R L T2E 25, IRDEBVITIEEL T2 EREERZ A L QA LA HERLT-.

(1) HEEEK O Z AR ARG L2 A, BV AT VT ERIELRIZEOSHHEE BT L, 3Rk
DEhHME S5 B L CHER (1423) iR e L7z,

(2)  EEIIRRFERENEY E A fd 35 R L IR I LB 1k 2 SO IRICIVREGRL, AT
o7z. FAMIC-A-17 L CEEZFERLIZEZS, S HTEOEEIE (n=3) 1 LFRREIE OZm FR AL AN T
BV, EHERBRIE I DGR EM B & W B O B2 7= Uiz, 72, okt 23 [Ucky, fm
T R B R EBEAFIE GREE R OV AT VT ERYE) O3 HHEZ B /38T Lo & 25, MEEHES GRBRTE O HESE
R 72 TR, R AR BIE LIV BHEL AFE O S IMEZ DN DT LA RS T,

(3)  HHHREEE R OV TRE EE 2R 92728, T@AEEr 9 s5A % 2 mOMT CHAZL X TS BISHEITW,
WIS IEEHERRBRIE DR T O TR BE (DR TAB SR IR 22) K OV RS FE (H PR RS MR 72) D2 4t
LINTHY, i ARSI 0B A2 G T 520 RSN

(4)  EETFREOHR M FROHEE AR 2R, HE M HAREICIY 7 JO0MT o FEfiL =L
A, EENRIE, FHRIREIBEIC LD IR E VD5 G IXE TR IEENT 0.07 % (B &%) &K O IEEC
0.003 % (E 553 3) FRE THY, HRHREIMIC I E VD358 1K ETZARENT 0.03 % (B &4573) KO
HRRIEEET 0.005 % (B &%) FRELHEESH, +o7e @& FIREA T 5ZL MM,

X

1) BMOKEN R e Bdfrt e 2 — (FAMIC) - JIERFERRER L (2020)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2020.pdf>
2) (PR T, RRFICR, T HERE, 852 —I8, BIRA ], BEE, KB, TR —, IR,
A )R 2016 ARFE SMHIE A BLD 7= 60 O A [E @ a2 BB L [RIFRBR EGE O fRNT, AEEHF
Jei, 10, 141~167(2017)
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) IEEEE D, AR 2, BREIEZ, WIZEAE, M2, SFRQEE, ARG, oI kg 2018 45
SN FE A BROD 7260 D 42 [E e itk 2 F O T2 IR Sk [RIRRBR AR O AT, IEHFZEHERA, 12, 136~159
(2019)

4) HEENIE, ¥ A% Formol EICKDNERITOT L E=T PR FEOERIZOWTONIZE, EEERIITIIZE T
Wi, B, TR, 7, 1-29(1957)

5) JEAGHBE 4 B EA B R E T REA, B 47 49 A 30 B EE S 39 5, K UWIES TN 3 4F
1 A 26 B, JBAETEESE 12 5 (2021)

6) I i =], U B2k g 2 B O T2 DR AEE R 0 K R VE R4y odh O v, IEREHIFZE S, 10, 1~8
(2017)

7) SR, BETE, FRIR E G, Lo (LR, A SRR EEM ISR DM T A — ek
ARABEE R G B EM T LOMB IO C/N LEDOBIR—, HAR-HEARE MR, 90, 107-115(2019)

8) EMKFER HoR  IREHEURR A S S B AR RO A E RS 2 ED DO EF 61 452 A 22 H, B
IKPELERE 284 B, IfCCIESFI 3456 A 14 H, BMOKFEL ERE 1010 5 (2021)

9) BEMAKELS  JPELOME OMRZEICBIT DA THII, W25 £6 H 20 H, BHRESE 64
5, BAKIES 346 A 14 H, EBHOKESSH 38 5 (2021)
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Improvement of Method for Preparing Sample Solution of Ammoniac Nitrogen
by Distillation Method

ECHI Masahiro !, KOBAYASHI Ryoto 2

' Food and Agricultural Materials Inspection Center (FAMIC), Sendai Regional Center
2FAMIC, Sendai Regional Center
(Now) FAMIC, Fertilizer and Feed Inspection Department

For some fertilizers, we confirmed that measured value of ammoniac nitrogen by distillation method had lower
than that by formaldehyde method. Therefore, we improved the distillation method to an extraction process using
hydrochloric acid. Considering efficiency of the test, we selected the extract solution mixed hydrochloric acid with
water at a ratio of 1:23. As a single-laboratory, we validated the distillation method to extract by hydrochloric acid.
We verified and evaluated the accuracy by two ways. The one was that we confirmed the mean of measured value
within our management range using a certified reference material (CRM): high-analysis compound fertilizer
(FAMIC-A-17). The other was that the measured value of distillation method equal to an existence method using
23 fertilizers, satisfying recommended reference by Testing Methods for Fertilizers. Repetition test was analyzed
the 9 fertilizers. The reproducibility relative standard deviation (RSD:) and the intermediate relative standard
deviation (RSDy)) indicated the method had acceptable precision for the analysis. The lower limit of quantitation
and the lower limit of detection were estimated the 7 replicate measurements using of preparation samples. The
limit of quantitative value (LOQ) for solid fertilizer ware 0.07 % (by a rotary shaker)and 0.03 % (by a vertical
shaker) , respectively. This extraction method are valid for the determination of the ammoniac nitrogen in the

fertilizers.

Key words  fertilizer, ammoniac nitrogen, distillation method, formaldehyde method, single-laboratory method

validation

(Research Report of Fertilizer, 14, 1-11, 2021)
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2 7/ VREEICHE T AHBREZEROANBRHARTEZOUR

IR BT B A%
F—0—F  EFERERERRRCH, TR, MREER, E, R
B R

1. [XLHIC

HESE D il e P 22 36 A0 AT VR AR R BR 15 Y 0 Ol B P lis SRR IR VIR A F D 05 A i H
TEFIEL L CRili S CnvD. BB RBRIA IO S S 1EIR B F R X RV IR B N X ms
IRVIBEBIC Z D B ZNEE A O S HTEIIIE - S TR e, TSR E SRR ThDH Tl
DD, JEEER O OHTHEREZR S LY, ZbE M LW T IE ORI DWW TEER T LT
2.

MNTATEC R N MK FE & 22 2 Hiif 22— (FAMIC) T, T4 RIERIRV IR A A Wil 7o
RETAEHED TIY, KEMEER O SR 5L RRIEEHZE ) 2, [[ <K ERR 7y O EATEIRE
A TR D7k (B AREHC ) 2, <M Ry O KRR IR &9 TR A 2 - fh i 7Y, \]
MO BR O ACEAEE R O TEIR KIS A i 5 0E BES W WERE IEEHZIE ) ©, S OUKIEM T i
DG TEIZ O W TORFTTOI, WIS oHEEL TORY MRS ARETS[EHNT,
AEAE S EBR A I S CO D IR M 2= R O fl )7 1EIZ DWW T R FHAEIEHRIRDIB S A L
BEZOWTHRH L= T, TOMEEZHRETS.

2. MHRUFE

1) AN

AR CIEA MO PEEHER B OUIE RIELNAZ B E X, 58T HEBHE L CREERMEZE R A IRAEL TODAEE
DOAtt, FHERMEZEREZE AL CODBMRAEL T O T HHRI AR E O LW IR ZF RN AT L THRRL, 3241
TEHERE 1 $8I & ot FEUEHZ 6 72

B ZIEEHZ DWW TR T b IR E T35 CRGE S 2 iim L COVA AR (BRiEAEEE) & U Chglgy — 4,
TERE AR, (AL, MG AR, Bl ARk L OHER A, HBAE 500 um D550\ A 41l 5 E T
(ZM200;Retsch #) L7zt D% Wz, E72, WARIEEHZ DUV CIEFRIBRIC B L CODIRIR 2 SR AEL, IR
B RERY, ZERER == A IR GROIR ) 2 vz,

TE B TR O FIROHEE 21X, UMK E ORI EREEA T DI A TR CTHH-T-7=
D, FERNEBHEAEHI IR T2 JIS B IZHUE SIS R 2 VY, 182512 Tk L 7o Al 28 325k
EOVERETRAES 2D, MEIEEIOELAEI A %225 Table | OERY, RIKAELE - IRA L TR LZIEEZ H
AVl

VBRSIATBOE NEMOK PEH R L it 2 — ALt o —
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Table 1 The preparation of analytical samples

The mixing ratio of the

Materials materials (%)a)
NN-0.02 %"
Sodium nitrate 0.121
Potassium sulfate 2.500
Water 94.879
Total (%) 100

a) Mass fraction

2) HEOHRR

(1) 7k: ARREERE (HAIUART Milli-Q DIRECTS) & W CRERLL 72 JTISK 0557 IZHE T2 A3 4D
KL

(2) AHFRHEFEYERR (N-N 5 mg/mL) : AR YD A (AL, GRIEMIE 99.995 % (EH &7 3)) % 110 °C T 1
RE L EINEAL, 73— —H TR Lizi%, 36.09 ¢ 20 L) EILIZIED EoTz, D EOKTEL, 2
7722 1000 mL 2L AL, FERRE CRAE I Z 2.

(3) FHPEHEARYEW (N-N 0.01 mg/mL) : FHFRMEREHERL (N-N 5 mg/mL) D— & &4 /K TARL, MERiEiE
Yk (N-N 0.01 mg/mL) Z 5L 7=

(4) Wil — BRI JIS K 8983 (ZHIE 3 Dhinliedh (11) T 4 (BARL S, Frfk) 5 g 27K 900 mL
DL, JIS K 8965 (ZHUE 3 DR (E L7 4 /L AFEHMIEE, Fifk) 4 ¢ 202 T LTZ#, 1000 mL &L
7.

(5) 7=/—/Uilg: JIS K 8798 ICHE 57 =/ —/L (BIH L, Fifk) 15 g & JIS K 8951 ([ZHIE 3 At
fiz (B BL 2, HFk) 100 mL [Z¥ED L, 80 °C~100 °C D/KIEH T 2 BEFIINELL , fimLi=.

(6) T E=77K: JISK 8085 [ZHLE T Dk (BT, NH; 28 % (H&457=)).

(7) KERAEA LD I JIS K 8575 (ZHLE T 245k (BB L) .

(8) HHEMEREE~7 T BHRALS:, FERHR.

3) WERUEE

(1) B RPA: =—+TUR-FTA GR-202, AhF—+FLK MS303-S
(2) ETFHEEXEEERYIEER: WHE/ EFN00-KT

(3) MEEEREE: X177 SR2DW

(4) JKigtli: v~bEE BMA41

(5) MG BB ERT UV-1800

4) HTIRIE
RS IEEHZ DUV THEEEF 1.0 g & 250 mL 287 7 A2 30 &0, Hilesh — B8R 200
mL Z 01z, WEAEEIREOME T 20 2 MIRVIEYE, KL T 81 g, WEMIRIB~ 7 R 1 g%
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Nz TEAFEIREOME T 10 SFIRVIEET14, KTERL, A 3 FETHELFERNARKE LT (Scheme 1). F
7z, IR XD B ORI AL A L7 1Ek D b Fnf XSRS A -l FIEZ Scheme 2
LTz,

— 07, WIRAEEIOFBHER B DUV TIEEEL 0.4 ¢ 2 100 mL &7 7 AZZIINED, AR — kiR
TR 80 mL Z NN ZIRVIRET-1%, KE(L LT 289 0.4 g, HEEMKER L~ 2T 580 04 g 2N %, IR
VIR %K TERL, A 3 FETAEL, @5 (FIRVIEE) IZ OV THRGETL 72 (Scheme 3) .

ZNODRBHATRIZOUWT, FYleME %3 (N-N) IX Scheme 4 DFIETEFNENRIELT-.

1.0g

. Weigh to the order of 1 mg to a 250-mL volumetric flask
analytical sample

< About 200 mL of copper sulfate - silver sulfate solution

| Shaking to mix | Vertical reciprocating shaker (300 times/min)for 20 minutes

< About 1 g of calcium hydroxide

< About 1 g of basic magnesium carbonate

| Shaking to mix | Vertical reciprocating shaker (300 times/min)for 10 minutes

< Water (up to the marked line)

| Filtration | Type 3 filter paper
|
| Sample solution |

Scheme 1 The flow sheet of extraction procedure using vertical reciprocationg shaker

1.0g

. Weigh to the order of 1 mg to a 250-mL volumetric flask
analytical sample

< About 200 mL of copper sulfate - silver sulfate solution

| Shaking to mix | Rotary shaker (30-40 revolutions/min) for 20 minutes

< About 1 g of calcium hydroxide

< About 1 g of basic magnesium carbonate

| Shaking to mix | Rotary shaker (30-40 revolutions/min) for 10 minutes

< Water (up to the marked line)

| Filtration | Type 3 filter paper
|
| Sample solution |

Scheme 2 The flow sheet of extraction procedure using rotary shaker that can a 250-mL
volumetric flask upside down
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04¢g

. Weigh to the order of 1 mg to a 100-mL volumetric flask
analytical sample

< About 80 mL of copper sulfate - silver sulfate solution

| Shaking to mix | Shaking with hands to mix completely

< About 0.4 g of calcium hydroxide

< About 0.4 g of basic magnesium carbonate

| Shaking to mix | Shaking to mix completely

< Water (up to the marked line)

| Filtration | Type 3 filter paper
[
| Sample solution |

Scheme 3 Simple extraction procedure (Shaking to mix completely)

| Sapmle solution |
|
Aliquot
(predeterminded Small evaporating dish
volume)
|

Evaporation to dryness | No less than 80 °C water bath

< 2 mL of phenol sulfuric acid

Abaut 10 minutes after making phenol sulfuric acid

Leaving at rest . .
& contact with residue

<« 20 mL of water

| Standing to cool |
|
| Transfer | 100-mL volumetric flask

< Ammonia solution (1+2) (until the color of a solution changes to light yellow)
< Ammonia solution (1+3) 3 mL

< Water (up to the marked line)

| Leaving at rest | For about 30 minutes
|
| Measurement | Spectrophotometer (410 nm)

Scheme 4 Flow sheet for nitrate nitrogen in fertilizers

3. # R

1) EEFEERSOSBOMBEGOHEE
Tl 258 (N-N) ORI 42 BIEAEEIR OO T2 T U7z, TEE R, IROEDS /34
BIOULR s 7 T A3~ D 5 B 5252813, 4 RIORE & Al A0 a M OVAE A R oy 1354725
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0, WEICKFY R AL LIRS TODIEND, HEERSAMED 5T R~ D B A TR LT,

BIATORERFERRBRIEY T, SRR Taket, GRERER — BRERSRVAIR, /KIER(L IV A OV BEM: i
fe~ 7 2 LENAIC 2 ET T AT ~RINL TOE B FHEEEIREEERVIEEREICIVIRVIEE 528128 TC, £
DOHHEERAL TS, A RIORGTIX, mEABEREOME AT 1| D50 OEE RN EETTATN
DIRA TRk Sl HIVALE - & BRIEIC R T DI O A Bk A R L, /o HT il R~ 2% 5. 2 D7)
AT T AR, FEEREZ=HES I, #REFREEZ AT, 1 5H-hoEE R % 225 [F~300
FIECTOETELL, HIAMEERIC OV TERLIZAERZ Table 2 (IRUL-. 1 43H7-0OEE RIS 275 [A]
~300 [FICIXEETTAI~OWLEDERPRD DIV, TG RO BN T,

ZOFER N DKM EFRFCT R EDS TN A ZELEL, A EORFHIBW TH EREABEIRED
BEOIEAG I Z KR oy O R E L [RIERIZ 300 B, p& 322 8LLTe.

Table 2 Relation between the precipitated situation in test sample and reagent chemicals, quantitative
value and shaking frequency

Compound fertilizer 1

Compound fertilizer 2

Shaking
f?equenc.y Quantitative value .. Quantitative value o
(times/min) precipitated precipitated
Ot; OI/\I ;N situation” Of( 3;] ;N situation
0 0
16.17 4.71
300 unformed unformed
(100.9)° (101.7)
15.76 4.76
275 unformed unformed
(98.3) (102.7)
16.00 4.77
250 formed formed
(99.8) (102.9)
15.77 4.58
225 ( ) formed ( ) formed
98.4 98.8

a) Mean value (n=3)

b) Mass fraction (%)

¢) The comparison of recovery rate, the validated test method with new one (%)

d) By visual check
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Table 2 Continue

Home garden-use Liquid nitrogen
Shaking mixed fertilizer fertilizer
frequency Quantitative value o Quantitative value o
(times/min) precipitated precipitated
of N-N N of N-N L.
situation situation
(%) (%)
1.02 7.58
300 unformed unformed
(105.0) (100.1)
0.98 7.63
275 unformed unformed
(100.9) (100.7)
1.00 7.59
250 formed formed
(103.6) (100.2)
0.98 7.57
225 formed formed
(101.6) (100.0)

2) ESZEH(FRYEE) OFHEORER

1) LRARIZHR DO IEEHZ DN T, D[Sy («Q«Hxﬂfﬂﬂ%ﬁ%) IHTIZ BT DT ERIARIS, S AhH (TR
DIRE) FiEowEAZHRT 5720, S5 (FIRVIEEICID B ET T AT ~DO IR O A BRI Oy
B ~D 52 s U, IR =R ANEE, WORE S IR %Filxﬁﬁ%ﬁ e I TR E ATV R
FTLTCRE SR A Table 3 (TR U7z. oA ek, MtERER — MERERIAIK, Kb v b, S BN IR~ 7 R
LH RO 2 FERIT L TWDIRREE T, D7 et 5 BIRREIRVIBE 72412 — B E FICiREEE T,
ZOEAEE 10 [FIFREHRVIRL CTHR CTERITREI D ETIRVIEE TR G AIT o721, 2ET7 T AT~
DILEE DAERUTFEDHIVT, ST KA B T2 o7,

SHIZ, MEIEEIREOMOMRR S0 K O S i IS KD PRI 2GR 3 2720, IR G IR (SN ERR
FEEHEERBRRED P &2 T, BERTEZE FE (N-N) IO W TERLIZRE R4 Table 4 (/RLZ. Wb z 27T
DAEEHEDS 2 LT Thho7eZen b, THHDOAH G2 -V TR Y PR 21 To 2 s E L.

Table 3 Relation between the precipitated situation in test sample and reagent chemicals,
and quantitative value

Liquid nitrogen Liquid compound
fertilizer fertilizer 1
Quantitative value precipitated Quantitative value precipitated
of N-N ¥ o) of N-N Lo
b) situation o Situation
(%) (%)
7.40 3.70
unformed unformed
97.7)° (99.4)

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

¢) The comparison of recovery rate, the validated test method with new one (%)

d) By visual check
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Table 3 Continue

Liquid compound Home garden-use
fertilizer 2 mixed fertilizer
Quantitative value o Quantitative value o
precipitated precipitated
of N-N Lo of N-N ..
situation situation
(%) (%)
1.34 0.96
unformed unformed
(96.6) (99.0)

Table 4 Aptitude test result for equipment condition

Quantitative Standard Median
Sample value of N-N" deviaton z-score
(%)" (%)" (%)"
Liquid mixed 1.28% 0.02 o -0.51]
fertilizer” 1.297 0.01 129 0.14|

a) Mean value (n=3)

b) Mass fraction

¢) Proficiency testing sample of fertilizer in fiscal year 2015

d) Extraction method:using vertical reciprocationg shaker at 300 times/min

e) Extraction method:using an upside down rotary shaker at 30-40 revolutions/min
(Validated test method)

f) Extraction method: simple extraction method (Shaking to mix completely)

3) Ak LS EED

FEERPEZE FE (N-N)IZDWVT, 3B 21 s (B ARSI ARED &2 FC, b N s R R IR IR 4
Wl VAL TR EAE IR EOMA W ARIEL O S HTHE O AR BN ONIAIED 95 % T X A (21 [EL AR D 5]
PHIZHE & Figure 1 ([ZRL7E.

R PEZE SR (N-N) (3=0.9995x+0.0059, r=1.000) DIEHZD 95 %IEFIX[HIL 0.992~1.007, B1F D 95 %[5
FE X [H13-0.060~0.072 Th -7z,

F7o, Wk 14 SR ERRIEEI O ) 2 AV, B R EREI R ESR IR A IV T fh R Sl S ik s o
Sy T AEOAH BRI ONZAYED 95 % Tl X [#1 4 (517 B O JE PHIC i = Figure 2 1ZR LTz,

EfRTEZE 32 (N-N) (=0.9967x-0.0098, r=1.000) DEHZD 95 %EFEX[HIE 0.992~1.001, BT D 95 %(E#4
[X[#]13-0.030~0.010 TdH-7=.
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18.00 r
y=0.9995x+0.0059

16.00 71 000

14.00 |
12.00
10.00 -
8.00
6.00
4.00 -

2.00

0.00 ‘ ‘ ‘ ‘
0.00 5.00 10.00  15.00  20.00

Extraction method using an upside down (%)

Extraction method using a vertical shaker (%)

Figure 1 Comparison of extraction method using an upside down rotary shaker and a reciprocating one
Heavy line: Regression line
Dotted lines: Upper and lower limit of 95 % prediction interval
Thin line: y=x

% : Mass fraction

9.00 r
»=0.9967x-0.0098

800 1 000

7.00 -
6.00 -
500 -
4.00 |
3.00 -

Simple extraction method (%)

2.00 -
1.00 F
0.00

0.00 2.00  4.00 6.00 8.00 10.00
Extraction method using an upside down (%)

Figure 2 Comparison of extraction method using an upside down rotary shaker and simple one
Heavy line: Regression line
Dotted lines: Upper and lower limit of 95 % prediction interval
Thin line: y=x

% : Mass fraction
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4) PHTIRE R USRS EO ST

DHTREEE M NP DR EE 2 B 32728, ALRRIEEY, ZRRER =G IEEL, HEALZ ot FHEE S L CHREAE
EIREOME T, 2 IREOMIETEE SR (N-N) & 2 JOMTCHAEZZ TS BIoHE L TREOTRE R K
ONERARZE R LR, WCRAE A IR o0 EEHE U T S il tH A T W [RERICAG Do #6554 Table 5 1TRLT-.
F7o, ZORERDD— TR E S BRI EAT - TR DAVZ O TREEE K OV ETFS £ % Table 6 (2R LT-.

{EECAREF O REEE 2 58 (N-N) O FEEIEILE #5758 15.89 % C, DM THIXHE 21X 0.46 %, HHAHXHE
R ZE1E 0.79 %, FBER 2= FHE S IEL O SEEEIXE B0 % 4.23 % C, I THXHEERZ1E 0.29 %, HHH
RIFEERZE1T 0.29 %, HRE R IEEIOFEEITE B33 1.62 % T, HHTHERER 22X 0.55 %, FEAE
FEHEIR 221X 1.02 %, WK A AL ST 8534 8.43 % C, DM THIRME IR 2213 0.63 %, HHTHIFH
YEMRMZE1T 0.67 % Th o7z,

N LD R R 2= R B RBRIE Y LRSIV D DT RS FE (DFTA M HE(R 22) K OVHR RS 2 (Hh R A
SR MENR 22) OFFAFFANTHY, +07 ek EZ2 A T 52 e MRS . 703, HEIRIZ DWW IR Ak
Thb,

Table 5 Individual results of repetition test of changing the date for accuracy estimation (mass fraction (%) )

. . . . . Simple extraction method
Extraction method using vertical reciprocationg shaker . .
(Shaking to mix completely)

Test Day — —
Compound fertilizer H;I;ng?:rifﬂ?z_:e Compost qul;it?hl,g;gen Ll?zfﬂjrzjr ed
1 15.80 15.68 4.25 4.22 1.60 1.59 8.32 8.40
2 16.00 16.00 4.21 4.22 1.60 1.61 8.38 8.52
3 16.00 15.92 4.23 4.23 under research 1.63 1.62 8.48 8.46
4 16.04 15.88 4.24 4.22 1.62 1.63 8.44 8.44
5 15.76 15.84 4.23 4.22 1.62 1.64 8.46 8.42
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Table 6 Statistical analysis of repetition test result for estimating precision

Quantitative Repeatability Intermediate precision
: value of ) 0 ) » ) h)
Extraction method Sample NP Sy RSD,” CRSD/ sty  RSDyry CRSDyr

(%) ()Y (%) (%) %) (%) (%)

Compound

15.89 0.073 046 15 0.13 0.79 25
fertilizer
Extraction method
using vertical  Home garden-use 0.012 029 2.0 0.01 0.29 3.5
reciprocationg mixed fertilizer
shaker
Compost under research
Simple extraction  Liquid nitrogen 1.62 0.009  0.55 2.0 0.02 1.02 3.5
method fertilizer
(Shaking to mix P,
Liquid mixed
completely) liz;iﬁrzze 8.43 0.053  0.63 2.0 0.06  0.67 3.5

a) Mean value (n =sample number of parallel test (2) X number of test days (5))

b) Mass fraction

c) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers
f) Intermediate standard deviation

g) Intermediate relative standard deviation

h) Criteria of intermediate precision (intermediate relative standard deviation) shown in Testing Methods for Fertilizers

5) EETRERUVEHTROKE

Table 1 OFFRAEELZfE LT, i S (FHRVIEE) 12LY 7 mO0MT o1 To72 (Table 7). & & FHRIE
(YR 22) < 10 28, B T IRIET GEYE(R 22) x2xt (n-1,0.05) | A AW THE L. ZOREE, ko R
JEEF (NN-0.02%) Zfs I U727 2 FRIE 0.003 % (&0 3) FREE, B FERIE 0.001 % (B &5 3) f2E ThH
Slc. ANTEHFESN BT W EIEE (FEERE S A G IR Z R OB A 3 & T 507 K OEED 5HE O fife
REICBI T DA MAT IV E D D E IR A IR (FEERE 2 A AR Ofvh BTt R L CE &
DR 10%THD. Fo, FERZMESIELIOEAH T ~E LRy L O ER G IR (FEERE = HIZRD) D
RAERR S D/ NEE, IIRMEERLL TEESR 0.1 % THD. Lizh-> TG E (FIRVIEE) 13, ifE
MEELDOEEEEE RO G R BB T DD GIELL THARER TREALTNDLI L MHERLE.

R, 5%, REIZHOWTEMLFEFRER L 25HM (HCV : Harmonized collaborative validation) 21791287z
D, IRV EE S A L COADMEFEEZ L TOZRWIEEHZ SV T L FIFBR B LTl 5 2 &2t
DTN AlgEt R CHOWHEIRIZHET 508 EB 2 Mkt L TERER L QUK ZER LB THLHLEEZ HILD.
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Table 7 Calculated LOQ and LOD values

. Quantitative
| Design value of Star'lde'lrd 100 0 100"
Samplea component NN deviation
(%)° (%) (%) (%) (%)

Preparation sample NN-0.02 % 0.02 0.020 0.0003 0.003 0.001
a) Extraction method: simple extraction method
b) Mean value (n=7)
¢) Standard deviation X 10
d) Standard deviation X 2 Xt (n-1, 0.05)
e) Mass fraction

4. FEH

AEER D EERTEEE 3 (N-N) ([ OW TEREHAIR ORI FIEDOS B4 Bl L, mEAEREOME V-4
H O R OV G b (FRVIEE) HIEO#E I OW TR 21TV, B —REBRE 2B A0 iE0 % 4%
PRLTZEZA, MOEBGHTEELCTHO7eERiEE B L WD e iR LTz,

(1) AR ORI OB 2E 38 (N-N) 122\ C, bk sl KEHRIR IR A AV Wi
BEELT, TBEAFEIREOMAE FWCOMSRSIFEMER LA, R 275~300 1E1E/45 (HRIE 40 mm)
UL EOBERSMETHIUE, BEFEORH HIELRRRE ORI MRE Ch A Z 2 MR UTZ. £/, RIS IEE!
IZOW TG (FIRVIEE) FIEICOWTh, BEFOHIH ik RREOHMMRE TH LI LA MR LTz,

(2) FHPERPEZE 3 (N-NIZOW T EREE 21 A (BRI SIBCRIEEE 2 VT, b N asE] EEsRD IR
WA Wl T s EREREOWA W TRONT D ER ST 21T > 72 L 24, MHBERENE
=1.000 Z/RUT-. F72, AT HEE 14 8 GRIRIEEIO ) 2 HWT, B TFHEREIXEERRD IR A o fh
L S (FIRVIEE) THRONI AT ED B ST 21T 72824, MHERENL =1.000 Z7RL,
T AU AR ERRBRIE R 2 Y VMR D FIEOHESE AE A 7- L T, | EAEIRE M L oHh kL 18
Sttt (FIRVIRE) 5D 2 SO HIEIZOW T, B FIREEEEED RIS LA 55 L RS oMERE
EHLTCWAZ LR LT,

(3) FEEEPE 2 58 (N-N) IS DU T, DR THREBE L OV TEDRE B D RFM 24T o 7R R, 1.62 % (B &5y =) ~
15.89 % (B &7 %) OFPHIZIBW T, BEFEIREIE T HIEIZOW OO TR ER 21X 0.29 %
~0.46 %, PHEAHAEER AL 0.29 %~0.79 % THY, HH 21T 72 B OV TO TR HE R =
1% 0.55 %~0.63 %, FREFIFERERZEIL 0.67 %~1.02 % Th-o7=. ZIHIFWT b IREHERBR LIRS
TWHIEED B L& T-L Tz,

(4) 7 & FRR K& O T IROHEE FHFUE G IEEE) ZFR 8L, fi Sl (FIRVIBE) 1ITRD 7 SO T4
HATSTETA, R FHRIE 0.003 % (E &5r3) R, B TERIZ 0.001 % (B &40=%) FREE S HEE ST,
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1)

X ®|

MNAATBUE N RMOKE N B 2 a5l 22— (FAMIC) : JIEBFERBRTE (2020)
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3)
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5)
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110-135(2016)
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9)
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Improved Determination Shaking Method in Preparation the Solution for the Nitrate
Nitrogen by Phenol Sulfuric Acid

SHIRASAWA Yuko!, KATO Kimie!

! Food and Agricultural Materials Inspection Center, Sapporo Regional Center

The Japanese Official Methods of Analysis of Fertilizer provides several determination methods using the
(constant-temperature) upside down rotary shaker (hereinafter referred to as rotary shaker) as the extractor. However,
the rotary shaker is a custom order apparatus. This study describes development and validation of extraction method
for the nitrate nitrogen by phenol sulfuric acid in the fertilizer using commercially vertical reciprocating shaker or
simple extraction procedure shaking with hand(hereinafter : simple extraction method). We measured the values of
N-N in 21 analytical samples (including solid and liquid one) by extraction method using a vertical reciprocating
shaker to compare with ones using a rotary shaker. The former values were achieved and correlated highly with the
latter values (Line of regression and correlation coefficient (» = 1.000, y = 0.9995x +0.0059). We also measured the
values of N-N in 14 analytical samples (only liquid one) by simple extraction method to compare with ones using a
rotary shaker. The former values were achieved and correlated highly with the latter values (Line of regression and
correlation coefficient (# = 1.000, y = 0.9967x-0.0098). In using vertical reciprocating shaker, N-N were conducted
a duplicate test per 5 test days using two analytical samples, respectively. As the result, total mean values (mass
fraction) of N-N were 15.89 % and 4.23 %, repeatability relative standard deviation (RSD:) were 0.46 % and 0.29 %,
and intermediate relative standard deviation (RSDr) 0.79 % and 0.29 %, respectively. Repeatability and intermediate
precision of compost are under research. In simple extraction method, N-N were conducted a duplicate test per 5
test days using two analytical samples, respectively. As the result, total mean values (mass fraction) of N-N were
1.62 % and 8.43 %, repeatability relative standard deviation (RSD;) were 0.55 % and 0.63 %, and intermediate
relative standard deviation (RSDr) 1.02 % and 0.67 %, respectively. The limit of quantitative and detection value for
liquid fertilizer were estimated 0.003 % and 0.001 %, respectively (by simple extraction method) . These extraction

methods are valid for the determination of the nitrate nitrogen in the fertilizer.

Key words  upside down rotary shaker, vertical reciprocating shaker, nitrate nitrogen, fertilizer, single-laboratory

method validation

(Research Report of Fertilizer, 14, 12-24, 2021)
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HEAA D, RELHE, JURFR!
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1. [XLHIC

BUE, 7L — LA ROCIEICIB VTN, & L2 HE T DB ORI E & I1E, INE T 766.5 nm & T8 769.9 nm,
i 17C 285.2 nm AEEFERRERIED IZNE S LTS, IR LT AREF R OA 20y E LT % ~E %L
ZRICEENDIENHY, BATOW R Cal EEEARE L7256 12IE, AR ERO B FEPAIMNI 225
ZERBD. T, B HTEEE O IE TR Lo TREEN R0, FiA 3 D8 O Bt 7 i bl & 46
P CHIEN TEDINGABHRA R T 2L ENEL, SREDOR S E A TR ZMET 256, 2 B
FRBAEZATOZENHD. ZIUT D, HRGRESTVFIRX—Tar DNRRESIL, IO, BEXEMEC
HZEIZID MR RA D ETICR M ZZEL TS,

7L — AR E TIIE ATREZRIZE AL DIt FITHARHD /3 Mk A L TERY, Tk Lo TR
FEN BRI D720, JEE DR E R RIRT A2 L1280, K0 E oI B O EARFE 25 e
HZEN T HEL 70D, U RBRIEI ORI ORE R R L LT, INE T 404.4 nm, 71T 202.5 nm 235
JHTEEE CREFFETHD. VNI RIZBW T, BATOM RIZH~EE M SR ERE ThHoT
b, PG REEERSIZIPENWRETHLEB 2 BND. Fiz, Yk R I HOW LM B O HrEIC B
THEBERE IR O ELL TS T1E2 9. &5IZ, e E oM IcL-> T, S—F
— A EEFET DI LTIV E AL CODPNTERNZEND, ZOIH72BEREIIIRRE O R a3
RTDLFHETHHEE Z BN

ZZTAENE, BIATORE B R M ONEEFESBRE IR ORI E B R (22T, Z DO f i o ELFR Ik
EHERL, BIEDSHE~OERAYEIZ DWW THIET§ 2720, B3 BR=ECoOZ Y MMRE £ L7z, F7z,
U TATONTY, IEEFEGER I RILER D 403.1 nm (TR AMEL, B0 oriEIcb S TRh
DRIBRDMEM A D HEE 2 DN, v~ bR BRIEMURHZIT-720 T, ZOMEEHE T 5.

2. MHERUEE

1) SAEH

THHIZHIEL TODIEEHZ DWT, S RIORFIR D% &6 T20 32 FEAF 114 ma vz, 3EHS
DT, HBRE 500 pm (FERLD AE & OSES WO ERELIREFE 12D T 212 pm) D 550 E Bl 5 E T
ML= DZ ST LT, 7235, 0TI W IRBHILL T D LB TH L.

(1) AnEL: AbRZMERE 10 A5, HEAE 3 A GRFE, KR, I3, FARGIRIEEr 2 45, LRIGIRIEEL 2 &, 15iE
FEEEREE 2 AL, R ARIEEE 1 R, el LV R 1R, BIFEESIER 3 &, BlA et 7 4, &
AINERIEE 1A, POERITERAEER 1 5, BRESIEE 1 5, HEAIE 1 5, mERNE 1 &, BRI 1
A, BRI T 1 SR O ERLA AR 1 AL

(2) At ALRAEEE 9 A, HEE 4 55 GRHE, KR, JIHH#, B3, INTREZASAMEE 1 A, TKIGTRIEE

VSIATBOE NRMOKE B 2 i 2 =4 R 2 —
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2 5, URIGUENEEE 2 5, HIeRBEIEE | 5, BIPEESIEEL 3 &, BLAIEE 6 &5, IR MBS 2 &, T
FEINELAERE 1 AL, WORE A AR 2 A5, FREEINE T+ 1 A, FERSHAE AR 1 A, TIREFRIEE 1 41,
DITAFHFAE 1 A5, FREETE AR 1 AR, BEREETE LR 1 AL, SESWITWERELIERE 4 A%, IRA D AR IEE!
3R, FERUTODERD AURE 2 5, INTHRS W) ABRAEEE 1A, KSR AR 1 5 X OVRIFE TS AR 1 A

(3) ~ A ALEEERE 7 A, BLE IR 4 5, WREAIEEE 2 &, SRSV WERE IR 1 5, IRGVARE
AEEE 1AL, JERVTOERO ABE 1 A5, I TEESWOABRAERE | AL, SRSV~ TRk 1AL, IRA R EIEE
5 R OWREE~ > 7R AR

2) HEZOHAN

(1) AVD LFEAER (K: 1000 mg/L) : & L7 AV AFYERIZE JCSS

(2) ~Z7 %7 AEAE (Mg: 1000 mg/L) : & 7 A /L AFEHEE JCSS

(3) ~UHUAEYERR (Mn:100 mg/L) : & L7 AV AFEHIEE JCSS

(4) 7K: AKEHIEEE (Merck Millipore Elix Advantage 5) % HNCHBLL 7= JIS K 0557 IZHET 25 A3 @
K.

(5) Hilee IS K 8180 ITHIE T 25EK) : B L7 AV LAROGHEE K& /34

(6) #HME (JISK 8541 I[ZHUE T 58EE) : B L7 AV LRDGHMEE K58 H

(7) FUEHIAARR 12 IS K 8617 IZHLE T DRIV T 12,5 g 2 —77—2000 mL (230 ED,
BEOKEMZ, W2 105 mL 2R 2 1[I0, DREAEAL, Hnt, KZ2IZ T 1000 mL L7z, RO 3T
FAN=.

(8) T-VIMHIAIERL 2: JISK 8132 |ZHLE T DL AR F T LNAKF) 152.1 g A8 —7—2000 mL (T
[F00E0, D EOKEIMA T, Wl 420 mL 2R 2 [IZINA THEDL, BIZKEZINZ T 1000 mL &L72. #+
RO~ 1 DA V-,

%!I

3) EERURE

(1) AR : AT /my—X 722310 (Rt B—~HiiElk, Sy 70 RIEAR)
(2) =D Retsch ZM-200

(3) FETRKUA: Sartorius CPA423S

(4) Fyh7L—h: LHESY: NP-6

(5) ETEREIEIREEERVIEEH: —=8/Ffr RS-12

(6) BETIAI: JTAA

(7) &2EE~vh: 772 A

(8) A 3 i

4) aWAE

AR SRR E VIS L T D 7 L — AR IROBRIEIC LA IR R O R, 35 LR O~ B ORER
DIED>, PIEW RAHZEZ T3 BT OIS T2 T, SUBHEIR K& ONE IR O T 84 JERHE R BRIE I L0 T -
7. ZNENDRTIRTTD0HTHE B 13X Table 1 LBV THD. HIE TR FROCHHEEEIZEVIT, &5
IZBIT DN Rl Table 2 DI ELT-.

F7-, ARREIT N TG AT B ORI 30\ THELES U CUNVHTHE b R 5 2 R | DB 2 D T
T, FrETV—F 2—T Mo —F =~y R ETOREHE A RIS M S R T 52812k D
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WO DR FSG8D BT Z b, HfGHHIE R B A 5 2 W RE TRIE LR ML 72, 7235, 3.3) HIEE
R B Z XD B ORI 38U CILRBHAIR 70 B OEE )DL K32 W N FE ~ DR A8 572, [
—DREETE AV, ZNENOWETREL. Z0O, WEMTEREZENRHHZEND, EBHEREBREIC
ﬂiﬁéﬂfwéfﬁﬁ@ﬁ' EWRNTINT, TIE TR IR B S B O B AR SR S L 7p o T iR BERUBHT D\ T

X, FRREAEEN B S B A PR A WO R O EME A fERR L2 ik i A W CRIEL Tk
$§€@‘6;£kbf:.

Table 1 Component and measurement

Testing Methods

Component for Fertilizers The extraction method
Total potassium (T-Kz20) 43.1.a AAS”Y  Incineration-aqua regia digestion
Citric acid-soluble potassium (C-K20O) 4.3.2.a AAS Citric acid solution - Rotational shaking (30 °C)
Water-soluble potassium (W-Ka20) 4.3.3.a AAS Water - Rotational shaking
Total magnesium (T-MgO) 4.6.1.a AAS Incineration-aqua regia digestion
Soluble magnesium (S-MgO) 4.6.2.a AAS Hydrocholoric acid (1+23) solution - Boiling
Citric acid-soluble magnesium (C-MgO) 4.6.3.a AAS Citric acid solution - Rotational shaking (30 °C)
Water-soluble magnesium (W-MgO) 4.6.4.a AAS Water - Boiling
Citric acid-soluble manganese (C-MnO) 4.7.2.a AAS Citric acid solution - Rotational shaking (30 °C)
Water-soluble manganese (W-MnO) 4.7.3.a AAS Water - Rotational shaking

a) Flame atomic absorption spectrometry

Table 2 Measurement wavelength of each element

Measurement wavelength (nm)

Element
1 2 3
K 766.5" 769.9” 404.4”
Mg 285.27 202.5" -
Mn 279.5" 280.1 403.1”

a) Measurement wavelength listed on
Testing Methods for Fertilizers
b) Examined measurement wavelength

3. BRRUEE

1) REROERMFOMRER

AR BRVEY TI, TEREL () 28 0.99 LLETHIUE, ZTORMEREHHATREEL D03, HEE R0y
Prici® 0.999 LA ETHLHZEAHELL TD.

57 DIE R RN I1T DFEHE N - BRBERR IR ~ DA HZ 5 JE LI M SR AL #iFH 4 Table 3 (TRL7Z.
TNEIURERRIT ERCOHESEELEA 7L, Wi b BAFR B2~ U7z (Figure 1~3).

EEHEFRERYE O BIR, RBEOZ Y MR TIEICIE, MERE O CE & FIREHEE T 5 k0 il s
NTWD, 22T, EEHERBRIEICRIGE ORIER RSB IT 2 E#E AV, BURESROOHEE LR E R
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BT DT TN OERER ZLRBEROMBEEZHNT, E& FIROHEEEIT-72L2A, INH (404.4 nm) 1T 3
pg/mL FEEE, 35 1:(202.5 nm) 1% 0.07 ug/mL £, <> 4 (403.1 nm) (X 0.3 pg/mL &£ CTH -7z,

7235, D2 MHIER D LT N —TF =~ RE VI ERERE D 72 W R L BT 18 T, N—F — A ]
ETHHILIZLDEETEEN RE/R T2, OO IR IT 2 &R ERFHIXZORY TIIRneBE 25
.

Table 3 Concentration range of culibration curve

Measurement Element or  Concentration range
Wavelength
component (ng/mL)
(nm)
K 0 ~ 4
766.5
K>O 0 ~ 438
K 0 ~ 40
769.9
K>O 0 ~ 48
K 0 ~ 80
404.4
K>O 0 ~ 9%
Mg 0 ~ 04
285.2
MgO 0 ~ 06
Mg 0 ~ 32
202.5
MgO 0 ~ 53
279.5 Mn 0 ~5
MnO 0 ~ 64
403.1 Mn 0 = 15
MnO 0 ~ 19
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ABS ABS
04 - 0.5 |
766.5 nm | 769.9 nm
y=0.0755x + 0.0032 sk y=0.0086x - 0.001
03 2 =0.9999 al 2 =0.9999
03
02 |
0.1 *
! 1 O 1 1 1
0 1 2 3 4 5 6 0 10 20 30 40 50 60
Concentration of K2O(pg/mL) Concentration of K2O( pg/mL)
ABS
0.06
404.4 nm
0.05 - y=0.0006x+0.0003
2=0.9994
0.04 -
0.03
0.02
0.01
0 4 1 1 J
0 20 40 60 80 100
Concentration of K2O(pug/mL)
Figure 1 Example of calibration curve for potassium
Full line: Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval
ABS ABS
035 :
285.2 nm 0.08 | 202.5nm
03 F y=04277x+0.0071 77| y=0.0146x +0.0025
72=0.9996 ‘ 12=0.9999
025 + |
0.06 |
02 | 5
0.15 0.04 |
0.1 |
002 |
0.05 3
0 L L 1 J 0 )
0 0.2 04 0.6 0.8 0 2 4 6
Concentration of MgO( j1g/mL) Concentration of MgO(pg/mL)

Figure 2 Example of calibration curve for magnesium
Full line: Regression line

Dotted lines: Upper and lower of limit 95 % prediction interval
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30
ABS

0.4
279.5 nm
y=10.0535x + 0.0042

03 2=0.9993

02

0.1

0%

0 2

6 8

Concentration of MnO( j1g/mL)

ABS
0.12
403.1 nm
0.1 y=0.0056x + 0.0005

2=0.9998

0.08
0.06

0.04

0 5 10 15 20
Concentration of MnO( pg/mL)

Figure 3 Example of calibration curve for manganese

2) RIHREMEFICIIEED

ek ak B s ISR ORI E I BB T 5 E BB O E 2GR 35720, HIEHE% K0 I 404.4
nm, MgO % 202.5 nm, MnO | 403.1 nm &L T, T-K»0, C-K>0, W-K,0, C-MgO, C-MnO (Z 2 LR
FEHE S 2 VT, 3 SOMTICED T2 ML 72, 5N R% Table 4 (TRLZ. Wb ERIE IR

Full line: Regression line

Dotted lines: Upper and lower of limit 95 % prediction interval

3]

A6 3 DS R A DOFIFHN THY, LR R E RS TODELE I AL 2w 7 L Tz,

F7, WU AEERGEEEYE 23720 S-Mg0, W-MgO, W-MnO (Z2OWTIEEE LU CTHMERHS S B R
LT, 2 SOHMTICEVRERAZ EL7Z. 155725554 Table 5 [ZRLIZ. W ivh S I X4 B4 BE

BB IV T R SR E S AR Tdh-T7e.

Table 4

The estimation of trueness using certified reference materials

Warning limit range

. a) .
tif’ |
Component Certified reference Type of fertilizer Mean Certified value for the certified value
material b b) b)
(%) (%) (%)
T-K20 FAMIC-C-12-2 Composted sludge fertilizer 0.56 0.58 0.50 ~ 0.66
C-K.O FAMIC-A-17 Chemical fertilizer 13.75 13.96 13.53 ~ 14.39
W-K.0 FAMIC-B-14 Chemical fertilizer 8.17 8.32 8.08 ~ 8.56
C-MgO FAMIC-A-17 Chemical fertilizer 3.48 3.54 3.39 ~ 3.69
C-MnO FAMIC-A-17 Chemical fertilizer 0.33 0.31 0.29 ~ 0.34

a) Mean value of parallel test (n =3)

b) Mass fraction
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Table 5 The estimation of trueness using proficiency test samples

Component sample Type of fertilizer Mear;?) Mediil)n fange evaluated :)S etk uetion
(%) (%) (%)
$-MgO z;‘riglfzf%‘f; Silicate shug fertilizer 7.28 7.43 713 ~ .73
W-MgO Z;ﬁ;ﬁf%i? Liq“i?erct(i’hr;’:;"und 1.20 1.15 1.07 ~ 1.23
W-MnO Z;ﬁ;ﬁf%?? Haui¢ compound 0.09 0.09 0.09 ~ 0.10

a) Mean value of parallel test (n =2)
b) Mass fraction

3) BIEREMLLLEICKDERE O

T-K20 (Z2WTEEEF 12 5, C-KoO IZWTEEEF 12 51, W-Ko0 (2 DWTIEEUE 15 A, T-MgO (220
TIEEEF 12 45, S-MgO (ZoWTCIEakkl 13 s, C-MgO ([ZOWTIERRE 12 A7, W-MgO (ZoWTIEREL 14
M, C-MnO [Z2OWTHEHFEE 12 A, W-MnO (ZOWTIERE 12 S22 AT, IEEHERBRED ICiGis T
HBATORER FeZ T e, RIGEORE R E4 AW 0 iEE OB K OARIED 95 % T HI X [H
Z AR ERR OO J& PHIC R & Figure 4~6 (R L7Z. £72, 95 %IEHEX O (b), Y15 () K ORI EHROFE R
£2¥(r) % Table 6 (R L7z, JUEFERBRIETIE, HZ (b)) D 95 WEBIXHEIZ 1 EEN, B1A (@) D 95 %(E
FE DX RN IRUR (0) 235 E4L, HHEIMREL (r) 2% 0.99 L EAHESEL CU5. Table 6 (TRLTEHE RO LBV T RTO
SYHTIE BIZR W CHESE L EDOHIPHN ThoT-. 7208, TN E O RIE R K THIE L- 3R o JI & VAR iR
FEITINEC 9.37 pg/mL~61.9 pg/mL, 41T 0.84 ug/mL~2.41 pg/mL, ~> 75> T 1.24 pg/mL~8.45 pg/mL
ThHol-.
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Figure 4  Comparison of analytical values by AAS using different measurement wavelengths for potassium

%: Mass fraction

Full line: Regression line

Dotted lines: Upper and lower of limit 95 % prediction interval
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Figure 5 Comparison of analytical values by AAS using different measurement wavelengths for magnesium

Dotted lines: Upper and lower of limit 95 % prediction interval
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Figure 6  Comparison of analytical values by AAS using different measurement wavelengths for manganese

%: Mass fraction

Full line: Regression line

Dotted lines: Upper and lower of limit 95 % prediction interval

Table 6 The 95 % confidence interval and correlation coefficient of the regression line in

bertween measurement wavelength

95 % confidence interval Correlation
Component . ;
Inclination (b) Intercept (a) coefficient ()
T-K>0 0.9980 ~ 1.069 -0.078 ~ 0.130 0.999
C-K,O 0.9960 ~ 1.028 -0.546 ~ 0.239 1.000
W-K>,0 0.9609 ~ 1.032 -0.832 ~ 1.247 0.998
T-MgO 0.9942 ~ 1.029 -0.034 ~ 0.026 1.000
S-MgO 0.9924 ~ 1.008 -0.173 ~ 0.185 1.000
C-MgO 0.9829 ~ 1.007 -0.113 ~ 0.048 1.000
W-MgO 0.9865 ~ 1.012 -0.071 ~ 0.165 1.000
C-MnO 0.9735 ~ 1.000 -0.040 ~ 0.088 1.000
W-MnO 0.9997 ~ 1.007 -0.051 ~ 0.040 1.000

4) BHTRERUTHBEORER
2) LY D IZBWTIERMEERBRIEV ITE D DI AT - LIS ROV T, RIEOOHTIEE K OV
RS BE 2 a8 3 27200, FATGIRAEEL, (LR AERr, Bl & AEsr, S LR, RS EAEL, BA 0 ABRIEE,
BIFEG AR, WORE A RLE, iR LARE, JhSW -~ BBk, fiig~2 T jEska O CTE R 2
FE 2 mPHTC S HIM OB T &1To7oME e Table 7 12, £ bE R —IohliE 5 B HT 21T > CTiEHAL
TR ST L 5% Table 8 12, N FURLT-.
VNIV AR R AR 226 A B BRI I R S CWOA O TRE BE (DR T R R 22) Je OV [T HG 2 (R ]

FRHR AR 72) O B 2 DFF A

PR TH 72 Zlnb, AETTDREEEAL TODHIENR MRS,
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Table 7 Individual result of repetition test of changing the date for the precision confirmation

(%(mass fraction))

Test day
Component Sample
1 2 3 4 5
4 0.380 0.373 0.397 0.396 0.376
Sewage sludge fertilizer
0.368 0.362 0.372 0.377 0.372
0 11.6 11.4 11.4 11.8 11.3
Chemical fertilizer ’ ’ ) ’ ’
11.2 11.1 11.5 11.7 11.6
2 .61 2 . 1
A
K0 360 352 345 379 364
Chemical fertilizer ) ' ) ' )
36.5 38.1 35.1 37.7 35.8
74 10. .82 10. 10.
A
W-K,0 . . . . .
. . 60.7 63.1 60.1 62.6 58.8
Potassium chloride
60.1 62.8 57.7 63.9 58.8
2 21 .22 .2 22
Sewage sludge fertilizer 0235 0216 0.223 0208 0225
0.233 0.221 0.239 0.192 0.224
T-MgO 3.17 3.08 3.20 2.89 3.14
Chemical fertilizer ' ' ' ’ ’
3.21 3.08 3.27 2.98 3.13
Potassium fertilizer 4.13 4.11 4.53 4.10 4.18
mixture 4.44 4.05 4.36 4.02 4.33
S-MgO —
Phosphate fertilizer 18.3 17.4 18.9 17.5 18.4
mixture 18.4 17.3 19.5 17.3 18.5
Chomilfrier o0 S o e am
C-MgO . . . . .
Byproduct compound 14.3 14.4 14.9 13.8 13.8
fertilizer 14.4 14.2 15.3 13.9 14.6
Liquid compound 1.59 1.65 1.64 1.58 1.64
fertilizer 1.54 1.61 1.64 1.58 1.63
W-MgO -
Magnesium sulfate 26.9 25.6 27.1 25.4 26.4
fertilizer 25.7 25.2 27.3 24.6 26.7
e
C-MnO . . . . .
Slag manganese 15.0 14.7 14.5 14.4 14.4
fertilizer 14.8 14.6 14.3 14.2 14.3
Chomialfroer 10 g0 oo o o
W-MnO . . . . .
Manganese sulfate 39.5 35.7 38.5 37.3 38.0
fertilizer 39.5 36.4 38.9 39.3 37.1
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Table 8 Statistical analysis of repeatability test

Repeatability precision Intermediate precision
Component Sample Mean” 50 RSD."  2*CRSD.’ sy’ RSDin® 2*CRSDim”
(%)” (%)" (%) (%) (%) (%) (%)
T-K:0 Sewage sludge fertilizer  0.377 0.011 3.0 6 0.011 3.0 9
? Chemical fertilizer 11.5 0.196 1.7 3 0.229 2.0 5
C-K-0 Chemical fertilizer 8.36 0.097 1.2 4 0.252 3.0 7
? Chemical fertilizer 36.6 0.326 0.9 2 1.376 3.8 4
W-Ko0 Compound fertilizer 10.3 0.111 1.1 3 0.492 4.8 5
? Potassium chloride 60.9 0.886 1.5 2 2.223 3.7 4
T-MeO Sewage sludge fertilizer — 0.222 0.007 34 6 0.015 6.6 9
g Chemical fertilizer 3.12 0.036 1.2 4 0.119 3.8 7
P OtaS:]‘;Xmmf;mhzer 422 0.125 3.0 4 0.182 43 7
S-MgO .
Phosphate fertilzer 18.1 0.201 1.1 3 0.798 44 5
mixture
Chemical fertilizer 2.81 0.027 1.0 4 0.117 42 7
C-MgO
&2 Byproduct compound | 0.283 2.0 3 0.506 3.5 5
fertilizer
Liquid d
1qUic compoun 1.61 0.021 13 4 0.038 2.4 7
_ fertilizer
W-MgO Magnesium sulfate
gesiun 26.1 0.489 1.9 2 0.953 3.7 4
fertilizer
Chemical fertilizer 0.779 0.004 0.5 6 0.055 7.0 9
C-MnO Sla
£ manganese 14.5 0.093 0.6 3 0.254 1.8 5
fertilizer
Chemical fertilizer 0.141 0.001 0.7 6 0.006 4.4 9
W-MnO M Ifat
anganese sufate 38.0 0.734 1.9 2 1.407 3.7 4
fertilizer

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

b) Mass fraction

c) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability precision (Repeatability relative standard deviation)
f) Intermediate standard deviation

g) Intermediate relative standard deviation

h) Criteria of intermediate precision (Intermediate relative standard deviation)

4. FEDH

INE, 3+ RO~ T D71 — B AW SEIEORIE SR DNT, JEHERRBRE D ISR OB E R
DEHTE~OEH O RTREMZ R ETT 57280, M EAMRO EARFEFH O MR &K O — B = ICB T2 0 E D%
PR A TR L= 25, IROFEREG-.

() REAMREERLIZEZA, BERPEZOWTIE, IIEO 766.5 nm X K0 £LT 0 pg/mL ~4.8 ug/mL,
769.9nm X 0 pug/mL ~48 ug/mL, 404.4nm X 0 pg/mL ~96 pg/mL OFEiHH, & 10D 285.2 nm 1% MgO &L
TO pg/mL ~0.6 pg/mL, 202.5 nm (£ 0 pg/mL ~5.3 pg/mL OFiFH, <> F D 279.5 nm (E MnO LT 0
ng/mL~6.4 ug/mL, 403.1 nm |% 0 pg/mL ~19 pg/mL OFIPHICIBVOTHERS I, Wb iErREk () A3
0.999 Ll L ThHo7-.
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Q) BEEMROD, T-K20, C-K20, W-K20, C-MgO, C-MnO {2\ THEBIERAFE EY B 2 VT, 3
ROHMTIZEO T2 FE MU Tz Wb SR B EREREE 6 T 2B R R O AN THY, LRk ER LI
ARSIVTCUWNVDHL LRI L B2 7= L Tz,

F72, IEEREGEEEYE 23720 S-MgO, W-MgO, W-MnO 22O\ TIEEHE LU TR EE BRES V%
AWT, 2 SOMTICED T & SR E L7z, W3 b SER RS RS B B AR 1 4 T J& & )8 S LD G
WNTH-oT-.

(3) BEEMROTD, IEEHERBRIE IR S QOB BT ORIE R & ERIGEOBER £ I2XY, HiiEe
BHC T-Ko0 25 A 3 D8 12 4, LUFRAERIZ C-Ko0 12 5%, W-K20 15 4%, T-MgO 12 £, S-MgO 13 %, C-
MgO 12 5%, W-MgO 14 f%, C-MnO 12 £} O W-MnO 12 sixzZ 2 nooHrL, Bl \ffﬁ ZRD T i ] g
%%bmut FTRTCOBITEBNT, FUFEAROMBEX 1T 95 %EHEXFNC 1 A& EN, YD 95 %S HEX M
(202 EEh, HH B’éfﬂ:&ﬁx 0.99 LL ETHY, NERHERBRIEI RS COOHER LAl 72 L Ty vz,

(4) HIREEE R O TR EEAHEE 2720, 4 2 FREHOREZ vy, 2 SOMTTREZZEZ TS B ET
STRER, IERFERBRIEI ORI TO DO TR K O RS EE D B 2 OFF RN Th o7z,

LU D Z B VMR OFE RS, JEAHEFBIE BN RS I CO DRI E R, 3 LR O~ 77y)
(2, A EREL-E R EOw AT TRE THHZ L e R LT~

X
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Addition of Measurement Wavelength for Flame Atomic Absorption Spectrophotometry of
Potassium, Magnesium and Manganese

MIYANOYA Kyo', AMANO Tadao', YAGI Toshiharu!

"Food and Agricultural Materials Inspection Center (FAMIC), Nagoya Regional Center

For the flame atomic absorption spectrophotometry (AAS) of potassium, magnesium and manganese using the
current measurement wavelengths (K 766.5 nm and 769.9 nm, Mg 285.2 nm and Mn 279.5 nm) listed on the Testing
Methods of Fertilizers. We examined multiple new measurement wavelengths (K 404.4 nm, Mg 202.5 nm and Mn
403.1 nm) not listed on that. We confirmed the linear region of the calibration curve, and validated the analytical
method in a single laboratory. The concentration range of the calibration curve for potassium (as K,O) was 0 ug/mL
to 4.8 pg/mL at 766.5 nm, 0 pug/mL to 48 pg/mL at 769.9 nm and 0 pg/mL to 96 pg/mL at 404.4 nm. The
concentration range of the calibration curve for magnesium (as MgO) was 0 ug/mL to 0.6 pg/mL at 285.2 nm and
0 pg/mL to 5.3 pg/mL at 202.5nm. The concentration range of the calibration curve for manganese (as MnO) was
0 pg/mL to 6.4 pg/mL at 279.5 nm and 0 pg/mL to 19 pg/mL at 403.1 nm. All calibration curve had a coefficient of
determination (+°) of 0.999 or higher. In order to confirm the accuracy, parallel tests (n =3) were conducted on T-
K»0, C-K»0, W-K,0, C-MgO and C-MnO using certified reference materials. In all cases, the mean values were
within warning limit range for the certified value. For S-MgO, W-MgO and W-MnO, which do not have certified
reference materials, parallel tests (n =2) were conducted using proficiency test samples. In all cases, the mean values
were within the range evaluated as satisfaction. In order to confirm the accuracy, 12-15 samples that contain T-K,O,
C-K,0, W-K,0, T-MgO, S-MgO, C-Mg0O, W-MgO, C-MnO and W-MnO respectively were analyzed using the
current measurement wavelength and the new measurement wavelength, the analytical value were compared. As a
result, we confirmed the equivalence between the analytical values of the two measurement wavelengths. Line of
regression and correlation coefficient; T-K»>O (= 0.999, y = 0.026+1.034x ), C-K>O (»=1.000, y =-0.153+1.012x),
W-K>0 (r=0.998, y =0.208+0.996x), T-MgO (r = 1.000, y =-0.004+1.011x), S-MgO (» = 1.000, y = 0.006+1.000x),
C-MgO (r = 1.000, y = -0.033+0.995x), W-MgO (» = 1.000, y = 0.047+0.999x), C-MnO (r = 1.000, y =
0.024+0.987x), W-MnO (r = 1.000, y = -0.005+1.003x). Intermediate precision and repeatability were estimated by
duplicate test per 5 tests on different days using two analytical samples of different concentration respectively. As a
result, repeatability relative standard deviations (RSDr) and intermediate relative standard deviations (RSDyr)) were
within the tolerance of repeatability and intermediate precision of the Testing Methods for Fertilizers. Those results
indicated that AAS using the new measurement wavelength was valid for the determination of potassium,

magnesium and manganese in fertilizers.

Keywords Potassium, Magnesium, Manganese, Flame atomic absorption spectrometry, Measurement wavelength

(Research Report of Fertilizer, 14, 25-38, 2021)
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4 HPLC ZRUL\/=E¥ichd DMPP (FHE&IE BCNEI#) D o HriE D BRF
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1. [XLHIC

VAR, TRRAL D RS S S TOD V23 4-DAF LE T — L) A eHE (LU TDMPP | &V, ) 25
T BRGNS, REER LN HIR 2B & ST AREHT L, FEMIKEER 5% TEORE K RO
FRDFEG DT HITNDD, DMPP IZ DU CEAERFERER L (2020) VI HT HIEDMGS LTV R0,

RN RS Cld ik 7 n~hr 77 (LU FTHPLC W), ) W EEFF O DMPP 43 #r 7B it s
TWBHIZENLY, ZOFIFEIZ OV THERFERRBRIEIZ 1T DO B LA HI A O 3 HT kL) 735 L5508k
VSBT3 DI FIEA ML, JE ST HOWTIT R v 7 ZD 58S K ONAHE pH O BB S 2 F AL,
H—BRE 2B T D0 MTIED %41 (SLV : Single Laboratory Validation) Z a8 L7=DC, #2535,

2. MHEUEE

1) SrARM

TR COBEAEEHI DUV T, DMPP ZEL &SN -b 0 4 FEAFH 7 A (RE, IRAEFRIEE, (b
FSAEE OB & AR & V2. 7, BnEIGERER F & OVE & FBREEHEE &L C, DMPP FERd G DR E,
{EAAEEE K OV A A2 .

FRBHZ W TIE, BB 500 pm D 5250\ @i 35 F TRl DI I T L 72b 0% /5T LT-.

2) HEZFOHAR

(1) DMPP AZE¥EHL (2 mg/L) : 3,4-FAF NETY — L0 R [ CsHN2O4P ] (BURAL AR T2, sl
98.0 % (H &/03)) & 0.20 g (I &Y, B EEALFLL 723 HKIZEHL T 100 mL L7z,

(2) HEHR YRR (0.5 ng/mL~100 pg/mL) : DMPP E#EK O —EBEZIEAL, K THEEMAIRLTO0.5
pg/mL, 0.75 pg/mL, 1 pg/mL, 2.5 pg/mL, 5 pg/mL, 7.5 pg/mL, 10 pg/mL, 25 pg/mL, 50 pg/mL, 75
ng/mL } OV 100 pg /mL Ok At A HER A E AL E AL 72,

(3) 10 mmol/L WARE “IKFEF NI LR : D ARE ZIKFEFT NI A K1 [NaH,PO, - 2H,0] (& £ 7 A
JLLFYEHIERAL, BEk) 2 1.56 g 100D, KIZEEHLT 1000 mL EL7-.

(4) JK: EEHKRELEE (MILLIPORE % Milli-Q Element A10) % VORI 72880k (FLHEPTE 18
MQcm LA E) ZfE LT

(5) 7ER=NIV: BL7AOVLFEHISZE HPLC H

(6) VABEZIKFEFT NI LZIKFY: & L7 AOVAREHIE Frk

3) KERUSBER

VOMSEATEOE NRMOKEE B L et 2 — PR 2 — (B4 TRE S —
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(1) mEEA7a~h777: Waters 2695 Separation module, 2996 photo diode Array Detector
(2) #72: Supelco Discovery C18: £ 150 mm LX N£E 4.6 mm LD., FifE 5 um

() XTI AZ—TF—: FRGE TR F-626N

(4) i LSy BfER% : HITACHI himac CT15E

(5) #EE LR : ZM-200 Retsch

(6) #EFIFEELE: SND US-4

(7) B AKRLEEEE : MILLIPORE Milli-Q Element A10

(8) BETTAA: JTAA

(9) &EE~Xyh: JTAA

4) HWAE

(1) fhit

SRR 1.0 g &2 1 mg OHTETII0EY, ke = A ~77 22 200 mL (2 A4, 7K 100 mL Zz, ~7 1F
VI AR —F—% T 10 S RINEREEIT 72, SHIT 8000 X g T 5 Jyfiz LBl 7-H 0%, HPLC #lE
ARBHERE L.

T 7 m—3—NZ Scheme 1 DERBVTHS.

| Analytical sample 1.0 g | 200-mL ground-in stopper Erlenmeyer flask

«— water 100 mL

| Extraction | Stir to mix, 10 minites
|

Centrifugal separation

1.5-mL ground-in stopper centrifugal precipitate tube,
8000 X g, 5 minutes

| Clearance
(Dilution) (water)
Measurement | HPLC

Scheme 1  Method flow sheet of measuring DMPP in fertilizers

(2) HPLC (ZXDHE

PR &R DMPP FEHE]E 10 L & HPLC (Z7E AL, BE#Y 255 |23% & L7= Table 1 ORIE ST UV-Vis
WA R EE AR E L TR Do — 7 HFED DI St A R L 72, BUBHERHR 10 uL % HPLC IZVEAL,
V' —Z R DR BRI L OEENAT T O DMPP O &R, ek o EE2 R H L. JIEREFIZS
VWTCUX, DMPP Bl A O i@ EEH CIdi e — 2703 2~7 SpEICH 5B - 7=2 &L, DMPP O —Z7 2312
8~10 EHIZHLNDHZ LD, 12 3&LT-.

7E, FERIZOWTE, BEHY Tl 1.5 mL/min ESHUTW503, O3 & TIEA BIOMRFH T L7t %
2BV T, B NE DS ERIELD &L 2D e, F2E450 0.7 mL/min EL7-. REEICHT SEIREE 2O
TUE, BEHY CIEEIRESICODDS, FIRL UL OIR FE CIIMERIc > TR E LEV &5 2, HPLC YRI5
WTC— AR EIRE Th D 40 CITEHE L.
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Table 1 HPLC condition

HPLC Waters 2695 separation module
Detector system 2996 photo diode array detector
Wavelength 224 nm
Column Discovery C18 (150 mm Lx4.6 mm 1.D., 5 um particle size)
Column temperature 40 °C
Mobile phase 10 mmol/L Sodium dihydrogen phosphate - Acetnitrile (40+7)
Flow rate 0.7 mL/min
Injection volume 10 uL
Measurement time 12 minutes
Ll 7724
DMPP 4]
aome-
0. 04
5 o]
a0 |
nooe ]
J J ] -
I8 B
210 b 50 8100 1o 120 1900 19800 OO0 0D A0MD  AA00 f2000  £2BO0 23000 2300 pddnD  24Am0  AC

nm

Fig. 1  HPLC chromatogram of standard solution and absorbance curves of DMPP (10 pg/mL)

using Discovery C18 (Wavelength: 224 nm)

1) REROEBREOHER
0.5 pg/mL~100 pg/mL O#iPHCE — 7 HfEZ oI @M A ER L 72. DMPP Off Bt O R EREL () 1%
0.999 LA EZoRL, ZOHIPHIZ 1T 218 St O EHR LA R T &7z (Fig. 2) .

3. # R
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Fig.2  Calibration curves of DMPP using Discovery C18 (0.5 ug/mL~100 pug/mL)

2) HHFHEORE: FRERRCHEAE

JEEHF 2315 DMPP JIE 7 EOBERY T, ORE 30 g & 1000 mL 2877 A2 230 ED, 7K 900
mL ZANZ THI 15 RIS IR AAEEE T2, EENTWD (L FTAEIET 5. ). ZhUskiL, @1 g2 e i
7723100 mL (Z1E230 &Y, 7K 90 mL ZANZ T A IEE RIS B A2 51k (LR IB #1875, ),
FIXOMEEFE RBE Y IS T D E R L AR D /3 Mk EFRERIT, 308 1 g 2 200 mL 362 =
AT TAIINVED, 7K 100 mL 212 AY—F—"C 10 3 MnERELHECUFICEIET5. ) ico0n
T, ENEN AEEHT 52810072, A ke BiE, KON A EE CIEZ T 5725, DMPP ZFlAS4L72 3
FEEDONEEHZDOWT 4 SO TONTEATV, FREKR Ot BEIZEY DMPP JE &EO RS2 1T L7z, A~
C {EFTOHMHEREDFHE 5% Table 2 12, HHROFE % Table 3-1~2 IZENEIURLTE.

A WE-BIEDIEE, A E-CIEDHEILIZ, 2 SDOME TH B ZAENRDOLIVRN T2 END, ZOH DI
Tl O RERRA LRI I O AT IEIZ I T D 7 1AL [FERIZ, BUBE 1 g & 200 mL #6482 = A7 72212130
&0 10 Sy EIRE D HE (CIE) 28T 22L& LTz,

Table 2  Differences in extraction operations between methods A, B and C
Method A Method B Method C
Sampling volume 30¢g lg lg
Constant capacity 1000 mL 100 L. i
(water)
Adding volume i i 100 mL
(water)
. Ultrasonic shaking Ultrasonic shaking Stir to mix
Extraction . . ..
15 minutes 15 minutes 10 minites
Hydrophilic PTFE Hydrophilic PTFE . .
Filtration membrane filter membrane filter Centrifugal separation

(0.45 um)

(0.45 um)

8000 xg, 5 minutes
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Table 3-1  The comparison of methods A and B
Quantitative F -test t-test
lue of
Sample Method YO Variarance  Critical Critical
DMPP . ) t-value d)
%) b) ratio value value
0
Method B 0.269
Urea Method A 0.274 4.02 9.28 0.95 2.45
(Conventional method) 27
c q Method B 0.0559
ompoun
ferti]lj)zer N Method A 00560 3.68 9.28 0.46 2.45
(Conventional method) ’
Mixed Method B 0.0248
ixe
rortiler Method A o051 1.33 9.28 0.83 2.45
(Conventional method) ’
a) Average (n=4)
b) Mass fraction
¢) F (3,3;0.05)
d) ¢ (6;0.05)
Table 3-2  The comparison of methods A and C
Quantitative F -test t-test
| f
Sample Method value Oa) Variarance  Critical Critical
DMPP . 9 t-value d)
%)" ratio value value
0
Method C 0.266
Urea Method A 0.266 2.65 9.28 0.20 2.45
(Conventional method) ’
c q Method C 0.0507
ompoun
il A Method A 0008 2.23 9.28 1.16 2.45
(Conventional method) '
Vixed Method C 0.0231
ixe
fertilizer Method A 0.0234 1.14 9.28 0.55 2.45
(Conventional method) '

a) Average (n=4)
b) Mass fraction
c) F (3,3;0.05)
d) ¢ (6;0.05)

3) MHEFHDO®RE:2BHE

CIEDABFIEIZIBNT, O EEE A T L T4 NS — S E B LT 6 O A iR L7-. Table

—
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4DLRY, FIENK Nt E TAHBENRBDOONIRNST-Z8 5, WTNOAR T EGEH TEXAZ L2 MR
L7-.

Table 4  The comparison of centrifugation and filtration

Quantitative F -test f-test
Sample Method value of — —
DMPP? Variarance  Critical Critical
b) . ) t -Vah.le d)
(%) ratio value value
Method C
(Menbrane filter) 0.0541
Compound
i s Method C 1.05 9.8 1.23 2.45
(Centrifugation : 0.0544

Conventional method)

a) Average (n=4)
b) Mass fraction
¢) F (3,3;0.05)
d) ¢ (6;0.05)

4) TRN)VIORDEEBDER

BE, ENTIREPEERSL TS DMPP B A IREHI & THIEE 28 W BB ChEN, SR AME L5
T LEHI DWW TH B ERSND P REMED 5L 2, DMPP ;‘EEE/\ODﬁFAé TADALE IR 4 S ONERSHEIE#E
BB 1 AIZHOWT C IEICEAIHE1TYY, DMPP OB —27 L BHARAY — 7 DA A TR LIZ. £7-, DMPP
FRLA THYAED & E2V MEAALEF 1 A5 OB A IEEE 2 5, I ONZ DMPP A Bl A L7ch O DXk FEAE S
ROERIEL T, TRNT VT ERFEAIRE | 5, AT FATIVTEREAIRE 1 &, RVLT VT ERIT R
FERE 1 R OB 2 PR 1 SICHOWTHRRRS, B — 2V Oa EA2 R L.

ZORER, AREAVLEICE 4 55, IRGHEILHE AHEH 1 B ORIV LT VT ER I TR FZE B DU
T, 8~10 43tHIZ DMPP O —Z L HARDE — 70300, 22 ofH TR Y% ERIDE—7 R R LN 800,
AWEZE TN R OBV LT VT ERIN LR B IEEHZ DWW TIARIEOBE S T2 LT,

nEB, INLOY — iR A E LA EZ 5 O IREHI S NG EEEZ Table 5 12, KIEEO/m~
N'T L% Fig 312, ZEHRT
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Table 5

Organic raw materials in fertilizers containing organic matter for blank test

Type of fertilizer

Organic materials

Organic compound fertilizer- 1

Organic compound fertilizer-2

Organic compound fertilizer-3

Organic compound fertilizer-4

Compost mixed fertilizer

Rapeseed oil residue, Castor oil residue, Rice bran,
Processed poultry manure fertilizer, Fish meal powder,
Mixed organic fertilizer

Rapeseed oil residue, Rice bran oil residue, Soybean oil residue,
Mixed organic fertilizer, Steamed feather meal,

Rapeseed oil residue, Castor oil residue, Rice bran,
Processed poultry manure fertilizer, Fish meal powder,
Mixed organic fertilizer, Dry cell fertilizer

Steamed leather powder, Dry blood, Steamed feather meal,
Processed organic fertilizer, Meat-and-bone meal

Chicken manure compost, Livestock manure compost

Q.0020: 0.0020: T
Qo084 , 00018 U h
000164 0.0016
000144 00014
Qo024 l 00012
000104 00010

2 0000 2 Qo008
000064 0.0006
000044 00004
Q0oce 4 00002
00000 pvrd 00000 ,,“,,‘J

B 200 40 5;360 300 1000 1200 et 200 4o sgo 30 1000 1200
Organic compound fertilizer-1 Organic compound fertilizer-2

Qoo Q0020 T T
000184 000e
Q0016 0006 ’
000144 00014
0002 00012
000104 000104

? 00008 l 2 000084 l
0.0006 00006 4
000044 |_| 00004 I_I
fo00e “‘MJ oooe |
0o 00004n,, |

000
am 200 400 600 800 1000 120 oo+ s ppos Py s T e

e

Organic compound fertilizer-3

Fig. 3

el

Organic compound fertilizer-4

Chromatogram of DMPP-free fertilizers at developed method

Arrow: Approximate retention time of DMPP

Horizontal line: Rough fluctuation range of retention time of DMPP
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(Continue)
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Fig.3  (Continue)

5) HMEUEGERICKDEE O

BEZFHET 572, DMPP JEELE OIRE, {LAAEE CH RSB AEEA 5 £ L OEA IR (FD) & 1 A
ZEERL, 3 SOMT CHINEIGGRER Z F2Hi L 724 2% Table 6 (279", ZHETICEMN TS TS DMPP
B A kN 35155, DMPP O F#LF 2 0.03 %~0.3 %FEE THVEEZ 0.1 %R OLONREZNZE, F-,
FERKFREEHME LD D FII TR RN AL A SND 7 —ABBEL T, IR EEIE 0.01 %, 0.1 %% V0.5 %EL7:.

WO EIED R RBEV ORI TODEED BIEFIFAIN Th o720, RIEE 7R E
EEA L TNDI DRI

Table 6  Results of recovery test

Spiked Quantitative value Recovery Criteria of the
Sample level of DMPP” rate trueness’’
(%) (%) (%) (%)
0.5 0.501 100.2 85~110
Urea” 0.1 0.0976 97.6 85~110
0.01 0.00989 98.9 80~115
Compound 0.5 0.507 101.3 85~110
fertilizer” 0.1 0.0971 97.1 85~110
0.01 0.00973 97.3 80~115
Mixed 0.5 0.504 100.8 85~110
fertilizer” 0.1 0.0969 96.9 85~110
0.01 0.00988 98.8 80~115

a) Mass fraction

b) Mean value (n=3)

¢) Criteria of the trueness (recovery) shown in Testing Methods for Fertilizers
d) DMPP-free fertilizer
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6) GHTHEERUTEBEDHERE

DMPP Bl & AEENCTHDIRFE |, IRGEFIEE 1R, (LAiEE 4 R OFAIERE 1 RIZ2WT, 2 e
2 SOHMTTS ARMIEZIT o7 AE R % Table 7 IR T, Fiz, ZOMERE I, — i E SO E1T->C
POV O TR EE X O ARG £ A Table 8 (277 .

WP IO R SR HE(R 25 IR R BR A LRSI QOB O TRE FE (DM TR YR 25) K OV S S (F
AR SHE AR 72) OFF RN THT-2800, RIETH 07 EEZ AL QWD IR RS-,

Table 7 Individual result of repetition test of changing the date for accuracy estimation (mass fraction (%) )

Test day
Sample
1 2 3 4 5
0.262 0.258 0.253 0.259 0.260
Urea

0.260 0.257 0.252 0.261 0.261
Mixed nitrogen ~ 0.149 0.147 0.147 0.138 0.143

fertilizer 0.149 0.144 0.145 0.139 0.144
Compound 0.110 0.105 0.107 0.098 0.105
fertilizer B 0.111 0.105 0.108 0.099 0.105

Compound 0.0554 0.0541 0.0541 0.0504 0.0526
fertilizer C 0.0554 0.0545 0.0531 0.0507 0.0528
Compound 0.0380 0.0378 0.0377 0.0352 0.0372
fertilizer D 0.0388 0.0379 0.0376 0.0353 0.0366
Compound 0.0334 0.0320 0.0319 0.0324 0.0328
fertilizer A 0.0334 0.0331 0.0319 0.0325 0.0319

0.0183 0.0185 0.0181 0.0183 0.0179

0.0190 0.0187 0.0173 0.0190 0.0185

Mixed fertilizer
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Table 8  Statistical analysis of repetition test result for estimating precision

Quantitative

Repeatability Intermediate precision
value of
Sample DMPP” s RSD"  CRSD sin’  RSDin®  CRSDim"”
(%)" %) (%) (%) (%)"” (%) (%)
Urea 0.258 0.0011 0.4 4 0.0036 1.4 6.5
Mixed nitrogen 0.145 0.0011 0.8 4 0.0039 2.7 6.5
fertilizer
Compound
fertilizer B 0.105 0.0004 0.4 4 0.0044 4.1 6.5
Compound
fertilizer C 0.0533 0.0004 0.7 4 0.0019 3.5 6.5
Compound
fertilizer D 0.0372 0.0003 0.8 4 0.0012 3.3 6.5
Compound
fertilizer A 0.0325 0.0004 1.4 4 0.0006 1.9 6.5
Mixed fertilizer 0.0184 0.0004 2.4 4 0.0005 2.8 6.5

a) Mean value (n=sample number of parallel test (2) x number of test days (5))

b) Mass fraction

¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers
f) Intermediate standard deviation

g) Intermediate relative standard deviation

h) Criteria of intermediate precision (intermediate relative standard deviation) shown in Testing Methods

for Fertilizers

) EETREFOHETE

DMPP D A FH OFEAER O Fe/ MR FE X 0.5 pg/mL (G3ATa0EHFC 0.005 %fH 2 &) THY, SN thid 10 %
2 Tz, £7z, DMPP B A IEEIDS S, DMPP & B DR FHE bR - 72b D13 0.03 %R TH-
7o ZEDD, DK 1/5 ThHD 0.006 %Y 1272555, DMPP FEALE OELAANEL 1 g 12 60 pg Z¥RML T 7 41
DT THOMTL, ZOHME K OREHER 7255 Ok % Table 9-1 (TRLT-. ZOHHTIZ L > THEBILZ DMPP O
DT OfE R, AW EHRR (0.5 ng/mL~10 ng/mL) & OGLEHEIED SN EIiZH>WTERE N, BB
BRIEY R SRBRIEOZ S4B O TIE (2hE-> TER FEREL O FIR% Table 9-2 DEFHHE LI

ZORER, DMPP OE & FRRIE 0.003 %, i TR 0.001 %fefE 22 nESiviz. £z, BIERIX
95.7 % THY, NEEHERBRIEI RSN TWLEEFHI OHELTEFH N Th 7.
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Table 9-1  Result of parallel test for estimation of the lower limit of quantification of DMPP

. Quantitative Recovery
Sample Slre):lxlz(eeld value of e rate of
P DMPP DMPP®
(%)" (%)" (%)" (%)"

Mixed fertilizer” 0.006 0.00574  0.00007 95.7
a) Mass fraction

b) Repeartability standard deviation
¢) Mean value (n=7)
d) DMPP-free fertilizer

Table 9-2  Result of estimation of the lower limit of quantification and detection of DMPP

By parallel test” By calibration curves’ By SN ratio”
L00? Lop® 00" LoD® L00? LOD®

(%)" (%)" (%) (%) (%) (%)
0.0007  0.0003 0.003 0.001 0.003 0.001

a) Procedure(3.6.1) and (3.7.1) for validating the testing method
in attachment of Testing Methods of Fertilizers

b) Procedure(3.6.2) and (3.7.2) for validating the testing method
in attachment of Testing Methods of Fertilizers

¢) Procedure(3.6.3) and (3.7.3) for validating the testing method
in attachment of Testing Methods of Fertilizers

d) Estimation of the lower limit of quantitation of DMPP

e) Estimation of the lower limit of detection of DMPP

f) Mass fraction

4. FL

HPLC % W CTHEEHH O DMPP O/ HHiEIZ DWW THRETLIZEZ A, IROAERE G-

(1) ARENREARLC BT D8 F 15T, 3B 1.0 g 2 200 mL FIke A7 72212130 ED, 7K 100 mL
EMA TSI AF v IAZ—F—T 10 RNEIRER, HOSBEEIIA TV T2 =535 51EEL
7-.

(2) HPLC OHIESRIFE, C18 AT L% AW TR IR % 224 nm, EEERZ 10 mmol/L WAURE —/KFE TR
U L+7 Eh=RIL (40+7), A 0.7 mL/min, X O T LEEE 40 °)CELTZ. FTo, MEMROEBEREIL 0.5
ng/mL~100 pg/mL OHFH CEMME (R EMREL 7=0.999 LI ) 27wz,

(3) AWEZ G IR K OV L7 VT ERIN LR F L CTIE~ Ny F AD R o D 280, AIED
AsrELTz.

(4) WINENGRERIL, 3 FFEOEHT, 3 BeMEDIREED DMPP ZIRINL7-EF 9 @0IC-DOUWT 3 s T o8
ZL, FHEIERT 96.9 %~101.3 % THY, ERMERBREY ICBIT DK REL ~LORIIROFAEFHENIC
TRTEHEEN QN
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(5) 4 FH 7 MOREHZIOWT 5 HEORIE I EATV, OF TR EE R OV RS B A e aB L7 51, Rt
SHBRIE TREN TV B ROHPAN ThH-7-.

(6) AIEIZETH DMPP OE R FRRIZ 0.003 %FEEE, it FFRIE 0.001 %2 ThoEHES NI,

VL END, H—RBRE T AT IEDZ L A fER LIRS R, AIEIZIEEF O DMPP A HIE 3572512,
T4y ERE R A L CWD T L ZHER LT

X

1) S, /SR 3 3,4-dimethylpyrazole phosphate (DMPP) O fE &ALk 471l 2h F & /K Ff FEAE-~DIE H,
B AT H AR AHERE, 90(2), 147-152(2019)

2) Gero Benckiser et all: The nitrification inhibitor 3,4-dimethylpyrazole-phosphate (DMPP) - quantification and
effects on soil metabolism , Plant and Soil, 371, 257-266(2013)

3) FREMIKPER SR ERHGHHE RS S E @ LB O N EHIUE 2 ED LFE O, BF1 61 42 H 22 A, BAR
IKEERE 5 7RES 284 75, RO UUESI 3 42 6 H 14 B, RMOKEES S7R% 1010 %5 (2021)

4) MSIATBOE NRMOKETH B 2 et 2 — (FAMIC) : BBk (2020)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2020.pdf>

5) Fertilizers. Determination of 3,4-dimethyl-1H-pyrazole phosphate (DMPP). Method using high-performance
liquid chromatography (HPLC), EN 16328 (2012)
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Determination of 3,4-Dimethylpyrazole phosphate (DMPP) in Fertilizers by High
Performance Liquid Chromatography

FUNAKI Norio!

"Food and Agricultural Materials Inspection Center (FAMIC), Kobe Regional Center
(Now) FAMIC, Nagoya Regional Center

DMPP is new nitrate inhibitor used in recent years. A High Performance Liquid Chromatography (HPLC) for
analytical method of DMPP in fertilizers was developed refer to EN 16328 (2012) and validated as a single-
laboratory validation. I extracted the sample by adding water and stirred for ten minutes. After centrifugation, I
analyzed sample solution by HPLC, on ODS column with UV detection at 224 nm. As a result of 3 replicate analysis
of 3 fertilizer samples (urea, compound fertilizer and mixed fertilizer) spiked with DMPP (0.01 %, 0.1 % and
0.5 %(mass fraction)), the mean recoveries were 96.9 % - 101.3 %. Repeatability standard deviation of DMPP were
estimated 0.4 % - 2.4 % by analyzing 7 fertilizer samples (urea, mixed nitrogen fertilizer, 4 compound fertilizers
and mixed fertilizer). Similarly, intermediate relative standard deviations of there were estimated 1.4 % - 4.1 %. The
limits of quantification of there were estimated 0.003 %, and the limits of detection of there were estimated 0.001 %.

Those results indicated that the developed method was valid for the determination of DMPP in fertilizers.

Key words DMPP, nitrate inhibitor, HPLC, fertilizer
(Research Report of Fertilizer, 14, 39-52, 2021)
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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

1.5 3.0 4.5 6.0
AAS (mg/kg)

S2Cr/45Sc¢

y =0.9962x - 4.3082
r=0.993 S

250 500 750 1000
AAS (mg/kg)

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)
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6 <{HEMERROSITEDHERETE
— SERSEIRIRABRIC £ 2 T M PE RS —

MRS, AR AR, SR,
F—I—F <EBYEAIK, JRFUOEE, LR

1. [XCHIC

[EIRR 7038 S MR OB X A3 T e, DAIEICI T ISO/IEC 17025 (JIS Q 17025) VD ELRFIHA S5
(CL 7o M it R OB REMEREIR DB 2 N EEF I TS, ISO/MEC 17025 T, EBE - EZBIM S L%
UPEDHERINIC FIEERE T HZEEERL TG, F72, TIEEIO B OREREFICEE T 2158  iefTHLRIT
TED OV D FH 25532 VIR D E B K O RO B IFIEIC OV TS, EMKER SR IZ X0 ek}
SRBIET RRESN TV,

BB B BR I IR ST VB A IR DO 7 L — KR AT KD 0 TR IS DN T, DRSS 23 B
—BREIC 1T D% Y4 (SLV : Single Laboratory Validation) Z sS85 L, BB IX, BEHRO SN E0RS
BB O RICXVEEMICEHMEL T2, Alal, [EEEAICHE LS5 2 M S FRBRIC L 5 2 Y Ml
2 (HCV: Harmonized Collaborative Validation) FiEIZEAFEZITH726, IEEH P OIBIEGIKD 7L — I
JRAF W BT LB LD A DWW TR A L 72D T, ZOMEL R E T 2.

2. HHRUAEE

1) ¥HEHEBEASEMRUVARFHBRARMORSR

AEEFE LT L QWD ERC A AERE, 15 TR R BEAEEL, (LAEE, B3R, A29, IRGVAMAEE &
OESUMNTOER B IR 2, RS GRBR LD L2 iz DAL i (ZM 100 ; Retsch #2) (240 B BZ 500 pm (915
ST OEE IEEH IR BN LB #et (TI-100; HEIKO #2) 1240 H B X 212 pm) OS50\ E @il 3 5ETH
e dRA LTz, WIZ, 7T FEOEHZ OWT, RUARVELRTK 1.9 ¢ BELZHOEK 44 ML, &7
ICELBEZ AW TI U H ATE B (1~308) ZREA LI=b Oz e Lz, 2R oOfBILT- 7 FEEE OB DL
BFANTTIZ LT 10 JF o8 E B0 B MR BRI L.

Fiz, 7 FEORENOT o Z NZENEN 2l o Licb 02 L EREBR R L, LU oRER=EIC
ALz

(FL[RIFBR S IR =)

- NIRRT A /N T

- FRa—T7 T 7 USRS BT

- D AHLT IS TS

- NARMETEN B ARRERERRE e AHED

- ONARMEE N B ARRERERRE e BTE ST

VANTATEOE NRMOKEETH B 22 e tidfre e 2 — @i 2 21—
IPSEATBUE NEMOKPEW R Z 2t 2 — it 2 — B 4 TR 2 —
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© MSIATEOE NEMOKEH R R el e Z— P 5 —

© MSIATEOE NEMOKPEH B e 2 — Lt & —

© MSIATEAE NEMOKPEHE 2t 2 — Bt 7 —

© MSIATEOE NEMOKPEH B e 7 =4 R 2 —
© MSIATEOE NEMOKPEHE 2 il 2 — a7 —

 PRSTATBOE NEMOKPEH B 22 e tiifre o 7 — A

- FTUNMEZE TR AL & T3

(50 #IEH)

2) X8
F BRI AR E L CO DAL AR, (81E TR R IR VIR EHE (E72 13K AR IR O TEIRAKE) kY
TL— DR E A LT

3) HEFX

A3 ER LT 4,53 STAMERIR 4.53.4 7L — AE R EIEICEORIE L. 728, B2E0DH, 7a——
R Scheml K TY 2 (Z7RLTZ.
Weight to the order of 1 mg to a 250-mL volumetric flask

| 1 g analytical sample
|<—About 150mL citrate solution ( About 30 °C)

Constant temperature rotary shaker

Shaking to mix . .
(30 - 40 revolutions/min),30 °C«1 °C,1 hour

| Cooling | promptly

|<—Water (up to marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Scheme 1-1  Flow sheet of test for C-CaO in fertilizer(Extraction)

1 g analytical sample Weight to the order of 1 mg to a 250-mL volumetric flask
|<—About 150mL citrate solution ( About 30 °C)

Reciprocating water bath shaker (reciprocation horizontally at 160 times

Shaking to mix . ) .
/min, with amplitude of 25-40 mm), at 30 °C + 1 °C, for 1 hour.

| Cooling | promptly

|<—Water (up to marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Scheme 1-2  Flow sheet of test for C-CaO in fertilizer(Extraction)
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Sample solution

Aliquot

(predetermined volume) 100-mL volumetric flask

< Citric acid solution, until the equivalent of 6 mL
< About 10 mL of interference suppressor solution

<—Water (up to the marked line)

Measurement AAS (422.7 nm)

Scheme 2 Flow sheet of test for C-CaO in fertilizer(Measurement(AAS))

4) HRFBARKHOHYEMHER
TUPAC/ISO/AOAC DHFHEFRER 7 b 10 W DY EMEERBRICIEW, IICEVFEEL, s L7=A5F 70 Rk
IZOWTEREHTDE 2 SOMTTHMT LY.

5) HHREIHER

JLFEFABRIZSINUT- 12 SBRE O A BB = O L2 AWt /AT 24 E 0B AU X Table 1 DEFD. i
ZHORBREIZ 1)K 725 20 3B (W B 220 10 308, /087 FIAMER AR T EE 2L
K1 A M ONRBR i BEAHA AT L, &RV T 2020 45 10 A 15 H~2020 4 12 A 18 HOHI, %
BHZ xR T2 8) DFER 7 IEIZHE>TobrLiz.

Table 1  Atomic absorption spectrometer

Lab ID” Modle of Atomic absorption spectrometer

>

iCE 3300 AA SPECTRO (WIDE PMT), Thermo Fisher Scientific
HITACHI, Z-2310
SHIMADZU, AA-6800
Agilent, 240AA
SHIMADZU, AA-7000
HITACHI, ZA3300
HITACHI, Z-2310
HITACHI, Z-2310
HITACHI, ZA3300
HITACHI, Z-2310
HITACHI, ZA3300

L HITACHI, Z-2310

a) Laboratory identification (random order)

~Al=l~|Zm|@Q|m|Em|o|a|m
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3. HMRRUER

1) #EFHBRAFEMOHE MR

% 7 FEOREE 2 ST TONT LB EMEERBR O BT s RO EBE (X) K OV DRI OWT— I8
BLE S B BT DAF DR G T A O TR U7 O TR MR 72 (s,) , #UBHEAE R 22 (spyp) , DFTHGEER
G Lok BHEEEAENR 7 (Spep) & Table 2 (TRLTZ. S5IC, JEBHERBRIED ITREN TWAE M HHREE O B %
(CRSDR) e B0 (3K 1) U7oHEE = M FF BUE YR 22 (6 r) 2[R U< Table 2 1ZR LT,

BV MEOHIE L, TUPAC/ISO/AOAC DIFRERBR 7 oo VO FIEAZ S E(CEmLIZ. 3, kiR
S ASEME R HERR T A7, Cochran DOMEZEEMLTZ. ZDfEE, T X TORBHIFB W TES M) R T
E2DT, ZNHDHTHRE RICHOWT— Bl & B & TR L, DHTREUER 72 (s.) & OVRURH AR HE IR 22
(spp) Z2RK 7. WIZ, TUPAC/ISO/AOAC DOFEFERER 7 mha/L O+ 32 E O EX (X 2) #HWTHE
PEDOWMIEEIT-T. ZOFER, 2 TOREICHER (X 2) 2L Q=2 ind, SLFEFBRAGEIEL T2 Y
M ER L CODIEDHERSNTZ. 728, BEOID, SHTHEZHMET 2GR 3) 2 Trliornd. £k
(N D& THATHEE 2 & Lo dUBH R YR 22 (sp4p) ZFRLIZET S, WM OBURRGHEE = P EUR U
7= (6R) LHERL TNSUWMETH -T2,

&r = CRSDg X X/100 -+ (N1
spp < 0.30, = 0.36y .-+ (2)
sy <0.50, = 0.56 -+ (:3)
Sber = /S’ + Spp® e (4)

G g < HEE I P BUSE ME(R 22

CRSD g : JEAVERBRIEI RS T D ] R BURS BE (2 I AR BUE SR M R 22 (%) ) D H %

X R E Sy PR TEEYEMR 22

op  ZEVERERR AT H NI A& LT AR R 22

Spp © PPk MR 72 Spir - DFITRE L% 5 T RUB AR VR 22
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Table 2 Homogeneity test results of citric acid-soluble lime

Sample No.of @ CRSD;” 6rY  sw® 036z Sr? 056" Spir’

Sample ()" %) )" (W W %’ (W) (W’

Designated blended fertilizer 10 3.07 4 0.12 0.00 0.04 0.04 0.06 0.04
Composted sludge fertilizer 10 5.62 4 0.22 0.04 0.07 0.04 0.11 0.05
Compound fertilizer 10 11.96 3 0.36 0.08 0.11 0.06 0.18 0.10
Fish meal 10 15.37 3 0.46 0.11 0.14 0.16 0.23 0.20
Calcium sulfate dehydrate 10 19.61 3 0.59 0.00 0.18 0.29 0.29 0.29
Mixed phospate fertilizer 10 29.36 2.5 0.73 0.06 0.22 0.43 0.37 0.44
Slag silicate fertilizer 10 42.22 2.5 1.06 0.30 0.32 0.55 0.53 0.63

a) Total mean(Number of samples after excluding outliersxn=2)

b) Mass fraction

¢) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2020
d) Estimated standard deviation of reproducibility calculated based on CRSDr

e) Standard deviation sample-to-sample

f) Parameters for the determination of homogeneity (determination of s,)

g) Repeatability standard deviation

h) Parameters for the determination of repeatability standard deviation (s.)

i) Standard deviation of sample-to-sample include repeatability sy = v/ Spp 2 + Sy

2) HERBRBEERUNNERTE

FRBRE DDA SN L FIFBR A% Table 3 (TRL7z. #ralBlO#E % TUPAC LR ER7 mh=
SO YD E B S TREFHRIT U=, SRR O S VIEZ #9572 12 Cochran OFRE & O Grubbs DR E % 5
MEL7o. ZORESR, 12 MEREORBRAKFE T, 7 FEOREIOIS 3 FiHH, 3 MBREOREMOIVEEL TH
ESIT.
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Table 3  Individual result of citric acid-soluble lime (C-CaO) (%)a)
Lab ID” DeSIg?:;::ﬂc;leiended ComI;Zf:;ieerUdge Compound fertilizer Fish meal
A 3.05 2.95 5.71 5.68 11.41 11.27 15.01 14.96
B 3.13 3.15 5.72 5.75 12.29 12.37 15.89 15.44
C 3.12 3.03 5.74 5.77 11.82 12.17 14.87 15.06
D 3.14 3.05 5.68 5.65 12.19 12.19 15.10 15.00
E 3.16 3.15 5.94 6.19 13.96 13.21 15.79 16.02
F 3.14 3.10 5.82 5.82 12.39 12.26 16.11 15.42
G 3.15 3.22 5.97 5.89 12.32 12.07 16.03 15.99
H 3.10 3.24 6.05 5.85 12.54 12.36 15.89 16.39
I 3.17 3.23 5.68 5.76 12.48 12.60 15.65 16.04
J 3.21 3.30 6.03 5.95 12.90 12.75 16.21 16.36
K 3.07” 2.45° 5.70 5.73 11.47 12.23 15.27 15.63
L 3.30 3.08 5.74 5.83 11.94 11.96 14.88 15.31
b) Calcium sulfate Mixed phospate Slag silicate
Lab ID dehydrate fertilizer fertilizer

A 19.03 18.57 2033Y  2g68?  38.94 38.88

B 19.37 19.11 31.80 31.80 40.99 41.18

C 17.60 17.30 30.72 31.59 40.45 40.86

D 20.01 19.62 31.09 31.54 40.26 40.25

E 17.85 17.96 31.58 31.63 41.35 41.24

F 19.35 19.14 32.11 31.90 41.69 41.55

G 18.15 18.02 32.16 32.06 41.31 41.11

H 19.11 19.11 32.44 31.72 41.36 41.52

I 19.64 19.72 31.73 32.06 41.05 41.17

J 19.33 19.01 33.22 33.10 43.02% 43.26"

K 19.47 19.12 31.43 32.80 40.37 40.09

L 18.25 18.31 31.62 31.46 40.99 40.46

a) Mass fraction

b) Laboratory identification (random order)
¢) Outlier of Cochran test

d) Outlier of Grubbs test

3) HHTHRERVERBREE

AU BRON LT BRBR AR I KD B0 1D LTS, DR AR YRR 72 (se) B OMIF T AR ST (R 722 (RSDy)
A ONZ = R FF BT MR 72 (sr) M OV TR AR BUAR SR M (R 72 (RSDR) % Table 4 (2R L7z,

7 FEEDOFREHZ OV CTHEFHIRIT O 3, HMEIL 3.14 % ~40.78 % (&) R) THY, T OPHTHEHE(R 7
(s0)1F 0.07 %~0.4 % (EH &5 R), FHATAHMERERZ (RSD.) 1% 0.4 %~2.4 %, R HFIAERERFA (sp) (3
0.09 %~0.78 % (B &5y 3) , =8 ] A BUAH AT 4l 72 (RSDr) 13 1.9 %~4.7 % T o7z,
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WO DTSRI AR 722 (RSDy) f OV [ P B R HE HE (R 72 (RSDR) b IEEFSE 3R BRIE Y T2 Y MR D
NEIZ RSN TV DHIREL ~VITB T DR E OFFARIIAN ThHI b, AIEDOFEEITIEES nﬁgﬁ&‘@‘
RERLEICE & L QD2 & ERs LT,

Table 4 Statistical analysis of Collaborative study results for citric acid-soluble lime

Sarnple Labs  Mean” s  RSD:” 2xCRSD. si RSDr" 2xCRSDw’
r@” ) W (W @) W (%) (%)

Designated blended fertilizer 11(1) 3.14 0.07 2.3 4 0.09 2.7 8
Composted sludge fertilizer 12 5.82 0.07 2.4 4 0.14 2.4 8
Compound fertilizer 12 12.30 0.24 2.0 3 0.58 4.7 6
Fish meal 12 15.60 0.25 1.6 3 0.51 3.2 6
Calcium sulfate dehydrate 12 18.84 0.19 1.0 3 0.75 4.0 6
Mixed phospate fertilizer 11(1) 31.89 0.40 1.3 2 0.60 1.9 5
Slag silicate fertilizer 11(1) 40.78 0.18 0.4 2 0.78 1.9 5

a) Number of laboratories, where p =number of laboratories retained after outlier removed and (¢ )=number
of outliers or test failures

b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier and test failure removed (n=The number of laboratories(p ) x The number of repetition(2))

¢) Mass fraction

d) Standard deviation of repeatability

e) Relative standard deviaton of repeatability

f) Tolerance limits of relative standard deviation of repeatability in Testing Methods for Fertilizer 2020

g) Standard deviation of reproducibility

h) Relative standard deviation of reproducibility

i) Tolerance limits of relative standard deviation of reproducibility in Testing Methods for Fertilizer 2020

4. FEOH

AR SRR B E D NI S =B IR (T L — DRI ETE) D3 HTIEIZ DN T, 12 3BRE T 7 filE
(14 5) OFEE AW TR A E L, =M SO L.

ZORER, T — DR T BICEIZ LD EA KD VEE 3.14 % (E & 3R) ~40.78 % (EH &5 3R) Ofi
P3N T, S HAR G MR 22 (RSDR) 13 1.9 %~4.7 % TV, AEEMEFER LD Y MEMERO TIEIZ R
ENTVDKIREL -SRI DIEEOFFRFFHNTH LI DD, ARILEOKS I MEREREAMR O Bk HIH
I A L CWAZEN RS,

AERET LT iEE, 3 CICHE—3BRE 1T L2 2 9 MEMERR (SLV) 23311 TRY, LA BIDRECEER
AOLAE HE L S B SR ) R R RRBRIC L D 3 Y MR8 (HCV) ) ARl S 7= Z &85, ZOREBRIEDOMERE Tk
BB T DMEREFRHED Type B(SLV &N HCV) IZEAFHM) (21 &L CWNDZ L2 Lz,

LRGBS W EE U N b TR, A aa—T7 77U S, V=A B 177
B, ARMETEN A ARERRE = X O IUME S TR S OB MLICH EER L ES.
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Performance Evaluation of Determination Method for Citric acid-soluble Lime in Fertilizers:
Harmonized Collaborative Validation

MATSUO Shingo', YAGI Keiji', KOBORI Takuya® and YOSHIMURA Hidemi'

'Food and Agricultural Materials Inspection Center (FAMIC), Fukuoka Regional Center
2FAMIC, Fukuoka Regional Center (Now) FAMIC, Nagoya Regional Center

It has been verified performance that determination of citric acid-soluble lime (C-CaO) by atomic absorption
spectrometry described in Testing Methods for Fertilizers. We conducted a collaborative study by means of
international harmonized protocol to evaluate for determination of citric acid-soluble lime in fertilizer by atomic
absorption spectrometry. We sent seven samples passed the test for homogeneity, respectively, to 12 collaborators.
These samples were analyzed as blind duplicated. After identification of outliers with Cochran test and
Grubbs test, the mean values and the reproducibility relative standard deviation (RSDr) of determination of
citric acid-soluble lime were reported 3.14 % - 40.78 % as a mass fraction and 1.9 % - 4.7 %, respectively. In
conclusion, these results indicated that method has acceptable precision for determination of citric acid-

soluble lime in this concentration ranges.
Key words  Citric acid-soluble lime, Flame atomic absorption spectrometry, harmonized collaborative validation

(Research Report of Fertilizer, 14, 70-78, 2021)
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7 A4 O0INTF574—IZEBBRBAFA D WICE THHHE G EDHR

AR A
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1. [XL®HIC

AEEFR ORRERHE 2 3l T2 0 ATiEE LT, R A A JEEEL TRt TV b A4 ra~v o7 ¢
— % IR 2 Al A 4 S U CRIE T2 7S 2 IS BBV ICE > THRETS R, TOIE K
UM EDOMEREIZ DWW TH 3B =2 L5 2% 2% (SLV : Single Laboratory Validation) 238 L T\ 5. LavL,
ZOSIHTEITIR AR T R (1435) 2 VTR Y, IERFERBRIE (2020) 2 IO M HHE Tl HEIL T D
FH AR DI IR IR L L B 72> TG, IR O e e i 2 vl B Rl oy Fh IS O DI T D MR (1+23) &
—dpZenTEIUE, RCHHEREZEH L TOSP R FTREERY, 513 DM R R R B 2 85~ 2 —
T DM BENIRIRHZEND, JERERBRIEL ) 2 — P — Lo THIE ThHDHEB X T,

PLEDZENS, AEOHIH T ER O REEIZOWTHREEITWV, B L SHHEIC W THE—RBR =
IZB DL AR LD T, ZOMEEZMRET 5.

2. MHRUAZE

1) siAREM

Pl CODETEAEEFEIZ DWW T, 12 FEEOANEZ G 5F 13 A (REETE TALEL 2 8940, Bifg7 €=7, i
fr 7 =)VIRFE, MY ABEAIR, HEIRABRAIK, FREEINE, LAk, Bmme s LAk, 1RAE LAk,
g~ R FRERCAIEE, 129) Az, &EHZ YW T, BBIE 500 um D550\ EEIETHET
L7z

INZC, BiRAA % 10 % (H &5 %) 84 T 29MEE 1| S&2 0 AREHZ AWz, JiRo7-o i L
T IREFOBC A EI A K Ok 4y #% 514 Table 1 (ZRUL7Z. ZAUHDJFEHT JIS MBI E SN CO DR O HK A
AL, kL FERI LTz

Table 1 The preparation of analytical samples

The mixing ratio of the materials (%)a) Design component (%)a)
Sample Ammonium Potassium Ammonium
Dihydrogenphosphate  Chloride Sulfate N P,0s KO SO
(NH4H,PO4) (KCD  ((NH4)2SO4)
109 ti
76 preparation 18.1 68.1 13.8 51 112 430 100

sample

a) Mass fraction

U OIRSEATEOE N MO ETE B e Rl B F — IR R R AT S
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2) HEORH

(1) WA A FEUERE (SO4> 1 mg/mL) : JCSS HilisA A4 FE#ERR (SO4* 1000 mg/L) (B L)

(2) FREARABEEA A AERENR (0.2 mg/L ~ Smg/L) : FileA A ARUER O—E B /K CHNL TREL
7z.

(3) IREEFEEIATE pH=10 (REENT) @ JIS K 8625 |ZHIE T KD REET Y A (B HIL) 0.191 g &
OMIIS K 8622 (ZHIE T 2HRpfh DRI AKFE T N L (8 L7 AL LRGSR 0.143 g 2 /KIZ# 2L T 1000 mL
L.

(4) HElE: &7 AOVAROEMEE, A 54 R HE M

(5) Halk(1423) : HEEROMRFE | LAKDOIRTE 23 LEIRAGLIZHO.

(6) MMk (1435) 1 HEEROIRFE | LAKDIRTE 35 LAIRAGLIZHO.

(7) Hile: & L7 AV SRS, A E e R HE H

(8) W7 E=r L JIS K 8960 (ZHLE T D5 K (BAHAL % H5ik)

(9) WABE —KFETE=U L JIS K 9006 (ZHLE T 258K (BIHAL 2 Hiik)

(10) HEALAYD L JIS K 8121 ITHUE T 253K (& L7 A /L AR ; Kptk)

(11) 7K: MK ELE L E (Direct-Q UVS, Millipore) TR 72 JIS K 0557 IZHIE T2 Ad O7KZE .

3) BRRUVEE

(1) 4EEO5H%: TAITEC SR-2DW

(2) ELHEERE: KUBOTA T —7 /L by 7 iE Db 4000

(3) A4 ru~hrZ7(IC): Ahm—2 850 Professional IC 7 IV L oth— )55

(4) #1725 Shodex IC SI-90 4E (N£% 4.0 mm, =& 250 mm, Kifk 9 um, FHEA] AU =7 La— ik
M 4T B =0 DAL FRE G LT A A o ZHUE)

(5) ATV o744 —: ADVANTEC %! DISMIC-13HP (FL£% 0.45 um)

(6) A7l asgs: Y—x/LP AT A DigiTUBEs 50 mL

(7) pH A—%—: HORIBA pH A—%— F-54

(8) #y#ikk%: Retsch ZM-200

4) Ak

e B BR L2 I S U QWO DR A A DAA Y 7~/ F71#(6.10.1.a) % Scheme 1-1 T/RL7-. £
7=, Schemel-1 % uiZfif L7230 EA 22 B L7 /oM /7 15% Scheme 1-2 127”72, Schemel-2 TD
BHEEELT, kel B L7 % I 2 2 KRR (1+23) Z VWD 9L, Mtz 7R 9 280 A
WHIRIREL T, IRBER I Z TR EE A T&5X912L72. 7, Scheme 1-1 TIRVIEE 7 B2 BRI L TV
o722 80D, Schemel-2 TIHIEVRY FiEE R L.
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1.00 g
analytical sample

< 100 mL of hydrochloric acid (1+35)

200-mL ground-in stopper Erlenmeyer flask

Shaking to mix 10 minites
1

Ground-in stopper centrifugal precipitate tube,

Centrifugal separation 1700%g, 10 minutes

Supernatant
Dilution 100 times more, eluent
]

Sample solution
I
Measurement

Filtration | Hydrophilic PTFE membrane filter (0.45 um)

Ion Chromatograph

Scheme 1-1 Flow sheet for sulfate ion in fertilizers
("6.10.1.a" in Testing Methods for Fertilizer 2020)

1.00 g
analytical sample

< 100 mL of hydrochloric acid (1+23)

200-mL ground-in stopper Erlenmeyer flask

Vertical reciprocating shaker (300 times/min,

Shaking to mix with amplitude of 40 mm), for10 minites

Ground-in stopper centrifugal precipitate tube,

Centrifugal separation 1700%g, 10 minutes

Supernatant
Dilution 100 times more, eluent or water
]

1
Sample solution
1
Measurement

| |
| Filtration | Hydrophilic PTFE membrane filter (0.45 um)
| |
| |

Ion Chromatograph

Scheme 1-2  Improved flow sheet for sulfate ion in fertilizers
3. BRRUEE
1) FHiEMEEICkPEEDF M

BHEZFE 5720, SRR 14 52T, Scheme 1-1 & U Scheme 1-2 THOATLIZfE BIC k> TH
EM A ToT. A4 7a~ b7 7 ORIESA:% Table 2 T/RT .
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Table 2  Analytical condition

Detection Conductivity detecter

Suppressor Chemical suppressor (Column type)

Column Shodex IC S1-90 4E (4.0 mm i.d., 250 mm L, 9 um particle size)
Eluent 1.8 mmol/L Sodium carbonate +1.7 mmol/L Sodium bicarbonate
Flow rate 1.0 mL/min

Injection volume 20 uL
Column temp. 25°C

O HTE O BN DN 95 % 13 X[ 2 [a] Jif (B AR D J& BHIZ# &, Figure 1 CasL7z. [Ei EL#R
(y=1.001x+0.423, 1=0.999) DF X (b) D 95 %[FFEX 1L 0.973~1.028, Gl (@) D 95 %fEFE X [H1%-0.770~
1.616 THY, NERMERBRIEI RS CNDEE OHELEFEETR 2 7= 3 ik R L ln o7z,

Figure 1

80
y=1.001x +0.423

70 - 20999
60

50

40

Extraction with hydrochloric acid (1+23)
(SO4* (%) Mass fraction)
W
S

0 20 40 60 80

Extraction with hydrochloric acid (1+35)
(SO4* (%) Mass fraction)
Comparison of analysis value (SO4*) between extraction with hydrochloric (1+35) and with
hydrochloric (1+23)
Heavy line : Regression line
Dotted lines :Upper and Lower limit of 95 % prediction intervals

Thin line :y=x

2) PHTREERU SR E O
DFTHE B R OV P RS B 2 RRAI 927200, BRI B K VB R AR A1 KA FAWC 2 IREEDRGREA A % 2
ROMTTHZZAEZ T 5 [BRRERZ £l L TIROARE R % Table 3 1IRL7Z. £z, ZROODRRNG, —IThlE
SYHGINTAAT > THROAVZ O TREEE B OV [BTRS £ % Table 4 2R L7z,
fE N B O EIEIT 56.69 % (B E5r3) T, P TASHRER 2L 1.16 %, A MEER 2T 1.71 % T
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btz £z, BB AR K DORRERA A OEIEIL 3.74 % (E &%) T, fHMTHEMEERZET 0.76 %,
th AR SR YR 21T 1.33 % TdhoT-. ZHHOHRE B, IEEHERBRIE? TRENTOAHHM TR E (D THE 6
UM 72) Mo OV DA S (HP REAR S YR 22) O RF AR #F N CTh o7z,

Table 3 Individual result of sulfate ion for accuracy estimateion (%)™
Test day
Sample
1 2 3 4 5
_ 57.06 56.48 55.93 57.71 56.86
Potassium sulfate
58.59 55.93 55.38 56.73 56.20
Triple 3.78 3.69 3.67 3.71 3.77
superphosphate 3.77 3.77 3.67 3.73 3.81

a) Mass fraction

Table 4  Statistical analysis of repetition test result for estimationg percision

Mean of Repeatability Intermediate precision
. a) 15 e
Sample Sulfate on Sr ) RSD rd) Z*CRSD r ) SI(Df) RSD I(Dg) Z*CRSD I(T) m
(%)” %)” (%) (%) %)” (%) (%)
Potassium sulfate 56.69 0.66 1.16 8 0.97 1.71 13
Tripl
T 3.74 0.03 0.76 8 0.05 1.33 13
superphosphate

a) Mean value (n = Sample number of parallel test (2) x Number of Test days (5)

b) Mass fraction

¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizers 2020
f) Intermediate standard deviation

g) Intermediate relative standard deviation

h) Criteria of intermediate relative standard deviation in Testing Methods for Fertilizers 2020

3) FREEOHRE

FH N AE 4 DR FE & (1423) ICE 4512472~ C, YikBr= T L T 547 4 (Shodex SI 90-
4E) D1 pH 73 3~12 ThHZEND, MEHRIRZE Y72 pH (ZFHE T 5720 O BRIR E AT U7z, S H
BY DA TIL, FERRAIE OWRBEE CHD 1.8 mM [REET NY A+1.7mM [REEKSE TR A0 R R B
73 pH 10 DREEIR K THHZEMND, THERAZ AW T100 (5L RIS 52T\, 22C, HHlg (1+23)
DA HIR 2 K FT TR AR T8 O pH % Table 5 (/R L7z, ZOREE, Mg (1+23) 1288\ T
HIABENZ T 100 (A IRLIZE2A, pH 23 3 LI ETHHo7-.

F7z, AR T 2O HIZIXE pH 28 1~14 LENTWBHEORHYY, pH flFE D720 LHIABEIR T
TR DUERRNIT LG AFELTZZ 80, AFRICITK EI 3R Z VT 100 5L ECRiR4p28s
L7z,
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Table 5  Relationship between diluent and pH (pH)
. Dilution ratio
Diluent Eluent
50 100 250 625
Water 1.969 2.237 2.638 3.046
10.034
Eluent 2.258 5.616 7.739 9.840

4) BBATFHOREN E—HREICEITIERRERDOTE

VT =2 N ru~< b7 77 4—TOMIE TRIEREBHRZE 256, BEROERME
DEFELNIRWGENHDHZENNHILTNDY., ZD7, JWHBOLOHEDTIX, RIEORFHZ k& H W
TR EMEE AL Tz, LnL, BTA 72144 7a~ k777 (Aha—2A, 850 Professional 1C) Tl, k&Y
Ty = HLRWG A IR ERO BN ELNDZENHH LM R A— 1 —IE#H 35V, Table 2 OHIE
S TRERICAVDEIRAE BERFT228E L.

PR ERE R A RS DI 7o C, RIS E LY SRETLZ 0.2 pg/mL~5 pg/mL EL7-. 7
BT AR YR FE & Table 2 DSRFIZIVRNE LI EZ i U7- /5 B4 Figure 2 IR LT, Z DR, 0.2 ng/mL
~5 pg/mL ORFEFHFAT—RAEZ AV THRERELIERLZSGE, E—2HEBLIOE —7@m3DnTiils
WTHIRERREL () A 0.999 UL EAsRUT-. JERFERBRYE? CRT OHTED 2 S MR O FIEICHB W T,
EMOUTERE () 73 0.99 LLETHIUZEAFRETHLLINTNDIEND, BikdFIZ3 T Table 2 D
HE R ThIUE—IRAE VR ERME ] CE L2 Lo MR L.

(pSiem) x min - - psfem ]
wa | ¥=0.078949 x - 0.00005 e | ¥ =0.17475 x - 0.00236
a4 72=1.000 pan 4 72=1.000

0,32 H 070+

028 o 060

0.24 050 4

020 +
040 +

016 o
0,20 +

01z 4
0.20

(A) o |

.00 +

0.0

0.04

000 +

T T T T T T T T T T T T T T T T T T T
onpot 10 15 2o 2B 20 35 40 4F ppm s 1o 15 2o 25 20 35 40 45

ppm
Figure 2  Calibration curve (concentration range SO4> 0.2 mg/L~5 mg/L)

(A): Calculated from peak area  (B): Calculated from peak height

4. FEOH

FEAFE R BRI NI S U CO DRI A A A 1R (A0 7~ b T 7 1) IZOWT, i 5 kO RE 21T
vy, H—fBREIZR T D0 TED Z M VMR 2 L 72L 25, RO RAGT-.

(1) Himg (1+23) Z AW EE G T 2ICH TV R E LM 35720, ek 14 S CHiRE (1+23) KT
Hil2 (1+35) 2 WA IR O 3 HTEIC DWW T BRI BB AT o ot R, IR SRR L CORT R E D LA
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7= LU,

(2) e (1+23) Z W RIS KRR 2 R&2 VTS B 2 S0MT CRIE LB COMTREE L O
ARG EEAHEE LToRERL, Wb JEBH SR I RSN QOB RS EE O FF AN Th o7z,

(3) HEZRM OH T LDEOFEICIY, IT7 21T pH O FAFLPHA pH3~12 DX A 7L pH 1~14 D L2 pH
Oii FAFLFH NI AT DD ZEMVHIAL T2 2800, BEHROATIREREICI TS pH OELZMERL, 7R
BRI BRI Tl ORb &L & a sl LTz,

4) R 7o —2FHET 0.2 pg/mL~5 ug/mL O#FIFH CHREREIER LR, ©—27iHE, ©—
IS ELITRERREL () 1% 0.999 DL EAI/RL, MEMROERMEZ R T

UL EDOZEND, RIEIZB O CGREHRIR O TR AW D IR IR O SRR FE 24 (1423) ICEH L, # R
BRBICIABEE UK Z I CEDINCEE L. £, BEIEBROOHTIEICOWT, B—BR=EICRBIT5%Y
PEZHERR LT AE R, AIEITIER P ORRERA AL A RE T D7D+ 7372 EREE A L TV DT LM R TET.

X ®

1) SHEET, NERES, AR AT 7a~ T IT7 =R DMERA A ORIEEOBFE, BB
Wik, 13, 50-64 (2020)

2) EMOKEN B L RG22 — (FAMIC) : JEELE 3R ERE (2020)

< http://www.famic.go.jp/ffis/fert/obj/shikenho_2020.pdf>

3) Thermo Scientific: Dionex IonPac AS22 and Dionex IonPac AS22-Fast Column Product Manual

<https://assets.thermofisher.com/TFS-Assets/CMD/manuals/Man-065119-1C-lonPac-AS22-Fast-Man065119-
EN.pdf>

4) DU EFR, BEIL=ELE, {Eﬁ"%%ﬂﬁ T Ly fERIERRE TR A s n~ T T 4
—IZBIT D EAR R AR O Y, SHTET, 52(5), p297-304 (2003)
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Improvement of the Extraction method of Sulfate ion
in Ion Chromatography

HIRATA Erika '

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

Considering the efficiency of test, we improved the extraction method of sulfate ion (SO42") analysis by
ion chromatography. Specifically, I changed the extraction solution at a ratio of 1:23, which is a mixture
hydrochloric acid and water. As a single-laboratory, we validated the improved extraction method. First, I
compared the values extracted using the 1:23 mixed hydrochloric acid solution with those extracted using
the 1:35 mixed hydrochloric acid solution about 14 different fertilizer samples. The trueness estimated from
the measured values was satisfied recommended reference by Testing Methods for Fertilizers. Next, I
conducted the test using two fertilizer samples in the duplicate, per five different days. Based on the
measurements, | estimated that the repeatability relative standard deviations (RSD;) were 0.76 %-1.16 %
and the intermediate relative standard deviations (RSDyr)) were 1.33 %-1.71 %. These results were within
the criteria of repeatability and intermediate precision of the Testing Methods for Fertilizers. In conclusion,

this improved extraction method are valid for the determination of the sulfate ion in the fertilizer.

Key words  ion chromatography, sulfate ion, hydrochloric acid concentration, single laboratory validation

(Research Report of Fertilizer, 14, 79-86, 2021)
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THGHEAE, Bl AR, AIERIE!
¥—0—F AFru~bIITT 44—, WRAA Y, BTy —1k, LEEBRIC I D %2 MERERR

1. [XL®HIC

[EIRR 7038 G MR OB X AN T e, DASEICI T ISO/IEC 17025 (JIS Q 17025) VD ELR FIHA S5
([ZLT2 o T it RO G HENERE R OB 2 N EEA S TWS. ISO/IEC 17025 Ci, EEE- EZ B % L%
YPER RSN HIEERETHIEAERLCWA. TIEEIO S ORERZEIZB 2168 OS5 RIZED S
OIRTED U CHREFERBR IEY D3 R E S, FAMIC CIILE 92588 7 15 1C DWW TS L OV OPERER FH A
L, IEEHERBRIE D UWIERZ BEMOKEL Y B M OFE Ll , K E2Z Tk, A== TA
RITDHILLEL TS,

BUE, AEEFERBIE GRS IV T DIREEA A > O HTIEIZBAL, S H O D E K OE E O MEREIC
DOWTH—RBREICL 5 %4 M (SLV : Single Laboratory Validation) Z 8L T DY, LinL, WS T
D7 E TR A B D YR AR FE DM D T YAVE Ry THWDIREE &> TN =2 8nh, FIMEMER B2 HAEL T
INTEDS B AT, BB SN OHTIEIC DWW TH —REBR =2 L5 224 M (SLV) 2R L7,

Alal, Zot R UTREEEA A 2 D HTEIZOWT, EERICHETEE S D == L R A Ehi L ¢ A5
BRER 1285224 1M (HCV : Harmonized Collaborative Validation) Z#Ei8 L 0HTiED RN AT 72D T, BEE A
5T 5.

2. MHERUAE

1) HEERRARSRUARRRARSORN

THBICHEEL T IR LT, THSEILEH &%, ) 095, 6 RN (LAIER 3 BBl Rl 7 £ =
7, AR OEIRBY AR AIK S | FEH) 2 B BAE 500 pm O 55\ 18l 9% E T (ZM-200; Retsch
B URA LK. 0%, ERRBARELLT 6 MEDIEES 1.9 g 222N nlaURIZEHT 60 8T
LTEmELE.

B 360 1 (60 1 X 6 FiME) IS ALEL KA T TTU 4 MCFBEIA L, 3BHERBILTZ. ZhS0mAILT:
B DELEERE VTSI 6 FEEONENY L —7 5 10 8 SHE Y, 60 18 (10 18 X 6 ) &4
EMERBR IR LTz, IRIC, 6 FEEONE L — T DD IS I e 2 [l SfiH Li=b 0% — 3B
(AT B IEFERBRT B L, LA F OB IR E I B30 e - Bi A L7

(L FFER SN =)
© RMEEN A AESERE S
© RMEREAN AR RS T R A — NIRRT

VRSZATBOE N RMOKE B e i o 7 — MR R 22 AR A
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« BRASHLEERUERT OMEHNEER T e— T U ar gL A —
- RSt RES T2 —
< ATEMENEN B AR E
- P—F TP AT T 4T TR S
« VTP A DA RS — YR — M Z—
- WHEFE LS4 Shodex —E Atz 42—
< WA T o ——r— kA st BRI RS2 —
HORHRPEE TR IRMOKPER F G R E T R R A 2 —
- BB SH SAA AT REEL D AL~ — PR~ H—
« MNTATEOE NEMOKPENE 2 it 2 — REENE SRR IEEHE e
P AN =N AV S i
(50 & NE)

2) #E
ZHBRRICREL CWDIRVIEERE, (47~ 972U, 3BT 5 (T —RKh T 0%E ) 1345
REREDMEAL TWDEDOEHE L.

3) SHDAE
HFEREBR THWAOMIELL T, IEBERERYE (2020) 6.10.1 filEA4 Y 6.10.1.a AA4 7~ o7k
P B LI TEICEOIE L. 728, BED-8, 7a——k% Scheme 1 TR,

1.00 g
analytical sample

< 100 mL of hydrochloric acid (1+23)

Vertical reciprocating shaker (300 times/min,
with amplitude of 40 mm), for10 minites

200-mL ground-in stopper Erlenmeyer flask

Shaking to mix
|

Ground-in stopper centrifugal precipitate tube,

Centrifugal separation 1700g, 10 minutes

Supernatant
Dilution 100 times more, eluent or water
|
Filtration Hydrophilic PTFE membrane filter (0.45 pm)

Sample solution
|
Measurement

Ion Chromatograph

Scheme 1 Flow sheet for sulfate ion in fertilizers

TR AR R ME IR O E 0.2 pg/mL, 0.5 pg/mL, 1 pg/mL, 2 pg/mL, 3 ug/mL, 4 pg/mL, 5 ug/mL O
FELRDIDNTHREL, 70~ T MIRBT DA AL O — 7 HfEE O CTREREIER T2 L. £
72, ZINFRBRE DM H - a8 K ONAE S AR I Lo TUIR AR S R MR & 72 D FTREME S B 2 HAVTZ T2
—RAK O ZRATHREREAER LN O &2 T Hraleh O fith 4’2L//)§fh72ﬁum4b7lf
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R R E LT

4) HRFEBARHOHE MR

TUPAC/ISO/AOAC DHFREFRBR T 1 haL® ORPEPERERIZHE, 1) THRIL - ¥R MR U 60 {12
DONTC, K EHZ DX 2 ST TS T LT, 72720, = A7 7 AT ANS 0 0riEHT 0.90 g
LU, B—JHEfEE O T RO B A ER LS B OIS A A R E A R LT

5) HFEHER

LFEFRBRICSINUT. 13 BB W TE LicA A ra~ by 77O, 53BN 7 5% 07— 75
L, PIESAHIE Table 1 LBV THS. FEHEIZE BB 2 4 12 A 23 B £ TEEMTHEEAL 7= — BB
KIIHM34E 1 H 29 HET)IZ, ZNENORBREICENT 1) ([ZXEAT L 3L FRER A 12 5%, 3)
DT D I E e ToHMTLIZ.
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3. HMRRUER

1) #RRERBRARHBOHEERHER

% 6 FEFAOFEE (10 #) % 2 RO T T LIZBBEMERER O /3T HE R HoRO TR FEEIE (%) K Ot
BB BRI E EE W TR B UM TR R ZE (s,) , SRR R 72 (), BT Z 5
TR B S YR 72 (spyp) & Table 2 1TRLT2. 51T, IEEHERBRIED (RSN TWDERFBEE D H %2
(CRSDR) e OVEFLHG (R ) IR U7 HEE [ BUE (R 22 (6 r) 2 [RIU< Table 2 [Z7RL7-.

BVEMEOHIETE, TUPAC/ISO/AOAC DHFRERBR 7 Bha L DO FEESBICEM LT T, 0GR 0%
Sy HERR T D728, Cochran DMREZFENLT=. TDOFEE, X TORBHIB W TESHIMEN R CTET-
DT, ZIHD 3 HHE RN DN T— LBl E /I B A2 ML 72, ¥IZ TUPAC/ISO/AOAC DEiigskiR 7 mh=
NDF B OHER (K 2) 2 W THEMOHEEIT 7. TORER, 2 TORECHER (X 2) 23
7oL T2 s, HfAEBR RS L TR YR EME AL TWLZ MR L. ok, 2B, HHT
K2t 2R (5 3) 2 FRtlRd. £, (R ) Ik TOITREE 2 & fo sk B RS HE IR 52 (sp,) ZELHIL
72 &ZA, ALRRRIEEL 3 ZBR< 5 FEFADEING g LELEL THAI/NESWVETH- 72

6r = CRSDg x X/100 <e (K1)
spp < 0.30, = 0.36y .-+ (2)
sy < 0.50, = 0.56 -+ (:3)
Spher = VSr% + Spp? <ee(X4)

G g - HEE E W HBUR R =

CRSD g - JEBFEREE I ORSN T D= M HHE E (SR EBEHERER 2 (%)) 0 B %

X R E Sy PR TEEER 22

op 2N MEMERRAATO B R A LT AR R =

Spb : AVEHRIE R 72 Spar : DFTHE EE 25 Lo aoB} AR YE IR 22
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Table 2 Harmogeneity test results of sulfate ion

Sample Number of % aZ CRSD:”  5¥  sw® 03557 5r® 056" Sper’

sample ()" (%) )" ®W” W )’ ) (W’

Ammonium sulfate 10 71.9 8 5.75 0.28 1.73 0.90 2.88 0.94
Gypsum 10 50.4 8 4.03 0.93 1.21 1.26 2.02 1.57
Complex fertilizer 1 10 33.5 8 2.68 0.16 0.80 0.44 1.34 0.47
Complex fertilizer 2 10 16.1 8 1.29 0.09 0.39 0.25 0.65 0.26
Triple superphosphate 10 3.46 8 0.28 0" 0.08 0.20 0.14 0.20
Complex fertilizer 3 10 2.48 8 0.20 0" 0.06 0.25 0.10 0.25

a) Grand mean value (n = 10xnumber of repetition(2))

b) Mass fraction

c¢) The aim of Rerative standard deviation of reproducibility in Testing Methods for Fertilizers 2020

d) The estimated standard deviation of reproducibility calculated based on CRSDr

e) Standard deviation of sample-to-sample

f) The value for the test : s, < 0.30, = 0.36

g) Repeatability standard deviation

h) Parameters for the determination of repeatbility standard deviation (Sr)

i) Standard deviation of sample-to-sample including repeatability : sb+r=m

. . . . 2 .
j) When the variance between groups < the variance within a group, sv»~ was considered as 0

2) #REFHBREREVINIERE

KRB B LR SN FERERAE RO D, HBRE C IS £, REROKEE TR
— 7R NELINIRD -T2 8D 2.5 pg/mL~100 pg/mL ORLEEA A P E CTREMRETERL, FREEL K
EAREICEDE TEEIN TV, o, W= B LG IF\EAERVIEEHARAL QR olele
5, AP ERVIEEHEEZF AL ENH -T2, 25 2 B E TSI PR E IRV IR TR &
OMRDIEA 5% Table 3 TrRL7z.

Table 3  The conditions of shakers reciprocating horizontally
Shaking Shaking Shaking
Labs ID” Horizontally reciprocating shaker amplitude frequency time
(mm) (times/min)” (min)
B SRR-2, AS ONE 30 260~270 10
G DOUBLE SHAKER NR-3, TAITEC 40 110 10

a) Laboratory identification (In no particular order)

b) 1 times/min = 1 rpm

¢) Quoted from the user's manual

AIAl, R ER R O A A T U ERE C R OVKCEEEIRVIR T AW CRENA R 2R L L 7o
A= B KOG 122V T, Scheme 1 DRRER 150 F N B HEH CRUIZ AL B2 D FINAIZ KD oSz ib
BTHDHIEND, ONTEO R HER L2 HEE T D7D OFFHRNT XA W RWnWZ e LT, SEHRITICH
Wil RS B oD, A RBEN DI S RS R4 Table 4-1 (—RUTIDHE ) KT Table
42 (kUL HE ) TR L.
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Table 4-1 Harmogeneity test results of sulfate ion by calibration curve designed linear function (%)"")

Ammonium Complex Complex Triple Complex

Labs ID” sulfate Gypsum fertilizper 1 ferti]jfer 2 superphgsphate ferti]jfer 3
A 75.74  75.46 50.83  49.57 36.08 36.06 16.71 16.24 4.37 4.20 2.56 2.46
D 7193  71.81 50.07 49.89 32.79  32.55 15.73  15.69 3.75 3.67 1.78 1.71
E 70.88  70.62 47.90 47.59 32.55 3191 1493  14.42 3.22 3.20 1.51 1.50
F 76.09  69.72 49.09  48.38 31.61 31.27 18.01 16.71 3.907  3.59" 2.00 1.80
H 72.22  70.48 48.78  47.28 3246 32.12 15.31 15.03 3.54 3.52 2.00 1.97
1 8497" 84.00" 56297 53.43Y 3692 3516  18.68 1831 395 3.90 1.94  1.85
J 76.06  71.49 50.69  49.39 3438 33.62 15177 7.127 3.96 3.88 2.03 2.02
K 67.10 66.93 46.39  46.23 30.56  30.31 14.43  14.15 3.27 3.23 1.69 1.64
L 73.96  69.75 49.59  48.90 32.66 32.04 16.13  15.79 3.43 3.40 1.91 1.72
M 7091  70.73 49.03  48.75 32.19 3197 15.76  15.75 3.56 3.54 1.93 1.90
B 66.74  66.45 46.53  44.94 30.99  30.67 14.69 14.68 3.44 2.87 1.96 1.94
C 7529 74.94 49.46 3245 33.17 3294 15.20 14.86 3.51 3.19 4.71 1.90
G 72.20  71.95 39.86 35.68 33.01 31.75 15.89 15.84 3.29 3.06 1.83 1.78

a) Mass fraction
b) Laboratory identification
Upper row :Reported values used for statistical analysis (Original date for Table 5)
Lower row : Excluded reported values because of different procedures from the Scheme 1
¢) Outlier of Cochran test
d) Outlier of Grubbs test

Table 4-2  Harmogeneity test results of sulfate ion by calibration curve designed quadratic function (%)a)

Ammonium Complex Complex Triple Complex

Labs ID” sulfate Gypsum fertilifer 1 fertilifer 2 superphgsphate fertilifer 3
A 75.90  75.62 51.19  49.93 36.36 36.34 16.71  16.25 4.39 4.23 2.54 2.44
D 7221 72.11 50.56  50.39 33.15 32091 15.76  15.72 3.77 3.68 1.73 1.66
E 70.72  70.47 47.66  47.36 3238  31.75 1491 14.39 3.22 3.20 1.54 1.53
F 76.28  70.10 49.84 49.14 3236 32.02 17.94  16.69 4.02°  3.70° 2.07 1.86
H 72.66  70.98 49.50  48.00 3298 32.62 1538 15.10 3.55 3.53 1.94 1.91
1 8499” 84.01” 56107 5322 3673 3498 1871 1833 3.94  3.88 1.94  1.86
J 76.18  71.67 50.97  49.67 34.60 33.83 15207 7.17° 3.97 3.89 2.01 2.00
K 70.72  70.56 48.77  48.60 32.24 3197 1522 14.93 3.44 3.41 1.78 1.73
L 74.23  70.10 50.11  49.42 33.05 32.42 16.15 15.82 3.44 3.41 1.87 1.67
M 71.12  70.94 49.37  49.09 32.44 3222 15.78 15.78 3.56 3.55 1.90 1.87
B 66.99  66.69 46.98 45.38 31.30  30.96 1473 14.70 3.43 2.84 1.90 1.87
G 7235 72.10 40.22  36.04 3336  32.10 1590 15.85 3.34 3.11 1.86 1.80

a)~d) Refer to the footnote of Table 4-1
e) No report

Table 4-1 & U* Table 4-2 O _EEET/RUIZ 10 ER=RICHOWT, £ BIORE B4 TUPAC O 4L [RIFABR 7 k=L
LN S TREHIENT UT-. £3°, SMUEA R 3572912 Cochran D& E } O Grubbs O EA FEHELT-.
ZOFER, Table 4-1 TRL7C— RO EFRIZLDHHFIETIE 10 RREOHBAER OIS, LT
=7T1 RB=E, A25T 1 HBR=E, LRk 2 T 1 BELOEBEVABEAIK T 1 RBRENIESL T
HESNT. F72, Table 4-2 TRLE R ROBERICLDRBERICB W TH, — k&AW REROR
FEFERIZ, 10 BBREOHIDLAGET E=7T 1 RBRE, £1257T 1 ABRE, (LAkiEE 2 © 1 3BR=E, Hilv
AEATR T 1 BB UL L THIES L.
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3) BHIRERUVEMBREE

10 RBRE O E D OIMUEZBRINU T W RS A O TR U EEE, TR (), PR TS
FEYEMR 72 (RSDy) B OVIEARMERRBR LT 36 1T 2 OF TG BE O 77 25 4 FH I OV 286 ) PR BUER Y (R 72 (s) , BRI B
FHHE (R 722 (RSDR) K OV 3R 155 12331 2 =5 [ - BURS FE O FF R #iPH & Table 5 (2R L7z,

Table 5  Statistical analysis of Collaborative study results

b) Repeatability Repeatability
Calibration Labs Mean ) 3 3 > B 5
curve Sample St RSD  2*CRSD: SR RSDR"”  2*CRSDw
p@” (W’ ) (%) (%) )’ (%) (%)
lincar Ammonium o1y 7177 214 3.0 8 2.81 3.9 16
function sulfate

Gypsum 9(1) 48.80 0.61 1.3 8 1.35 2.8 16

Complex
" 10 32.96 0.49 1.5 8 1.89 5.7 16

fertilizer 1

Complex
foctilior 2 9(1) 15.99 0.38 2.4 8 1.34 8.4 16
Triple 9(1) 3.64 0.05 1.4 8 0.35 9.7 16

superphosphate

Complex
coctilver 3 10 1.90 0.07 3.8 8 0.27 14.3 16
quadratic  Ammonium o1y 7237 209 29 8 2.25 3.1 16

function sulfate
Gypsum 9(1) 49.42 0.61 1.2 8 1.09 2.2 16
Complex 10 33.37 0.49 1.5 8 1.62 4.8 16
fertilizer 1 ’ ’ ’ ’ ’

Complex
fortilioer 2 9(1) 16.09 0.37 2.3 8 1.23 7.7 16
Triple 9(1) 3.67 0.05 1.4 8 0.34 9.2 16

superphosphate

Complex

fortiioer 3 10 1.89 0.07 3.9 8 0.26 13.7 16

a) Number of laboratories, where p=number of laboratories retained after outlier removed and (g )=number of outliers
b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier (n=The number of Iboratories(p)*xThe number of repetition(2))
¢) Mass fraction
d) Standard deviation of repeatability
e¢) Repeatability relative standard deviation
f) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizer 2020
g) Standard deviation of reproducibility
h) Reproducibility relative standard deviation
1) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer 2020

6 FEHDOFREHI O UWTRHEFHENT OFE R, T _XTORESRMFITBNT, filfeA 4 O 1.89 % (B &
TIER) ~T72.37 % (HE7H) THY, FOOMTEERZ= (s) (X 0.05 % (H &7 H) ~2.14 % (EE5%), M7
FERHZEE(R 22 (RSDy) 13 1.2 %~3.9 %, ZE[H - BIAEHEIR 22 (sp) 13 0.26 % (B 857 3) ~2.81 % (H &0 FH), =
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] P BLAH R AZE Y {22 (RSDR) 13 2.2 %~14.3 % T o7z

W ILOFE S OIE SR WN TS, G TAHRME (R 75 (RSD,) Mo OV ] #5-EHAH X% R 72 (RSDR) 23
JERF R BRIEY D2 S R O FINEI R L TOD R IR E DL ~UIZBIT DI E OFF RGN Tho7=2 a0
B, ARIEORS EIFAEEH R BE O MR R E O R FIHITH G L QWA I LA R LTz,

7B, 5L 2) HRBBRERRUINNERTE (2C, Scheme 1 O BRI EFHL Bred TE
THIEL72Z&ZF Ll T Table 5 TRERZRUIZAATICH 2D o732 B, C KNG 257z 13 BR=E
DOFERAE RO T, Cochran DR E & Y Grubbs DR EIZLVAMUVEE BRI, FEaHENTL 7245 % Table
6 (IR T. THDHDRERITOWTY, BT AR UER 72 (RSDy) S OV=s [ F5 BUAR 6 AR HE i 72 (RSDr) D3 IEEF S
RERIEDOZ LR DO FINET/RLTWDEIRE DL~ )UZBIT G EOFFRFHEN Th-o7-.

Table 6  Statistical analysis of Collaborative study results containing excluded value because of different procedures

b) Repeatability Repeatability
Calibration Labs Mean 4 ) ) g) h) i)
S Sample st RSD:)  2*CRSD; st RSDR"  2*CRSDR
p@" (W’ ) (%) (%) ) (%) (%)
lincar Ammonium 12(1)  71.64 186 2.6 8 3.04 42 16
function sulfate
Gypsum 11Q2)  49.07 0.89 1.8 8 2.50 5.1 16
Complex 13 32.76 0.50 1.5 8 1.76 5.4 16
fertilizer 1 ’ ’ ’ ’ ’

Complex
ot 5 11Q2)  15.65 0.21 1.4 8 1.16 7.4 16
Triple 13 3.56 0.15 4.4 8 0.36 10.2 16

superphosphate

Complex
fortlo 3 11(2) 1.84 0.07 3.6 8 0.16 8.7 16
quadratic  Ammonium (1) 71.85 189 2.6 8 2.62 3.6 16

function sulfate
Gypsum (1) 49.60 0.89 1.8 8 2.23 45 16
Complex 102)  32.53 0.42 13 8 0.85 2.6 16
fertilizer 1 ’ ’ ’ ’ ’

Complex
o 5 102)  15.81 0.21 1.3 8 1.13 7.1 16
Triple (1) 3.65 0.10 2.6 8 0.34 9.4 16

superphosphate

Complex

fortlio 3 11(1) 1.83 0.07 3.8 8 0.14 7.9 16

a)~i) Refer to the footnote of Table 5

4) BBARFHORE ERXRHAROBEICETIEBRREROTE

Y7y =TT ru< b T7 44— TORE TREREBER N 256, REROERME
PRONIZWVGERHLIERHMONTNDY . LL, Aba—btbDAF v ra~ 757 TRk R R %
W T Ly —IEDORIEICB VT, KR 7Ly — 2 LW S IR RO ERIENFLIZEN)
WiEbHD.
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ZIT, MEMOEMIEIB T HAF L 70~ T7 Ot 24 R T 272012, EILFERER IS
7= 13 BBREOREIZTHOWVTRAE AW ERROWRERI (P) ZHERLI-ECA, 2 TORBREIZHBN
T, —IRAE AW ERROPERE ) B 0.99 LLELZRD, MR O EAMEZ R 2523 TE7= (Table
7). UL EDZEnG, A lE o3 ERER T F L 7o s K OVE R IZHB VT, ERICc— kX2 AW e
DEFELNEE 2D,

FoTC, ARIOKLFERERIZIBVTIL, Table 5 O _EETRLIEERD, —RRUZLDMEMENOHEE SN OF
ATHS B M OV [ i BURE BE I K0 AT L O MERE AR -2 28 & LT,

Table 7 The coefficient of determination of the
linear calibration curve

Coefficient of

Labs ID” determination
)

0.9997
0.9994
0.9992
0.9998
1.0000
0.9984
1.0000
0.9996
1.0000
1.0000
0.9982
0.9998
0.9999

SR —=—=TIZTO0mOUOUAw >

a) Laboratory identification (In no particular order)

4. F&H

FERFEBRBRVES | DGR ST DR IR A A BBRIE (A ra~ b7 T 71K) O 5S4 S R Uiz ok
2D, EHERITHEE L S D E M L RIRRER A FE i L 7/ SRR D L 50,

(1) 6 F¥E (12 ) OIEERE W T 13 BBR=ENS ML CERILFERERZ FhEL, E R E O M21T
STz, FHEREO R BRI E N R AR5 R 2RO 10 3UBRE O — R AR BRI LA 0 2 VTt
FHRAT LT AE R, BRIBA A FEE 1.90 % (E &E553) ~T71.77 % (&5 3R) 1IT8V VT M B R E R
2213 2.8 %~14.3 % THY, IERHERERE CRIHEDOTRFAN ThH ol ZOTEND, RIEOKE LM
REREAMHLME D BR FIHICHE G L QDI EZfERE LT,

(2) FEFRIFRBRIZSMUEZ 13 BBR=EE2TIEN T, —KRAEAWTREROREREL () 28 0.99 LLETH
STZEND, RIETHREMREVERTDBT —RRE A WD ENEELNEE LT

A ERET LI o ATiEE, 3 CICHE—BREIC LD 2 Y1 (SLV) DRERR SN TWDIEN D, SHTiEOMERE
I EAEEHES BRI B I DYERE R HED Type B(SLV L TNHCV IZX55H) (2 AL TV 5.
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LFRIFRBRIC T el U — W EE N B AR E 2, —RMENEAN B ARSI 27—,
MRS BB ERT, MRSt RE OB 7 —, DM EEN A RERERE S, P—E7 1>y —
AT T AT 4IRS, VA 2R S, BERE TR S, WlET — o — o —fhS
i, HURCHT PE 26 597 18 7 R MOK BER 235 PR AR P, Y — RS, Abr— A0 v U RS0 B AL
HEERLET.

X

1) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”

(JIS Q 17025 :2018, TEAERT 2 O IERE B D RE I B2 — e R FIH )

2) RMOKER SR LB SE OMEREFIZETOEME T ERE I = SO EITHESE, LB M
B OMeR BB T DB MR — I = 5 2 D @ B O RFEERICE DG A A TR 2 82
W32 B, PR 12 4 1 A 27 B, BEMOKER SRS 96 75, MA&UOEa 3 42 6 14 H, FEHOK
PEAR T REE 1011 5 (2021)

3) EMUKPEHE LBt 2 — (FAMIC) - JERFERRERTE (2020)

< http://www.famic.go.jp/ffis/fert/obj/shikenho_2020.pdf>

4) SHHEA, NEEE, ARG AT ra~v N T 70— RDMEEA A ORIEEOB S, T
Wi, 13, 50-64 (2020)

5) FHIRESE AF a7 40— TR DB A A AT IR T 2 T EO S R, IERHFZEHR S, 14
79-86 (2021)

6) Thompson, M., Ellison, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency Testing
of Analytical Chemistry Laboratories, Pure & Appl. Chem., 78 (1), 145~196 (2006)

7) Horwitz, W., : Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure &
Appl. Chem., 67 (2) ,331-343 (1995)

8) AOAC OFFICIAL METHODS OF ANALYSIS Appendix D:Guidelines for Collaborative Study Procedures
To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005)

9) WUAHAFL, BELERE, EEGHE b7 vy b ERERRE T2 A I u~ ST T 4
—IZBT DEBMREROZEE, Db, 52(5), p297-304 (2003)
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Performance Evaluation of Determination Method for Sulfate ion in Fertilizers
: Harmonized Collaborative Validation

HIRATA Erika !, NOZAKI Tomoharu ! and SHIRAI Yuji !

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

For the determination of sulfate ion (SO4>") by ion chromatography in Testing Methods for Fertilizers 2020, an
improved method was reported in order to improve the efficiency of the test. We conducted a collaborative study
by means of international harmonized protocol to evaluate the improved method for determination of sulfate ion in
fertilizer by ion chromatography. Each of six samples passed the test for homogeneity, and we sent them to 13
collaborators. They analyzed them as blind duplicated. Because of not deviating from the extraction
procedure, valid data were those reported by 10 collaborators. After identification of outliers with Cochran
test and Grubbs test, the mean values calculated by linear calibration curve and the reproducibility relative
standard deviation (RSDRr) of determination of sulfate ion were estimated 1.90 %-71.77 % as a mass fraction
and 2.8 %-14.3 %. This result indicated that the method has acceptable precision for determination of sulfate
ion in this concentration range. In conclusion, we confirmed the validity of the method for the determination

of sulfate ion.

Key words  ion chromatography, sulfate ion, suppressor method, harmonized collaborative validation

(Research Report of Fertilizer, 14, 87-98, 2021)
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9 BEIOTRNITSTAUT LREESMEER:

¥R hnsOESYRDRIE
— B DM R —
MFEEL N, ARG !

F—J—FK a7 UR, 600, JGIRREEREL, Wik a~hr o7 207 NVE BTEE,
aR)<w——R oI HT A

1. [XL®HIC

7aeZURIE, AHARTITEIEL TOBREIISILTORWN, KEH, A—ANUT, 1 FHH 78 DI CHUOE
RBIADEPEIME DI TWDIIVIRF IV a8V R DOEREHA| (Figure 1) ThD. 7mE"7Y F‘ﬂiéﬂ‘i
NIHEIEEA A T 58, b~ h, AL —h =R 7ae ZURIEZ R E W ECIEDE B IR B (EF
EYWELDHY 2. ZOZED, JikIa~hTT7 205 DRV BT (LC-MS/MS) % W 7 HE B % Elﬂ@éz\
MT 71D BISE B Ok RS T DAL T30 LU s, sk RENT= 7 IEO IRV T, il o o gt
WE AR~ —H— Ny ATEOT 4NV —% HEEED S TR R EA R T 5551030 72

ZOZEMD, [FEROMREE AT DV — =R EDOKRZIN (T4 VZ—DOREHEDOKE) 2R ~—H—hK
VN7 2% TR RS 2 5 1EZ RGO T O E L HE T 5.

Cl

'rf;:;:;‘I"?
»

Cl..a'J"‘h N‘::; x\nrDH
O

CAS No: 1702-17-6

Figure 1  Structural formula of clopyralid

2. MHRUAFZE

1) AR OAR

Tl DA OHER 11 $6H (B85 AHERR 3 874, IKSAHERR 3 874, 455 AHERR 3 8740 ) OV 5 A HER
2 BATR) K ONBIESEBEALE 3§64 40 °C TKI 60~70 H#F‘aﬁﬁzd@%wﬁ&, ZIE N DR (Retsch ZM
200) T 500 pm DAZYV—1 % @il T 5E THIEL, AL TofT Aaleta iR L7z, ot AslEhg, AV=F
LRI AU Tl = A CEPAL, BT HORARET, & (mﬂ%ﬁbf:.

OMSEATBOE N R AOK PETH B 2 A e s — IR R e A
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2) FERUHFE

(1) kv~ hrZ7820 7 ZUVE 85313 (LC-MS/MS) : Waters Quatro Premier XE
7172 : Waters ACQUITY UPLC HSS C18 (N£E 2.1 mm, £ 100 mm, K% 1.8 pm)

(2) IEVIREHE: TAITEC SR-2DW

(3) LB : KUBOTA 7 —7 /Ly 7 & D 4000

(4) m—HY—x KL —F—: BUCHI R-200

(5) aRY~—J—hR)» 72 GL-Scienses InertSep HLB FF 500 mg/20 mL

Waters Oasis HLB 12cc (500 mg)

(6) Yna=7a—hr Va7 Supelco HybridSPE®-Phospholipid (500 mg)

(7) #Bi L B : AS ONE MCD-2000

(8) ~=aA—/LK: GL-Scienses

(9) HEREIFHY—: ASONE REREIFH—TRIO TM-2N

3) AE

(1) 7K: JISK 0557 IZHET D A3 DK, 72721, LC-MS/MS 123 AT HIEBERIZ OV TIL A4 DK
ZEHLT.

(2) 7Eh=RJ/L: JIS K 8039 % 3K -PCB a5 I FE (JRHE 5000) (& L7 AV LF0 el E)

(3) Az =N (H -2V =277 ) - FREE R HE - PCB AT AR (Y 5000) £721X LC-MS Hl (&
L7 AV BZFSEASE)

(4) A% =)V (BBER ) : LC-MS IR (8 L7 A0 2 el 3K)

(5) KEefbFRUT L JIS K 8576 Hifkakdk (B sk 2)

(6) Hile: JIS K 8180 ff4JE oA A EE (B L7 A /v AR 3E)

(7) TrE=77K: JISK8085 FpfkadH (H &0 28 %) (B L7 A/V ARG HIEE)

(8) EMWe: LC-MS H#ZE (8 L7 AL LHEHiEE)

(9) /mrEIUR: FREEBEERBRAREK (E L7 AL 2FEH3E)

(10) 72 E=T A (0.0028 % (EE/DHR)): 7>E=77/K 0.1 mL %7K 1000 mL (Z1Z5.

(11) Z7ab®ZUREAERR (0.1 mg/mL) : 78t T7UR[CeH3CLNO2JK 0.01 g #ONrH&IMIZED, ZDOE &
% 0.1 mg ODHIETHELE, PEOT =NV TENL, EETZT722 100 mL IZBL AN, EHRET
[V I 2N % 7=

(12) 7mEZUREEHER (1 pg/mL) : e ZUREEAERR (0.1 mg/mL) ® 2 mL 4 &~ 7 A= 200 mL (2
&Y, R ETTER=NAEINA T

(13) trEHH7eE T NERER (100 ng/mL) : fHRFIZZ o U REEHERR (1 pg/mL) @ 5 mL &4 &
7Z A2 50 mL \2&V, HERRETEEE (1+41000) & 0% 7.

(14) BEHfHI7aE 7 RERER (5 ng/mL~50 ng/mL) : &R H 7o ZYREERERL (100 ng/mL) O
2.5 mL~25 mL #4577 A2 50 mL (ZBFERTIZEY, FERRETERE (1+1000) 2N 2 7.

(15) MEMHI7EEFYREERERK (0.5 ng/mL~2ng/mL) : REMHH 7o TV RERER (10 ng/mL) O 2.5
mL~10mL #2877 A2 50 mL ([ZEREMIIC LD, FERETEEE (1+1000) 200 % 72

gu
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4) BRI

AR R O T B (B8R, 2V —o T o7 (D BAER OV —2 7 v 7 (2) #:1F) 1%, Scheme 1-1~
Scheme 1-3 (Z/RL72. IEEMERERYE (2020) V0 8.2.c DAL, Z7V—2T w7 (1) #{EICB W CaR)~—7h
T LA T HREHA TR & 1 Oy B 2B EA B INL - (Scheme 1-2) . 72, 2RV ~—HF AL T Oasis
HLB 23REIUTUZ3, InertSep HLB FF 238 1L 7=,

BN M O AR E R TR A AE YR 2 LC-MS/MS (ZVEA L, Table 1 OHIESRMFIHE > TR
B (MRM) 7 a~ 75 L5%5-. BoNI-MRM 7 0~ 7T AnLERSDOE— 7 xR T

EREER L, REHRRT OB ®EE RO, Skt os7e o) Fo&FR I L.

2.00 g

analytical sampl 50-mL centrifugal precipitate tube (A) with a screw cap

< 25 mL of sodium hydroxide solution (40 g/L)—methanol [1+99]

Vertical reciprocating shaker

hali . ‘ \ : .
Shaking to mix (300 times/ minute, amplitude of 40 mm), 30 minutes

| Centrifugal separation | 1700x g, 5 minutes
|

| Put supernatant | Acceptor, 200-mL round-bottle flask (B)

(Supernatant)
(Residue) <Repeat procedures inside the frame 2 times>
< 10 mL of sodium hydroxide solution (40 g/L)—methanol [1+99]
Shaking to mix |
|
. . trifugal ipitate t A) with
Centrifugal separation Centrifuga pr§c1p1 ate tube (A) with a screw cap
1700% g, 5 minutes
(Residue) (Supernatant)

| | Combine the supernatants
| Extract |

Scheme 1-1 Flow sheet for clopyralid in composts (Extraction procedure)



REEFZER S Vol. 14 (2021)

102
Extract |
|
Concentration 40 °C, until the volume 3 mL or less, remove methanol, round-bottle
under reduced pressure flask (B)
< 3 mL of hydrochloric acid (1+11)
| Transfer | Reciever, centrifugal precipitate tube (C) 10 mL
|
| Centrifugal separation | 740% g, 5 minutes
(Supernatant)
(Residue) <Repeat procedures inside the frame 2 times>
< Wash round-bottle flask (B) with 5 mL of hydrochloric acid (1+120)
H' Transfer | Centrifugal precipitate tube (C)
|
| Centrifugal separation | Centrifugal precipitate tube (C), 1700x g, 5 minutes
(Residue) (Supernatant)

| Sequentially load the supernatant liquid

Copolymer cartridge column

Cleanup (1) (Wash with about 5 mL of acetonitrile, then 5 mL of hydrochloric acid

(1+120) in advance)

< Wash with about 10 mL of hydrochloric acid (1+120)—acetonitrile [9+1]

< Wash with about 5 mL of water
< 8 mL of ammonia solution (0.0028 % (mass fraction))—acetonitrile [9+1]

[Elute, 10-mL centrifugal precipitate tube (D)]

Elute |

Scheme 1-2

Flow sheet for clopyralid in compost and composted sludge fertilizers

(Cleanup (1) procedure)
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| Eluate |
< 2 mL of formic acid (1+1000)

| mix |
[

Zirconia coated silica gel cartridge column
Cleanup (2) (Wash with about 5 mL of acetonitrile, then 5 mL of formic acid
(1+1000) in advance)

< Wash centrifugal precipitate tube (D) with about 5 mL of acetonitrile
< 10 mL of formic acid (1+120)—acetonitrile [2+98]
[Elute, 50-mL round-bottom flask] (E)]

Concentration
40 °C
under reduced pressure
|
Exsiccation Nitrogen

< 4 mL of formic acid (1+1000)

Ground-in stopper centrifugal precipitate tube,

trifugal fi :
Centrifugal separation 1 ¢35 . 2 10000  g. 5 minutes

|
| Sample solution | Supernatant
|
| Measurement | High-Performance Liquid Chromatograph/Tandem Mass Spectrometer

Scheme 1-3  Flow sheet for clopyralid in compost and composted sludge fertilizers

(Cleanup (2) and measurement procedure)

Table 1 ~ Operating conditions of LC-MS/MS

[LC conditions] ACQUITY UPLC
Guard column: Inertsil ODS-SP HP (3.0 mm I.D., 10 mm L, 3 pm)
Column: Waters ACQUITY UPLC HSS C18 (2.1 mm I.D., 100 mm L, 1.8 pm)
Mobile phase: A: Formic Acid (1+1000) B: Methanol
Gradient program: 0 min (5 % B)—5 min (60 % B)—6 min (95 % B)—7 min (5 % B)
—12 min (5 % B)
Flow rate: 0.4 mL/min
Column temperature: 40 °C
Injection volume: 5 plL

[MS conditions] Quatro Premier XE
Capillary voltage: 1.0 kV
Desolvation temperature: 400 °C
Desolvation gas flow: 1000 L/h
Cone gas: 50 L/h
Cone voltage: 24 V
Source temperature: 120 °C
Precursor ion: m/z 192
Product ion for determination: m/z 146 (Colision energy 20 eV)
Product ion for for validation: m/z 110 (Colision energy 30 eV)
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3. HWRRUER

HEfESE O 7aeZY R OREHER OO P FIEE L T, KERL TR 7 LKV (40g/L) — A% ) —
L1499 THHH L7=t%, iR P DA% ) — Va2 SR — 2 TR %, R (1+11) 22 Thb. 20
B, VR D pH BT VAVMENSEEMEICE LT 22800, B RIEY T HE XIS AT S, AEBHE 5
EDTCIXZDORE DR E2aR)~— I —RN P BT LA T D20, RHTLO BT 4 VE—|ZHER
WHIEEED, ME K OB AEZ N2 CTh 3UBHE IR SO R AN i T L7e<Ze D F B UL Sz,
D1, ARV~ —H—K) w7 5 (Oasis HLB 12¢c (500 mg) ) (2B T Dl BHA K & & D Ui L5 B
THIEUT. ZORRBEICID HEEE0 T 2850 TBIRS ALY, BE SUIMNE T D2BEIT L E Th T

ZDZEMD, [AEROBREE AT DV — =R EDORKEZN (T VF—DRHFEDOKE) 2R~ —H—hKY
3717 2 (InertSep HLB FF 500 mg/20 mL) & VT H ARG F TR 2 5 IEO B E OFHNiZ T 5729, RO
etz i L7z, GIEREEIEENC /e ZUREL T 40 pngkg ARY EZ2IRINLU7Z50E2 U C, InertSep HLB
FF X% Oasis HLB % Vg BB EIZ L0 Z T 4 0T THOMTLIZAE % Table 2-1 1Z7RL, FRRE
(XD EERHL, ¢ BUEICED FEIEO 25T L 7= (Table 2-2). Ai#E K OMEE DR~ — A —KwTh
T 5% O NHEO AT 36.6 ngkg &Y 75.7 ugkg THY, THOLOEHERZET 1.7 ngkg L 0.6
ngkg Thoto. T, FHHMLHR LR, VUL LICEZARBEREITE DN -7, iz,
InertSep HLB FF & H W b BB EIZ LD 0 W IE O BN 1T 73.2 % THY, JEEFERBRIEI RSN T
WHEFED BHE (70 %~120 %) Z 7= L Tz,

2 ORI~ — A= VBT L% QW0 ROBEEMELHR T 5720, LR Oz FE i L
72. Oasis HLB Z WV TH L 0T L T/ ZUREL T2 ng/kg PA B L 7= HEAR % AV, InertSep HLB
FF Z WL e ZURZ 0L, BT O HTEICR 325 O E DR % Figure 2 (27w
L, B B VDT RIIK ARz, Fo, & U EHR OB R ZALDERRED 95 %IEHH
X R ONCAH B 2 A Table 3 (/R LTz, ZOFE R, WO/ T A= EREHERBR BRSO S
BEILME (fHZ (b)) D 95 WIEFEXMIC 1, Ul (@) D 95 %lEEXMIC 0 238 Fiv, MBIFRE(r) 23 0.99 LA
b)) &=L T,
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Table 2-1 Comparison of purification procedure with different

copolymer cartridge column (ng)

Analytical value of clopyralida)

InertSep HLB FF & Oasis HLB”

1 37.8 38.1

2 38.2 37.0

3 35.6 38.3

4 34.8 37.9

Mean value (m) 36.6 37.8
Standard deviation (s) 1.7 0.6
Recovery rate (Unit: %) 73.2 75.7

a) Composted sluge fertilizer spiketed 50 pg/kg as clopyralid
b) Considered copolymer cartridge column

c¢) Conventional copolymer cartridge column

Table 2-2  Statistical analysis for evaluating trueness

Calcurated value Critical value
F-test  Varyance ratio 8.17 9.28"
t-test  t-value 1.38 2.45b)
a) F(3,3;0.05)
b) £(6;0.05)
150 ¢
%}J 125
= 100 |
e
=t
s L
£ 75
a
2
© 50 f
25 +
0 v 1 1 1 1 1 )

0 25 50 75 100 125 150
Clopyralid (O) (ng/kg)
Figure 2  Comparison between analytical values purified with InertSep HLB FF and Oasis HLB
Clopyralid (I): Analytical values purified with InertSep HLB FF
Clopyralid (O): Analytical values purified with Oasis HLB
Solid line: Regression line,  Thin line: y=x

Dotted lines: Upper and lower limit 95 % prediction intervals
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Table 3 Evaluation of regression line for comparison of clopyralid analysis values

with two types of cartridges

Coefficient” Slope (b) 0.137
Intercept (@) 0.968
Correlation (7) ? 0.994
Range of slope (b )C)d) Lower limit 0.911
Upper limit 1.025
Range of intercept (a)° Lower limit -0.361
Upper limit 0.634

a) Regression equation: y=bx+a

b) The recommended criteria* of correlation coefficient: » > 0.99

¢) The 95 % confidence interval

d) The recommended criteria* of coefficient of range of slope:
One is included in the intercept range.

e) The recommended criteria* of coefficient of range of intercept:
The origin (0) is included in the intercept range.

* The criterias shown in Testing Methods for Fertilizers (2020)

4. F&H

HER S D 7a e IR O HIEIZE W T, BIEOFIHRO — M2l R L, 1EROaR)~—I—h
Uy (Oasis HLB) &[REEDIEREEFFD InertSep HLB FF Z4# fl 4255 41 5B I DWW TOZ Y4 M4 B —ik
BREICLORERRLT= LA, IROFERPELNT-.

(1) 2RV~—H =N N T ML DERBE TR AT LD EF O 7 4 NH— AR E DG £H 8
803, AR TR EHARTRZH O Ui Doy B+ 22 L ic ki ST,

(2) {HIRFEBENEEHZ /TR EL T 40 pg/kg MY AR L7232 T, InertSep HLB FF X
I% Oasis HLB Z Wl REBHEICLDENZ N 4 SOMTTHONLIZRE R, ABRETE OO
7-.

(3) Oasis HLB Z W THRIL AT L T/rEZUREL T 2 png/kg~121 pg/kg LA R H U 7= HE AR %5 4
W, InertSep HLB FF Z AW TK L 7 e ZURZ 3T LIofE RA B R o L& 2 A, FHBERE (r) 23
0.994 THY, WH O EIZ—EL TV,

INLOREREREZ, aRV~—I— VBT AL R BEICB W CREHR TR O O 5y B
EZBIL, BEfFEOaR)~—h—k v hT AOMIZ InertSep HLB FF & 52 EE L, EFIH[FRER
O D7D OFABHE K O F B FNEAAER LT,

X m

1) BMKES 7TV RRBEREEDN L AT RS OFEARD
< https://www.maff.go.jp/j/seisan/kankyo/clopyralid/attach/pdf/clopyralid-54.pdf >
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2) [ENZHFFEPHIEIE N R - B Sl PE S BT R B I JERRAE « DL N OVHENRIZ AR R 3 DR A (e T UR)
£ 5 H E TR L F B R~ = =771 (55 2 [l
< https://www.naro.go.jp/publicity report/publication/files/clopyralid ver2.pdf >
3) B/, NKRFFIR, ARZE, AR RIKIa~ N I7 507 ZWE 8558k (LC-MS/MS)
BEIZEDHEE K G RERI R O 7aeZUR, 7/ TVR K77 A0 fIE, B, 7, 1-9
(2014)
4) [ESZATTERRFETE N3 - f i BE TR B W e R S BRE A BT JE o & — R S AMEIE h 7 me's
URD @RS T (2%515) (2017)
< https://www.naro.go.jp/publicity report/publication/files/clopyralid_analysis_1.pdf >
5) DR, NEEEE, FILEST, AR RIE I a~ N T T 80T NE RS (LC-MS/MS)IEICED
T OrueZVRORE  —HERERIEOE HFMHILR —, IEEHFZEHRE, 11, 63-74 (2018)
6) AMEL, NEEE, AR IR~ N TT 20T NE & HT (LC-MS/MS) IEIC LD HER S Hh o
7ueZUNOREHEOW R, JERHIFZEH T, 12, 69-83 (2019)
7)) EMOKPEHE Z 2t 2 — (FAMIC) - JREHERRERE  (2020)
< http://www.famic.go.jp/ffis/fert/obj/shikenho_2020.pdf >
8) MMEREL D, AHMIA KK I n~ s T7 50T ME R EIE MW HERE R O7ae IR D5
Mr — SERHIL RIS L2 2 Y VEMERR —, NIRRT ZE#R &, 14, 109-122 (2021)
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Microanalysis Determination of Clopyralid in Compost and Composted Sludge Fertilizer
using Liquid Chromatograph-Tandem Mass Spectrometer (LC-MS/MS): Improvement of
Purification Operation

KATO Madoka ' and SHIRAI Yuji !

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

The analytical methods for clopyralid in compost and composted sludge fertilizers described in Testing Methods
for Fertilizers (2020) are as follows. Clopyralid was extracted with methanol under alkaline condition. We purified
the extract with a copolymer cartridge column and a zirconia coated silica gel cartridge column. Clopyralid was
determined using Liquid Chromatograph-Tandem Mass Spectrometer (LC-MS/MS). However, there were cases
where contaminants in the extract clog the filter of the copolymer cartridge column. We improved a part of the
purification operation procedure and examined the performance of InertSep HLB FF (Column size 500 mg/20 mL),
which has the same function as the conventional copolymer cartridge (Oasis HLB 12cc (Column size 500 mg/12
mL)). We compared InertSep HLB FF and Oasis HLB using the analytical values purified by loading the

centrifuge sample solution. As a result, the analytical values were in agreement in the range of 2 pg/kg to 121 pg/kg.

Key words  clopyralid, compost, composted sludge fertilizer, LC-MS/MS, copolymer cartridge column

(Research Report of Fertilizer, 14, 99-108, 2021)
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10 HAYOTN SO T LBEESHEERALV-
HREdhD/IOES) KO HT
—FEHERRERIC LD L EER—

IEEELE N, AHmIE !

F—0—F 7o IUR, HEE, GIREBICE, ik a~ s o7 8T DB BT,

1. [XL®HIC

7aeZURE, AARTIIRELL TOREKIISI TRV, KE, A—ANFVT, AT Z 7L Oipst THE
RBHAD LMD TODUNARF NI T L8V ROBRTEHA] (Figure 1) ThH%.

Cl

_.a-"ri:;:; -

|

C |..e'J""~ N‘*:[aTrD I
@]

CAS No: 1702-17-6
Figure 1  Structural formula of clopyralid

IaEZURNEENT B2 K &I 5258, 7o ZVNIEE O SAURPICHEE SSb. ZOFED 5
IRZE TR E L THES T2 R E A A 328, h=h, A —h =727 ab" T RITRESE HEDS @ WP S 0fE D AR
BB (EEEE) NAETH 2. Tk 28 FREND IR 29 I EMKER IZB W TERBES RIS
He, BN THEEL CODETEH & OGS S AR LI HEIE /e TR B G N Z e RS> 2.

BB DIk~ v 57207 DRVE B HTRE (LC-MS/MS) 22 FIW T HEE K NG IR IR h o 7 m e U R
e OB E ORI HTiEA B (E & FIR 10 pgkg FEEE) L7, 20, BT O/aeIURREN 1
ng/kg FREDKREIZBOTHIEMIC L > UIABREL I SEI S IENRESNT-ILNY, mRERS
PHENMBELS T, ZDOZENG, R 29 FEEITRZE - e E BT ST ER I KV E & TR 2 ng/kg
LT O ESAHEE R 7o ZUR O @R E L (B51E) IR SNY . £, FEEICOHESICL->TY
SINTIED A5 A DS D ¥ 5 A% R LT HEIE A~ A SFRIE R M T o= . LinLanis, 2O ERAR
OFHEEIL TN ZL, BEHZ LS TUIREHITHOWD D — Ny BT 28 HEEEV L Z L CERUBHATR O
RIPNWEEL DL, TREL T EIESE TR RO ENRYE | ThLY raurd 2T 52800,
Wik 30 I NDOFBEA R T 57280, FROIZEDHTIEOS B 2MThi, B—lBR=ICBIT 50T
ED 2P (SLV : Single Laboratory Validation) 23FERRES U722,

VIRSEATBOE N EMOKETE B 2 it o 2 — IR R 2 A AT
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A [El, Z0D LC-MS/MS % W HEAE & OB IERBEIEE O 7a e ZU R OREIZ DWW CE BRI EL S D
FEHEHLFRBRIC I A Y MEREZR (HCV:  Harmonized Collaborative Validation) ) 5 EIC XA A1 TH7-8,
HEREE AW CGREEZE M OB ELZREL 70T, ZOME LR ET 5.

2. MHRUAFZE

1) #REBRAEM

B QOB AEEIOHERE 5 FEE (45 AHEAE 2 FEENE DN ES S AHERE, RS AHEIR & OV 5 A HE
B4 1 REE) K OB YR TR R 1 FiEA 40 °C TR 60~70 B RTEZ L 7=%%, T2 # (Retsch ZM 200)
T 500 um DAZY— @i 5 F TH#L TodT el 2R EL 7=

SRR REHE, 28T REHG 3.8 g 2RV FLURIC AN TEE L, 2N 54 WaEgHRL-, —xt
DT TAL R AR IET 2720, ZNENOLFERBHREORITIIT o Z LeFBE2L, SMREREIC
BofT L7z,

(L FFERS IR =)

-+ RS ABPERL P R B [ A0 A R KB

- —RFEETE N B AR E e B AT 2 —

© R EEN B AR ST A — 2 BERF SR AT e R D P SRR

- BRASHBREERNE Y — ABLE A ZE T

- SRR EUET RS 1Y

- NEEMEEN B AR AE S

- [ESTHFSERH VR N - B E L BT S I e R BRI A B s e 2 —

A E LW E T TR

- U YA ARASHIR B BN AT AS ~ — AR — e 2 —

- MR LR SRR ML 7 i S S AR B b S R A RS R L —

« MNTATEOE N EMOKPEN B 2 2 H T2 — IR B2 sl AE sk 48 i

- BARREER PR ASHFER O L —7

- S LERA SR EAR o 2 —

(50 FNg)

2) EERURBE
LC-MS/MS, LC A BEH T L (H—R A7 L%ETe), IROIRERE, =00 BERE, e OBk, n—2J—
TONRL —H—, v =R VRIS R EDNMEAE L QDAL D EE L.

3) HERAE

LC-MS/MS {EIZ & 2 HEIE L OVGIRFEREILEL T > 7 v &7 U R ORIE OPEREREA 0 72 & O [FFAER 12
%, JERFERBIE O D 82 D/ V=T v (1) &R LHIEY ZHVE.

FEHAIR O F RHRAE (R AR, 2V =707 (D) BB R O7) =7 07 (2) #) il Bk D7 m— —
I (Scheme 1-1~Scheme 1-3) |Z/RLTZ. 7238, BB N T/ —0 T v 7 (1) BETHWSaARY ~—7
Z 2% Oasis HLB 12 ¢c (500 mg) (% InertSep HLB FF 500 mg /20 mL OW T Iz L7z,

A AR YRR ORI 0.5 ng/mL, 1 ng/mL, 2 ng/mL, 5 ng/mL, 10 ng/mL, 20 ng/mL, 50 ng/mL }% O}
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100 ng/mL DR FE L7025 I 1243 R = CRRHERBRIE I Tt > THRML7Z.

HE BB Z BT D AR 72 E S % Table 1-1 (TRLEZD, FRBREDMREA L CD LC-MS/MS (i L
ToIESAT: (Table 1-2 (—f)) IZF%GE L7z, BUBHEIR & O B TIEEIR O 7 0l A (m/z 146 K
O m/z 110) Z BRI H (SRM) IZEDENERIE L. MBS ER O/ ae TV RO — 2 HfE &L OY
ESOWTENE IR ERAER LT, SUERAIR H OB ED 10 ng/mL K D5E 1 0.5 ng/mL~10 ng/mL
O EEFRLF DR EARE VY, 10 ng/mL L EOLAIIRRE#HOKR EHRE VT, AR O7eeZYR
DE—Z MR O@ESNOIREZ KD, ZNENORHTRE R O/7ae VRO &2 F L7z (Table 1-3).

2.00g
analytical sampl

50-mL centrifugal precipitate tube (A) with a screw cap

< 25 mL of sodium hydroxide solution (40 g/L)—methanol [1+99]

Vertical reciprocating shaker

Shaking to mix (300 times/ minute, amplitude of 40 mm), 30 minutes

| Centrifugal separation | 1700% g, 5 minutes
|

| Put supernatant | Acceptor, 200-mL round-bottle flask (B)

(Supernatant)
(Residue) <Repeat procedures inside the frame 2 times>
< 10 mL of sodium hydroxide solution (40 g/L)—methanol [1+99]
Shaking to mix |
|
. . ifugal ipi A) with
Centrifugal separation Centrifuga pr§c1p1tate tube (A) with a screw cap
1700% g, 5 minutes
(Residue) (Supernatant)

| | Combine the supernatants
| Extract |

Scheme 1-1 Flow sheet for clopyralid in composts (Extraction procedure)
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Extract |
|
Concentration 40 °C, until the volume 3 mL or less, remove methanol, round-bottle
under reduced pressure flask (B)
< 3 mL of hydrochloric acid (1+11)
| Transfer | Reciever, centrifugal precipitate tube (C) 10 mL
|
| Centrifugal separation | 740% g, 5 minutes
(Supernatant)
(Residue) <Repeat procedures inside the frame 2 times>
< Wash round-bottle flask (B) with 5 mL of hydrochloric acid (1+120)
H' Transfer | Centrifugal precipitate tube (C)
|
| Centrifugal separation | Centrifugal precipitate tube (C), 1700x g, 5 minutes
(Residue) (Supernatant)

| Sequentially load the supernatant liquid

Copolymer cartridge column

Cleanup (1) (Wash with about 5 mL of acetonitrile, then 5 mL of hydrochloric acid

(1+120) in advance)

< Wash with about 10 mL of hydrochloric acid (1+120)—acetonitrile [9+1]

< Wash with about 5 mL of water
< 8 mL of ammonia solution (0.0028 % (mass fraction))—acetonitrile [9+1]

[Elute, 10-mL centrifugal precipitate tube (D)]

Elute |

Scheme 1-2

Flow sheet for clopyralid in compost and composted sludge fertilizers

(Cleanup (1) procedure)
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| Eluate |

< 2 mL of formic acid (1+1000)

| mix |

|
Zirconia coated silica gel cartridge column
Cleanup (2) (Wash with about 5 mL of acetonitrile, then 5 mL of formic acid
(1+1000) in advance)

< Wash centrifugal precipitate tube (D) with about 5 mL of acetonitrile
< 10 mL of formic acid (1+120)—acetonitrile [2+98]
[Elute, 50-mL round-bottom flask] (E)]

Concentration
40 °C
under reduced pressure
|
Exsiccation Nitrogen

< 4 mL of formic acid (1+1000)

Centrifugal separation

Ground-in stopper centrifugal precipitate tube,
8000 x g - 10000 X g, 5 minutes

| Sample solution | Supernatant
|
| Measurement | High-Performance Liquid Chromatograph/Tandem Mass Spectrometer
Scheme 1-3  Flow sheet for clopyralid in compost and composted sludge fertilizers

(Cleanup (2) and measurement procedure)

Table 1-1  Operating conditions of LC-MS/MS

Column

Mobile phase

Flow rate

Column temperature
Injection Volume
Tonaization

Mode

Precursor ion
Product ion (1)
Product ion (2)

A silica gel column to which octadecyl chemically bonds

(2 mm~3 mm i.d, 50 mm~50 mm L, 1.6 pum~3.0 um particle diameter)
A: Formic Acid (1+1000) B: Methanol

0 min (5 % B)—5 min (60 % B)—6 min (95 % B)—7 min (5 % B)
0.2 mL/min~0.5 mL/min

40 °C

5puL

Electrospray ionization (ESI)

Positive

m/z 192

m/z 146

m/z 110
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Table 1-2  Example of parameter of MS/MS

Insturment Parameter

Waters
Quatro Premier XE

Capillary voltage:
Desolvation temperature:
Desolvation gas flow:
Cone gas:

Cone voltage:

Source temperature:
Colision enargy:

1.0 kV
400 °C

1000 L/h

50 L/h

24V

120 °C

(m/z 146) 20 eV, (m/z 110) 30 eV

SHIMADZU
LCMS-8045

Probe voltage:

DL temperature:

Heat block temperature:
Interface temperature:
Nebulizing gas flow:
Drying gas flow:
Heating gas flow:
Colision enargy:

0.5kV

150 °C

150 °C

400 °C

3 L/min

10 L/min

10 L/min

(m/z 146) 21 eV, (m/z 110) 34 eV

Agilent Technologies

Drying gas temperature:

350 °C

10 L/min
370 °C
12 L/min

6460 Drying gas flow:
Sheath gas temperature:
Sheath gas flow:
Nebulizing gas pressure: 50 psi
Fragmentor voltage: 80 V

Colision voltage: (m/z 146) 20 V, (m/z 110) 36 V

Table 1-3  Measurement operation of clopyralid
Product ion (m/z)" Indicated value
(1) (2) of the peakb)
m/z 146 m/z 110 Area
m/z 146 m/z 110 Height
m/z 110 m/z 146 Area
m/z 110 m/z 146 Height

a) Product ion that created the chromatograph
b) Indicated value of the peak used to calculate the amount

of clopyralid

4) HRFEBRASEMOHEMERER

TUPAC/ISO/AOAC D fEiER 7 mha L2 OB MERBRIZIE, 2o L FERER RS 10 308
EHRERY, FREHI DX 2 ST T ) IS THHr LIz, 7038, 1Al i OB E 230 AND o Hrakehi
1.8 g &Lz, 7272L, 7abeZUNEOHE M T, 7 mX A4 (1) m/z 146 DFEIZE 7.

5) HRIFER

SERICSINUT- 12 3ER A ONCAEFH L7- LC-MS/MS ORI K OV LC H 4B 775 2% Table2 DL 3BYT
HY, FNEFNORBREIZBWTEMLE 12 RBHZOWT AITIESTEM2F 10 A 23 B S 11 AKHEE
TN 5ZEELTE. 7233, Table 1-3 O HHIEICEDZENE DT iE R HE ST,
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el 72 (Sp4p) % Table 3 [T/RLTE. S5HIZ, JEEMERBRIE ORI CW DRI FHHGE O H %2 (CRSDR) Y
ZNODLRE (G 1) L7 HEE = PR BUE YR 7= (6 r) & Table 3 I[ZRLT-.

BEPEOHIE Y, TUPAC/ISO/AOAC DIFFERBR 7 v ha PO FlAZ B &L=, £7°, oMk RO
M SR ERR T 5728, Cochran OMUEAFMELTZ. FDFER, T XTOREHIBW T NEIZZRD B
IRIST=DT, ZHD SRS RATHOWNT—JER By BT 2 F L 72, IKIZ, ITUPAC/ISO/AOAC DEHER
B mha L O+ EOHER (KX 2) 2 AW THEEOHEEIToT-. ZOFER, 2 TOREFCHER
(F 2) &L TN a2 einh, JLEFER GBI L TR AR EEEZ AL QWD EE R LT, 735, 5D
7o, K3 Lo THMTIEE 25 Lol B R E R 22 (spap) R HLTIZEZA, W NOREL G L T
TN SWETH -T2

Gr = CRSDg X X/100 - (N1
spp < 0.30, = 0.36¢ <e(X2)

Shtr = V/Sr2 + Spp? <o+ (503)

O g HEE S ] P B YR 22
CRSD g : IEEHEABRIZI RSN T D E W A B (SEH - SRR ER 22 (%)) 0 B &

X RS sy DHTEE YRR 2=
oy ZUVERERRATTO H BT & LT AR YR 22
Spp : PRI (R 7= Spar - DHTREEE &5 o Uk A Ve 22

Table 3  Homogeneity test result of clopyralid

Sample No.of @ CRSD:” 6R%  s;® 0568  Swb” 0.36g° Sber”
sample  (ug/kg) (%)  (ngke) (ngkg) (ngke) (ngkg) (ngke) (ngke)
Poultry manure compost 10 5.38 22 1.18 0.34 0.59 0.25 0.36 0.42
Pig manure compost 10 53.1 22 11.7 3.5 5.8 0.0 3.5 3.5
Cattle manure compost 1 10 129 22 28 3 14 1 8 3
Cattle manure compost 2 10 7.03 22 1.55 0.32 0.77 0.15 0.46 0.35
Horse manure compost 10 25.0 22 5.5 0.4 2.8 0.4 1.7 0.5
Composted sludge fertilizer 10 17.1 22 3.8 0.6 1.9 0.2 1.1 0.6

a) Grand mean value ( # = 10xnumber of repetition(2) )

b) Criteria of precision for reproducibility relative standard deviation in Testing Methods for Fertilizers 2020
¢) The estimated standard deviation of reproducibility calculated based on CRSDr

d) Repeatability standard deviation

e) Parameters for the determination of repeatability standard deviation (sr)
f) Standard deviation of sample-to-sample

g) Parameters for the determination of homogeneity (sbb)
h) Standard deviation of sample-to-sample include repeatability ~ Sp+r =V Spb” + Sp?

2) HFRREBRAERUINMNIERE

BB RSSO FERBRAEE Table 4 (RL7Z. % RN O5HENO#E R4 TUPAC
DI FEFRF T mhaL 13 DS THREFHLEEL 72, SMUEE B 9272912 Cochran OfRE & O Grubbs 0
MREZERLTz. EORER, WTHoraeZURE&O53Hrik (Table 1-3) 12380 ThH 12 BRE O TR0
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D B 7AW ONT

28 IR BUE e 22 (sw) , 28 [ AR BURR DGR Y 22 (RSDR) K OVIERHE RABR 5 (C

FHHE e 7% (CRSDR) O H %2 % Table 5
T ARTOEMNFIEIZBNT, 7R TUROFEEEIL 5.19 pgkg~116 pgkg THY, ZOHHTEMERZIX
0.41 pg/kg~15 pg/kg, THATAXMEAENR 1% 4.9 %~15.3 %, EMHFHREER L 1.20 ng/kg~23 pgkg, =
1 P BFH RS (R 220X 14.3 %~30.6 % Cdro7z.
DT OB FIEIZBWTY, T HE AR 2 (RSD,) K OVEE [ T LR S AZ HE(R 72 (RSDR) b AR5
BRiE D Z S HERER O FINAITRL TOD R IRE DL ~ILIC

(WL,

SSIDRAEA IR

75**f”®ﬁ§%ﬁl(**f“@Hﬁ@*ﬁxﬂ‘“ﬁ{ﬁ

2D 2 FELUW) Th-oT=Zlinb, AEOR X FABRIEOVEREFHI R EDOEKR FIHICHE A L TV DO L2 0k
LTz,
Table 5  Statistical analysis of Collaborative study results
Measurement Sample Labs Mean” s RSD." 2xCRSD R sr® RSDR" 2xCRSDR"
operation” p(@)”  (nghke) (ugke) (%) (%) (ghke) (%) (%)
m/z 146  Poultry manure compost  11(1) 5.30 0.73 13.8 22 1.50 28.4 44
Area Pig manure compost 12 50.3 2.8 5.6 22 9.1 18.0 44
Cattle manure compost 1 12 115 14 12.6 22 22 19.1 44
Cattle manure compost 2 11(1) 6.67 0.44 6.5 22 1.48 22.1 44
Horse manure compost 12 22.6 3.2 14.1 22 3.4 15.0 44
Composted sludge fertilizer 12 15.3 1.0 6.4 22 4.2 27.5 44
m/z 146 Poultry manure compost  11(1) 5.30 0.70 13.1 22 1.62 30.6 44
Height Pig manure compost 12 50.6 2.6 5.1 22 9.9 19.6 44
Cattle manure compost 1 12 115 15 12.8 22 23 20.2 44
Cattle manure compost 2 11(1) 6.53 0.49 7.5 22 1.45 22.2 44
Horse manure compost  10(2) 21.7 3.3 15.3 22 33 15.3 44
Composted sludge fertilizer ~ 11(1) 14.4 0.9 6.1 22 3.0 20.5 44
m/z 110 Poultry manure compost  11(1) 5.25 0.61 11.5 22 1.48 28.1 44
Area Pig manure compost 12 50.4 2.5 4.9 22 9.3 18.5 44
Cattle manure compost 1 12 115 14 12.2 22 22 19.4 44
Cattle manure compost 2 11(1) 6.49 0.41 6.3 22 1.57 24.2 44
Horse manure compost  10(2) 21.5 3.1 14.3 22 3.1 14.3 44
Composted sludge fertilizer ~ 11(1) 14.4 0.8 5.6 22 2.8 19.2 44
m/z 110 Poultry manure compost  11(1) 5.19 0.63 12.2 22 1.26 24.3 44
Height Pig manure compost 12 51.2 2.5 4.9 22 9.9 19.3 44
Cattle manure compost 1 12 116 15 12.6 22 22 19.4 44
Cattle manure compost 2 11(1) 6.36 0.53 8.4 22 1.20 18.8 44
Horse manure compost  10(2) 21.7 3.2 14.9 22 3.2 14.9 44
Composted sludge fertilizer ~ 11(1) 14.5 0.8 5.8 22 3.0 20.4 44

a) Upper column: Product ion, Lower column: Indicated value of the peak used to calculate the amount of clopyralid

b) Number of laboratories, where p =number of laboratories retained after outlier removed and (¢ )=number of outlier

¢) Average value after excluding outliers(n=The number of laboratories(p )xThe number of samples(2))

d) Repeatability standard deviation

e) Repeatability relative standard deviation

f) Criteria of precision for repeatability relative standard deviation in Testing Methods for Fertilizers 2020

2) Reproducibility standard deviation
h) Reproducibility relative standard deviation

i) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2020
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4. FEOH

12 SRBR =BT 6 FiSH (12 510 OHENE M OVH IR SRR NE AN W T [RlEBR 2 FEi L, LC-MS/MS Y£(C
LBHENE K OB VR FEBE LR 07 o e SR OHIEIZ SOV TR B HHRMEOFEZ1T 7. 70k, 7ae IV &
DOEMFEX, 7aZ 7 A (m/z146 O m/z 110) W NI —ZHFE M NESIZHOWTENENFEIEL 7.
ZORER, 7aTUROVHEIME 5.19 ngkg~116 pgkg (2B T, EF I MEERZEIX 14.3 %~30.6 %
Tholo. WINOE R FFHAEHEHE(R 2 (RSDR) HIEEHEFFBRIE Y O 2 Y RO FIEIR L TOD KR
FEEDL LT fé%ﬁ@ﬁﬁ@%ul?ﬂf&;é EDD, REOFEE XV T NOHEH FIEICB O ThHIRRER
1EOMEREREAM B MED R FIA T /\L,Tb\é &Mﬁ Bz,

AR UTZ i BRIET, - CICHE —RBR R IC L BRIED 2 S PERERR (SLV) BENTERY, &5iC IEO)*"
FICEERRICIEEL SN D E R 3L Haﬂﬁ ctéﬂ‘él PE#ERS (HCV) D3REli S =2 e, ZoERIEDOVERE
RERFERERIE 31T D PEREHLMED Type B(SLV & N HCV IZED5EHM) 12 G L TWAZ LA fER LT,

SLFFBRIZ T W22 & E LT — Y HE AR A iR B [ 2 BT a5 KB, — LA A R
AMEFRRE = AT 2 —, —fRMEEN BAR T B 2 — L EENT T AT B R = 3
BRER, MRS ALBREHE I —C AGUMITERT, IS U ERT R T8, AU HEN B AR e
ha, ESIFTERAFEIE N3 - R dh PEZE BN O T JEREME R SE BRI A BT IE o 7 — B F AL A E W SRR
e, VYA T ARAS RS FIN AT A~ — YR =7 —, BinE LR SR RE ML
i SRR R L A BT RS B L — 7 EARERH PR HRE 7 v —7, = TR
R EARTB Z T X — ORI EE R LET.

X m

1) BMOKES 7T VRBEREEDNLEF RS OFEARD
<https://www.maff.go.jp/j/seisan/kankyo/clopyralid/attach/pdf/clopyralid-54.pdf>

2) [EISCHFFEBHFEIE N SR - B dh PESERIT RS S B JEREAS - BEL K OVHERRICFR R 3 DR A (/e T UR)
il 2 1 TE VA L F B R~ == 771 (55 2 hj)
< https://www.naro.go.jp/publicity report/publication/files/clopyralid ver2.pdf >

3) JEMOKEER ¥Rk 28 LM A SR K OHEIE P& o7 e T ROFERERICONT
<http://www.maff.go.jp/j/seisan/kankyo/clopyralid/attach/pdf/clopyralid-25.pdf>

4) JRMOKPER Rk 29 F LM A SR EE K OHEE 12 & S o7 me 7R OFR AR R HONT

<http://www.maff.go.jp/j/seisan/kankyo/clopyralid/attach/pdf/clopyralid-33.pdf>

5) BEACHL, KRR, BARZE, AR Rk a~ N F7 207 DRE &5 #rak (LC-MS/MS)
EIZEZDHENE K G IR R D7 TR, TI/ETUR KO 7aT AOHIE, B EH S, 7, 1-9
(2014)

6) [ESZATTERRFEIE N SR - il BE S B S WP e R R BR LA BT S o 2 — B h /e ZU R O
~h, Y EURY, A= =D PR E I &IE T8 T — 2% (2009)
<http://www.naro.affrc.go.jp/publicity_report/pub2016 or_later/pamphlet/tech-pamph/078226.htmI>
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Microanalysis Determination of Clopyralid in Compost and Composted Sludge Fertilizer by
Liquid Chromatography/Tandem Mass Spectrometry (LC-MS/MS): A Collaborative Study

KATO Madoka ' and SHIRAI Yuji !
! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

We conducted a collaborative study to evaluate LC-MS/MS for determination of clopyralid, in compost and
composted sludge fertilizer. Clopyralid was extracted with methanol under alkaline condition. The extract was
purified with a copolymer cartridge column and a zirconia coated silica gel cartridge column. We analyzed the
clopyralid by LC-MS/MS. We sent five samples, respectively, to 12 collaborators. They analyzed these samples as
blind duplicates. The mean values and the reproducibility relative standard deviation (RSDr) for clopyralid were
5.19 pg/kg - 116 pg/kg and 14.3 % - 30.6 %, respectively. These results indicated that this method has an acceptable

precision for determination of clopyralid. Copolymer cartridge column

Key words  clopyralid, compost, composted sludge fertilizer, LC-MS/MS, microanalysis method, collaborative

study

(Research Report of Fertilizer, 14, 109-122, 2021)
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11 LC-MS/MS ZAUL\=FEB¥hd PFOS U PFOA D534t

HHRE L, B ERT!
*—7J—F Hi 5o F LB, PFOS, PFOA, {HIEIE}, ikra~hr o740 7 AHE

BT

1. [XL®HIZ

LT G aF s B AR EE (LU, TPFOS) &), Figure 1-1) &2 —T 4 7 Al, 1R k#, Fm
EMERIZRE VI, E£T2, ~L T vAut s 2B (LLF, TPFOA &V, Figure 1-2) 135> #HE O T8
Fl, @k, AL LB HEN TSR A THY, ENMEIFEAEZ T TRETICE
WA T 257, PR ICE T HFEAKF O PFOS &Y PFOA 1% D TIRIZE W CRIBY U5
FRICBAT T HZEBRHES VS Tna.

ZOZED, HIREFI A LR O ERLIEEZ N0, 225 TR IEEHIX IS L7 PFOS
J OV PRFOA D43 MBS ST TUWeW . RAMIKFEA T 2 - 28 4 J) 2 o 22 A2 58 PR R 015 Je AR L
@ PFOS K U) PFOA O & &A R T 5720 O FREFR &I WD WL OB 3 2 255 (2 1§42 5 2033
FAM2E T A 31 B SN2 a2, ZOSHTIEORRE L OH —RBREICB T 55 HrE D% Y
4 (SLV : Single Laboratory Validation) Z 58 L7 D CE O E 25 T 5.

R F R F R F R F
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SN SN SN N

Figure 1-1  Structural formula of PFOS
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Figure 1-2  Structural formula of PFOA
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2. #HRUAZE

1) AHORERUVHAR

THUEAEEE 37 s CTFARTGIEAER! 3 51, URIGUEAEEL 6 &, TIEVGTEAREl 4 5L, BERIGIRAEEL 1 S OY5
VeI EL 23 50 AR BRELEL, 2T 40 °C T 70 RFRRLIEEL7-1%, £ EIUiE D% (Retsch
ZM 200) T 500 um DAZY— 2 Z @il T HE THEL, IRE L Tott HElEHZTRR L7, odr HEEHE, &RV
TF LRI AN Tlin= A CERAL, B B YA RS, Wi CRAFLE.

2) ZFERURE

(1) R e~tr 75207 DRV BS54 (LC-MS/MS) : SHIMADZU LCMS-8045

(2) ZrBEMH 17 2 GL-Sciences InertSustain C18 (N8 2.1 mm, £ 150 mm, K% 3 um)

(3) H—RAZ2A: GL-Sciences Cartridge Guard Column E Inertsil ODS-SP (% 3.0 mm, £ 10 mm,
W% 3 pm)

(4) T 4L AH72: GL-Sciences Delay Column for PFAS (P42 3.0 mm, £ 10 mm)

(5) #@EWFEA L Yamato 8510

(6) 1E /L yHERE: KUBOTA 7 —7 /L by 75 Lot 4000

(7) =05y BERE: AS ONE MCD-2000

(8) HfEAA AR~ —H—K)>» T GL-Sciences InertSep MA-2 500 mg/6 mL, Waters
Oasis WAX 6 cc (500 mg)

9) 77977 AMNI—RF1—R ) F17 2 GL-Sciences InertSep Slim GC 400 mg

(10) ~=a&—/LF: GL-Sciences, WATERS

(11) ¥EMigs E.: GL-Sciences ZEHZEMEfHT ik =k

(12) HBAEIFY—: ASONE #HEEIF ¥ —TRIO TM-2N

(13) HEEfF =3 BE . GL-Sciences GL-SPE ¥ 0.5 mL&1.0 mL AZ,7 mL

(14) EEAEEEAFHAQCORE: Labcon A7 ab' L8R IEE 15 mL AXLT)—2 AT

(15) LC il/SA7/L: WATERS HKUFBELLBLSAT /L (300 pl), 7 X AL AR ZF Lo Bnl
H %y

(16) AV meL Ml N : GL-Sciences DigiTUBEs 50 mL, GL-Sciences DigiTUBEs 15
mL

(17) RV 7 e L ERE LB E: N7 1.5mL 2y 0% Yy T Fa—T FFaFL

(18) /SAY— L' Xyh: CORNING (ZDT VIR T AR AV — L=y} (146 mm), CORNING
I EDT VIR A T AR S — LB~y k(229 mm)

3) HE

(1) 7k: ik REEE (MILLIPORE # Milli-Q Integral 5) & FW TR 7= 8 ik (FEHSHTME 18
MQcm LL b)) ZEH L7, JISK 0557 (ZHET 2D A4 DK

(2) AZ— v FREEEHE-PCB R (5000 F5HME) (& L7 AL LFEHIEE)

(3) A¥/—/V(FREPEEH) . JISK 8891 Frfkakdk (& L7 AL AFEHiZEK)

(4) 7TEb=FIVGEEERA) 0 LC-MS AR (B 7 A/ 2F e HiER)

(5) ToE=77K: JISK 8085 Frfkakdk (& (NH3) H &4 % 28 %) (& L7 A /L AFEHIZE)
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(6) XMW&: JISK 8264 Frfkal3k (JR £ (HCOOH) & 43 % 98 %LL ) (B H k)

(7) EERET o E=U AR (1 mol/L) : milikikra~hr o7 FaREE (8 L7 AL A Fn k)

(8) HERT =" APAHE (10 mmol/L) : KEEE T > E=7 A¥FHK (1 mol/L) 27K T 100 {27 R L7=.

(9) PFOS = #i% (50 ng/mL) : L-PFOS (Sodium perfluoro-1-octanesulfonate 1.2 mL)
(WELLINGTON)

(10) PFOA #E#EiZ (50 pg/mL) : PFOA (Perfluoro-n-octanoic acid 1.2 mL) (WELLINGTON)

(11) PFOS fE¥EHK (1 pg/mL) & O PFOA FEHERK (1 ug/mL) : PFOS FEYEHE (50 pg/mL) 1 mL K& O}
PFOA fZ#E)Z (50 ng/mL) 1 mL #Z N ENEE 7T A2 50 mL (280, fEHRETAY /— /L% 12T PFOS
FEYEWR (1 pg/mL) & O PFOA FE#EWR (1 pg/mL) Z 7R #iL7=.

(12) JRAFEYAER (100 ng/mL), (10 ng/mL) ) ' (1 ng/mL) : PFOS FEHER (1 pg/mL)5 mL K& O}
PFOA FEEW (1 ug/mL)5 mL 4 ® 77 A2 50 mL ([ZEVIRAL, MEMRETAY /—/L— K (1+1) ZIZ
TIRAHEYERR (100 ng/mL) Z iR L7-. IRAIEUERL (100 ng/mL) | mL 2287722 10 mL &), fZH}j
FTAY ) —/L—K (141) 2N 2 TRAFEYERR (10 ng/mL) ZFH 8L L 72, IRAEEHERR (10 ng/mL) | mL Z 4 &
7722 10 mLZED, FERRETAZ /—/L—K(1+1) N2 TRAFEHER (1 ng/mL) 278 L 7-.

(13) 'BC4-PFOS WHZE#EHZ (50 ug/mL) : MPFOS (Sodium perfluoro-1-[1,2,3,4-13C4]-octanesulfonate
1.2mL) (WELLINGTON)

(14) '3Cs-PFOS WHEHEK (50 pg/mL) : MSPFOS (Sodium perfluoro-1-['3Cs]-octanesulfonate 1.2 mL)
(WELLINGTON)

(15) '3C4-PFOA WHEHEWR (50 ng/mL) : MPFOA (Perfluoro-n-[1,2,3,4-'*C4]-octanoic acid 1.2 mL)
(WELLINGTON)

(16) '3Cs-PFOA WHE #EHE (50 pg/mL) : MSPFOA (Perfluoro-n-['3Cs]-octanoic acid 1.2 mL)
(WELLINGTON)

(17) '3C4-PFOS WHEHEHZ (1 pg/mL), 3Cs-PFOS WAZ#EHE (1 pg/mL), *C4-PFOA PNAZ HEL (1
pg/mL) B OF PCs-PFOA WAEEHR (1 pg/mL) : C4-PFOS PWAEHENRK (50 pg/mL) 1 mL, '*Cs-PFOS PEE
HEWZ (50 pg/mL) 1 mL, 3C4-PFOA PWAZHERR (50 pg/mL) 1 mL K& OF 13Cs-PFOA PAEHEWL (50 ug/mL) 1
mL ZZNENEETTA2 50 mL (128D, ERETAX ) — /L &2 T BCy-PFOS WIEHER (1 pg/mL),
B3Cs-PFOS WAEENR (1 pg/mL), C4-PFOA WAEEWR (1 pg/mL) J OY 3Cs-PFOA WAE R (1 pg/mL) %
TR,

(18) “C-IRAWEEAENL (200 ng/mL) : 3C4-PFOS WAZ Y (1 pg/mL) 10 mL, 3Cs-PFOS PNAE #E i
(1 pg/mL) 10 mL, 3C4-PFOA #Z#E{Z (1 pg/mL) 10 mL &% Y ¥Cs-PFOA A% #E9Z (1 pg/mL) 10 mL 24
B772a 50 mL ([ZEVIRAL, ERETAY ) — /L& N2 T BC-IRA WAEHER (200 ng/mL) Z R AL 7-.

(19) BC-IRAWIEHER (20 ng/mL) : BC-IRA WAL HERK (200 ng/mL) 2.5 mL #4287 7 A2 25 mL 12
£, R ETAS ) — v — K (1+1) I 2 TG A HERR (20 ng/mL) Z R L7-.

(20) FrEARHIEAEAER (0.1 ng/mL~50 ng/mL) : JRAEHERR (100 ng/mL) ® 1 mL, 2 mL X5
mL 22 & 77 A3 10 mL ([ZEMERIIZED, BCIRAGNAEYENR (20 ng/mL) 1 mL ZZE N, MR FET
AH )= =K (1+1) N Z T2 IBAFERERR (10 ng/mL) ® 1 mL, 2 mL &85 mL 2457742 10 mL
BRI D, BC-IRA WEEHERR (20 ng/mL) 1 mL 201 %, R ETAX ) — /L — K (1+1) ZZ N0
ZT1-. IRAHEHENE (1 ng/mL) ® 1 mL, 2mL % OS5 mL 24877 A2 10 mL [ZBEPERI2EY, BC-IRA
FEHERR (20 ng/mL) | mL ZZNENINZ, MR ETAZ /—/v—K(1+1) 2z 7.

(21) B BC-IR A WIEYER (20 ng/mL) :  BC-IRA PWIZEHER (200 ng/mL) 10 mL % 4= &
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7T A2 100 mL (2&Y, FERVETAY ) — VAN Z TRAPNEE #ER (20 ng/mL) Z fH #LL7-.

(22) KRBT BC-IR A NAERER 2 ng/mL) : T aEHAINA BC-1R A AR (20 ng/mL)
SmL 227723 50 mL (280, R ETAY ) — Va2 TRAWIENER (2 ng/mL) 28 L7-.

(23) B SRR AR A EEUENL (400 ng/mL), (40 ng/mL), (4 ng/mL) 2O (1 ng/mL) : PFOS 4 %
W (1 pg/mL) 4 mL & U PFOA FEYERE (1 ng/mL)4 mL 2 & 77 A2 10 mL [ZEVIRAL, FEMRETAX
J— Va2 CHE S iR IR AR MERR (400 ng/mL) 238 L 7=. IRAIEMERZ (100 ng/mL) 10 mL % 4 &
7T A3 25 mLZEY, FERRETAY ) — V7% il 2 CH B S5 e a8 IR A PR YEWR (40 ng/mL) ZFR L 7=, E
SRR R AR YENY (40 ng/mL) 2 mL 2287742 20 mL (280, FEMRETAY ) — Va2 CTH K%
RHHEAEYER (4ng/mL) 2R L 7=, B SR IR A YK (4ng/mL) SmL 22 &7 7 A= 20 mL 12
LV, BERRETAY ) — Va2 CE il IR AR (1 ng/mL) 23R L7-.

4) SHBRIE

(1) i H

IIHTRREL 2.00 g 21T ESTRE AR (A)50 mL (AN, W EHRINA BC-IRA PAZHER (20
ng/mL) I mL Z /1% 72, 82, A¥ /—/L15mL KOVEER 0.1 mL 2Nz, #@EEFEELRE HAWNT20 %5
MRS AL L, 32007080 1700 X g THY 5 i B L, B4Rz 1 U 0B (B)S0mL 1I2f L
2. I, ZOEEE 2 BIE L, EEARERT ORERE (B) Iz, 22l 0RERE (B)S0mL @
HEETAZ ) — &Nz, Mk s L.

) 2V—rTv

FfEA AR~ —I— NV AT LETOT E=T K—AK 7 —L (1+100) % 5 mL,
AH ) —=NH)5mL KA X 7 —v—7K (1+1) 5 mL TIARESH L. £/, 77774 NI—R
V=N T HTRETHOAL ) —H) 5 mL TR LTz,

R S mL 2 U 0RBRE (C) 15 mLIcE v, KSmL 21 TRV IEE, 959fEA 4R~
—H—= RV v THTLARL, BENFTETAAIO LIEICET S £ TS, AL aRBRE (0 %
AB ==K (1+1) #J5mL THEFL, BEKZFRCH 7 MMZAMT L, WKEA B TAHD FimllizEs
HFETHHESEZ, HIZAY 2 —K SmL % 2 RIFHEA 4 &R Y ~—HT— MY » T A
Z, WEHNFTETAAID LIICET L ETRIESEZ. 79774 =R D—1) v VW T L%
A AR ~—D— ) v VT LD FICHEHAEL, 7 E=TK—AF /7 —/ (1+100) 2mL %
Mz, WHEAFETAAID EicET 2 £ it s, BN EHBE D) 20— ) v P BT LD F
ICEX, TVE=T/K—AX/—/L (1+100) 4 mL ZH— kU v H T AIZMMZ T PFOS, PFOA X
DN ONIEHEYE 2 R S 7.

BRI A EHIRIZFECMIZR X AT, 0.5mL O HEEE TIEMi L, KK 04mL 2%, HEEI X
P —TIRVIEE, FiZImLOHBEE CKEMZ, RBRE I X —CRVIEYE, e bEE (B)1.S
mL (AL, 32077 8000 X g TKI 5 s DarBE L, EEARZ B URHAIKR & LTz,

(3) ikra~hr 7527 PAVE B Hritic LD E

AR IR B R M ORBHA TR 2 LC-MS/MS (Z7E AL, Table 1-1 K Of Table 1-2 O 7E S
> TEAA L OFIRGHH (MRM) 70~ T L& F8EL, TNENOE —ZHEERD . %K
FEENOONIEEYE OEERMAA O — 7 HfELAR E Lz, &R &R TR S EER OSSO
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REELRDIE — 7 HFE L O B AR L, BUBHEIR T D& i 53 DU EEZ KD, 3 alikl vh D 4 fik
FOYRERF L.

A h i R A AR IR e OSBHA IR D& Ry L2 OO NIEEW B O E & HAA L LR A
DY —rmifE A E L T L7z,

728, BEOTZDIHTEOEEE % Scheme 1-1 & TF Scheme 1-2 {Z/RLTZ.

Table 1-1  Operating conditions of LC-MS/MS

[LC conditions] SHIMADZU Nexera Series
Delay column: Delay Column for PFAS (3.0 mm L.D., 10 mm L)
Guard column: Cartridge Guard Column E Inertsil (3.0 mm [.D., 10 mm L, 3 pm)
Column: InertSustain C18 (2.1 mm [.D., 150 mm L, 3 um)
Mobile phase (A): A: 10 mmol/L ammonium acetate solution  B: Acetonitrile
Gradient program: 0 min (40 %B)—1.5mim (40 %B)—10 min (100 %B)—
12 min (100 %B)—12.2 min (40 %B)—16 min (40 %B)
Flow rate: 0.2 mL/min
Column temperature: 40 “C
Injection volume: 5 pL
[MS conditions] SHIMADZU LCMS-8045
Ionaization: Electrospray ionization (EST)
Mode: Positive
Probe voltage: -1 kV
DL temperature: 200 °C
Heat block temperature: 300 °C
Interface temperature: 300 °C

Nebulizing gas flow: 3 L/min
Drying gas flow: 5 L/min
Heating gas flow: 15 L/min

Table 1-2  Parameters of MS/MS

MRM transition Colision
Compound Purpose Precursor ion Product ion energy (eV)
PFOS for determination m/z 498.8 m/z 80.0 54.0
for validation m/z 498.8 m/z 98.9 44.0
BC4~PFOS for determination ~ m/z 502.8 m/z 80.0 52.0
for validation m/z 502.8 m/z 98.9 45.0
B Cs-PFOS for determination ~ m/z 506.8 m/z 80.0 54.0
for validation m/z 506.8 m/z 99.0 46.0
PFOA for determination mlz 412.8 m/z 169.0 18.0
for validation m/z 412.8 m/z 369.0 10.0
BC4-PFOA for determination ~ m/z 416.8 m/z 162.0 18.0
for validation m/z 416.8 m/z 372.0 9.0
B Cs-PFOA for determination ~ m/z 421.1 m/z 172.0 19.0

for validation m/z 421.1 m/z 376.0 9.0
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Analytical portion 2.00 g  Centrifuge tube with screw cap (Material: Polypropylene) (A) 50 mL

— "C-internal mixed standard solution for adding analytical portion (Each 20 ng/mL)
1 mL
< Methanol 15 mL

< Formic acid 0.1 mL

| Ultra-sonication | Ultrasonic generator, 20 min
I

| Centrifugal separation | 1700%g (3000 rpm, 165 mm), 5 min
I

| Decantation | Reciever, test tube with screw cap (Material: Polypropylene) (B) 50 mL

(Supernatant solution)

(Residue) < Operate 2 times in this dashed line >

< Methanol 15 mL
< Formic acid 0.1 mL

| Ultra-sonication | Ultrasonic generator, 20 min
I
| Centrifugal separation | 1700%g (3000 rpm, 165 mm), 5 min

(Residue) (Supernatant solution)

Collection of all supernatants
< Methanol (up to the marked line)

Extract |

Scheme 1-1 Flow sheet for PFOS and PFOA in sludge fertilizers (Extraction procedure)
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| Extract |
1
| Aliquot (5 mL) | Reciever, test tube with screw cap (Material: Polypropylene) (C) 15 mL
«— Water 5 mL
| Mix |
1
Weak anion exchange polymer cartridge column
(Wash with about 5 mL of ammonia solution (28 % (mass fraction)) -
Cleanup

methanol [1+100], about 5 mL of methanol, then about 5 mL of
methanol - water (1+1) in advance)

< Wash test tube (C) with methanol - water (1+1) 5 mL
< Add methanol - water 5 mL twice

Connect a graphite carbon cartridge column (wash with about 5 mL of
methanol in advance) under a weak anion exchange polymer cartridge
column

Cartridge column
connection

< Add ammonia solution (28 % (mass fraction)) - methanol [1+100] 2 mL
[throw away]

< Eluate with ammonia solution (28 % (mass fraction)) - methanol [1+100] 4 mL
[Reciever, test tube with scale 0.5 mL and 1 mL (D)]

| Concentration | Gently spray Nitrogen gas (up to the line marked 0.5 mL)

< Little amount (abuot 0.4 mL) of water

| Shake to mix | Vortex
< Water (up to the line marked 1 mL)

| Shake to mix | Vortex
I

| Centrifugal separation | 8100xg (10000 rpm, 72.5 mm), 5 min
]

| Sample solustion | Supernatant solution

| Measurement | LC-MS/MS

Scheme 1-2  Flow sheet for PFOS and PFOA in sludge fertilizers (Cleanup and measurement procedure)

3. BWRRUEER

1) LC-MS/MS O I FH Dt

PFOA 1, JLLAIEL TSN TR T I 7 A uT Lo (T7uy) BENSIRH 7520380,
LC OEBER OFE KL Y LC OEERER ORI NODIRB AT ORNDHD. ZbD R EAZ Y FRT2DIE M
REFETALIET AL ADT L% AT LC DM 2% E L.

F72, MS/MS ARG DAF ALE, A3 AEE—RENE=F—AF 2D TIL JIS K 0450-70-10
VR OKEE P HAZEREE B OREHIEVESEICREL, TOMOIEH (6 L7 @E ICm U254
PRIV EGRE L. B2, PFOS FE#ERK (1 ug/mL), PFOA FEHEE (1 pg/mL), *C4-PFOS PNHE #EL (1
pg/mL), 3Cs-PFOS PAZ £ (1 ng/mL), *C4-PFOA PAZHEWR (1 png/mL) K OF 3Cs-PFOA PEE YR (1
ug/mL) ZH\WTC, ZNE DAY Db % e L TRl E S /4% Table 1-1 & O Table 1-2 D E3VE
L7z,
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B s R S AR MERR (20 ng/mL) M OFUEHAR (G IR FBEIEEN 122V T 2. 4) B) IZE->THIEL T
Boni=ra~h7Z L% Figure 2-1 & O Figure 2-2 (Z7kL7=. PFOS DY —7 DR FFIFIZH 9.4 43 T,
ARBHAIRIZ & £ T2 PFOS OIS (43I 85) KO — 7% 43 B CE72. PFOA DY — 7 OPRFFIFEIE
#7.1 45T, BUBHRIEIZE £1TV 72 PFOA OIEE (i 8) Ko — 2% /3B C& 7.

AR TR AR (PFOS 2 O PFOA 2L T 0 ng/mL~50 ng/mL &4, '*C4-PFOS, *Cs-PFOS,
3C4-PFOA 2 OY BCs-PFOA EL T4 2 ng/mL & H)IZOWT 2 BHAIEL, & NIEAEICKH A8 — 2 imfE
o &M AERL, EDORIFRORE L OV ERREE Table 2 IIRLIZ. ZOREE, WO &
DI8T A= JERHE R 1 (2020) "2 IR SN TWDE) T OHELEFEVE K OV E R D FF A S HE 2l 1=
LWz 7ok, Z2& D7, PFOS K1Y PFOA FEER IR — NIEWEE — 7 fE k% Figure 3-1 & O
Figure 3-2 |2/~ L7z,

] , Linear Linear
3.0e4 ] <«—— form of ] <«— form of
] PFOS 3.0e4 PFOS
2:5684 ] 2.5e4
2.0e4 2.0e4
] Branced
1.5e4 - 1,5e4.: form of
: 0 PFOS
1.0e4 3 1.0e4 l
5.0€3 5.0e3 U\J
0.0e0 3 0.0e0
T T T T e
70 75 80 85 90 95 100 10.5min 70 75 80 85 9.0 95 100 10.5min

Standard solution (20 ng/mL as PFOS)

Sample solution (Composted sludge fertilizer)

Figure 2-1 MRM chromatogram of PFOS
_ Linear 5.0e4 - Linear
3.0e4 ] <+— form of i <+—— form of
] PFOA PFOA
2.5e4 40647
2.0e4 3.0e4
1.5€4 ]
1 2.0e4 Branced
] ] form of
1.0e4 : i PFOA
] 1.0e4
5.0€3 .
0.0€0 - 0.00 /\}
R FRE R R EAULE N LY LR LR LR LA EARRS AR LLEAN LELES LA LELEE RAES
50 55 60 65 70 75 80 85min 50 55 60 65 7.0 75 80 85min

Standard solution (20 ng/mL as PFOA)
Figure 2-2 MRM chromatogram of PFOA
Conditions of LC-MS/MS shown in table 1-1 and table 1-2

Sample solution (Composted sludge fertilizer)



Figure 3-2  Calibration curve of PFOA
Left figure: PFOA concentration range from 0.1 ng/mL to 50 ng/mL
Right figure: PFOA concentration range from 0.1 ng/mL to 2 ng/mL
O: Plot of peak area ratio (Each PFOA / 1*C4-PFOA (2 ng/mL)) to PFOA concentration
0: Plot of peak area ratio (Each PFOA / 3Cs-PFOA (2 ng/mL)) to PFOA concentration
Solid and thin line: Regression line of the data shown in the plot (O) and the plot (O)

LC-MS/MS% WG H DPFOS J USPFOAD 73 At 131
25 r 1 r
08 |
2 206
S S
= g S
S S
~ ~
02 ¢
O 1 1 1 1 ) 0 of 1 1 1 J
0 10 20 30 40 50 0 0.5 1 L5 2
Concentration (ng/kg) Concentration (png/kg)
Figure 3-1  Calibration curve of PFOS
Left figure: PFOS concentration range from 0.1 ng/mL to 50 ng/mL
Right figure: PFOS concentration range from 0.1 ng/mL to 2 ng/mL
O: Plot of peak area ratio (Each PFOS / '*C4-PFOS (2 ng/mL)) to PFOS concentration
0J: Plot of peak area ratio (Each PFOS / '3Cs-PFOS (2 ng/mL)) to PFOS concentration
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Table 2  Evaluation of calibration curve for PFOS and PFOA

Range of Coefficient” Range of intercept (a )C)d)

Peak ratio concentration Slope  Intercept Determinationb) Lower Upper
Compound (ng/mL) b a - limit limit
PFOS/"C4-PFOS <50 0.456  -0.021 1.000 -0.108 0.067
<2 0.439  -0.002 0.998 -0.016 0.012

PFOS/"Cs-PFOS <50 0.450  -0.015 1.000 -0.088 0.057
<2 0.417  0.002 0.998 -0.012 0.015

PFOA/’C4-PFOA <50 1205 -0.207 0.999 -0.577 0.163
<2 1.150  0.015 0.999 -0.010 0.039

PFOA/"Cs-PFOA <50 0.566  -0.002 1.000 -0.080 0.075
<2 0.574  0.004 0.999 -0.009 0.018

a) Regression equation: y=bx-+a

b) The tolerance criteria* of coefficient of determination: 2> 0.99

¢) The 95 % confidence interval

d) The recommended criteria* of coefficient of range of intercept:
The origin (0) is included in the intercept range.

* The criterias shown in Testing Methods for Fertilizers (2020)

2) BFREEDRE
B2 BB O AT F IR W T A AV AR~ — D — N o AT BUIA 7 E T Vv AL
FREA LI UL (ODS) 71— RNy 7 5 W TR Z B L TS, LLRD G, (GBS IR
BHZBE R L7256, =Ny P AT L0008 IRIZE BRHY, IRMEEAE I W TR T o i
AT, LC-MS/MS IZIE A TEXDIRIE TR oz, Z /510 190 L, ~ (/a7 IAF v /oS-
FALEWENE T DR, iR ZSSEAT o R WR)~— 1 — NP DTN TRHERLUI%, BIZ777
FANT =R T =N P HT L TEIR R OB R EREL T,

EHOIX, COBREEZEMEICT L7200, VT —T N AAMD T F7 7 A —HR o —N) T A
(InertSep Slim GC) # FIVNC, B3fE A4 AR ~— 51—k > 17 A (InertSep MA-2 X i3 Oasis WAX)
DO FICHEFETHZEEL, R (T E=T /K — A% /7—/L (1+100) ) &I 2 72FEIZ PFOS & O PFOA @
R D 5y 2R T 5720 R Ok BRZ i L7-. PFOS M TF PFOA JEE 345 2 ng/mL DAX ) —)L —
KA+ W 10 mL % 2.4) (2) 7V —> 7 v 7 O#EAEL ﬂ%b\é InertSep MA-2 } Y Oasis WAX (ZZ %
WAML, LT RARICERIEL, B M B2 02 7236 B 3 (ORS ERERET ) BC-IR A WAE TR IR (2
ng/mL) Z /1% PFOS & N PFOA Z I E L7z, ZDfE S, Table 3 DE3Y, PFOS & UF PFOA it Hi i 4y
0mL~2 mL TIIEHEET, fiEHE 4 2 mL~6 mL TIEEAEEE L. iHE 4 6 mL LLERIZB W T
(i /wi,et — xR LTS, WEEEME ZIRINL TDHZEND, DI OME CIIit HE4 2 mL~6 mL

Sl R Nl B i

2 FHOF AT RWARY ~—T1—R w7 L& Wi iE RO S VAR T 5729, PFOS
X% PFOA £LT 0.5 pg/kg UL B L7275 AEENE - W TR O R ET A 32 LTz, 2575 JE AR RO fil H iR
Z5mL 72 2 ARHL, ZHZ I InertSep MA-2 % Wi B E X Oasis WAX % H 7ok Bl
PRIk » TREHATRZ T ELL T PFOS MUY PFOA ZHIEL, BiE O HHEIC S T 5% EFE DS HHEDR
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f%% Figure 4 [Z7 my L, B EAR K VO TRIX 2. £z, SRR ERR O RGN Eb
DOEIFFRED 95 % 5 FEH XK M CNAHBIFR %A Table 4 (2R L7z, TOFER, WO/ 3T A= Rk
SR BRIE D IR ST D HESEFLUE (X (h) D 95 %IEFE X RIC 1, Y15 (a) D 95 %lE X 2 0 235
Fh, WA (1) 23 0.99 LLE) 2Lz,

Table 3 Elution pattern from weak anion exchange polymer cartridge column

+ graphite carbon cartridge column

Fraction PFOS” PFOA”

volume InertSep MA-2  Oasis WAX InertSep MA-2  Oasis WAX
(mL) (ng) (ng) (ng) (ng)
0~1 N.D.” N.D.” N.D.” N.D.”
1~2 N.D.” N.D.” N.D.” N.D.”
2~3 12.5 15.8 14.4 16.9
3~4 5.3 2.4 4.1 1.9
4~5 0.2 0.1 0.2 T
5~6 0.1 T 0.1 T
6~7 T T T T
7~8 T T T T
Total” 18.1 18.2 18.7 18.8

Recovery (%) 90.5 91.0 93.5 94.0

a) Each 20 ng for PFOS and PFOA

b) Not detected

c¢) Less than the lower limit (0.1 ng / mL) of calibration curve
d) Total amount of PFOS and PFOA eluted from 2 mL to 6 mL
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Figure 4 Comparison between analytical values purified with InertSep MA-2 and Oasis WAX

Left figure: Analytical values of PFOS,  Right figure: Analytical values of PFOA
PFOS (M) and PFOA (M): Analytical values purified with InertSep MA-2

PFOS (W) and PFOA (W): Analytical values purified with Oasis WAX

Solid line: Regression line,  Thin line: y=x

Dotted lines: Upper and lower limit 95 % prediction intervals,

Table 4  Evaluation of regression line for comparison of PFOS and PFOA analysis

values with two types of cartridges

PFOS PFOA

Coefficient” Slope (b) 0.137 -0.434
Intercept (a) 0.968 1.009

Correlation (r) » 0.994 1.000

Range of slope (5)™ Upper limit 1.025 1.020
Lower limit 0.911 0.998

Range of intercept (a )" Upper limit 0.634 0.315
Lower limit -0.361 -1.183

a) Regression equation: y=bx+a

b) The recommended criteria* of correlation coefficient: » > 0.99

c) The 95 % confidence interval

d) The recommended criteria* of coefficient of range of slope:
One is included in the intercept range.

e) The recommended criteria* of coefficient of range of intercept:
The origin (0) is included in the intercept range.

* The criterias shown in Testing Methods for Fertilizers (2020)
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3) AMEURGERICLDEE DT

B EZFAG T 5720, TARGIRIER, T35 IRER KR QNG IRFE B EHZZ N E 4 200 pg/kg, 20
ng/kg MO 2 pg/kg FY BATIMUIZEEHZ DWW, 3 SO T CIRINEILERBR % F2 0 L7- %% 5% Table 5
IRz,

ZDHER, 200 pg/kg, 20 pgkg K& N2 pg/kg DEAML UL TO PFOS O RILRIZENZEN 96.5 %
~101.1 %, 93.8 %~96.5 %X * 83.3 %~102.1 % THY, PFOA DFHAULRITZNEH 100.4 %~
107.3 %, 92.3 %~95.0 %% (1 99.7 %~102.7 % CTh-7=. T NDOFE¥ R LS fEEHE R BRE 2D IR
SNTWHEED HAEGIHLIN Th -7z,

Table 5  Results of recovery test

Spiked level Mean” Recovery rate Criteria”
Compound Sample (ng/kg) (ng/kg) (%) (%)
PFOS Sewage sludge 200 202 101.1 70~120
fertilizer 20 18.8 93.8 70~120
2 1.81 90.4 60~125
Industrial sludge 200 199 99.4 70~120
fertilizer 20 19.3 96.5 70~120
2 1.67 83.3 60~125
Composted sludge 200 193 96.5 70~120
fertilizer 20 19.3 96.3 70~120
2 2.04 102.1 60~125
PFOA Sewage sludge 200 215 107.3 70~120
fertilizer 20 19.0 95.0 70~120
2 2.05 102.7 60~125
Industrial sludge 200 201 100.4 70~120
fertilizer 20 18.5 92.5 70~120
2 1.99 99.7 60~125
Composted sludge 200 201 100.6 70~120
fertilizer 20 18.5 92.3 70~120
2 2.04 101.8 60~125

a) Mean value (n =3)
b) The tolerance criteria* of the trueness

* The criterias shown in Testing Methods for Fertilizers (2020)

4) PHBERUVGHTREDRESR

OFT RS BE B OV [RGB 2 5B 95728, PFOS KUY PFOA %A L CWDUIRTGTEIEE 2 U5 e %6
BENEEHZOWT, 2 AT CHAZE X TS5 B2 E L THLAVZAE % Table 6-1 (Z/RL, —JohdiE
YT EAT > TERLIT DT RS FE L OV [BTRS FE % Table 6-2 1Z/RU7-. LIRTBTRAE R & U5 B 5 i iR
LD PFOS O E¥IfEIE 4.46 pg/kg KT 66.8 ng/kg T, GHATHEE (RSD:) 13 3.6 %% 1N 3.0 % T, F ks
Ji (RSDy1y) 1 4.6 %} Y 3.3 % ThH-o7-. PFOA O FHEiE 2.08 pgkg MY 140 ug/kg T, BHTHE
(RSD:) 13 6.2 %M UF 1.4 % T, FHFEE (RSDym)) 13 9.2 % KX T 2.6 % Tdh-7-.
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W ILORE S IR E R BRIE D IR SN TV DR E OFF R P LLN Th o7z

Table 6-1 Individual result of repeatability test on different days

for precision confirmation (png/kg)
Human-waste sludge Composted sludge
Compound Test days fertilizer fertilizer
PFOS 1 4.25 4.20 64.3 66.2
2 4.24 4.50 69.3 66.9
3 4.38 4.71 66.2 69.7
4 4.77 4.65 66.1 69.7
5 4.43 4.44 63.5 65.6
PFOA 1 2.34 2.00 143 143
2 1.99 1.94 140 145
3 1.92 2.09 138 137
4 1.91 1.92 135 136
5 2.40 2.25 141 138

Table 6-2  Statistical analysis of replicate test results for precision confirmation

Mean” Repeatability precision Intermediate precision
Compound Sample m s rb) RSD rC) 2xCRSD rd) s I(T)E) RSD I(T)ﬂ 2XCRSD I(T)g)
(ng/kg)  (ngkg) (%) (%) (ng/kg) (%) (%)
Human-waste
PFOS sludge fertilizer 4.46 0.16 3.6 22 0.21 4.6 36
Composted
sludge fertilizer 66.8 2.0 3.0 22 2.2 3.3 36
PFOA umam-waste .03 6.2 22 0.19 9.2 36
sludge fertilizer
Composted
sludge fertilizer 140 2 1.4 22 4 2.6 36

a) Total mean value (number of test days (5) x number of replication (2))
b) Repeatability standard deviation

¢) Repeatability relative standard deviation

d) The tolerance criteria* of the repeatability precision

e) Intermedicate standare deviation

f) Intermedicate relative standard deviation

g) The tolerance criteria* of the intermediate precision

* The criterias shown in Testing Methods for Fertilizers (2020)

5) EETRFDHTE

PFOS J% U PFOA D &ifig F OAZ HEWR D fc /N FEIE 0.1 ng/mL (3 HrakkB 45 0.5 pg/kg F124 &) ©
HY, WTIOD SN e 10 X Tz, ZOZEND, E& FIREHEE T 5729, PFOS & O PFOA D&
HEOERW T ABTRIEEHIE 0.5 pg/kg S BEEZTIMUT 7 ST TONL, TONVHIMHE, 12 YR 5%
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DO F% Table 7-1 1R LT, ZORBRICE > THESNZ PFOS & 1Y PEOA DT/ OFE 5, FV 2k
E%% (0.1 ng/mL~2 ng/mL) & O%EHAT D SN bz vy, Zh 2k sk Brik 2 BlR RBRiED %
BMEfEROFNEIAE > TE R F IR & O FBR% Table 7-2 DEIBVE L.
ZD#ER, PFOS K U PFOA DJE & FRRITWT4Ld 0.5 pg/kg, BH FERITWT LS 0.2 pg/kg FREEE
HEEINT-.

Table 7-1  Replicate test results for estimating the lower limit of quantification
of PFOS and PFOA

Compound Sample Spiked level Nun:lbel: of Mean value s Recoveryd)
(ng/kg)  replication  (ug/kg)  (ng/kg) (%)
PFOS  Sewage sludge fertilizer” 0.5 7 0.55 0.02 96.0
PFOA  Sewage sludge fertilizer” 0.5 7 0.58 0.05 90.6

a) PFOS detection amount: 0.07 pg/kg

b) PFOA detection amount: 0.14 pg/kg

¢) Repeatability standard deviation

d) Recovery rate including the amount of PFOS or PFOA detected in the sample

Table 7-2  Result of estimation of the lower limit of quantification of PFOS and PFOA

(ng/kg)
Procedure” for estimating the LOQb) and LOD®
Replicate test Calibration curve SN ratio
Compound LOQ LOD LOQ LOD LOQ LOD
PFOS 0.2 0.1 0.4 0.2 0.2 0.06
PFOA 0.5 0.2 0.4 0.2 0.3 0.09

a) The Procedure shown in Testing Methods for Fertilizers (2020)
b) Lower limit of quantitation
¢) Lower limit of detection

4. FEO

LC-MS/MS % HI\ 7z PFOS } U PFOA D3 #riEa B3 L, B—aBR==IZ61T 20 Wik o 2 S Vst &
FhaL7=LZAh, WOEBVHSHEEL THRRMEREE AL CWAZ 2R L.

(1) JIS K 0450-70-10 £ 5|2 LC-MS/MS DOREFRIFRELT2EZA, EEHHIKD PFOS & U PFOA LAl
B4R PFOS } N PFOA %y Bfed 52 Ln T/,

(2) HMERARASERER (PFOS & PFOA LT 0.5 ng/mL~50 ng/mL &4, 3C4-PFOS, 3Cs-
PFOS, "*C4-PFOA }¢ O* 3Cs-PFOA LLC# 2ng/mL & A) % 2 BIHIEL, 4 PFOS & O PFOA DR L
WIEHEIZ 6§58 — 7@%% IONT—RENRSHTZ VTR ERZER L. £b0ERROT) F
D 95 %lE T X NI A (0) 23 E £, ZENODOHRERELIE 0.992~1.000 THY, 1 O EFRE D R
Sz,

(3) VHIRFEBENEEI O & 33 A A ZZ R~ — I — Ny D H T LD I THERLIZISE, &y
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ZERTT, MRS 28D D, LC-MS/MS IZHEATEDIRETIT e o728, B3FEA 4L AR ~— 7
—N T NT LT —R T T 7 7 AN — )T LadifE T 52 & TR T O 5y S 3R 25 T -,

(4) 3 FEFOIBIEAEE AW CHRMEIGRER IC X0 B OMEGR AT -T2 8E 8, PFOS & ' PFOA % 2
ng/kg~200 pg/kg O FEHPH T EULER 83.3 %~107.3 % THY, Wb BEHERBRE D ITREN
TWHEED BIEHFHIFHLIN TH 7.

(5) PHTHEE R O S EE 2 e 75720, LIRTGIRNEE XK OVGIRFBEALEZ VT 2 mpHMTCH%Z
Bz T 5 BN EIT-724E R, PFOS &Y PFOA OO THE (RSD) 1X 1.4 %~6.2 %, WK E
(RSDy1) IX 2.6 %~9.2 % Th o7z, [EEFERBRIEITRIICOD O TG EE K OV G FE 0D 325 i PR 2
=L Tz,

(6) BHFELT=HHTIEIZIBUVT PFOS J T} PFOA D 7E & FIRIT 0.5 ng/kg FLE LHEESHT-.
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Determination of PFOS and PFOA in Sludge Fertilizer using Liquid
Chromatograph/Tandem Mass Spectrometer (LC-MS/MS)

SHIRAI Yuji' and NUMAZAKI Kanako'

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

We developed and validated the determination method of PFOS and PFOA in sludge fertilizers using
liquid chromatograph/tandem mass spectrometer (LC-MS/MS). After the analytical portion was added the
internal standard solution (each 20 ng as PFOS and PFOA), PFOS and PFOA were extracted with methanol
containing a small amount of formic acid. The extract was purified with weak anion exchange polymer
cartridge column and graphite carbon cartridge column. PFOS and PFOA were measured by LC-MS/MS. As
a result of 3 replicate analysis in 3 kinds of sludge fertilizer samples prepared to contain with PFOS and
PFOA at 2 pg/kg, 20 pg/kg and 200 pg/kg, the mean recoveries were 88.6 % - 100.8 %, respectively. As a
result of duplicate analysis on 5 days in human-waste sludge fertilizer and composted sludge fertilizer
contaminated with PFOS and PFOA, the mean value, repeatability relative standard deviation (RSD;) and
intermediate relative standard deviation (RSDyr)) were 2.08 pg/kg - 140 pg/kg, 1.4 % - 6.2 % and 2.6 % -
9.2 %, respectively. Minimum limit of quantification of there were estimated 0.5 ng/kg. Those results

indicated that the developed method was valid for the determination of PFOS and PFOA in sludge fertilizers.

Key words  PFCs, PFOS, PFOA, sludge fertilizer, LC-MS/MS

(Research Report of Fertilizer, 14, 123-140, 2021)
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ZE1R, EFO~ DRI ER (HEHe)
—2019 A4 AE-2020 4 {E—

WRIEA ', ATIUFNSE %, BAEE °, /MR 1, BrEssCis °
F—0—F  GURAEL, HARER, DRIV L

1. [XC®HIZ

AEEFD A TE UG Y CIIBIRIEEH T OB A EFFSNDIRIV LD K& (LUT, [EHFFRME] ). )
1% 0.0005 %&EDOHILTED, HIRIEEHIZOFFENIZIB W TRE, S Tnb. —J5, HIRIEEO i
[ZEY BBIC AR SN BB AEEL, BRI T2 LEORF 284 TEIEM~BATL, A&
(A EIREEMNEPESNDZ ENBR ST, 2009 4F 3 HITEMOKPEG MBI FR SN TEIRIEEIOH
HOHYIF IR T MRS WMEEI2ICBWT, 13 [FRFEM T 2N ERFAEM TS L LT, IRV
LEA TR EOR R R LR T 5720, WEIRIEEOEAIC L@ E IS I RIY AOEFEREA TH
HTHEEATERL, DRIV LEWILRLTWREMEZ R, W ~OWILOH B, FREAFIRLMLERHL &
FLHISNTC. ZOZEND, IEEOA 2 Kk OVZ R OMEIRIZ LB EIC B T o A 7E L LT, HIRIEE D
A RERE L, IRIV AD LD K OVEM IR ~DO W B2 iR L TUVVA.

1 42 H (2009 4F) BEAEND 11 45 H (2019 42) EAECNT T, 1HTRAREfit FH L 72 K &% OVt F L T e X
D2RERXZRT, =2V, RUL YT, ROV IY, FUF YA, T, ROy, Uk=rT s, R
LYY DGR DNETHEEL, TP OHRIY AREDOEA K OVEMIRO I RIT LRI &4 R LT, £
OFERITBEICIE BT FE ML 4 59 ~13 BV THEL DN, BIEHEE, 11 4H (2019 ) L EL D
12 4F B (2020 ) EAEICB W THRET AR 2L LD TEOR RaehE 7 5.

2. MERUAE

(1) ks

R T DIEEHI T ARSI COD URTGTEIE R L7, Bl 20 BT ikt i3 Table 1 D&Y,
FRHEDI TNt A 92 A K OB VAR A DX THIIEIE B U CTRRGREE D IR R, U2 — T B =0 AU
{eAVY 25T LT, V5 TRAERE K O IERE RO B 53 O 53 BT AR R 3 BR 15 12 o 72 (R IEAEBF O Al 4y 5
(3 Table 2 (\Z/RL7Z) . 2O, M NT L ADEED IO Rl K ORIk~ 7 17 2R L.

U SIATBOE NEMOK EETE B L i e o 2 — B AR AT

2 WSTATEOE NBMOKEE B Z 2t 2 — IR 2 2R (B) BRRA

3OMSEATBUE NEMKEEH B Z 28N 2o 2 — BB Z A (B e 2 —

*OSEATBUE NEMKEEH B 2 282 2 — BB Z A (B Mo 2 —

S IMSIATBUE NRMOKPEE B 22 i 7 — AR L SR (B) 4 Rer 24—
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Table 1  Properties of sludge fertilizer

Item Unit Content Item Unit Content
Total nitrogen %Y 5.8 Moisture %Y 11.2
Total phosphoric acid” %% 4.7 Total copper mg /kg 329
Citric acid-soluble phosphoric acid” %% 2.2 Total Zinc mg /kg 1038
Total potassium®’ %) 0.4 Carbon to nitrogen ratio - 6.3
Total calcium® %) 1.4 Total cadmium® mg /kg 2.8D
Organic carbon %" 36.0 Acid-solubility -cadmium®’ mg /kg 1.8

a) Mass fraction

b) Content as P,O5

¢) Content as K,0

d) Content as CaO

¢) Content of cadmium dissolved with aqua regia

) 4.9 mg/kg in the dry matter

g) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid

Table 2 Properties of reagent

Ammonium dihy drogen Potassium

ftem Unit - Urea phosphate chloride
Total nitrogen 0% 46.1 12.0 —
Total phosphrus” /A 61.0 —
Total potassium®’ %Y — — 63.1

a) Mass fraction
b) Content as P,Oj5
c) Content as K,0

(2) BB LM

AFRBRT Y B H—EH RS (B EIRSW-EH) CEMLZ. BHEOREIXEAR L THY, LT
<EThsd. 1 FHEEIS 11 FHEEETO LEOBILFEMEDI D, pH, BXAEEH (EC: Electrical
Conductivity, LA T EC &527), BiA 4 2 #i%¥ & (CEC: Cation Exchange Capacity, LA F CEC &5297), E#
24 (TN : Total Nitrogen, LA I TN &529), fR3E & (TC: Total Carbon, LL T TC L507), AREVAEE, 22
BN, AZHAPE AT K B OAZ 75 +) % Figure 1 1237,

pH 1%, TP Cd BEEICH DN REIN=D, pH 6~pH 7 L725I012, WBREHLAG 3 4EH, 5
FH, 6 FH KO T B IREETE 4K K ONEA KA W T pH %A1 To72. 7 HF B AEDD 11 4FH BIE
FTpH 6.4 FRETLZEL THERBL TS, 11 FEHAAE, 12 H ZEL pH 6.0 fHEIZ T A > TWN5.

EC I, AERBAAALIRE, 0.1 mS/cm~0.2 mS/cm DOFiPH T _EFMMAZ/RL TN E D, 6 4 H D Z/ELIE,
EHEIEEELTHEAL CQWOERET VB =Y AR RFBICEF LA, FAEANDEEC T 0.1 A TLEL
TeHERE 2R CND.

HNED AR, M AR EHC R W TR LICBI D REV AR & A B O BEEEA R+ 100 g
720 10 mg LA E 100 mg LA FEED DIV TNDDIZK LT, sBRBIAGERED 10 mg LU R THER L TeZens
B, DABEIEEFORIE S4B L 72225, 8 4 H AAELIREIEL 10 mg UL EAHEREL Tua.

11 45 B B AEM M R OB LA A iR LIl 25, EEEEW AR YE (5 IR Vlc il L
BEEAZSELLT, TP ORI 3 5oy CSHNEINER, 23t A K, M ) D55, etk
T DORG PMEMERI DT T2, fiE~ 7 Ry AEREAE T A2 LR, AR D AT ADYER
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-7 (Wi~ 27 120 LDy B Table 3-2 (2" L7T2) .
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Figure 1 Transition of the characteristics of the soil



144 EEMFZER S Vol. 14 (2021)

(3) HBRXDORERL
HBRIXIL 1 RBXOEEE 4 m2 (@2 m X452 m) LU, I5TRIREHGE H X % OCREHEX = Fh 2 KIEDEF
4 RBRIXAELE LT,

(4) MEfEFRE
11 B AAERTL YT RO 12 4 H BIE=2 Y O iE#%Ft% Table 3-1 2 Y Table 3-2 (Z/RL7-. JiifE
A, EE R EYE (B EIR) 25 B A LT
TGIRAEEHZE, TGIERE 0O FE 4 8 O R~ O E A Il 272012, e & LR B 24 4R 500~
1000 kg/10 a ELTWDTY BIBERHD, —MAIIC 1 1E4720 500 kg/10 a FREE G STV, F72, &5y
F-UEHEA 2 U715 AR R 2 A L7235 4, 1380 pH ME T 4510, Zhb)sb, 4 4£ B ZE/E0S 11 4£H
ZAEETORBRIZEBNT, 1 EHTZVOIBIRIEEIOfE H % 500 kg/a LT, LUy s, AiBro Hio—
of&;éﬂ%@«@* BAMER T DITITHEEIGTRIEE R D BRIV AR E MRV, AREBRD 12 4 H ZAE
BUDIHETRIEEO N &#i1% 1 /EX720 750 kg/10 a L7z, {HIRAEEIOE RO ML RIL, sifEEToIE
%%Fﬁbféwﬂi 20%, EAFIF40 %L L CEHR O EZR ML, RESITONWTUIRFELHWTHIEL.
DABRIZ O CIE, MR AR £ 2121 A Zh BV AVBE O S HAZ T IRAE (10 mg/100g 721 275
= IOCERE LTz, 72k, IERIERICHDOIGIRIERHIIR HFA B EL, &7 T BV A O 2 FHI A
W, INERIZOWTE, FEREMIEEED LBVERE LIz, 7ok, ZIVETORRICEH T2 hEAREEZ Table
4 TRz

Table 3-1 The fertilization amount (spinach in winter 11th)

. A t 2 A t Components (kg/10 a
Types of fertilizer mounts  Components (g/4 m") mounts p (kg/10 a)

(4m’) N P,0; K,0 Cd (kgloay N P,0; K,0 Cd

<Sludge-fertilizer-application plot (AP)>

Sludge fertilizer 2000 115 95 9 57 500 288 237 22 14
Urea 123 57 — - = 31 143 - - =
Potassium chloride 100 — — 63 — 25 — — 158 —
Total 172 95 72 5.7 43.0 237 180 14
<Standard plot (SP)>

Urea 133 61 — - = 33 153 — - =
Ammonium dihydrogen phosphate 155 19 95 - = 39 47 237 — -
Potassium chloride 114 — — 72— 29 — — 180 —
Total 80 95 72 — 200 237 180 —

Table 3-2 The fertilization amount (carrot in summer 12th)

A 2 A Components (kg/10 a
Types of fertilizer mounts Components (g/4 m") mounts p (kg/10 a)

(g4m®) N P,0; KO0 MgO Cd  (kg10a) N P,0; K,0 MgO Cd

<Sludge-fertilizer-application plot (AP)>

Sludge fertilizer 3000 164 142 12 — 85 750 409 356 3.1 — 21
Urea 23 11 — — - = 5.7 2.6 — — - =
Potassium chloride 82 — — 52 - = 20 — - 129 - -
M agnesium sulfate 100 — — — 33 — 25 — — 84 —
Total 174 135 64 33 85 436 356 160 84 2.1
<Standard plot (SP)>

Urea 136 63 — — - = 34 157 — — - =
Ammonium dihydrogen phosphate 109 13 67 — - = 27 33 166 — - =
Potassium chloride 101 — — 64 - = 25 — 160 — —
M agnesium sulfate 100 — — — 33 — 25 — — — 84 —

Total 76 67 64 33 — 190 166 160 84 —
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Table 4 The fertilizer application log of the test plots

Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>
Season Types of fertilizer Amounts Components (kg/10 a) Amounts Components (kg/10 a)
Crop (kgl0a) N P,0; K,0 cd (kgloa) N P,0; K,0 Cd
2009  Sludge fertilizer 332 11 17 1 1.2 — — — — —
Summer Ammonium sulfate 52 11 — — — 104 22 — — —
Carrot Potassium dihydrogen phosphate 3 — 2 1 — 36 19 12 —
Potassium chloride 28 — — 18 — 12 8 —
Total 22 19 20 1.2 22 19 20 —
2009  Sludge fertilizer 302 10 16 1 I.1 — — — — —
Winter Ammonium sulfate 47 10 — — — 95 20 — — —
Spinach Potassium dihydrogen phosphate — — — — — 30 — 16 10 —
Potassium chloride 27 — — 17 — 12 — — 8 —
Total 20 16 18 1.1 20 16 18 —
2010  Sludge fertilizer 227 8 12 1 0.8 — — — —
Summer Ammonium sulfate 36 8 — — — 71 15 — — —
Spinach Potassium dihydrogen phosphate — — — — — 23 — 12 8 —
Potassium chloride 15 — — 9 — 3 — 2 —
Total 15 12 10 0.8 15 12 10 —
2010  Sludge fertilizer 181 6 9 1 0.7 — — — — —
Winter Ammonium sulfate 28 6 — — 57 12 — — —
Qing  Potassium dihydrogen phosphate 5 — 3 2 — 23 — 12 8 —
Potassium chloride 15 — — 10 — 6 — 4 —
Total 1 12 12 07 12 12 12 —
2011  Sludge fertilizer 227 8 12 1 0.8 — — — —
Summer Ammonium sulfate 33 7 — — — 57 12 — — —
Turnip Potassium dihydrogen phosphate 6 1 — — 24 3 15 — —
Potassium chloride 22 — — 14 — 24 — — 15 —
Magnesia lime (pH adjustment) — — — — — 35 — — — —
Total 15 15 15 0.8 15 15 15 —
2011  Sludge fertilizer 483 16 25 2 1.8 — — —
Winter Urea 22 10 — — — 43 20 — — —
Spinach Potassium dihydrogen phosphate 1 — 1 1 — 50 — 26 17 —
Potassium chloride 25 — — 16 — 1 — — 1 —
Slaked lime (pH adjustment) 176 — — — — 216 — — — —
Total 26 26 18 1.8 20 26 18 —
2012 Sludge fertilizer 500 17 26 2 1.8 — — — —
Summer Ammonium sulfate 65 14 — — — 80 17 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 29 — — 18 — 32 — — 20 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 30 36 20 1.8 22 36 20 —
2012 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter Ammonium sulfate 71 15 — — — 71 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 26 — — 16 — 29 — — 18 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 32 36 18 1.8 20 36 18 —
2013 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Ammonium sulfate 81 17 — — — 80 17 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 29 — — 18 — 32 — — 20 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 34 36 20 1.8 22 36 20 —
2013 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter Ammonium sulfate 87 18 — — — 71 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 26 — — 16 — 29 — — 18 —
Fused magnesium phosphate 250 — 25 — — 250 — 25 — —
Slaked lime (pH adjustment) 196 — — — — 2189 — — —
Total 35 51 18 1.8 20 51 18 —
2014 Sludge fertilizer 500 17 26 2 1.8 — — — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —
Fused magnesium phosphate 291 — 58 — — 33 — 7 — —
Slaked lime (pH adjustment) — — — — — 196 — — — —
Total 27 84 16 1.8 19 33 16 —
2014 Sludge fertilizer 500 17 26 2 1.8 — — — —
Winter Urea 25 11 — — — 34 16 — — —
Spinach Ammonium dihydrogenphosphate 71 9 43 — — 36 4 22 — —
Potassium chloride 26 — — 16 — 29 — — 18 —

Total 37 70 18 1.8 20 22 18 —
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Table 4 continue

Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>
Season Types of fertilizer Amounts Components (kg/10 a) Amounts Components (kg/10 a)
Crop (kgl0a) N P,0; K,0 Cd (kgl0a) N P,0; K,0 Cd
2015  Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —
Slaked lime (pH adjustment) 196 — — — — — — — —
Total 27 26 16 1.8 19 26 16 —
2015  Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter Urea 21 10 — — — 15 7 — — —
Spinach Ammonium dihydrogenphosphate 72 9 44 — — 109 13 67 — —
Potassium chloride 26 — — 16 — 29 — — 18 —
Total 35 70 18 1.8 20 67 18 —
2016  Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Urea — — — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate 89 11 54 — — 42 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —
Total 27 80 16 1.8 19 26 16 —
2016  Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter Urea 36 17 — — — 32 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 43 5 26 — —
Potassium chloride 26 — — 16 — 29 — — 18 —
Total 33 26 18 1.8 20 26 18 —
2017 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 43 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —
Total 27 26 16 1.8 19 26 16 —
2017 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Winter Urea 36 17 — — — 32 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 43 5 26 — —
Potassium chloride 26 — — 16 — 29 — — 18 —
Total 34 26 18 1.8 20 26 18 —
2018 Sludge fertilizer 500 17 26 2 1.8 — — — — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 43 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —
Total 28 26 16 1.8 19 26 16 —
2018  Sludge fertilizer 500 29 24 2 1.4 — — — — —
Winter Urea 31 14 — — — 33 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 39 5 24 — —
Potassium chloride 25 — — 16 — 29 — — 18 —
Total 43 24 18 1.4 20 24 18 —
2019 Sludge fertilizer 500 29 24 2 1.4 — — — — —
Summer Urea 10 5 — — — 31 14 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 39 5 24 — —
Potassium chloride 22 — — 14 — 25 — — 16 —
Total 34 24 16 1.4 19 24 16 —
2019 Sludge fertilizer 500 29 24 2 1.4 — — — — —
Winter Urea 31 14 — — — 33 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 39 5 24 — —
Potassium chloride 25 — — 16 1.4 29 — — 18 —
Total 43 24 18 1.4 20 24 18 —
2020  Sludge fertilizer 750 41 36 3 2.1 — — — — —
Summer Urea 6 3 — — — 34 16 — — —
Carrot Ammonium dihydrogen phosphate — — — — — 27 3 17 — —
Potassium chloride 20 — — 13 — 25 — — 16 —
Magneiumu sulfate 25 — — — — 25 — — — —
Total 44 36 16 2.1 19 17 16 —

a) The average value of the two district for changing the amount used by each of the experimental plot
(SP-1:240 kg, SP-2:196 kg)

(5) Fkb5J7ik

FEFOBEELIX Table 5 O30, FEAEIE, &RBRXORRE T8 12 kg Z48I2HY, Table 3-1, 3-2 OFEERRE
LTz THERHZ N TRAL, ABRIXREIZHEICHA L. 7ok, FRBRIXOE 1 m O (71—
R7Zo )21, EHEX OREREFTEFUEIE TRIAEL7-. 20, #HEis A0 CORSK 15 em ETHHEL
7z.
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ST DRNAT 72, ST DGR EDF MPiERE B E LIS ATV ) RAE AL, TRSF) 15
cm FTHHEL TRIMZTLITRBLT%, BRI NE 9 54 (KK 20 cm) MR T —4 —7 —7 I LEn/-
T2 RETEL7C.

Table 5  Cultivation summary

Spinach Carrot

Species Mirage Koigokoro
Fertilization 2019.11.15 2020.5.12
Pesticide application 11.15 5.11
Seeding 11.21 5.22
Thinning (first) 2020.1.9 7.7
Thinning (scond) — 7.16
Harvest 2020.3.18 10.1
Cultivation period 118 days 132 days

(6) TEMIADHTALEL

RV YT O (RIRH) ZINHEL 72 %%, THEAIANTELL, TEMIRO B S4B X I E Lz, 351,
ST BB L TR D 1 m? 532 T, KIEK, A4 ZRHKDNAIZ B L, T AZE T H IR
P\l LR 1 2 C 65 °CT— BE LI L 72

ZUVUATONTIRIZ DNz HHEZKGE K THRWIEE L, BTy 7RG T % AV CEER LARER (AT &56) 12
gL, ZhE O EEEZ R EICHE L. SOITOH AR L CREVX o> 1 m? 5048 Tk, 7KIEK,
AT AR DNEIZYEE L, BEEIIAT T A T H R LT 8RR ERIZ T 65 °CT—RK L. 1R
eIy 7B T 2 DT EIWT L7 1%, 18R EZ A2 T 65 °CC— B FLIE LT-.

HE U723 E HBAE 500 pm O 525\ A @il 5 F TR % (ZM200:Retsch 7 —4 —[R]#5£% 6000 rpm)
THRELaATRlE e LTz,

(1) AVERD IR K547

SYHTEEL 0.5 g ICHEEE 5 mL K ONEER /KK 2 mL 20Nz~ A7l /i E (Multiwave 3000:Perkin
Elmar) Ty i'? L7zt D% 50 mL IZEAL, ICP E &3 4144 & (iCAP RQ :Thermo Fisher Scientific) % F T
HELT.

(8) B H-HED/3HT

I FERS, BiRHh 32 56 A MR 1 I KO I L 2. 25388 K OVEM IR O3 BT F RN IUHE L 7= 5 T &[]
CRBR X R 1 m? OVURE K O D FE 5 23T dD, £ g (S 50 mm X BX 250 mm) 2 W CRENBH
15 cm FCEEL IRA L7, lEEERESE T 35 °)CC—Iizgtg, HEE 2 mm OS50 EE#EL-H0%
AT EEE LT,

TR ORHRIT AL, SHEE0.5 g 12, FHESK 10 mL, ALK FE KK 3 mL, T ALKEREK) 5
mL 2R, ~A 7w oy fREEE I L0 g LaRHATR & L7z, IE T ICP B & @& IC kL0 T o7z,

HERR AR AF, 3 10 g 12 L 0.1 mol/L HC1 50 mL &%, 9 30 °CITIRHZRMNE 1 BEFIEEIL T
I U723 0BHRIZ DWW C ICP B B W i & FIV ClIlE L 7212,
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3. HRRUEER

1) Z4EFHRILIYY

(W EMEDOIRE, hFEVLEE

11 B AAERTL YT OfER% Table 6 1ZRLTZ.

I, B TRAEEHE X C 12.1 kg, FEUEX T 13.0 kg THY, FEAEX I3 HIGHTEALEHE F X O 5%k
1393 Thote.

RV BR ORI LPEEEE, IGTEIEEE X T 0.055 mg/kg, FEAEX T 0.042 mg/kg Th -7
Eo, BUL Y TETR ORIV AREICOW TR X2 L 72E 25, {GIeiLEHE T X T 0.485 mg/kg, 1%
HEX T 0.334 mg/kg THY, IGIRIEEHEH XA BIZEWIER Th o7 (p=3.3X107).

1 H25 114 B OAEOINEDOHER A Figure 2 (TR LT-.

TEMIR DB O AR I LR FE 1T Figure 3-1 127898330 Codex FEYEME (0.2 mg/kg) (2% L TR R B
THERE L Qe 1HIEIEBI O IC LRI L oy TRz D I RIT LR EE DAL Figure 3-1 1R 289
B ERITS DLZAROLNN T,

Table 6 Yield of spinach (edible portion) and Cadmium concentration (winter 11th)

Unit Test plot-1 Test plot-2 Average  Yield index® Signtiglsctance
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 11.75 12.35 12.05 93
Cadmium concentration (fresh matter) mgkg 0.054 0.057 0.052 0.058 0.055
Cadmium concentration (dry matter) mgkg 0.47 0.49 0.47 0.52 0.48 - Significance”
<Standard plot (SP)>
Fresh weight kg 13.80 12.15 12.98 100
Cadmium concentration (fresh matter) mgkg 0.042 0.042 0.042 0.042 0.042
Cadmium concentration (dry matter) mgkg 0.35 0.35 0.32 0.32 0.33

a) Yield of Standard plot was indexed as 100

b) It was significantly different for standard plot (two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition X number of
samples) )

BAP aosSp

Yield (kg)

Year

Figure 2 The yield of the spinach in winter (Note: 2nd year (qinggengcai))
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= 0.100 -t
g § 0.600
£ £ 0.400
§ 0.050 N g
2 \E 5’},,_,]/ £
s \jzn/n $ 0.200
3 =
0.000 “o000 b\
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Year Year
Figure 3-1 Cd concentration (content in the fresh Figure 3-2  Cd concentration (content in the dry

matter) in spinach (Note: 2nd year (ginggengcai)) matter) in spinach (Note: 2nd year (qinggengcai))

(2) Bt L IEDAFZ YL

11 4 HAERT L o330 0.1 mol/L HCI-Cd, pH (H20) K& OY EC Z 3 #T L7=ft 4% Table 7 127”1
72. 0.1 mol/L HCI-Cd I, {5 VREEHi A X1% 0.32 mg/kg, HEHEX T 0.20 mg/kg THY, {HIRIEEHEH X CTH
BEIZE»oT2 (p=1.9X107).

Table 7 Characteristics of cultivated soil in winter 2019

Unit Test prot-1 Test prot-2 Average Slgn}[f;lsctance
<Sludge-fertilizer-application plot (AP)>
0.1 mol /L HCI-Cd" mgkg 0.32 0.31 0.33 0.33 0.32 Significance”
pH (H;0)" 6.1 6.1
ECY mS/cm 0.10 0.10
<Standard plot(SP)>
0.1 mol /L HCI-Cd mgkg 0.21 0.20 0.20 0.21 0.20
pH (H,0) 6.2 6.2
EC mS/cm 0.14 0.14

a) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil
b) Soil pH determined on 1 : 5 (soil : water) suspensions with a glass electrode, n=2
¢) Soil electrical conductivity determined on 1 : 5 (soil : water) suspensions with an electricalconductivity meter, n=2

d) It was significantly different for standard plot (two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition X number of
samples) )

2) BEE=DDY

() EMEOIRE, HFEHLEE

12 £ H BfE=2 Y0 O Ji% Table 8 1237

B, VHUR ek I X C 12.2 kg (BE# 6.8 kg, MRES 5.4 kg), FEUEX T 8.8 kg (FEH 4.8 kg, MRS 4.0 kg)
THY, IWEFRHUT 142 GERR 142, IR 134) Thotz, =2 DU B ORIV LR, EIRIEEHE F X
THRHED 0.041 mg/kg, HEHB 0.051 mg/kg THY, FEAEX THRES 0.017 mg/kg, HEEB 0.021 mg/kg ThH-o7z.

Fo, SUVUREH T ORI LRI OWTHE KA L7 2 A, HIRAEEHE X CHRET 0.42 mg/ke,
BEAS 0.41 mg/kg, FEHEX CTHES 0.16 mg/kg, BEHD 0.17 mg/kg THY, ARER (p=1.7X10%), BELL (p=4.5 < 10°)
DAL CIHTRAEEHX 23 B\ O R T o Tz,

1EANS 12 FEBICBITDEEOINEOHERS % Figure 4-1 GEHS) , Figure 4-2 (FR¥EF) 1R L7-. 12 FE HIZ
BERZ DI R DM o B CRBR IR0, IEXNIZH LRV E TR DT, ZO%RDEFELD
FY B o7 lowh, BERERKIIFIFIZ L R E DD IR Rl e o 7e. THIEREEHEF KI% 11 423 DI &
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[FIFEECH-T-.

HREEHED Codex FEHEAE (0.1 mg/kg) 1L AT AIBOMREBIZOWTED LN TEY, =2 VB OARIY
LT FigureS-1 (R L7z, ARERO AR IT AP Codex FEUEMEITH L, R VEE THEBL Tz, 1518
JEEFOE I LD =0 R OIIRIY MR EOHERS X Figure 5-2 (2R L7-. (HIRIEEHE A K IV TR
AERDOFZ AR IT AP FEITHEES 0.410 mg/kg, MR 0.416 mg/kg THY, HIFFE 11 4 H DHEE 0.268 mg/kg,
FRHES 0.206 mg/kg & DRI ER LTV,

Table 8 Yield of carrot and Cadmium concentration (summer 2020)

Part Unit Test plot-1 Test plot-2 Average  Yield index”  Significance test
<Sludge-fertilizer-application plot (AP)>

Root kg 10.25 10.30 10.28 103 -
Fresh weight Leaf kg 5.80 5.60 5.70 95 -

Total kg 16.05 15.90 15.98 100 -

R, .1 12 12 .12 12 ing”
Cadmium concentration (dry matter) oot mgkg 0130 0 0 0 Pending

Leaf mgkg 0.19 0.19 0.19  0.19 0.19 Significance®

Root mgkg 0.012 0.012 0.014 0.014 0.013 -

Cadmium concentration (fresh matter)
Leaf  mgkg 0.023 0.024  0.024 0.025 0.024 -

<Standard plot (SP)>

Root kg 9.65 10.35 10.00
Fresh weight Leaf kg 6.20 5.85 6.03
Total kg 15.85 16.20 16.03

Root mgkg 0.10  0.11 0.08  0.08 0.10

Cadmium concentration (dry matter)
Leaf mgkg  0.17 0.17 0.13 0.14 0.15

Root mgkg  0.013 0.013 0.022 0.022  0.017

Cadmium concentration (fresh matter)
Leaf  mgkg 0.010 0.010 0.017 0.017 0.014

a) Yield of Standard plot was indexed as 100
b) It was pending decision to be significantly different for Standard plot and for interaction (two-way ANOVA 5 % of both
sides levels of significance, n=4 (2x2) (repetition xnumber of samples) )

c) It was significantly different for standard plot (two-way ANOVA 5 % of both sides levels of significance, n =4 (2x2)
(repetition x number of samples) )

20.0 20.0
EAP aosP BAP asp

15.0 150 -
& &
= 100 1 T = 100 -
2 =
» b

50 50 -

0.0 - 00 -

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
Year Year

Figure 4-1 The yield of the carrot (leaf) in summer  Figure 4-2 The yield of the carrot (root) in summer

(Note: 2nd year (spinach), 3rd year (trunip)) (Note: 2nd year (spinach), 3rd year (trunip))
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Figure 4-3 The yield of the carrot (total) in summer
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Figure 5-1 Cd concentration (content in the fresh Figure 5-2  Cd concentration (content in the dry

matter) in carrot (Note: 2nd year (qinggengcai)) matter) in carrot (Note: 2nd year (qinggengcai))

(2) i LD ARV L

it 5D 4 RIT A, 0.1 mol/L HCI-Cd, pH (H,0) } OY EC D434 5% Table 9 (/R L7,

AHRIVARREEE, (HIEIREHEH XX 0.58 mg/kg, FEHEXIE 0.42 mg/kg T, WGIEAEEHEH X3 B2 &
o7z (p=2.1X107).

0.1 mol/L HCI-Cd /&, {HURERHH X% 0.33 mg/kg, HEHEXIE 0.20 mg/kg THY, {HIMEHEH X3 A =
IZEno7 (p=9.1X109).
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Table 9 Characteristics of cultivated soil in summer 2020

Unit Test prot-1 Test prot-2 Average  Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd” mgkg 0.58 0.58 0.59 0.58 0.58 Significance*’
0.1 mol/L HCI-Cd® mgkg 0.33 0.31 0.34 0.34 0.33 Significance
pH (H,0)¢ 6.0 5.9
ECY mS/cm 0.14 0.14
<Standard plot (SP)>
Total-Cd¥ mgkg 0.41 0.43 0.42 0.42 0.42
0.1 mol/L HCI-Cd" mg/kg 0.20 0.20 0.21 0.20 0.20
pH (H,0)® 6.1 6.2
ECY mS/cm 0.08 0.07

a) Content in the dry matter
b) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil
¢) Soil pH determined on 1:5 (soil : water) suspensions with a glass electrode, n=2
d) Soil electrical conductivity determined on 1:5 (soil : water) suspensions with an electricalconductivity meter, n=2
e) It was significantly different for standard plot (two-way ANOVA 5 % of both sides levels of significance,
n=4 (2x2) (repetition xnumber of samples))

3) Eithti®PDA FSHLDOHERE

(1) B tEBOEIRIT LBE

B O 2RI LR E OHER A Table 10 (Z3L7=. £72, 0.1 mol/L HCI-Cd ¥ D HER &L 1T Figure
6-1 GEIEAEHE X)), Figure 6-2 (FEHEX) |Z/R LTz,

15V REAHE I X M OUEHE X DA RIY AR E DHERIZ DWW T M A 32720, TN EIOAEXIZ
BiI5, 1 FHEENSORKE A (EENLROBEEEZTOMRIX 12 # AL I TER2IRITARED
MG EBIR T 24T (RENRRO S H TR D p EICKVFEAGL 72 (MA1A E K YE 5 %) (Table 10). 2020
HEE VEBM E TOB IR AEBHIE I X1 R (p=3.00 X 10%) 253880 B, BEHEXK 13 T A (p=1.42 X 10%)
RO HIT.

TG TR X e OMEHE X DA RIT AR EZ R L T- 225, FHELTZ 14 B RN DG TRNEAEHE FH X
DEEHEX TV A BICELK > TERY, Z02E1% 2012 FEELIKE, B/ D L7220 DI [RIERORE S35 T
5. ZHUE, T5TRRERHE A X IZIG IR AR RO ARV LD RGBS, TEMIROINHEIZ LD TR ARIT A0
S~ DFFH L BEIDE LD, DRIV LSRR T HMAIIH DAY, FEAEKITALER RO A RIY LDk
HMTRNZEEIRL TN,
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Table 10 Changes in the total-Cd concentration® of soil after harvest

p-value of single

Year Season Test Crops Ap” SP* _ Significance test regression analysis”
(mgkg) (mgkg) (difference between the Ap? SpY
processing)

Ist  Summer Carrot 0.51 (0.02)” 0.48 (0.03) Significance” — —
2nd  Summer  Spinach 0.52 (0.01) 0.49 (0.03) Significance — —
3rd  Summer Turnip 0.51 (0.02) 0.48 (0.02) Significance — —
4th  Summer Carrot 0.52 (0.02) 0.46 (0.03) Significance — —
S5th Summer Carrot 0.53 (0.01) 0.46 (0.03) Significance — —
6th  Summer Carrot 0.57 (0.03) 0.47 (0.03) Significance p< 0.05¥ 0.16
7th  Summer Carrot 0.57 (0.01) 0.46 (0.01) Significance p<0.01 0.06
8th  Summer Carrot 0.54 (0.00) 0.45 (0.02) Significance p<0.05 p<0.05
9th  Summer Carrot 0.61 (0.01) 0.46 (0.01) Significance p<0.01 p<0.05
10th  Summer Carrot 0.58 (0.03) 0.41 (0.03) Significance p<0.01 p<0.01
11th  Summer Carrot 0.58 (0.00) 0.42 (0.00) Significance p<0.01 p<0.01
12th  Summer Carrot 0.58 (0.01) 0.42 (0.01) Significance p<0.01 p<0.01

a) Content in the drying soil
b) Sludge-fertilizer-application plot
¢) Standard plot

d) The p -value which calculated from dispersion analysis for linear regression by examination start of each
experimental plot

e) Standard deviation (n=4 (2 X 2) (repetition X number of samples))

f) It was significantly different for processing examination section

(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x 2) (repetition X number of samples))
g) It show that regression is significant in p < 0.05 (5 % of both sides levels of significance)

(2) Bf#h13ED 0.1 mol/L HCI-Cd DHER

B +-580> 0.1 mol/L HCI-Cd O#ERE% Table 11 (IR L7z, F72, 2RIV LEEOHEBE L L IC Figure 6-1
(V5IRNEEH F X)) , Figure 6-2 (BEHEX) (2R L7

TS VRAEAEHiE A X B OMEHEX D 0.1 mol/L HCI-Cd OHERBIZ DWW T A1 A2 35728, EAL-E DML X

(21T 2R BRI DO E H (5 FBROMIFREIL 6 - A LL72) 12%35 0.1 mol/L HCI-Cd O#RJE HLIETIF 4y
WraAT o7 (RERAD BT RO p EIZXOFE, MG EKYEE 5 %) (Table 11). 12 4 H E/EBHLET
DOIGVERERHE X OENFIA E LAY, EFMEmRRO b (p=5.4X10%). 10 £ H Ef@iﬁ@%&ﬁ&ﬁ#ﬁ;ﬁ
IR ST AIB TR ARG F X ORI A B Cled —E THERB L WA Th-7223, BT 2 [\ (11 FFE 4
TEM O 12 5 B ZAR) O E EVEZRL, ERICECTZ.

—J7, BEEHEX I, 3 4F HAMELARE, 11 4F H AEE COS BRI SIS DRI A B L 700 TR
ADFRDHIL TV, 12 FH BAEZZ O Bf 34 B TR ETHRB L QWD Eleo7. ZhuTbi
14800 0.1 mol/L HCI-Cd ¥EEEAS 11 45 H 41F 0.20 mg/kg, 12 4= H B 1F 0.20 mg/kg SIEIT 2 [A O3 HTED M
ORI DT EE i L Ty MEZ R LTZZ &2 LS.

F, mVMEEZRLZ 11 H 4AF 0.20 mg/kg, 12 4 H EAED 130 pH 1% 5T Table 7, Table 9 [Z7RL7Z
LB, {HIRIEEHE X pH 5.9~6.1, HEHEX pH 6.1~6.2 Li L kL, BV METH-7-.
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Table 11 Changes in the 0.1 mol/L HCI-Cd concentration® of soil after harvest

. P-value of single
Significance test g

Year Season Test Crops Apb) sp° regression analysisd)
(mg/kg) (mg/kg) (difference between the ~ Ap" SpY)
processing)
— Start — 0.19 (0.01)°  0.20 (0.02) N.S.P - —
Ist Summer Carrot 0.21 (0.01) 0.21 (0.02) N.S. — —
Ist Winter Spinach 0.20 (0.003) 0.18 (0.01) Pending® — —
2nd Summer Spinach 0.19 (0.01) 0.17 (0.02) Pending — —
2nd Winter Qinggengcai  0.18 (0.02) 0.18 (0.01) N.S. 0.55 0.20
3rd Summer Turnip 0.19 (0.004) 0.18 (0.01) Pending 0.41 0.11
3rd Winter Spinach 0.20 (0.01) 0.17 (0.01) Significance™ 0.63 <0.05
4th Summer Carrot 0.19 (0.005) 0.15 (0.01) Significance 0.41 <0.01
4th Winter Spinach 0.21 (0.01) 0.17 (0.01) Significance 0.98 <0.01
5th Summer Carrot 0.20 (0.004) 0.16 (0.01) Significance 0.89 <0.01
5th Winter Spinach 0.22 (0.01) 0.16 (0.004) Significance 0.34 <0.01
6th Summer Carrot 0.20 (0.01) 0.15 (0.005) Significance 0.30 <0.01
6th Winter Spinach 0.21 (0.01) 0.15 (0.003) Pending 0.17 <0.01
7th Summer Carrot 0.15 (0.01) 0.11 (0.005) Significance 0.80 <0.01
7th Winter Spinach 0.16 (0.01) 0.11 (0.001) Pending 0.29 <0.01
8th Summer Carrot 0.19 (0.02) 0.12 (0.005) Pending 0.30 <0.01
8th Winter Spinach 0.17 (0.01) 0.11 (0.002) Significance 0.16 <0.01
9th Summer Carrot 0.21 (0.002) 0.14 (0.004) Significance 0.45 <0.01
9th Winter Spinach 0.27 (0.004) 0.17 (0.005) Significance 0.51 <0.01
10th Summer Carrot 0.27 (0.01) 0.17 (0.003) Significance 0.15 <0.01
10th Winter Spinach 0.27 (0.01) 0.16 (0.01) Significance <0.05 <0.01
11th Summer Carrot 0.25 (0.003) 0.15 (0.002) Significance <0.05 <0.01
11th Winter Spinach 0.32 (0.01) 0.20 (0.01) Significance <0.01 <0.05
12th Summer Carrot 0.33 (0.01) 0.20 (0.003) Significance <0.01 0.20

a) Content in drying soil

b) Sludge-fertilizer-application plot

¢) Standard plot

d) The p -value which calculated from dispersion analysis for linear regression by examination start of
each experimental plot

e) Standard deviation (n=4(2x2) (repetition x number of samples))

f) N.S. was not significantly different for processing examination section

(two-way ANOVA 5% of both sides levels of significance, n =4 (2x2) (repetition x number of samples))

g) Pending was pending decision to be significantly different for Standard plot and for interaction

(two-way ANOVA 5% of both sides levels of significance, n =4 (2x2) (repetition x number of samples))

h) Significance was significantly different for processing examination section

(two-way ANOVA 5% of both sides levels of significance, n =4 (2x2) (repetition x number of samples))
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Figure 6-1 Cd concentration of cultivbated soil Figure 6-2  Cd concentration of cultivbated soil
(AP: Sludge-fertilizer-application plot) (SP: Standard plot)

(3) HFIVADANE, RHHLERVEER

1 fER BE~12 4FREEEORBRICE VT, MEL 2GR RO DRIV A B THLAN R, 1
MEREE LIS E DRI ADOFF L L E, THE~OERBE L O L ORI LEREEE S Table 12,
Figure 7 {Z/RLTz. £, BBRXA~DO BRIV AOARTEIL, (BIRIEEIH ORIV LG A BB K (4 m?) ~
Ot BEAFEU TR L. (EMICEDARIVAORH HLUEIL, BB XIZBITDULEL 7= /E D AR LK
WEDOZET, (EOWNEIEM T OARIVARELZFUCHEH L., THEA~OIRIV AEREEIL, (5IER
BHZED IR AO AT EEAEMIZLDARIV LOFFHLHLEDZEICIVE Lz, TEA~OARIY LAOEHE
REEVE, ARV LOFEREITRBRIX Y720 0 T3 & ((F LoORS 15em, HHEORILE 0.7 L1, #ERX (4m?)
W=D+ ER% 420 kg LT-) TERLCTHEIHL-.

IHGIENEBHE X T, BRBRIZIW T, IRIVLAM &L L TR L &R0 Enh HEEO IR
U LK NT T ALI2 BT, {GIRIREL O LD I RIT LA EOIN > T HEERE T2 RIT 2008
BEDLMEA THLHIENE Z DD, FREIZB VTR EEE D2 RIT AR EE OB IE [ 235388 ST
%. 8% 23 fEORBRICI T DTG IR IEEHEH X DA R I A A ff 1% 131.7 mg/iABRX (329 g/ha), WRIV L
FEIRE (DRI LAEREELABR X LEENOR MU Lo B8P RIY 20 EFRE) 13 0314 mg/kg &
Tpolz.
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Table 12 Changes in the quantity of cadmium load by fertilizer, quantity of peculating due to the crops body, and

quantity of cadmium accumulation to the soil from the 1st year to the 12th year

Sludge-fertilizer-application plot (AP)

Standard plot (SP)

)

)

Quantity of cadmium® Concentr Quantity of cadmium® Concentr
ation of ation of
y Removal Accumula cadmium y Removal Accumula cadmium
Load ©) tion?  accumulat Load ©) tion?  accumulat
jon® jon®
Year Season  Test Crops
(mgplot) (mgplot) (mgplot) (mgkg)  (mgplot) (mgplot) (mgplot) (mgke)
Ist  Summer Carrot 4.84 0.39 4.45 0.011 0 0.37 -0.37 -0.001
Ist  Winter Spinach 4.40 1.18 3.22 0.008 0 1.34 -1.34 -0.003
2nd  Summer Spinach 3.30 0.72 2.58 0.006 0 0.96 -0.96 -0.002
2nd  Winter Qinggengcai  2.64 0.21 2.43 0.006 0 0.21 -0.21 -0.0005
3rd  Summer Turnip 3.30 0.17 3.13 0.007 0 0.20 -0.20 -0.0005
3rd  Winter Spinach 7.04 0.66 6.37 0.015 0 0.56 -0.56 -0.001
4th  Summer Carrot 7.28 0.73 6.55 0.016 0 0.68 -0.68 -0.002
4th  Winter Spinach 7.28 0.75 6.53 0.016 0 0.75 -0.75 -0.002
S5th  Summer Carrot 7.28 0.46 6.82 0.016 0 0.34 -0.34 -0.001
5th  Winter Spinach 7.28 0.73 6.55 0.016 0 0.53 -0.53 -0.001
6th  Summer Carrot 7.28 0.38 6.90 0.016 0 0.29 -0.29 -0.001
6th  Winter Spinach 7.28 0.65 6.63 0.016 0 0.42 -0.42 -0.001
7th  Summer Carrot 7.28 0.36 6.92 0.016 0 0.26 -0.26 -0.001
7th  Winter Spinach 7.28 0.71 6.57 0.016 0 0.59 -0.59 -0.001
8th  Summer Carrot 7.28 0.21 7.07 0.017 0 0.18 -0.18 -0.0004
8th  Winter Spinach 7.28 0.60 6.68 0.016 0 0.57 -0.57 -0.001
9th  Summer Carrot 7.28 0.28 7.00 0.017 0 0.24 -0.24 -0.001
9th  Winter Spinach 7.28 0.51 6.77 0.016 0 0.38 -0.38 -0.001
10th  Summer Carrot 7.28 0.33 6.95 0.017 0 0.20 -0.20 -0.0005
10th  Winter Spinach 5.38 1.00 438 0.010 0 0.51 -0.51 -0.001
11th  Summer Carrot 5.38 0.40 4.98 0.012 0 0.28 -0.28 -0.001
11th  Winter Spinach 5.38 0.67 4.71 0.011 0 0.53 -0.53 -0.001
12th  Summer Carrot 8.08 0.57 7.52 0.018 0 0.17 -0.17 -0.0004
Total 144.38 12.67 131.71 0314 0.000 10.568  -10.57 -0.025

a) It show every test plot 4 m’
b) Quantity of cadmium load by fertilizer = Total cadmium concentration of the fertirizer x Amount of the fertirizer appl

¢) Quantity of peculating due to the crops body = Yield (dry weight) xCadmium concentration (dry matter)

d) Quantity of cadmium accumularion to the soil = b) — c)

e) Concentration of cadmium accumulation to the soil = d) / Amount of test plot soil (420 kg)

B HEE ORI RIT LREICOWT, 14 B BB A5 0 SR fE &8

FfEOHERS % Table 13 2 U Figure
TR LT, {GURNERHE A X OMEYEX O A RIT AR OPEEREIE, 144 B EVEBRH 15800 SERE 2 m
ELC, Table 12 CHHLZARID AR EZ BFELUAE H U7z, FEUER I IR S BRI 2N SIE — B LTt
BL W=, —J7, IGTRAEEHE F I, BRARAE & el U C RO J5 AMEY ME T THER L Tz,
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Table 13 Changes in the actual total-Cd concentration and the theoretical total-Cd concentration?

of soil after harvest

Actual measurement Theoretical value
Year  Season CTrf)i)ts APY sp? ApY? sp??

(mg/kg) (mg/kg) (mg/kg)  (mg/kg)
Ist  Summer Carrot 0.51 ((),02)0 0.48 (0.03) 0.51 0.48
2nd  Summer Spimach 0.52 (0.01) 0.49 (0.03) 0.52 0.47
3rd  Summer Turnip 0.51 (0.00) 0.48 (0.00) 0.53 0.47
4th ~ Summer Carrot 0.52 (0.02) 0.46 (0.02) 0.56 0.47
5th Summer Carrot 0.53 (0.00) 0.46 (0.00) 0.60 0.47
6th  Summer Carrot 0.57 (0.02) 0.47 (0.03) 0.63 0.46
7th  Summer Carrot 0.57 (0.00) 0.46 (0.00) 0.66 0.46
8th  Summer Carrot 0.54 (0.01) 0.45 (0.03) 0.69 0.46
9th  Summer Carrot 0.61 (0.00) 0.46 (0.00) 0.73 0.46
10th  Summer Carrot 0.58 (0.03) 0.41 (0.03) 0.76 0.46
11th  Summer Carrot 0.58 (0.00) 0.42 (0.00) 0.78 0.46
12th  Summer Carrot 0.58 (0.01) 0.42 (0.01) 0.81 0.45

a) Total-Cd concentration in the drying soil
b) Sludge-fertilizer-application plot
¢) Standard plot

d) This value is the theoretical total-cadmium concentration of soil when assuming
that there was accumulation of the whole quantity cadmium derived from fertilizer
to the surface soil of the test plots in a starting point in summer 2009

e) This value is the theoretical total-cadmium concentration of soil when assuming
that there was not accumulation of cadmium derived from fertilizer to the surface
soil of the test plots in a starting point in summer 2009

f) Standard deviation (n =4 (2%2) (repetition x number of samples))

—@—actual total-Cd concentration (AP)

—ll— actual total-Cd concentration (SP)

090 —
=X=="theoretical total-Cd concentration (AP)
080 | A : =
O~ theoretical total-Cd concentration (SP) =X
-
0.70

0.60

total-Cd concentration (mg/kg)

Figure 7 Changes in the actual total-Cd concentration and the theoretical total-Cd concentration

of soil after harvest
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5. F&oH

EEFD A 20 B OV R DR 6 B2 3R I B - 2 A AR50 & L C, VA TRAEAkoD3E i i FH 35k A 2009 4
F0IT > TEY, HIRIEHE F X & OY5 JEAREHE b FH OFEHEX 0 2 RERXIZ, 11 4F B &EEL TRy LYY
Z, 12 FFHEMELL T=0 Dr 335 L, BT OIRIV AREO ALK OVEMIRT O AR I AR FE % 7R
L7z, 11 4 H ZAERT L VOB O ARIT LR EEE, {5IEIEEHX T 0.055 mg/kg, X T 0.042 mg/kg
THY, Codex FEHEA (0.2 mg/kg) 12X L TR WAE R ThH 70, Tz, UL YUY O I RIT MR X5
IR X AMEAE R I LT BICEWWRE R Th o7z,

= VB ORI LPREELE, 1GUEIEEH G X CTHEES 0.051 mg/kg, ARHES 0.041 mg/kg, FEAEX CTHEHED
0.021 mg/kg, HRER 0.017 mg/kg Th o7z, AT EHE THORE DU EEIL Codex FEVEME (0.1 mg/kg) 1Z%F L TR
R CTHHT-.

Fo, UV VMR ORIV AREIZOWTE K EZ LT LA, HEE M ORI O mi A C5 Je ARk
A XA ERBIZEWRE R THo72. 12 FFH BE=0 U0 OB DO 4 Ry AR G TE ARG X3
FEAEXZ LR TH BEICE Do T2, HIREEHE H KIZB W= P O R IR Iy AR EEIXEER 0.410
mg/kg, HRHE5 0.416 mg/kg THY, FiHE (11 4 H) OIEE 0.268 mg/kg, RS 0.206 mg/kg &g §- 5L I |
HL T,

1 H25 12 42 H OBt R ORIy A K TN 0.1 mol/L HCI-Cd ¥ EEDHEB AR Li=L25, 15
JEAEEE A X DA Ry AR E I T IME R 2~ LCTRY, BIRIEEHIE R/ T A RIV AN HEICEREL T
HZENIRENTZ, — 05T, 1HIRAEEHR X 0.1 mol/L HCI-Cd (22 Cik 10 4 H BEEE Tl —EICHES
DEMAREITNEDS, 10 4F B ZAELARRIFIEIME R 2~ L TR, FHICEE 2 /E(11 FHAEL D 12 41
HAE) OO EN BN MEZ R L Tz, FBRIERHIE AT 2RIV AT HE R CII A EL &7 352
LIZID AL TODEZ ZBILTND. LLRAD, IGTEIEEHE ] XIZ3W\T 10 4F H ZAEET 6.4 {115 T
ZEL T 5D pH 235, 11 F4AE 6.1, 12 F-HEAE 6.0 L T 03572281280, BRIV A2 0.1 mol/L
HCLZIRIT DR BEL I o T Te D S WMEZE R LTZEB 2 HIA.

FEAEX DA AR LRI TEE B CTHY, 0.1 mol/L HCI-Cd (Z-5W\W Tk 11 4F B X EE I #im s
IRLTCWED, 12 4F B BAER GO T 1T — EHEB I b Uz, EERX OB I\ T, 11 £ H Z/E
FT64 T TLELTNZpH S, 11EHZME62, 124FHEE6.2 & FR-72Z81280, BIRIEEHX LR
FHPOARITLD 0.1 mol/L HCL IZEITHKABL o7 bB 2 1. DT, A EITEIXWTHER | L OfiFHT
FERDFONTZD, pH AR T2 AULRTHEETOHRE L BY, FEERX ORI NIV AIMEALIZESTRIT L
DRFADBI2NTZD A L, E£72, 1EWIRIX 0.1 mol/L HCI-Cd &£ 5 97723, +571¢ 0.1 mol/L HCI-Cd H8
DI HEBEZOI.

FRERCHEAE L 7215 TR AREHH SR DA RIT BB BT DA M B OVED & Fbs L2 S IC XD IRV LD Ff
HLHLEND, HRICEBSNTODIXT ORIV LOBZH I LIZEDA, MEUERIERE L R ENIEIE
—BLUTHERB L Qe — 07, VHUEIERHIE A X1, BRARfE L Hhie U C IERIE o> J7 AMEY ME TR CHERE L CU .
T, BEESE MM EOTERE R D, FEP ORIV ADKEF FA~OBATHGERD DI ZEN D
I —EDOARIT LAPMELITE ELRNWZEIZEALDEE 2 BT,

ZNFETOTHRIEEIOFRER X ~OH T OfE R, INHESNIVEH O Cd 2 K O HEEA~0 Cd DERIZOW»
THFIBERNEF 2 5. LILRRD, 1B T A~OREIZ SV THfE s i S e i3 E 1
T, SHBLE=FI L TR E DRSS,
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1) FEMOKPER SR RIS D@L R O N ERIE 2 EDDHEDOME, 1EF 61 422 A 22 R, &
MOKPER E7RE 284 5, IcEECE SR 3 4F 6 H 14 B, EMOKES E/RE 1010 5 (2021)

2) BMOKER HE-LER REZEEHI LEHEBPE IGIRIEEOREI OHY 7B D3R #
HE TR 2143 H, (2009)
< http://www.maff.go.jp/j/syouan/nouan/kome/k _hiryo/odei_hiryo/pdf/honnbun.pdf >

3) SHREIEN, BTERSCHE, ASHSEHE: R ID A0 HEEER L GRS 36T HI5 TR itk o052 %8, it
EHfFsEH s, 4, 74-84, (2011)

4) RAEE, WREA, AL, FIEST, NS, WSO 5 R IEE O AT LDV RIY A
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Effect of Continuous Application of Sludge Fertilizer on Cadmium Absorption of the
Crop and Accumulation of Cadmium in the Soil (Continued Report)
- Winter 2019 and Summer 2020 -

ASAO Naoki!, MURAYAMA Kazuaki?, MATSUO Shingo?,
KOZUKA Kenji*, ABE Fumihiro’

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

2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Agricultural Chemicals Inspection Station

3 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Fukuoka Regional Center

4 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Kobe Regional Center

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

(Now) Nagoya Regional Center

We have been researching Cd absorption of the crop and accumulation in the soil used sludge fertilizer since
2009. The soil is composed of the Andosol. We cultivated spinach in winter 2019 and carrot in summer 2020. Those
crops were cultivated in the standard plot (SP) and the sludge-fertilizer-application plot (AP). In the SP, we used
only chemical reagents for the crops. In the AP, we used 500 kg/10 a in winter 2019 (750 kg/10 a in summer 2020)
of the sludge fertilizer and chemical reagents for the crops. The amount of nitrogen, phosphorus and potassium
applied to each plot was designed based on the fertilization standard shown on the Saitama prefecture’s web site.
The concentration of total cadmium in the crop, acid-solubility-Cd in the soil after each of the harvests were
measured by the inductivity coupled plasma mass spectrometry (ICP-MS). As a result, the soil in the AP after the
harvests has indicated a high concentration of the total-Cd compared with the soil in the SP since summer 2012.
The concentration of total-Cd in the soil (from summer 2009 to summer 2020) showed significant increasing trend
in the AP. The concentrations of cadmium in each crop harvested (from summer 2009 to summer 2020) in the SP
and AP were less than that of the CODEX standard. We consider that it is necessary to be conducted further

monitoring of the cadmium-transition in the soil from now on.

Key words  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 14, 141-161, 2020)
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13 2020 £ £EHXEHABTANV-EBRHO
SNERFEE BB RED E

BOTHETY |, AR 2, SRR IS 3, REFEDHE 4,
H S, NIRRT O RS L, B gk
F—I—F  INEREEEE, RIRE SRR, LSV W EREIEE}, ISO/MIEC 17043, z A7

1. [XL®HIC

EEA72 8 Ao BhE 8 e Ted, H2NEIZE UV TH ISO/MEC 17025 (JIS Q 17025) VO E R FHIHA S E
(LT HTift ROGBEMEMERIZOWTOZZ TP EAISH TWD. ZOESREFHITIE, SNBREEEHEL T
flARE BE & D ST R OFE A MERERE K OB BE BIIZ LD Mt RO EHEMERGE RS WA L2 > TRY, HRBRFTIX
BRERBRICSINT DL T, S ROBEMIRIEIZE O TS,

FEBEAE PE 33500 B R BREE, IEEMR A BE OBRBR TSR 123\ Th, Wil RO 2 Y PEHERE X OV HT B
18 E 7= 12 B R X NE SRR HE L2 I L DN ER L BN B IS 720 D0 b Y, IS T
Bk N JEMOKBETE B 2 2322 % — (FAMIC) (238U Th SEAMR A TINZE L IERLD T4y M OV E 4y
DHTHERDE PRI AR K ThD.

UL, BEEHE b L U7 B ek A B L QU D58 — 3 B BRIXEAE E N AT/ T, & s IR i
Remmas BICH L CEML QO bl L2 FA b o2 2 E R —L, 2006 4FE L0 ek 5 i~
2ESSORBFTE PO, BOREE W LRI KRBT M i E 1TV, ZORERE W T
SIS EEF AT o CD. BB MRS K OSERIBBR AL 122V Tid ISO/IEC 17043 (JIS Q 17043) V%%
ENTRITL, 2020 45 IR A IEE K OFES WD T OB IREHZ W CRENR LA L, R BZ F2hE L 7=
DTEDRERERETD.

2. MPRUVAHE
1) HRHBRAFENRAR

HCRE A NEEHT, 308 60 L 282 CAN, B DR EE XD 2 7 AMIRE LT, £D#%, sk k<
RAELTAIE (6 FAM) L, RUAGRIC —ER&TOLRIL, 1 AY720HK) 200 mL AVORE 250 AZFHEL T

RSEATBOE N R AOK PETE B 2 e s — IR R A A

P PRSIATBUE N RO PEH Y et 7 — Lt e & —

SPRSATBOE N BMOKPEHE Z it 2 — et 5 —

S MNTATBOE NRMOKEEN B Z e ilifre s 2 — At B 2 —

P MSIATBUE NEMOKEEE L2t 2 —mP v 22— (Bl) BHOKES HE - 227
8 MSATBUE NREMOKENE L2t 27—t 72— @A R 22—
TR AR E
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BT ECHRIRIRE L.

FLEWT OB IEEHE, ML CHBRE 212 pm OV EEESE 2. S50V EmELaEHE, IKIREAL
7%, OLBRRIZIRT TEMPIRIC 9 oL, 1~9 DX GFEZEMH L TERIB L. ZOHNbE 1| OIRA#
TEF DA TITHEN 4 XK3EHHL, IKIBALEZOL 4 S5 L CRORBTR L. ZO#E/EE 7 M40 L
7t%, 1~9 DX X ORMNL—EET ORI, LIRE LK, 14847205 180 g AV DFE} 160 {1H %7
L, RV=F L G CRET L TR IR E TR E L.

=
IRAEE 1 2 3 4 5 6 7
3 9 7 5 7 3 8
- 6 1 1 8 6 )
2 5 8 3 9 4 5
4 7 2 4 1 6 6

2) HFMHEERAR

TUPAC/ISO/AOAC DHZRERER 7 mha Y OB MERERFERIZHE Y, 2.1) TR 2SR O BRE IR
FHEBERAREIS 10 3B D EE B B MR BN L, <EEMEH 1 (C-MgO) & & B/ E Meffesd
BHZOX 2 BOMT CREBRL CHEMEMERRBROSGEE L. IRIRE S IEEHZ DWW TIE 2.1) AR TRV
BRI TNDEE ZBNDIEND, BB MR ERZ F i L7277,

3) Eeft
ERE A UT=ak, S B AE M OV T B 3 15 B A S R BR E 125 L7, 2020 BV T,
TR A IREHE 123 3B, SLSWT W ERE IR 78 SERE NS,

3. ARHBOHAREERUHBRAE

1) HERIEH

WREAIEEHZ DWW TIE, 2HE LR (TN), TUE=THEHE (AN), BYEEMEZEHE (N-N), KEMED AR
(W-P,0s) , KIEMENNEL (W-K,0) , KAV - (W-MgO) , KA~ (W-MnO) , KIEMEIEHZE (W-
B,03), /KEEMEER (W-Fe) , 7KEEMES (W-Cu) , KIEEVERER (W-Zn) XL OKIEMEEY 7 72 (W-Mo) D 12 THH %
AMBRIEEH E LT, e, SRSWITWIERE IEEHZ DWW T, RIEMET RS (S-Si02), 7 /v 1045 (AL) K O¥EME
1 (C-MgO) ®» 3 THH 23 BRIE H &L 7=

2) BEAE

AERHEGRBRYE (2020) © 2R D EBOBIR LT, 728, ZOMOFRER A2 LI BR=EICIE, £05ED
BEE OS2 R 7.

(1) Z=FRoET, PERERIRE 4.1 1 BREEE) ICVE &, JUIEBERBE 4.1 Lo (T IVET E8—7
N — B ICEDE ‘. HONTER D EEGAH THREEM AL QU eWzw, IERFERBRE 4.1.1.e (T
=T EER L ORMIBIEERICEIDFE A I2ED, LT (2) KON3) THIELZ#E R DR H.
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(2) TrE=TMEH(AN) L, IEEHERERE 4.1.2.a REETE) IZXVE=.

(3) FHEAMEZEFE (N-N) I, JEEFERBRE 4.13.a (T 79UV F A48 — 28R ICX0E &, TR
E413.c (T=/— VERRIE) XD E &.

(4) KIAEVED AR (W-P20s) 1%, EEFERBRIE 4240 ONFREVT T UM T =0 DOEEEE) 128D

(5) KEEMENINER (W-Ko0) 1%, MEBEsERTE 4.3.3.4(7L— AR FOEIE T 7L — 26 FETE) I k0 E .

(6) ZK¥EMETT T (W-MgO) %, JEEFEERE 4.6.4.a (7L — AR TWOEE) ICEDE &.

(7) K¥EVE~ T (W-MnO) 1L, JERMERERTE 4.7.3.a(7 L — AR WO6IE) ICXDE &

(8) KIEMEIZOFE (W- Bo03) 1%, HEEMERRERTE 4.8.2..(7 Y AF > HIE) ICEVER.

(9) JKIEMESK (W-Fe) 1F, AEBMEGERIE 4.13.1.a (T L — A F-WOEE) ICED E &

(10)  ZKIEMES (W-Cu) 1%, JEEHERRBRTE 4.10.2.a (7L — AR EE) ICXVE &.

(11) IKEPERESY (W-Zn) 13, TEEFERBRTE 4.9.2.a(T7 L — LT IOGE) ICXDE &.

(12) KREEEVT T (W-Mo) 1T, IEEHEERYE 4.14.1.a(F A T BT N AR ER) IC K0 E .

(13)  FIEEPETVEE (S-Si02) 1%, FEEFERERIE 4.4.1.a (5o LD AIE) IZXDE &

(14) 7055 (AL) 1%, AERFEGRERIE 4.5.4.a(=F Lo D7 U UEEERHE 1E (LU R TEDTA 15 &) 128D
ER. UL AEMER K (S-Ca0) (JEEHERBRTE 4.5.2.a) K OVAIIAMETE 1 (S-MgO) (JREHEiERIE 4.6.1.) %
HIEL, AERFERRERE 4.5.4.0 (AIEMEA I OV EEMETE TRV O R ) 0 (2) IZK0FE .

(15) <¥EPETE 1 (C-MgO) 1%, JERHERERYE 4.6.3.a(7 L — AR HIEIE) ICXVE .

4. AR A E R U SBRBUR O Tl 5 %

1) |E&EShT-FHRBEDFE

(1) BARANEIZED ZzAa3T DR S

£9°, SEROEO FIfE (Median) 23R 7=, WIZ, EIUSAER O T EZE KD, (a) RIS EDUSL
HpH (IOR) ZH L=

IOR="T Wi — WS Ard -« (a)
(RSN S AMEER 7 (NIOR) % (b) TV R L. EEB OS5 E, NIOR SEEHERAIT—
5.

NIOR= IORX0.7413 +-+(b)

z A7 (2) % (¢) UTIVEH LTz, z 2a7 13, K ilBR=E 0BG (x) © Median 2>HDBE7-0 AV VEIR
THIECHD.

z= (x;—Median) /NIQR -+ (c)
(2) zAaTIZXAFHE

F— A DO F1EELT, ISO/EC 17043 (JIS Q 17043) Y& W, & iBRE DB AL D z Ao 7 Loikd
JOIFHm A T~ 7.
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lzZ| =2 e il
2<Z|<3 eee BEDLWD
=3 e iR

2) HERAEEHEEMT SMEE
ROy D STV R 2 Tl 95720, IROFGEHRERD 7.

(1) ZIRBR=EZ (T —2E:N).

(2) zAaATIZLDFHINz =2 (M5 A2, 2<z|<3 (B L) B Wz =3 (R 2 ) &7~ TR K O D E
A (%) .

(3) AEEFEAL 22T —Z D)l (Mean) .

(4) AARDfED 1 Jfl (Median) .

(5) NIOR %A HE(R 7L 7272 LTz Median OFETRAHEDNS (Usse,) (B3 FREL k =2) % (d) U IV F .

Uss=2XNIOR,/VN  +++(d)

(6) BT —ZDIEMERZ(s).

(7) LS To S AMERER 722 (NIOR) % (b) UKW E M U7, BRI DSE, NIOR 13 s &—8T
2.

(8) W RANENG RO T AR RTENENR 72 (RSDiob) %2, (&) ULV FH H LT

RSD:o» = NIOR /Median <+ (e)

(9) JEkh et akBRyE CILEEREROREE O H 22 U ORI TUNA 2 B FBUAH 6 12 YR 72 (CRSDR) .
REBF R BRVEIC BN T, IEFERBRORSEEIL, CRSDr DED 2 {EFTHRAL WA, ZORED B 2%, K
O3S DREBRI TR FH S,

5. HRRUBE

1) #RAEBRAHMOYEERER

2.2)12B\T 10 7B 2 s T T LIz ROBFEEIE (X) K DOFERIZOWTO— TRl E 5y
BT oGt EE O TR U O TR 22 (s,.) , SUBHRAEYENR 22 (spp) , DHMTREEZ B ok
BHRE YR 2 (spyp) 238 2 1Rz, TS, IEEHMERBRIEIOREN TSR B B O H %2 (CRSDy) K O}
ZHBE T (1) L7 HEE =M B MR 22 (6g) &3 2 ITRLTE.

BYEMEOM E I, TUPAC/ISO/AOAC DHFRERER 7 uha YO FEE S B ICEM L=, £7, ”*ﬁ%*ﬁ'w
&%) ﬁfiﬁ%ﬁﬁ? LT B8, FHTHRE ROV T Cochran OFREZEMLTZ. ZOREE, T XTORZITHBNT
SANEILRR O DI 2T DT, 2B D 53 AT /5 R DWW T — ol & 70 # *ﬁ%;@ﬁ@bﬁ. Rz
IUPAC/ISO/AOAC D fEiER 7 mh=/L D EX (X 2) Z HWTHEEOHEEI T, ZDOREE, ﬁ“f\f
DRI THIER (X 2) 272 T=Zenn, AT HREHISE ThLZ LM LT, 7ok, & D
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729, 3 1L THMTR E 2 & DB R YR 722 (spyp) ZHHLTZEZA, WTNOR S HE6 g LI LT
IS NSVME T T,

6r = CRSDg x X/100 <o (K1)
spp < 0.30, = 0.36y ---(2)
Sher = /Sr% + Spp? <o (30 3)

G g HEE 2 W] P B VE (R 22
CRSD g : ERFEBBRIEI RSN T D E A BUR FE (SR B HE IR 22 (%)) O A %2

X SERE s DM TRE HE (R 2=
op B A PEMERRAATO B B A LT AR R &
Spp : P MR 7= Spar - DTS FE 25 ToilUH AT Y (R 72

%2 EMHRRBROEE
OF B ED 59 spb?  Sper® CRSDR’ aRg> 0.36% h>
Oy B o o) (%)) () () (%) (W)
BLIUNTUVERE IR C-MgO 10 6.93 0.01 0.03 0.03 4 0.28 0.08

a) T E Befifl GRUBHEO 2 0T 40 HT)

b) B &E7F

c) PHTHE HEfR 7=

d) BURHHAAE (R 22

e) D TH 25 Toadoih A HE (R 22

f) IEEHERERE CRSIVCWDE M I EUR (B AR R 22) O B %2
g) M FBUFE L O B 22055 H U7 e & =2 W i BUE MR 722

h) BPEAEDHE (sobDFEAM) D7= D /3F A—H

RO TEAR

2) HREEORITER

4.2) (1) ~ (2) ORBREL N O z 227 TS &R BRI OFOEIE 2K 3 1R, &plsr o
BRAAE Tl (|21 =2) | L DTN Z 52 T 7o BR =B ORIG 1T, WARE A IR OKEEMEIZOHRD 93 %likb i
 RIREE IR OERREDN 79 % bIRWEIEZ /U, £, TR (21=3) J LRl 2 52 75085k

FOFAL, IRE S IERIOEEEIER RN 13 %lib BRI R Thoro, FEFEE T, N | SFHiisn/-ik
BREEDOFNIGIIVEFEED 77 %~98 %, [N & | LRSI 7B B OB G IINEFEEED 2 %~15 % Th-7=D
T, il ) LR A 52 T 7o EB OB GIINVEFRE L FRRE THY, F/o, 1EETRNEL RSN EH <
12HEZZ LNDIHIEIEERITB W TIARNM R | LFHli A2 7R EORIG S, EFEE IS L7022
LD, BIREL TOHTHEAT O~V ITHERFS LTz,

4. 2) (3)~(9) TROI-MEHEAE 4 1 TRLTZ. ZLD5 TEAED Mean 1X Median SI1XIE —E L7223, 4+
TUBED B2 T, —HOFRERTA B T Mean & Median D ZEFED LIV, EIROIEUERZ s 1%, NIQR LI
LCEEA LD RERMEEIRLUTZ. RSDroy A FRBRER 23 DR EL ~ULIZH1F D CRSDR 2 TN CRSDR @ 2 {5 01E
EORBRER 1 \RULT-. FHEAMEZERIZ OV TD I CRSDr ZHBAT-A, REVERBRIE TRE L THEASH
TWDHEIFAN ThH o7z, ZOMMOFRERA ST TN T IS, RSDiob 13 CRSDr DFIFAN ThH-o7z.

Fio, RFERE § FHBRELL EE D758 7 L5 D Median, NIQR, RSDro» & 8 CRSDr %% 3% 5 1Z/RL
7z.
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#3 2 AaTIZLHREREGE ORI
B z]<2 2<lz|<3"” 3<|z|?
MBUEE BB e WA Mmoo Be ®m #G
E= E=¥"' (%) E2' (%) FEH (%)
(AR AL
T-N 108 85 79 12 11 11 10
AN 114 96 84 7 6 11 10
N-N 106 86 81 6 6 14 13
W-P20s 118 102 86 8 7 8 7
W-K20 118 96 81 9 8 13 11
W-MgO 114 97 85 5 4 12 11
W-MnO 106 90 85 5 5 11 10
W-B20; 94 87 93 5 5 2 2
W-Fe 72 61 85 3 4 8 11
W-Cu 78 67 86 8 10 3 4
W-Zn 79 67 85 6 8 6 8
W-Mo 47 40 85 2 5 1
(BESUNFOERE AIEEL)
S-Si0> 56 46 82 7 13 3 5
AL 73 63 86 6 8 4 5
$-Ca0 63 55 87 3 5 5 8
S-MgO 63 56 89 2 3 5 8
C-MgO 75 64 85 4 5 7 9

a) z AT ZE DR AN 2 (2] =2) LR o To R BR B E M O DFEIE (%)

b) zAIATIZELEFHENED L (2<|z|<3) L7257 BR R H M FDEIE (%)

¢) zAATIZLLRHI AN 2 (3=1z]) L7 o To iR =E=E M O 2 DEIE (%)

CRSDR& URSDmh

20

18
16
14 r
12 +

10

O N B O

Ol
@)
@)
@)
O ]
-]
]

X1

BR BNy

& L BR AR CRSDr&ERSD, o B %
O 2xCRSD-R

OCRSD-R  ORSD-rob
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=4 HLERBRAGE O &

B Y dian”  Ussy” Y NIQR? RSDw’ CRSD:® 2
SREATE 2;}? Mean Median 95% s rob R CRSDRh)
(%)” (%) (%) (%) (%)" (%) (%) (%)
(IR A IEEE)
T-N 108 4.57 4.57 0.03 0.31 0.13 2.9 4 8
AN 114 2.40 2.41 0.006 0.08 0.03 1.2 4 8
N-N 106 2.20 2.20 0.03 0.33 0.14 6.3 4 8
W-P20s 118 2.82 2.82 0.01 0.09 0.05 1.8 4 8
W-K20 118 2.44 2.43 0.01 0.16 0.05 2.1 4 8
W-MgO 114 1.68 1.67 0.008 0.17 0.044 2.7 4 8
W-MnO 106 1.32 1.32 0.007 0.12 0.037 2.8 4 8
W-B20s 94 0238 0238  0.003  0.015  0.013 5.3 6 12
W-Fe 72 0218 0217  0.002  0.023  0.011 4.9 6 12
W-Cu 78 0.056  0.056  0.0004  0.0029  0.0018 3.3 8 16
W-Zn 79 0.059  0.059  0.0004 0.0064  0.0019 3.3 8 16
W-Mo 47 0229 0227 0003  0.018  0.011 5.1 6 12
(BEZWT VIR E IR
S-Si0» 56 3496  35.05 0.1 1.0 0.5 1.3 2.5 5
AL 73 5241 52,07 0.3 2.7 1.1 2.1 2.5 5
S-Ca0 63 4272 42.54 0.2 1.4 1.0 2.2 2.5 5
S-MgO 63 6.99 6.75 0.04 1.84 0.17 2.6 4 8
C-MgO 75 676 6.75 0.03 0.36 0.12 1.8 4 8

2 REOTHE @GR ) 0 AU (VOR /AT AT % % FerLi=b )
b) RAEOTIE AR @) WL ORI H %l LTSS VT 5% M A AR R
¢) BHOTHBORHENS by IESERBIETHIEL L CRFARS T D5 I B A 2

d) SRR T e

&) B/ SAMEES



20204 AEHLERCEH T IR S8R A FEABR RS O AT 169

5 BT EER O FEIEERAGE O R
sk Median”  NIOR®  RSDwob”

" crsDRY  2xCRSD:’

S BRTE H AR Tk BEH (o) o % %) %)
(IR A IEEL)
T-N PRBEVE 11 4.57 0.09 1.9 4 8
TINVE G — TN — ik 37 4.48 0.14 3.1 4 8
TNV By — R 32 4.58 0.07 1.5 4 8
B (AN+NNT =/ — LR 1) 16 4.66 0.04 0.8 4 8
A-N 7B 112 2.41 0.03 1.2 4 8
N-N 7 = )— Ui EeTE 29 2.24 0.06 2.8 4 8
T INIVH Gy — VA — L 19 2.11 0.06 3.0 4 8
TN JUE By — IR 47 2.17 0.06 2.9 4 8
W-P20s  NFREVTFUBT E=LE 113 2.82 0.06 2.2 4 8
W-K:0  7L— AW YeE 86 2.43 0.04 1.8 4 8
T— DGRV 24 2.41 0.04 1.8 4 8
W-MgO 7L — ARk 102 1.67 0.04 2.2 4 8
ICP-OESV: 10 1.70 0.02 1.4 4 8
W-MnO 7L — A7l 90 1.31 0.03 2.3 4 8
ICP-OES{%: 13 1.33 0.02 1.7 4 8
W-B:03s TV RAFUHE 79 0.24 0.01 5.3 6 12
ICP-OES{% 15 0.24 0.01 3.5 6 12
W-Fe T — MR TR 57 0.22 0.01 5.0 6 12
ICP-OESV: 14 0.22 0.00 2.2 6 12
W-Cu 7L — LR 65 0.06 0.00 3.1 8 16
ICP-OES{%: 13 0.06 0.00 3.1 8 16
W-Zn T L— AR EE 66 0.06 0.00 2.8 8 16
ICP-OES{% 13 0.06 0.00 2.6 8 16
W-Mo FA T T ND LSS 29 0.23 0.01 3.5 6 12
ICP-OESV: 16 0.22 0.01 3.4 6 12
(BRSO ERE AEEL)
S-SiO> LotV Lk 39 35.04 0.39 1.1 2.5 5
Bt SR 15 35.22 0.48 1.4 2.5 5
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FEEDS 7 3RBREE, ICP-OES 1£72° 1 iRBRE" o7~

(5) RIRAEA BEEHF OKENENH (W-K20)

118 FRERE NS, 86 BREN 7L — LIk
15, 24 RBRENTL— 2L, 1 BBR=ENT N7
=VARTEET N D A EE, 7 #BREE NS ICP-OES k%
AWz, 7L — LA ROE R 7L — DRI
W, T RRE D SEBME D FE LD E (-4 ) 24T
ST2ETA, BEKUES % THEREITRO LN/ )
7o SN HTRE D AT 4721 2.43 % (B &5y
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FE, PR K ORI LA R — &3 D e L.

(6) AR AREE P D AKEENE T+ (W-MgO)
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W ST AR D AT 4T 13 1.67 %

(ERYR) , NIOR1%0.04 % (EESR) , FHfHE
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BB A AL 1%, 2 FFIEIZ DWW TCRAED
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(7) WARE SR OKENE~ 7> (W-MnO)

106 FRER=ZEDSINL, 90 BREN 7L — LK
Jeik, 13 FRBREEAY ICP-OES ik, 2 iRBR=EnN il o3
Fe AU 9k, 1 RBREN 7L — 2O EEZ .
7 L— LR ETE K OV ICP-OES 12 DW T, 94T
FRAR DB D 2 L OME (-1 E) AT o722
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(9) IR A BB DIKEENESR (W-Fe)
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Th-olz. 67 RBRENHZ I THY, 6 HEREN A
B RThoTe. IR R | leoTeilirEig, 5 &
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(13)  FESVNFWOERE AR O Rl ER (S-Si05) 40
56 RERENZNIL, 39 REREN S LB T A, 15
PR E DN IR R EETE, 2 WBREEDY ICP-OES 1E4 Hu .
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5o AEAY Y BIE R USRI SRBRIET LB /AT R 1
TEEO I LDRIE (HRIE) ZAT T 25, TNE
MO T EAKE 5 % TH BRI B 20
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V4 ORBRFE R E LTI R | 72072 BR =1L 3 B E N7 L — AR AW T, 1 3= ICP-OES T

HoT.

Al MDA BN RONIZOT, UEHEO AR, MEHERORE, THIHIFIOBRINOH %, 7—

ZDMERZEIZDONWT, EED RELNLETHS.

50
40
30
2l
" /
20
10
0 ii._t+
0 o I <+ ) ) o o
I < <+ < < <+ v v
Vi l l ? 1 ? l A
(%)
B3-15 $AS Wi WEREREE R OFIEMERK D
Sy RHE
e 2 —gbHL W
== FE R 7 L — L ETWHE
—e— [CP-0ES
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Result of Proficiency Testing for Determination of Major Components and Harmful Elements
in Ground Fertilizers Conducted in Fiscal Year 2020

AKIMOTO Satono!, YOSHIMOTO Masayukiz, HIRABARA Toshio’, AMANO Tadao*,
INOUE Tadashi’, KOBORI Takuya®, NUMAZAKI Kanako'! and HIKICHI Norio’

! Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
2 FAMIC, Sapporo Regional Center
3 FAMIC, Sendai Regional Center
* FAMIC, Nagoya Regional Center
> FAMIC, Kobe Regional Center
(Now) Ministry of Agriculture, Forestry and Fisheries, Food Safety and Consumer Affairs Bureau
¢ FAMIC, Fukuoka Regional Center (Now) FAMIC, Nagoya Regional Center

7 Japan Fertilizer and Feed Inspection Association

A proficiency testing of analytical laboratories was conducted in fiscal year 2020, using reference materials of
liquid fertilizer and silicate slag fertilizer based on ISO/IEC 17043, “Conformity assessment — General requirements
for proficiency testing”. Total nitrogen (T-N), ammonium nitrogen (A-N), nitrate nitrogen (N-N), water-soluble
phosphorus (W-P»20Os), water-soluble potassium (W-K;0), water-soluble magnesia (W-MgO), water-soluble
manganese (W-MnQO), water-soluble boron (W-B»03), water-soluble iron (W-Fe), water-soluble copper (W-Cu),
water-soluble zinc (W-Zn), water-soluble molybdenum (W-Mo), were analyzed using a liquid fertilizer sample.
Acid-soluble silicon (S-Si0»), alkalinity (AL) and citric acid-soluble magnesium (C-MgO) were analyzed using a
silicate slag fertilizer sample. Two homogenized samples were sent to the participants. From the 123 participants
which received a liquid fertilizer sample, 47-118 results were returned for each element. From the 78 participants
which received a silicate slag fertilizer sample, 56-75 results were returned for each element. Data analysis was
conducted according to the harmonized protocol for proficiency testing, revised cooperatively by the international
standardizing organizations [UPAC, ISO, and AOAC International (2006). The ratios of the number of z scores
between -2 and +2 to that of all scores were 79 %-93 % and the results from the satisfactory participants were almost

normally distributed.
Key words  proficiency testing, liquid fertilizer, silicate slug fertilizer, ISO/IEC 17043, z score

(Research Report of Fertilizer, 14, 162-185, 2021)
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AR £5)  REERRGE W
ZEF 25 (T-N) 4.1.1.a  TVE— )V fE— IR D E
0 Al 4B (T-P20s) 42.1.a K — LERERS R %Qﬁ; ; ; EggijT/%ﬁryA
INEL4: i (T-K20) 431a  FANM Z;};ﬁ PR
£ JK 228 (T-Ca0) 45.1.a TR T — AR TSt E
AR (0-C) 4.11.1.a —ZuifEiEl R iR Tl e 1k
84 & (T-Cu) 4.10.1.a  FEKHE 7L —NEF R
Hign 4 & (T-Zn) 49.1.a  FIKfR T — LR AT
U3 (As) 5.2.a fiile — e — IR SRRR 0 fE KB R AR T eIk
HRIY A (Cd) 5.3.a TR R 7L — AR WOE
7k $R (Hg) 5.1.a fi P — I SR e oy iR TR ok
=4 )L (Ni) 5.4.a TR R T — AR
v . (Cr) 5.5.a TR fiR 7L — LEF WO
i (Pb) 5.6.a TRk ZL— AR REE
I ER3A 25 R,
#:3C-2 FAMIC-C-18-2D#RBR Ak 25 M OFRER 5 1
N B R FRBRYE DI ik
AR £2) RN W
EF2E(T-N) 4.1.1a  FTAE— I ofiE— K HRFndE E VA
DABEAR (T-P0s) 4208 AAX—LREE AR piidante
A4 B (T-K20) 43.1a  EASE Z;&%ﬁ%%t&yﬁ7v_
1)K 45 (T-CaO) 4.5.1.a TR 7L — AR
AR E (0-C) 411.1.a ZroAEEE(L [ SR K=
$f 45 (T-Cu) 4.10.1.a  FEKRSHE T — MR AR TE
g4 & (T-Zn) 49.1.a Tk oy i 7L — LR R
U (As) 5.2.a il — fgie — ISR RR o if KSR AR IOk TE
FRIT A (CA) 53.a Tk oy i 7L — MR
/K 4R (Hg) 5.1.a il — R SRR 5y iR En R b oA
=/l (Ni) 5.4.a Tk oy fif T — LR AR TE
e 5 (Cr) 5.5.a FoKG R AVN - a )
éh (Pb) 5.6.a Tk oy i 7L —LJE AR
JHITEILFR3A 25 0.

3. WHR

1) REMEODE=SILT

(1) E=XVTHER

FAMIC-A-17, FAMIC-B-14, FAMIC-C-12-2 /% 0" FAMIC-C-18-2 D%y DE=HV 7 DfE RAiF AA~FK
ACDIZ/RLT=. ISO/IEC 17025 (JIS Q 17025) Tid, 5.9 iR - IEAE RO M E OIRFEIC TR UEY) E &
TORBRFTO B % ONESEE BN HER SN QO DT20, FAMIC T, JEEREGERE Y E 2 T T
MraaATvy, RRFEERR ERFO 3 AT KD R S 7B SRS & UL & [R SR A TRV B B2 AT - T,
FAMIC-A-17 OF=XV> 7 BAtEH 5 39 » A%, FAMIC-B-14 OFE=4V 7 Btk 70 » A %, FAMIC-C-
12-2 DF=HV 7B 94 4 A 1 K OV FAMIC-C-18-2 DE =X 7 BlhEINS 23 # A £ TIeFEELI-4%
R A Bk O %53 D 2 G T T ORE RO TFEZ M 1A~ 1COITRL, TSR K& OMLE RS
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R Teds, BB RI M QML E BR OB T VAR (R 22, BRI & OVLE RS\ TiT, %F‘f
HEWE OBAEED [ R HENS ORI 122 B | RAEERR E DOBR O L RIS 7253 E £ (n) I NZFR
AEAE (p ), SENARYER 72 (sw) X OVE R BUE R 22 (sg) Z W Ta) 2, (b) AKX VM (e) KickRkdiz. £
DOFER, FAMIC-A-17, FAMIC-B-14, FAMIC-C-12-2 K& UYFAMIC-C-18-2 DE=HY T2\ THELILE
BT D HTED AL, WIS E R A OHEFHN CTh o7z,

2
%ﬁﬁﬁﬁ%&zﬁé@ﬁﬁﬁﬁ@%me:ﬁﬁb\f:t%ﬁﬁ%(c)=\/(SRZ—SWZ)+S% <+ (a)
SBT3 H T HEGRRY = u+ 20 .-+ (b)
SEEEICKT T DALERRSR = u+ 30 (c)
n: LFEFRERICRBIT 2SR =5 sp: FEFRIFRER CIEOIV- = M 5 BUE e R 722
sw: FEFRIFRBR CHELI- = N (R 2= u: ARREE
F4A FAMIC-A- 17O EMET =4V 7 B #E (E&EFE %)
EFREE ToE=TH L, NSTEUNY S EEMEME
FESIENEE s (T-N) SEEIfiE 2e% (AN) SR (C-P20s) SR fiE (C-K20) SEEIfiE
0 13.92 14.03 13.98 11.62 11.64 11.63 13.20 13.32 13.26 13.76  13.91 13.84
9 13.99 14.03 14.01 11.70 11.74 11.72 13.39 13.44 13.42 13.38 14.32 13.85

15 14.01 14.02 14.01 11.94 12.11 12.03 13.24 13.36 13.30 13.95 13.99 13.97
21 13.98 14.00 13.99 11.59 11.61 11.60 13.19 13.22 13.20 13.63 13.70 13.67
27 13.99 14.00 14.00 11.72 11.82 11.77 13.32 13.47 13.40 13.55 13.57 13.56
35 14.00 13.94 13.97 11.99 12.03 12.01 13.17 13.30 13.23 13.70 13.75 13.73
39 13.98 13.99 13.98 12.03 11.75 11.89 13.36 13.28 13.32 14.17 14.34 14.26

F4A (fix) (BEEDE %)

PR M T WRM N Sy PR A ¥R 5 e e
0 3.44 347 346 0.298 0.318 0.308 0.568 0.583 0.575 0.444 0.462 0.453 2.14 224 219
9 3.42 344 343 0.289 0.303 0.296 0.561 0.567 0.564 0.452 0.464 0.458 228 231 2.30
15 3.52 354 3.53 0.309 0.318 0.313 0.561 0.578 0.569 0.445 0.453 0.449 229 233 231
21 3.41 349 345 0.294 0.311 0.302 0.527 0.572 0.549 0.460 0.470 0.465 2,12 235 223
27 352 3.54 3.53 0.311 0.319 0.315 0.555 0.563 0.559 0.446 0.452 0.449 2.35 236 235
35 3.47 350 3.48 0.304 0.309 0.306 0.569 0.549 0.559 0.427 0.444 0.436 2.48 248 248

39 3.50 3.61 3.56 0.319 0.319 0.319 0.575 0.575 0.575 0.447 0.443 0.445 233 236 235
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#4B FAMIC-B-140%2 EMT =2 o 73R BR AR

(LR %)

N AT 7 ) ” s
0 794 809 802 913 914 913 666 674 670 818 823 820
4 798 798 798 908 923 920 677 679 678 815 816 816
10 796 801 798 902 913 912 665 667 666 828 829 829
16 801 805 803 919 926 923 665 666 666 823 827 825
2 802 806 804 925 933 929 672 677 675 817 847 8§32
2 798 800 799 910 913 912 669 671 670 817 828 823
34793 803 798 900 911 91l 660 673 671 827 854 84l
4 789 802 796 921 923 922 666 667 667 807 830 8.8
46 793 795 794 927 928 927 674 676 675 817 818 817
2 793 801 797 917 926 922 677 678 677 835 844 839
ss 796 801 799 925 926 925 68 682 682 807 819 813
66 808 803 806 919 917 918 671 676 674 815 820 8.8
70 813 812 813 915 915 915 666 666 666 821 8§19 820
#4B (Hix) (mg/kg)
v H O —_ HRIDL =vrv
T S R Gl 11 S A 051
0 301 323 312 392 411 401 367 383 37.49
4296 307 302 426 427 426 377 377 3770
10 293 296 294 415 419 417 369 378 3737
16 288 297 293 417 419 418 369 371 37.00
22 291 298 294 395 399 397 381 390 3855
28 301 308 305 370 378 374 363 366 3644
34306 310 308 443 444 443 383 301 3874
40 294 299 296 429 438 434 372 372 37.20
46 294 298 296 404 414 409 374 381 3775
52 285 290 288 434 437 435 372 387 3791
S8 282 296 289 435 448 442 360 365 3626
66 296 293 294 422 430 426 390 390 39.01
70 319 334 327 444 440 442 366 367 36.66
FACD FAMIC-C-12 205 B M= 4V IR B %)
PN s B = e e
BAs At g e N o SR gy TRERC g AR g
0 4.77 479 4.78 8.64 8.64 8.64 0.607 0.619 0.61 5.99 6.03 6.01 20.4  20.6 20.50
8 4.57 475 4.66 8.46 8.49 8.48 0.553 0.561 0.56 5.76  5.82 5.79 20.0 20.1 20.01
14 4.71 478 4.75 8.52 853 853 0.560 0.564 0.56 6.03 6.08 6.06 20.1  20.9 20.50
20 4.67 472 4.70 8.59 859 8.59 0.538 0.541 0.54 5.84  6.17 6.00 20.7  20.8 20.77
26 4.67 4.69 4.68 8.56 8.61 8.59 0.572  0.573 0.57 6.20 630 6.25 20.2  20.3 20.29
32 479 480 4.79 8.62 8.63 8.63 0.583 0.588 0.59 5.62 566 5.64 20.1  20.3 20.22
38 4.80 4.81 4.81 8.72 876 8.74 0.610 0.614 0.61 590 595 593 20.2  20.4 20.31
44 4.62 4.69 4.66 8.53 857 8.55 0.524 0.532 0.53 542 544 543 204  20.9 20.67
50 4.63 4.66 4.65 8.73 876 8.74 0.611 0.623 0.62 5.78 5.78 5.78 19.0 19.2 19.12
56 4.65 4.68 4.67 8.48 854 8.51 0.605 0.608 0.61 5.79 587 5.83 199 20.2 20.02
62 4.58 4.61 4.59 8.59 8.60 8.60 0.570  0.579 0.57 5.77  5.82 5.79 19.3 19.5 19.44
68 4.63 4.69 4.66 8.60 8.64 8.62 0.560 0.579 0.57 5.85 590 5.88 19.8  20.0 19.90
74 4.66 4.69 4.67 8.70 8.72 8.71 0.608 0.611 0.61 6.12  6.14 6.13 20.4  20.5 20.42
83 483 485 4.84 8.72 876 8.74 0.604 0.604 0.60 597 598 5.98 20.8  21.5 21.18
94 4.77 478 4.77 8.66 8.62 8.64 0.576 0.585 0.58 6.03 6.14 6.09 20.8  21.0 20.86
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#4CO (Fex) (mg/kg)
FEAE=N AVAS=N NN

s R g TEEE e OF g NS
0 583 587 585 963 991 977 22.1 225 223 1.81 1.84 1.83
8 575 591 583 991 992 991 19.2 203 19.7 1.83 1.85 1.84
14 567 586 576 1,015 1,015 1015 20.7  21.1 209 1.79 1.82 1.80
20 582 582 582 982 988 985 21.8 22.1 22.0 1.78 1.78 1.78
26 545 547 546 991 996 993 229  23.1 23.0 1.84 1.90 1.87
32 561 575 568 1,000 1,004 1002 224 229 226 1.82 1.82 1.82
38 570 571 570 985 996 990 227 229 228 .77 1.79 1.78
44 567 569 568 981 992 986 21.7 219 21.8 1.83 1.83 1.83
50 571 579 575 1,001 1,003 1002 19.8  20.0 19.9 1.82 1.88 1.85
56 587 589 588 996 1,002 999 214 237 226 1.85 191 1.88
62 554 561 558 997 1,006 1001 21.1  21.6 214 .77 1.82 1.79
68 575 577 576 998 1,007 1003 204  20.5 20.5 .72 1.81 1.77
74 572 574 573 983 999 991 22,1 229 225 1.83 1.85 1.84
83 559 566 563 992 995 993 213 224 218 .72 1.80 1.76
94 547 552 550 991 995 993 23.6 22,6 23.1 1.74 1.80 1.77

24CD_ (%) (mgke)
— A\

BBAK g THEC )T T oy TBEC g T
0 0.464 0.470 0.467 733 743 73.8 78.6  81.2 79.9 36.4 365 36.5
8 0.448 0.478 0.463 742 746 744 80.5 80.5 80.5 35.1 351 35.1
14 0.443 0.473 0.458 78.3  78.7 8.5 754 794 774 36.1 369 36.5
20 0.511 0.514 0.512 72.7 743 735 81.8 82,9 823 353 353 353
26 0.501 0.503 0.502 733 734 734 86.6 885 875 354 359 356
32 0.462 0.479 0.471 713 774 774 80.4 81.2 80.8 36.0 36.0 36.0
38 0.506 0.514 0.510 747 749 7T4.8 79.1 794 79.2 353 358 355
44 0.488 0.509 0.498 71.6 72.6 72.1 79.5 80.2 79.9 353 357 355
50 0.483 0.520 0.502 759 763 76.1 83.1 84.0 835 355 36.0 358
56 0.476 0.484 0.480 76.1 763 76.2 80.5 82.1 &81.3 36.8 37.3 37.1
62 0.466 0.476 0.471 743 744 743 772 793 78.2 346 351 348
68 0.489 0.501 0.495 73.2 755 744 80.8 83.5 82.2 348 358 353
74 0.512 0.522 0.517 740 746 743 78.8  81.0 79.9 36.1 369 365
83 0.470 0.523 0.497 727 72.8 727 78.5 787 78.6 357 362 359
94 0.496 0.492 0.494 77.6 775 7T1.5 80.6 80.0 80.3 364 36.2 36.3
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#24C2 FAMIC-C-18-200 72 EMEE =2V 7 iR BR RS

CELELSY %)

P EFEREE WARRER nEaR AR HgRE
i A %% (T-N) DB AN (T-P»0s) A (T-K:0) RSN (T-Ca0) R (0-C) DB AN
0 470 471 4.70 4.61 4.67 4.64 0.107 0.118 0.113 1.62 1.68 1.65 36.6 36.7 36.7
5 4.78 479 4.79 4.60 4.60 4.60 0.117 0.120 0.119 1.61 1.65 1.63 37.6 37.8 37.7
11 4.81 4.85 4283 4.60 4.65 4.62 0.117 0.118 0.118 1.68 1.68 1.68 37.8 38.0 37.9
19 4.82 4.84 4383 4.43 4.72 4.57 0.116 0.116 0.116 1.62 1.65 1.63 38.0 37.8 37.9
23 484 480 4.82 4.49 440 4.44 0.111 0.111 0.111 1.64 1.69 1.67 37.8 37.8 37.8
#4CQ (fix) (mg/kg)
o " FiTjeu:=1 - HWenaes - [0 - FIRIT L -
T S T S T I €T G €T
0 919 922 920 1,547 1,553 1550 12.0 13.7 12.8 1.80 193 1.87
5 911 913 912 1,533 1,537 1535 14.0 143 14.2 1.86 193 1.89
11 951 954 952 1,547 1,547 1547 13.3 13.9 13.6 1.81 1.83 1.82
19 874 882 878 1,512 1,516 1514 13.6  13.9 13.7 1.85 1.85 1.85
23 926 920 923 1,561 1,557 1559 14.7 13.7 14.2 1.88 1.82 1.85
#4CQ (fix) (mg/kg)
. TKER =)L 74=9N #n
Bt EE . EE EE EE
fj:lﬁﬁ Ey (Hg) S /j'ﬂ_ (Nl ) S /j'ﬂ_ (CI') S /j'ﬂ_ (Pb) S /j'ﬂ_
0 0.905 1.012 0.959 242 262 252 424  46.5 445 23.0 248 239
5 0.862 1.049 0.955 248 256 252 493 51.3 503 248 253 25.1
11 0.878 1.005 0.941 249 254 25.1 44.0 442 44.1 243 248 24.5
19 0.933 0.866 0.900 25.2 254 253 43.9 44.4 442 23.3 23.2 233
23 1.254 0.940 1.097 247 252 249 43.7 46.0 44.8 264 27.1 26.8
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il il
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1C@ FAMIC-C-18-2 DFE=HV 2 I /54T ik 5
(EIXX 1A 2 08)
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389 F y=0.0401x + 37.14
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y =-0.0012x + 1.8702

0 10 20
RiEm A% (H)
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59 y=-0.1001x + 46.739 30 F y = 0.0545x + 24.068
G proz 3
on
45 K TN g
a® ¢ &< =
& &
BN 3 b mimmmoe i
31 1 1 21 1 1
0 10 20 30 0 10 20 30
A (H) A% ()
11. FAMIC-C-18-2 (71 A5) 12. FAMIC-C-18-2 (1)

134 F y=0.0032x +0.9328

0 10 20 30
A% (H)
13. FAMIC-C-18-2 (k)

1ICO® (Frx)

2) EBHZEREMHEORMAREMLLE
FAMIC-A-17, FAMIC-B-14, FAMIC-C-12-2 }2 (O} FAMIC-C-18-2 OE =%V 7 F S BlAaREN O HAEETD
A, BRI HHED I B =2 7 ot OIS Ra & A &3 %A —F — Db D& 5-1 12,

mg/kg F—H—DbDEFR 52 \TRUTz. ZEMEOAMIL, #ihH 2D LA LA = DR E DT A HIv
T ISO Guide 35 (JIS Q 0035) VA& Z TR D FINETIT-7-. £7°, (d) XKLV (e) LD, #&ilh A F K OV il
EDEIFEARDOMEAE (by) KO (by) KD, Wiz, () RO (g) ky, FRIOEAERF (s) o ONElfiE
RO E DFEHERAE (s5,,) 23RO T2, BUREFROBEE DIEHERFE (sp,) & B (£g 95, 7—) & T UTAELAHZ O
fiE (|bq]) Z LB L7z

ZOfER, FAMIC-A-17, FAMIC-B-14, FAMIC-C-12-2 % O FAMIC-C-18-2 DA TORBAELTIZIBNT,
|b1] < sp, X toosr—p &2V, ST AT LITRD LN -7, THICKY FAMIC-A-17, FAMIC-B-14,
FAMIC-C-12-2 &% T} FAMIC-C-18-2 DRFER L, F=FV 7 EiBitaE /NS 3 £ 3 »H, SHE 10 74, 7
10 7 HH, 1411 7 ABZRE ChL sz,
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T T
b, = ;(Xi -0 — }_’)/;(xi —x)? -+ (d)

b0=}_’_b1f "'(e)

T T
1 1
5= m;m—w = m;(yi—bo—blxi)z e (D)
T
sb1=s/ Z(xi—f)z - (g)
i=1

HIEIEYE: by < sp, Xtogsr—z  ** HETRV(ZE)
[b1| Z sp, X toosT-2 HETHD (REE)

T: =2V 7 FEfEh%k (A-17(7 [18]), B-14(13 [A]), C-12-2(15 [a]), C-18-2(5 [a]))
xp: AHRBAIE OFT=2) 7K B BE=HY 7 FEi B ETORGBIER (H)
X ox; DFEIE(H)

yi: E=XU 7 E i A OREEOF-LEIE

Vi y; DI RO T E

by: [EUFERROMEZ

by: [EIFEHROE]Fy

s TRIOREHERZE (HEETR 2 (v; — 9) OIEEVERE)

Vit x (KT 2y, DT RIE

Sp,: [EIREBROBEE DOFEERR

toosm—z: ¢ fE(FIAEAKRE a=0.05 AHE T-2)
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55-1 UM OZE VDT =2 L 7 5 O S fE 5

£ 5O Bl S BT R HE 4
sy by by sH S ? g g
(mon.) (%)” ( % >j) " (%) ( % )D < % )j)
mon. mon. mon.

(FAMIC-A-17)

#=F#HAE (T-N) 209 13.99 -0.0004 1400  0.016  0.0005  0.0012 O
TUE=THZESE (AN) 209  11.81  0.0064 11.672  0.161 0.0047  0.0121 O
SEPEVARE (C-P20s) 209  13.30  -0.0005 13.314  0.087  0.0025  0.0065 @)
SEEPEANE (C-K20) 209 13.84  0.0029 13.777  0.246  0.0072  0.0184 @)
SEHETE 12 (C-MgO) 209  3.491  0.0022  3.445  0.041 0.0012  0.0031 @)
<¥PE~ > (C-MnO) 20.9  0.309  0.0003  0.303  0.008  0.0002  0.0006 O
EEMEIFHFHE (C-B0s) 209  0.564 -0.0001  0.567 0.010 0.0003 0.0008 O
KEEMIFHIFE (W-B03) 209 0451  -0.0004 0.459  0.009  0.0002  0.0006 O
JR#EMEFR (UN) 209 2321  0.0043 2233  0.065  0.0019  0.0049 O
(FAMIC-B-14)

TUoE=TIEZEHE (AN) 343 8.00  0.0006 7.98 0.05 0.0006  0.0014 @)
AEAMED AURE (S-P20s) 343 9.19  0.0004 9.18 0.06 0.0008  0.0017 @)
KEPEDAE (W-P20s) 343  6.72  0.0004 6.71 0.05 0.0007  0.0015 @)
KIEPENMEL (W-K20) 343 824  -0.0004  8.25 0.09 0.0011 0.0025 O
(FAMIC-C-12-2)

wFHAoE (T-N) 44.6 471  0.0000  4.71 0.08 0.0007  0.0015 @)
0 /R4 (T-P20s) 44.6  8.62  0.0013 8.56 0.08 0.0007  0.0016 O
N4 (T-K0) 446  0.58  0.0002 0.57 0.03 0.0003  0.0006 O
£ R4 (T-CaO) 44.6 591  0.0003 5.89 0.21 0.0020  0.0044 @)
HRgRFE (0-C) 44.6 2028 0.0014  20.21 0.55 0.0052  0.0113 @)
(FAMIC-C-18-2)

wEFHAeE (T-N) 11.6 479  0.0044  4.74 0.04 0.0020  0.0064 O
0 /R4 (T-P20s) 11.6 458  -0.0068  4.66 0.05 0.0027  0.0086 O
N4 (T-K20) 11.6  0.12  -0.0001  0.12 0.004  0.0002  0.0006 O
f R4 (T-CaO) 11.6  1.65  0.0005 1.65 0.02 0.0012  0.0039 O
AR (0-C) 11.6 37.60 0.0401  37.14 0.41 0.0218 0.0692 O

a) FAMIC-A-1713fR#% DOE=4) 7Ll A DHEFEL 397 Atk ETE=4) 7
FAMIC-B-14/3Fi8% DOF =4V 7 Elii A D HEFEL T70r Atk £ TE=4V 7
FAMIC-C-12- 2138 % D=4V 7 FEf A MDOIERL T94r A ETE=4Y 7
FAMIC-C-18- 213 % DE=X) 7 FE i A MDERL 23y A ETE=4) 7

b) FEERIEOF=F 7 FEN A DE=2) 7 Fli B ETORERRIOELE ()

¢) FAMIC-A-17D55 47 ROKEEIE (7 — 2485 = B=XV 7 FEhum15 (7) X §HT08r8(2))
FAMIC-B- 14D Wik R ORI (57— 2 5k = =4V 7 Eham1 5 (13) x G T085(2))
FAMIC-C-12-20D43 W it R ORERIE (7 — 2% = £ =2V 7 EhE [R5k (15) X P T70084%(2))
FAMIC-C-18-2D /3 il OIS - (7 — 54k = =4V 7 Ehia[m1 % (5) X DT84k (2))

d) FEUFERROBEE

e) [EIFEAROY

f) FRlOEEEAZE

g) [BlF ERROME X OFEHERR =

h)  Sp, X togsT-2

) ORRAICHEA L TEEIIAEEETROLN T, ZE LTl L =5y

|by| < sp, X toosT—2
j) FHO%IIEESyR
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350 FEHEME D2 EMEDTE =2 L N O STl

| P R R HIE |
sy BO  by® P Sm? e
mg/k mg/k mg/k
(mon.) (mg/ke) ( ,f(fn_g) (mgke) (mg/ke) ( ,f(fn_g> ( rf(fn_g>
(FAMIC-B-14)
O F (As) 34.3 3.00 0.0001 2.99 0.11 0.0014 0.0031 O
SR A (CA) 34.3 4.20 0.0043 4.06 0.19 0.0023 0.0051 O
=/7)L(Ni) 34.3 37.5 -0.0005 37.6 0.90 0.0111 0.0245 O
(FAMIC-C-12-2)
FieE (T-Cu) 44.6 571 -0.1955 579 11.7 0.1101 0.2379 O
Hish & (T-Zn) 44.6 995 0.0584 992 9.3 0.0874 0.1889 O
% (As) 44.6 21.8 0.0075 21.5 1.11 0.0105 0.0227 O
SR A (Cd) 44.6 1.81 -0.0005 1.84 0.04 0.0004 0.0008 O
7K$R (Hg) 44.6 0.49 0.00030 0.48 0.02 0.0002 0.0004 O
=4 )L (Ni) 44.6 74.9 0.0014 74.8 1.93 0.0183 0.0395 O
e (Cr) 44.6 80.8 -0.0109 81.3 2.55 0.0240 0.0519 O
# (Pb) 44.6 35.8 0.0024 35.7 0.01 0.0061 0.0131 O
(FAMIC-C-18-2)
dieE (T-Cu) 11.6 917 -0.6645 925 29.99 1.5739 5.0088 O
fign4 & (T-Zn) 11.6 1541 -0.1905 1543 19.92 1.0450 3.3258 O
U (As) 1.6 137 00349 133 051 00270 00858 O
HRIT A (CA) 11.6 1.86 -0.0012 1.87 0.03 0.0015 0.0046 O
JKER (Hg) 11.6 0.97 0.0032 0.93 0.078 0.0041 0.0131 O
=4 )L (Ni) 11.6 25.2 -0.0078 25.3 0.13 0.0068 0.0215 O
a1 (Cr) 1.6 456 -0.1001 467 288 01513 04814 O
§ (Pb) 1.6 247 00545 241 141 00742 02361 O

BEIE RS- 125 MR

3) IEHZIRENHEDOFEZHR

FIROF=HV LD E M EMERFHT O R, BLEEHET FAMIC-A-17 1ZE=4V 7 FERFEIRD 3
3 » A [, FAMIC-B-14 13 5 4 10 # A f#], FAMIC-C-12-2 % 7 4F 10 » H [, FAMIC-C-18-2 |% 1 4= 11 » H
22 E CHLLHWINT=Z L0, BESIVTWDAZIHIRDZ LB PECHOWT, BIEE TOMRNTET.

4) BHZEMEEVEOAMMRICOLNTOHE

FAMIC WOHFBUHEHOEE b, AHIRIZZNETIORE 6 HRIERTELTWD. ZOZEND, H%)
HIROIERIZONWT, 6 AZREUELL, BEICA 2 HIRA B E T\ % FAMIC-C12-2 ZFRUN B AR EY B
DN, ARABRICOWCOHEEEIT o7, #HEE S5 1kEL T, ISO Guide 35(JIS Q 0035) V%25 |ZFRGEE
REDPLEFE 6 ARETOH BB RMUIZRE S CORMZEMEICLDO N HENSE (h) NI FE L, &
PR L LT E THBMIROHEEZFT, 2 6A~CITRLTz. ZTOREH, FAMIC-A-17 (22U T, 2023
6 HARETITENED AVIE e OEEMEIN B O R ]2 EVEIC LD RN S E R R 28 2, FAMIC-B-14 (2
DUNTIT, 2030 4F 6 H RETITKRIEMED Al D R 2 E M LD N HED S HIVETRR A& #E %, FAMIC-C-18-2
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[ZOWTIE, 2021 4F 6 H RE T DO EMZ EMIC LA RN IOV E R B A B2 HZ ENHERIS =, — 7,
FAMIC-B-14 |ZBIL TIT A ZhHIEA 2029 4EF TIE R ~O [ HEME N HEE SN 7-.

Ults = Sblmexpir ce (h)
mexpir: %:5’9‘/7£ﬁ'@ﬁﬁﬁéﬁ#75)%@ﬂ %K
uis: R EVEICE DR S OHER E

F6A  FAMIC-A-17DRFENS OHERME

%5 Sb Ujis RS
47 H 1% 5947 H 1% 7147 A 1%
QO2IFFE6H K) (20226 H K)  (20234F-6H K)
EHEERE (T-N) 0.000 0.023 0.028 0.034 0.266
ToE=TPEEHR (AN)  0.005 0.221 0.277 0.333 0.362
TRMEY ABE (C-P20s) 0.003 0.120 0.150 0.181 0.176
IRPENE (C-K20) 0.007 0.337 0.422 0.508 0.448
IRMEH T+ (C-MgO) 0.001 0.056 0.070 0.085 0.158
M= (C-MnO)  0.000 0.010 0.013 0.016 0.025
SEMEIFHIFE (C-B0s) 0.000 0.014 0.018 0.021 0.045
KEMIEHFE (W-B03) 0.000 0.012 0.015 0.018 0.024
JRFEVEZESE (U-N) 0.002 0.089 0.112 0.135 0.259

6B : FAMIC-B-140D e/ S O HE Il il

E‘Zﬁ:r\ Sbl Uits %ﬂﬁﬁﬁ
162 H 1% 174 A 1% 186/ H 1%
(2028561 K)  (20294F6H1 K)  (20304F6] K)
TUoE=THEER (AN)  0.001 0.100 0.108 0.115 0.137
AYRPED AU (S-P20s) 0.001 0.126 0.136 0.145 0.173
KIEVED AR (W-P20s)  0.001 0.107 0.115 | 0.123 | 0.120
IKIEVENNE (W-K20) 0.001 0.182 0.196 0.209 0.247
U (As) 0.001 0.225 0.242 0.259 0.433
HIRIY 2 (Cd) 0.002 0.377 0.405 0.433 0.534
=4V (Ni) 0.011 1.801 1.934 2.067 5.899




20204F % EEEBREAREME OB — R e el — 207

#26C  : FAMIC-C18-2D /N ile S DHE I

D% Sbl Ults RS
317 At 435 H 1% 55 H1%
Q02156 R)  (2022FF6H] K) (2023461 K)
EHLE (T-N) 0.002 0.063 0.087 0.111 0.40
0 /A (T-P20s) 0.003 0.084 0.116 0.149 0.23
AR (T-K0) 0.000 0.006 0.008 0.011 0.02
R4 (T-Ca0) 0.001 0.038 0.053 0.067 0.17
AR SE (0-C) 0.022 0.674 0.935 1.196 0.87
#i4 i (T-Cu) 1.574 48.791 67.677 86.564 108.36
Higp 42 5 (T-Zn) 1.045 32.396 44.937 57.477 156.03
V5% (As) 0.027 0.836 1.159 1.483 2.60
HRI A (Cd) 0.001 0.045 0.062 0.080 0.10
KéR (Hg) 0.004 0.127 0.177 | 0.226 | 021
=L (Ni) 0.007 0.210 0.291 0.372 4.81
V=IN(e) 0.151 4.689 6.504 | 8.319 | 726
§ (Pb) 0.074 | 2.300 | 3.190 4.080 2.28

[ LR O E DARHERR 2 (s, ) 1T, IR ELHR O T HME L EMEOFEERAE (s) 2 RZ A DE =21
7 Fli B DB I TN =2Y 7 FE i B £ TORBIR (x;) ORZET T MOF IR TERLEZLD T
BV, FEHTE=ZV 7 EROT- NN 5. 253 F1E, #ATEEOHME EHIC—EDEIZIT < EDN
b, BEMDHERSILTODRMHREM: FCTIE, BHIIICIZER B OB E OIEERRZE (s, ) IZRE RS &
(A5,

DTN, FAMIC-A-17 }; U8 FAMIC-C-18-2 I[Z2W T, BIfEREL CWAE VI BR BT R S
HIRAZ A TLESTWDA, ZIUTBAEDBEYREAROE OFEERZE (s, ) 2 IO TW D720 THY, 51
DE=ZY 7 LB IR B OB E OFEUERRZE (sp,,) DD, RIIZEMEIC L DA SHERIE (uis) 2396
DL, HEEAZDWIRNBEIMNL QUL ZERTFRENDDT, 5HOT=HY L THREREZFERL QK EET 5.

7%, WEEE, FAMIC-C-18-2 D/KEIZDOWT, FHTHHTL THRLIZ 2 DO EDIZH D E D KRENZ
DORIEE S B EELTRY, BAEFBUIGIEREZ Bk & T DR B4R Thb.

4. F&H

Bl RREAR HEM L & U CHEYEMET A (7 EE AL ARIE R FAMIC-A-17) , A= #EM)E B (8 (L sk Ak FAMIC-B-
14) K OEHEWE C (FGIRFEEILEL FAMIC-C-12-2 2 Y FAMIC-C-18-2) DE =2V 7285 R M2 et
Bz FEHE 7=, Ok F, FAMIC-A-17, FAMIC-B-14, FAMIC-C-12-2 % O* FAMIC-C-18-2 D443t 5
OIFTAE R OSEEIEIL, WO b R8REERR EREO ST B W TEL NI RSB RSN, /38T
EDITE DTN UHEE SNV DFIPHIC I 1T DB TR A2 D2 8138 n o7, iz, /3 #ris % 1SO Guide 35
(JISQ0035) 'V &BE HEHRIT L, ZEMEFHIIL7-L 2%, FAMIC-A-17, FAMIC-B-14, FAMIC-C-12-2 }
N FAMIC-C-18-2 (DWW CE=XY 7 E Bl D, 4343 » R, 5410 7 AR, 7410 » AR, 1
11 7 A MO TORRIER Y D22 EVEDHERES I, FAMIC-B-14 (225W\ T, A2HIR%E 2029 £ ECTELEL,
F 2 E BRI 2 55 Al REMEAS B D e RS LTz,

ISO/IEC 17025 (JIS Q 17025) 2 Cl, Z3#r LD Z 4 PRI I\ T, FEEY R A FV N CELE L O FE D
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R A HELE S LD TTHED — DI T B TWD. F72, B HE O ROZ L PEDOFHERIZIBNT, fRELT
BoNDT =%, FATATRER G A, Mt TFIEE W TSI TR R AT L, FHl3 52 L3
BENTWD. ZOZLEDD, RRERN T DR 2 EMEZ MR L TODIEERRERE EW E OF] e E 2 TR Hr
D AE PRAERC RN EICH R 2L 2AIIREL, FIHEOSHT#E ROBEIEOM LICHF 5 T2b0LEZL
ns.

X

1) ISATEAE N MK EHE 22 28 2 — (FAMIC) : IEHERERR Y B BT H 56 T

<http://www.famic.go.jp/ffis/fert/sub6.html>

2) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025 :2018, RABRFT S OFLIEAEBE O RE T BE 95— R 9T )

3) FKOUHLTY, BEHAIB, SRS, BAAM, FHEIEN, REPE -, SN, B HEEF, E#%Yﬁ,
SR 2012 fREE NEREREYEM E OB JE — 15 R SERRIEEE FAMIC-C-12—, JEEHFZEHR S, 6, 84-100
(2013)

4) MR —, URFEG, BRI, BOTH)), REE 7, BEEAE T, MARE, BHAFH, BHRIE,
APRI 2013 ARFE NLBHBREREMEY B OB SE — M BE(LAIEEE FAMIC-A-13 —, JEEHIFFEHR T, 7, 95-104
(2014)

5) B[R, RO HLY, SO, RFRGE, G, HAPRER, NS —, BRI, $aRir, &
ICRIRER, IR, AHRTR 2014 AR IDEREREAEMEW E OB %€ — il L IR FAMIC-B-14 O
Bl—, JOEHFFEES, 8, 140-152 (2015)

6) @(77:@)?7 RfErE, \RFH R, RAER, AR, AHMIE:2015 FE EEFEREEEYE OB

—{HIRFERENEE FAMIC-C-12 O 8GE —, JEEHIFFEHR S, 9, 145-169 (2016)

7) FROTHLTY, /NGRS, SO B, GRS, ARG, AR, BHFMIR 2017 FE JEEERAELR
WMV DOBHFE — B AL AR FAMIC-A-17 O —, REHFZEHE, 11, 159-172 (2018)

8) KM, BOFMETF, MEEEED, KGES, PHE1, BOTHT), AHMATR:2018 R JUEEEREL
HEYVE DOBRFE — 15 IR RBEIERE FAMIC-C-18 DS —, JERHFZE#E, 12, 160-174(2019)

9) ISO 17034 (2016) : “General requirements for the competence of reference material producers” ((JIS Q
17034:2018, MEHEM)E L pER OREINCBI 2 X 2R HIH ) )

10) ISO Guide 35 (2006): “Reference materials— General and statistical principles for certification” (JIS Q
0035 : 2008, [MFEHEYE —RFEDT=8 DM H) K OSeat 772 5 Al )

11) ISO Guide 31 (2015): “Reference materials— Contents of certificates and labels” (JIS Q 0031 : 2018, &
HWYE —BAEE L TV ONE )

12) FSTATBUE N RAMOKPEHE B L 272 — (FAMIC) : BB UR %L (2020)

<http://www.famic.go.jp/ffis/fert/obj/shikenho_2020.pdf>



20204FFE IEBIERREAR EM E DB — R INZE MR — 209

Long-term Stability Evaluation of Fertilizer Certified Reference Materials for Determination
of Major Components and Harmful Elements:
High-Analysis Compound Fertilizer (FAMIC-A-17) , Ordinary Compound Fertilizer
(FAMIC-B-14) and Composted Sludge Fertilizer (FAMIC-C-12-2 and FAMIC-C-18-2)

INOUE Tadashi!, AOYAMA Keisuke®, KAWAGUCHI Shinji,
FUNAKI Norio®, and AKIMOTO Satono*

! Food and Agricultural Materials Inspection Center (FAMIC), Kobe Regional Center
(Now) Ministry of Agriculture, Forestry and Fisheries, Food Safety and Consumer Affairs Bureau
2 FAMIC, Kobe Regional Center
3 FAMIC, Kobe Regional Center (Now) FAMIC, Nagoya Regional Center
* FAMIC, Fertilizer and Feed Inspection Department

FAMIC has performed long-term stability examinations to confirm shelf life of fertilizer certified reference
materials (CRMs), high-analysis compound fertilizer ( FAMIC-A-17) , ordinary compound fertilizer (FAMIC-B-
14) and composted sludge fertilizer (FAMIC-C-12-2 and FAMIC-C-18-2) for analysis of major components and
harmful elements. We have given certified values total nitrogen (T-N), ammonium nitrogen (A-N), citric acid-
soluble phosphorus (C-P20s), citric acid-soluble potassium (C-K»0), citric acid-soluble magnesium (C-MgO), citric
acid-soluble manganese (C-MnO), citric acid-soluble boron (C-B,0s3), water-soluble boron (W-B,03) and urea
nitrogen (U-N) for FAMIC-A-17, ammonium nitrogen (A-N), citrate-soluble phosphoric acid (S-P,0s), water-
soluble phosphoric acid (W-P,0s), water-soluble potassium (W-K,0), arsenic (As), cadmium (Cd), and nickel (Ni)
for FAMIC-B-14, total nitrogen (T-N), total phosphoric acid (T-P20s), total potassium (T-K,0), total calcium (T-
Ca0), total copper (T-Cu), total zinc (T-Zn), organic carbon (O-C), arsenic (As), cadmium (Cd), nickel (Ni),
chromium (Cr), and lead (Pb) for FAMIC-C-12-2 and FAMIC-C-18-2. We evaluated the monitoring long-term
stability by a statistical analysis of the results of stability examination on the chemical analysis of the stock CRMs.
The data was performed a statistical analysis in reference to ISO Guide 35: 2006. It shows evidence that there were
no need to update the certified value and its uncertainty. From these results of the statistical analysis, the all certified
values of the CRMs (FAMIC-A-17: 3 years 3 months after preparation, FAMIC-B-14: 5 years 10 months after
preparation, FAMIC-C-12-2: 7 years 10 months after preparation, FAMIC-C-18-2: 1 year 11 months after
preparation) were stable. The CRMs were expected to be useful for the quality assurance and the quality control in

the analysis of major components and harmful elements in compound fertilizers.

Key words certified reference material (CRM), fertilizer, major component, harmful elements, ISO Guide 35,
long-term stability
(Research Report of Fertilizer, 14, 186-209, 2021)
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15 ARl DMPP (RHERIE RIS 44) DL EHEICDULNTDHREE

AL !
F—J—F DMPP, i LAINHILS, Z2EM:, JEk

1. [XLHIC

HPLC 2k DMPP (3,4-FC AF LETY — L0 k) D43 7 Z et Uil e Y, L
7 JEEL (Table 1) DO5H, —EFBONEEF (LK A, (LEAEE D & OBLEIEE (IZDWT, D EEIZ DMPP
EGEHRBEOEELZRO VAL, — T, F—BhcBWCiE, 5 BROOTRE L O RS EkRED
DMPP & A BT LEL TWeZEND, i TIRE L TOLMICIER O DMPP &3 L Tinhes
Z 57z (Figure 1-1~2 K& T Table 2) . EDJRKZHEDT=8, ORERFOMEN O, QFEHAK D pH, LY
OFEHAEREHZHE B L, IEEIZI1T5 DMPP D% EMEIZ B E FAE 3K 722DV TR L= T, B3
EWETD.

Table 1  Fertilizers containing DMPP and used for the development of analytical method

Changes in content  Shading Materals containing in fertilizer (excluding DMPP) : most

Sample for DMPP during first
over time storage
. Urea, Coloring material (Acid Green25 : derived from
Littl Y ’
Urea ittle es DMPP)
. . Ammonium sulphate, Ammonium nitrate, Anti-caking
Mixed nitrogen . . . .
.. Little No material (Polyethylene wax), Coloring material
fertilizer .
(Phthalocyanine green)
Nitric acid, Phosphate ore, Potassium chloride,
Compound . . . . . S
o Much No Ammonia, Sulfuric acid, Anti-caking material (Aliphatic
fertilizer A . . . .
amine) , Coloring material (Phthalocyanine green)
Ammonium nitrate, Potassium sulphate, Ammonium
Compound phosphate, Magnesium fertilizer, Ammonium sulphate,

fertilizer B Little Yes Granulation accelerator (plaster), Boric acid fertilizer,

Coloring material (Pidment Vaiolet 23)

Potassium sulphate, Ammonium nitrate, Ammonium
Compound Little Yes phosphate, Magnesium sulfate fertilizer, Granulation
fertilizer C accelerator (Kaolin), Ammonium sulphate, Coloring
material (Dispers Blue 6901), Boric acid fertilizer
Nitric acid, Phosphate ore, Ammonia, Anti-caking

C d . . ) ] . .
on-lpoun Much No material (Aliphatic amine), Coloring material
fertilizer D .
(Phthalocyanine green)
Complex fertilizer D, Ammonium sulphate, Ammonium
Mixed fertilizer Much No phosphate, Potassium sulphate, Magnesium hydroxide

fertilizer, Urea, Manganese sulfate fertilizer, Borate
fertilizer, Anti-caking material (Silica fume)

U MSTATBUE NRMOKEEH B Z 2t 2 —mr o 2— B4 hEE2—



JEELR ODMPP (SRR L RN HIAS) D22 EPEIZ DUV TORRRE 211

=)
=)
A
g
i

|

H

]
[

Content of DMPP (mass fraction (%))
S e e §
. .
= 0
'E "
.
{ 1A
»
>

0.00 1 1 1 1 J
0 25 50 75 100 125
Elapsed days from the grinding date

@ Urea — QO Urea

(1st grinding) (2nd grinding: 49 days after 1st)
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(1st grinding) (2nd grinding: 77 days after 1st)
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(1st grinding) (2nd grinding: 77 days after 1st)

Figure 1-1  Time change of content of DMPP in fertilizers by grinding day

(Observed much change)
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@ Compound fertilizerA  — (O Compound fertilizer A
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A Compound fertilizer D — A Compound fertilizer D

(1st grinding) (2nd grinding: 77 days after 1st)
[l Mixed fertilizer — O Mixed fertilizer

(1st grinding) (2nd grinding: 33 days after 1st)

Figure 1-2  Time change of content of DMPP in fertilizers by grinding day
(Observed much change)
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Table 2  Changes on quantitative values of DMPP between 1st grinding and 2nd one

Mean of quantitative value Ratio Elapsed date
of DMPP ond/1st from 1st to
Sample (%)% nd/1s nd
Ist grinding 2nd grinding (%) (days)
Urea 0.274 0.260 95 49
Mixed nitrogen 0.145 0.133 92 77
fertilizer
Con‘ipound 0.105 0.0981 93 77
fertilizer B
Compound 0.0532 0.0534 100 77
fertilizer C
CO@Pound 0.0530 0.0316 60 33
fertilizer D
Compound 0.0373 0.0203 54 77
fertilizer A
Mixed fertilizer 0.0234 0.0179 76 33

a) Mass fraction

2. MPRUVFE

1) SR
Table 1 |Z7<xL7- DMPP Bl & iR 4 FIHGFE 7 iz Vo, ZOMEERNE, IEHFEEHE S 14 5 4 O 2.
1N DEEY.

2) AEE

(1) 28%7 - E=TK: BL7AOVLFOGMIE Rtk
(2) 61 %fEEE: B L7 AV LAFEHIER R S5HT
(3) VABER=TIN 70 BT AV LR Bk
ZOfth, IEEHIFTERE S 14 54 D 2. 2) DERY.

3) KERURE
(1) TE{REEEE: yamato DN44
Z O, JEEHMIFZEEHE S 14 5 4 0 2. 3) DEFRY.

4) A E
JEEMFIERE S 14 5 4 D 2. 4) DEEY.
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3. # B

1) RMBBHORERICEITESLDREDTHER

K FFEHZ I W TIRE 11T DMPP & A OB R 3 -7 L BTz 3 IR ERUIEEL A, fLRAIE
B D K OBLAIEED X, @7 XU FARIZE ASIVTEY, D Ol AR E ST o 7o b0 Il S 03 -
Tz, BT, ARSI DT AIBOMBENAZIZE ASITEY, 22 DD 2 DMPP &4 &3 8
FT2HDD, ZOEGWDB NS T IERE 3 51 URFE, {LRAEE B X OMEREE C) 122D\ T, —#iZ&/ NS
L, ZNBIZOWTAET DK 10 B Z ST~ RTLE~HEZITV, BT RE 5281280 DMPP
A RICBEE D D R ONDE MR LT, f55% Figure 2 |2 LT,

#) 30 HILETIHFIE—ETH-72 DMPP & A &ED, TORITENL TOEEHE0EDEL Qe o7zl
B 7 TRRBAME AN RS- DD, Figure 1-2 (R LTE 3 JERIO X7 B E 2280 X RbN2do7-. =
DZEMD, RE RN DDA HIZ OV TIL, DMPP & A BOHED ~DR BT/ NESWEE BT,

S
%
S

e

%

0
o

S
%
=

0.15

0.10

0.05

Content of DMPP (mass fraction (%))

0.00

0 10 20 30 40 50
Elapsed date from 2nd grinding or 3rd one

@ Urea — (O Urea

(3rd grinding) (4th grinding~ : without shading)
A Compound fertilizer B — A Compound fertilizer B

(2nd grinding) (3rd grinding~ : without shading)
B Compound fertilizer C — [ Compound fertilizer C

(2nd grinding) (3rd grinding~ : without shading)

Figure 2  The influence of shading at storage of fertilizers for content of DMPP

2) HHEIBED pH OEEORER

BRI LT 2 B O BTALBRYE IR I DT, EZE 0 pH ORIEETT - 72/ R % Figure 3-1~2 IR L7z,

BRI OFEHRIE D pH 1%, ¥yfk B BNERARDZETIHIEE DO -T2, £7-, DMPP &4 BEOHHE
BN RSN 3 REIOG A, SEREIRO pH 1L 5.3~6.6 O#iH TH 7243, DMPP & A EOW/D EGVN
INSH T 4 JEEHZIWTIE 3.8~4.1 7218 5.6~6.2 OHiPHTHY, —HOFWHANEHEL TV, ThbnZ e
b, FUEHEIR D pH O K/, DMPP & &OWD S WO R/ T IERILREE 2 i,
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Branch number 3: 3rd grinding

Ur: Abbreviation of ureas

Mn: Abbreviation of mixed nitrogen fertilizers

Com: Abbreviation of compound fertilizers

Figure 3-1  Fluctuation of quantitative value of DMPP and pH in sample solution by grinding day
(Observed little change of content of DMPP)
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Branch number 1: 1st grinding
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Branch number 3: 3rd grinding
Com: Abbreviation of compound fertilizers

Mix: Abbreviation of mixed fertilizers

Figure 3-2  Fluctuation of quantitative value of DMPP and pH in sample solution by grinding day
(Observed much change of content of DMPP)
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3) EMHOBERUVRESLOEZEDTHEE

P %12 DMPP &3 O BEE 72D 23 o7z 3 EEIOI BALAKIEEL A LN D22\ T, fEEREC
TUoRSTHERFLELTCT RV MME TR T VB =T %, M2 R L L CRYBAE TI32a< g4,
THEFUEHLTEY (Table 1), 3 O7 U E=T LREEEOBLE I 100 %HHE T 1:3 THHEWD Hl s
otz 3 IEBOIBLEAIEEHIT E=U MEZE AL T525, DMPP JREL TREEEE D ZE AL T
5. )E, VABRIREL TOAGLAZE AL TWhiz& W) dl b b o7z,

UL EDZEMND, 28 %T L E=T K, 61 %hilE & O AR =7V (0 /84T D TR SY) % Table 3 OELE
TR G LM%, DMPP % 0.1 %L (AR, ZO8EZ TRIAM &), ) SRR 2R L. s
DIEEHZF1F S DMPP OUMEIGRERZ1THZET, BB T DEMEHZ LD~ O BE R L. Fiz,
H D7D TR ORH T DMPP ZIRIILZ2W I RIEERO R, ¥a#% (2 DMPP 245 (LU, Z
DENER TRASIN 2D, ) B TORIMEIGRERL T~ 7. RO VER 7 2 —% Scheme 1 (2, £ FRANEIIL
BR DTS B e OV OFEHANR D pH % Table 4 12, ZNZ U RLTz.

BINTIX, VAR =20 AL BIZEDOL T R 94.3 %~95.1 %llXE—H L7z, £, VAR
SHNTT LA BOZOTHREEL 3 (RTRING) OV 3 (BRI T, BIEEITZ 1 94.9 %, 94.3 %
SFFE B U8, FREAEEE 1 B O 2 GEIZRIEING) S ONCZE 1" KON 20 GEIZ%IRING) T, BIEITZ
ALEI 86.1 %, 86.7 %, 95.0 %X TF 95.1 %&720), HIEHINGHD 7 3% UG LS, [FIUERDS 8 %~9 %FeE (K
N7z,

F7o, RBAEE 1~3 RIAINE) (22T, OFIEHRPESE 20 HIZICHEHTLCRE R, EOFiffekHc
DWTHHNE AT GRER B 1) D5 R~ T DMPP [H[LRDOEEN L 2 %FEE Th-o7o. — 7, @DEL
TUVEPRE i O L TOZRD o TR B S A 20 A2 ISR e L To ik B 2 o T L7224, sREIEEL 2 12
DWTIT IR GRER B 1) O3 HT 4 AT H~C DMPP [BIURO A BT £2 %FEE TH 7228, sRHLE
B 1IZOWTIE 6 %~8 %FEEE, FHSUIEEL 3 122UV TIE 11 %~20 %R, MDA I BRL, ZnTh
IR R GRER B 1) O 434G R AR TRIUCROIK F 3 R b7z,

PLEDIOZ, ToE=T, fHEE L AR =TIV AORLE L > T, SRR EIOERcZ RIRFIZ E 72
[ SREIRFAOIZ DMPP [BIER DMK N L2 — A LS 7=2 805, DMPP AVIREHZ W T, JFA RO FEEE
K OBLA FEIR 3 C Figure 1-2 [R UL R BIR DL & 5 I REME DSV RIS 7.

7235, [MUELA FEOFHRAEEHZ DWW T, BIESIIEZ RN CREHAIR O pH IXIFIE —HLI=ZE0 b, 2) D
il R L FERICEEHAI O pH 1%, DMPP OEIUHRIK FIZB G Lane Bz b,
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Table 3 ~ Mixing ratio of prepared fertilizers

Ammoniaa) Nitric acidb)
Sample (Convertto  (Convert to
100%) 100%)

Tricalcium

phosphate Remarks

Prepared Prepared DMPP-free

- 1 3 1 one separately
fertilizer 1 (Prepared fertilizer 1')

Prepared Prepared DMPP-free

o 1 3 2 one separately
fertilizer 2 (Prepared fertilizer 2')

Prepared Prepared DMPP-free

o 1 3 3 one separately
fertiliz .
ertilizer 3 (Prepared fertilizer 3')

a) Amount of 28 % ammonia water added is calculated with specific gravity as 0.90

b) Amount of 61% nitric acid added is calculated with specific gravity as 1.38
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500-mL tall beaker |

<—Tricalcium phosphate
«—61% nitric acid Mixing ratio shown in Table 3
«—28% ammonia water (little by little)

| Drying | 70C, 16h

| Transfer to poly tray |

| Stretch thinly |

| Drying | 70 °C,5h

| Sampling a certain amount | Remaining

| Spiking 0.1 % DMPP | Used solution

| Drying |70Cc,10n | Drying | 70°C. 10h
Prepared fertilizer 1~3 Prepared fertilizer 1'~3'
(Containing DMPP) (Not containing DMPP)
| Grinding | | Grinding |

| Spiking 0.1 % DMPP | Used solution

Recovery test Recovery test
(Pre-spiking) (Post-spiking)

Scheme 1  The flow sheet of preparing fertilizers and of recovery test
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Table 4  Results of recovery test for prepared fertilizers (1~3 and 1'~3)

Spiked Quantitative value Recovery Criteria of
a c R H of sample
Sample level”  Test day ’ and condition of DMPP" rate” the trueness’ P solutionp
(%)" (%)" (%) (%)
1 0.0861 86.1 6.3
2 0.0843 84.3 6.3
Prepared o 2 (Reground item
ol . . 85~110 .
fertilizer 1 0.1 stored while shading) 0.0794 4 6.3
2 (Reground item
stored without shading) 0.0779 719 6.3
1 0.0867 86.7 6.0
2 0.0883 88.3 6.1
Prepared o 2 (Reground item
o . . 85~110 .
fertilizer 2 0.1 stored while shading) 0.0842 84.2 6.1
2 (Reground item
stored without shading) 0.0881 88.1 6.0
1 0.0947 94.7 5.8
2 0.0938 93.8 5.8
Prepared ) 2 (Reground item
.. . . 85~110 .
fertilizer 3 0.1 stored while shading) 0.0744 744 >-8
2 (Reground item
stored without shading) 0.0831 83.1 58
Prepared h)
fertilizer 1' 0.1 1 0.0950 95.0 85~110 6.2
Prepared 1)
fertilizer 2' 0.1 1 0.0951 95.1 85~110 6.0
Prepared h)
fertilizer 3' 0.1 1 0.0943 94.3 85~110 5.8

a) Designed value of DMPP

b) Mass fraction

¢) Test day 2 is 20 days after test day 1.

d) Mean (n=3)

e) For spiked level of DMPP

f) Criteria of trueness (recovery rate) shown in Testing Methods for Fertilizers
g) Spiked before grinding

h) Spiked after grinding

4. F&H

JEELFT D DMPP OZE EMEIZ DWW TRREEL =L A, IROFE RA2157-.
(1) HPLC % W= BB D DMPP O34 LA ME Lo\ IZ W T, — 3B CIE, /8 R L
TWAIMIZ, DMPP &H ENFLIED L. ZOJRKEL T, JFUEIOFRE & O A LE OB URIBINT-Z &
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B, RIED R L oo TTREIAFRZRIECNT W - DT EATOMERDHHES Z BT,

X M|

1) ISARK K HPLC & MW AREiF > DMPP (REERLEBENHIAS) Dok DB, BT S, 14, 39-
52(2021)
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Verification of stability of 3,4-Dimethylpyrazole phosphate (DMPP) in Fertilizers
FUNAKI Norio'

"Food and Agricultural Materials Inspection Center (FAMIC), Kobe Regional Center
(Now) FAMIC, Nagoya Regional Center

In the process of development of analytical method of DMPP in fertilizers, a significant decrease in content of
DMPP in stored items (not ground) was observed in some fertilizers every time they were ground. On the other
hand, content of DMPP in ground samples of fertilizer were almost stable. These facts indicate that content of DMPP
in applicable fertilizers may decrease during storage without grinding. Therefore, I verify factors affecting stability
of content of DMPP in fertilizers. The influence of shading during storage was not observed at the result of analyzing
fertilizers containing DMPP. The influence of pH of sample solution was not observed, too. Fertilizers, observed a
significant decrease in content of DMPP, were mixed ammonia, nitric acid and phosphate ore in the process of
development. Therefore, I prepared fertilizers by mixing ammonia, nitric acid, tricalcium phosphate (which is
principal component of phosphate ore) and DMPP, and carried out recovery test by using them. Because of recovery
test, content of DMPP decreased in some prepared fertilizers over time. These facts indicate that the decrease of

content of DMPP in some fertilizers may appear by kind of materials and mixing ratio of them.

Key words DMPP, nitrate inhibitor, stability, fertilizer
(Research Report of Fertilizer, 14, 210-220, 2021)
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16 AV OEBEE#ZEHAR(IZ5FR)
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F—U—F FEFRER, 2=vT, 1393, wmRUER

1. LI

BERDYEER/THBTNNEWIERIEERC & T¥E0b % TR HRORIPEY 2 JFE U7 IRk 12>
W, IEEIO A EHBOFIREELL CHEMRBROMELZ T ENBOLNARNEDTHHIE. |EEDS
NTEYY, [EEORZEMENHERBSIL TS, £, ZORMBRIEIC OV T MEWICK 9255 2B D558 |
(BAF, MHEFERER &) A MK ES R R SRR IZLVED BTN,

M ERBIIRAa~Y T2 0D EEENTEY, ZOAEF RO LIEEHHICHEER DN EAL TODHH
EEHETHRBRIETHD. FENKIT, BIERE, AFRE, IWEFAEOM, HYERICRAONDREE
WOREEBETHLE>TThNA. BFIERO TARBERIT, A ERSICLAREE KR NER 2Lk
DIERR S BRI IR Z LT BRI A D NA AR ED 2 DO —ANE 255,

FEEEORBC BN T, AEFERDICLOEESABEEICET 28 A RTIE, AERSICLDEELE
HEELZ BT AZEIIREETHY, FRo7HEZL TLEIRN A DS,

ZZT, MNTATBOE NEMOKFEH & R 2F T2 % — (FAMIC) T3 AR EICR T2 REHH7-0I1C
THETESH, WARERK OCIIRE DIz onTawy FOAREEICRETARELIT> TE-. BoN-m R
(ZDWTIE, I3 5B Dk R o 7 15 - i I I S LT 5.

ARETCH, IBEO LS THHIEIRICOWNWT, a~v YT OEHBEEOFHELZI T2, SHIT, 1FHFDE
PR E CRHERSNIIER DS, Dy FIERICOW IR EA THH7at"TURIC L > Th~ MERE & 7okl
MIZB W TH RRZIEIR DS AHNDYZ 00, a~< Y k3 57ue 7Y RICEDFE IOV THHRLIZOTH
HI5D.

7B, N FIFRRZIENOWTUIA KRG NER 2 M RN SEIE T 2728 BN T L AVEO LA RS0,
FEEFRBR S T CIIRAET DA REMEREDD TRWEBE ZONDLIE, FZOFEEBNETHLIENLRZ
JEIR DOREZRIZ DWW T M L7203~ 72

2. MHERUVFX

1) #HETBERUEHSE

(1) R T A TEIERTZEHE 2 mm OS50 EELELOEZH W, B EFE IS
WTHR LIRLEZ. BUKMEATIRMEIZIF SOV T, BUK TIEHIFE 2 L2, ICP B EHHiETo
Hriz=tv,

(2) HEFEE:EE, VALK OINMBEOHBLELT, BT E=0 0, #@0ARE G IR K LD
ULER W F, I3 OMHAEEL T, IO, S L TIFHFE K NI LB E LTINS IR Y
T 10 KR GEHED) &2 . @0 A A RIZHOW TR @ L TWA IR 2V, ZH LSk
UL R A .

VOMSEATBGE NRMOKEE B e it 2 — i E R 2 —
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(3) fEREW . a~YF (M4 EHREK)
(4) ABERBAFL:1/10000 a /A /3T /LRy R H W, 1 RBRX 23

2) HABAE

#1 R RO

TR LT,

T HEORH
B
K5y (Vo)
pH (+:H,0=1:5)
ﬁiﬁﬁéfﬁ

KRB (mS/em)
i’“ﬁé%?ﬁ*g(meq/loo giz 1)
AR (¢/500 mLE sz 1)
B KA /K (mL/100 giiz +2)
BUK AT ES 5 (mgkeiz 1)

BARs+

26.7
5.5
0.3

0.27

36.4
356
98

0.24

(1) #RER X O R% N OVt FH &
RER X ORER L OV 1355 2 \RLIZERY, 1350, =k 1%

mg, 10 mg, 100 mg, 200 mg, 300 mg, 400 mg } O} 500 mg fH¥Y &% fE H L7577 KIZ DWW T4 2 #H T
ZHEMLTZ. 728, £ TORBRXICHET > E=U %% 5% (N) LT 100 mg, i
LT 100 mg K OMEA LN Z A1 H (K20) £LT 100 mg #824 &4 L 7-.

I3 M NFHPEIEHFE (BL0;) ELT 0
W ARG K EY AUBE (P,0s) &

F2 R E
- 2#Z'(N) oA (P,0s)  JIEY(K0)  139%Y(B,0y)
(mg) (mg) (mg) (mg)
100 100 100 10
100 100 100 100
5K 100 100 100 200
100 100 100 300
100 100 100 400
100 100 100 500
fm v [ 100 100 100 0
8) FalET =7 %A T
b) 389 A K AT
©) HAL N % f F
d) 1988, b IEHE K ONEIR 3T (]
(2) Hebs
FEIZ %92 BB D453 BR D 715 - i (2017) DI L7283 > TIA R VR M AE L 72 5% 58

HL, 201 AR~y 7% 20 RiFEFEL C 21 ARG L. BB ST, A TRSAEE

(AR TER =q

Fhee KG50-HLA %) PN GG &7 H B K 310 pmol m™2s™, MRBAWER 12 W, &IRER 25 °C, &M 18 °C,
T 65 %D —EELTZ. FEKITRRBKED 60 %% HZIATV, B—7—R 7 XA #hfaKEE (AindA

T 2% RP-MRFS) #fHL7-. 7=, A%

SELENTORY MOBLEITIR H ZFRE, 5 H IS IS ie
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IRz,

3) EHEIEE
FEIEER, W [UHEW) O AR K OV R FIEIR OB AT T 72,

3. #R

1) REXRUVEFTRE

EOMRIX, =W fk — io%E&U IOMXOEME%L T HELKO® 21 HHOHET2(5H 1)~ (5E
6T T . El, B, BR, ERBEROEFRERLER 3 ITRT.

IR 1 kmb?‘:kk@, EOME X K O =k Z1E9 K X TlE, 0 mg/pot ~100 mg/pot T
100 % ToH-72%3, 200 mg/pot LL ETIL T L, 500 mg/pot TIX 10 %H ETI F L. IFH IOV T
200 mg/pot IZEWTH 100 % ThH-7275%, 300 mg/pot LL LTI L, 500 mg/pot TiE 35 %E T FL
7z

R Q1 HE)IEX 2 [2RLEERY, 139X, — B I1FHFE X L NI K IZH VT 0 mg/pot
~300 mg/pot CTRIFEE ThH 7223, 400 mg/pot LA ETIK F L. A MRIZONTL, 1ZH5W XK BIEHR
X =t TR X IVE/hEnoTe.

ARE R OAERERIIIX 3 127 L7EEEBY, 10 mg/pot IZEWTIEWTHORE XIZBWTHAE
R EFREITIFIE 100 % TH-7223, 100 mg/pot TIXIEHIEE XX 110 %, 1FHOWIX TIT 118 %ETEHL
72. 200 mg/pot LA _ETIIWF G A M 12720, 1358 K & OV =/ b 13558 X 1% 400 mg/pot LA E
T 20 %UL FEpotz. 139 KIZBWTHBA [ Th 7273, 400 mg/pot LL T 49 %LL FTHY,
%wfpgz:omﬂi (E3X VAR E30Y . F NN | AN E I E S F L VI NV NIV

ZHHDORER, FZOFEDOWMFINEILIZL ST, BEROE TR OEEFTRRBPBOLNI. 285, 13O
RO =ik ﬂw)ji# IOWIVLAEFERRNBHE ThoTe.
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K3 FEHFRROEHFREOR R
IEOFEMLE  FEHFR ZE K (cm) AMRE AEREREE

PR (mg) %) (14p) @lp) (@ (%)
0 100 90 104 328 100
10 100 86 101  33.1 101
100 100 81 108 361 110

IR 200 95 69 110 313 95
300 83 45 98  22.1 67

400 38 2.3 6.6 6.5 20

500 15 1.6 4.1 2.0 6
0 100 70 104 316 100
10 100 67 105 327 103
100 100 65 99 315 100

S IEHEIX 200 93 5.7 97 255 81
300 70 3.7 92 169 53

400 35 22 6.6 5.6 18

500 10 1.3 34 0.8 3
0 100 79 9.1 286 100

10 100 75 92 290 101
100 100 73 110 338 118
ESYIS 200 100 59 106 321 112
300 95 5.5 98 271 95

400 78 38 89 141 49
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Physiological disorder of Komatsuna
- Boron -

AOYAMA Keisuke !

'Food and Agricultural Materials Inspection Center, Kobe Regional Center

FAMIC has confirmed the symptoms of physiological disorders about Komatsuna (Brassica rapa var. perviridis) .
So far, we have confirmed the symptoms related to nitrogen, phosphoric acid, potassium, etc., and this survey has
clarified the symptoms when boron is excessively fertilized. It was confirmed that when excessive boron was added,
the germination rate decreased and the subsequent growth deteriorated too. Furthermore, I confirmed physiological
disorders in the leaves from about 14 days after sowing. I observed symptoms such as leaf coupling, depressions
and yellowing of the leaves.

It was found that leaf coupling also appeared when the herbicide clopyralid added to the soil. However, I did not
observed dents and yellowing of the leaves. It was found that the presence or absence of these symptoms can
distinguish between the physiological disorders of boron and the harm caused by clopyralid.

These results are important findings when conducting cultivation tests regarding damage to plants.

Key words cultivation tests regarding damage to plants, Komatsuna (Brassica rapa var. perviridis), boron,

excessive symptoms

(Research Report of Fertilizer, 14, 221-230, 2021)
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