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1 AAOOINTS5T4—IZ&KBBBAA U2 ICE THHEAEZOHE

P HARERA!
X—I—F AFIu~NTTT—, WERAT Y, R, B BRI S D R R

1. [XL®HIC

AEEF DR 2 T2 08Tk LT, BRIz A JEILEE L TR b Wb A4 ra~vhr o7 ¢
—% O CHEERE A i A A LU CRIE 32 78S 2 A EICSCF DV IC k- TRFTSI, ZOEER
O EEDOPEREIZ DWW THL—FRBR=R1C L5 2 2414 (SLV : Single Laboratory Validation) Z#Ez3L T\ 5. LadL,
ZOGHTIETAH RIS (1435) 2 W TR0, JREHERERTE (2020) 2 UG OMM s ATiE T STV
PSR O SRIRIR B & 72> TG Fil AR O HE AT B 2 AT ME R 0 Fl I B W B AL T D s (1423) &
T HZENTEIL, RICHHRAZER L CORMTAATREE D, i H 3 DR R A IR IR FE A 2 —
TS DB T2 D280, JERHERBRIEL M) — P — Lo TR ThHDHEB X T,

L EDZ s, AEOHIH 71 OF R EEIZ DWW TR ETZITV, R L7 HTEIC W T HE— R B =
BT %YM AEMGRLIZD T, ZOMEZHRE T 5.

2. MHERUAE

1) SFRAEH

JitiEL COBEZALEFEIC DWW, 12 FEHOIEEIE G FE 13 1 (BREE T LARE} 2 8618, Wile7 E=7, it
fer 7 =/VIRFR, I AR, EIRYABEAIK, Rl E, LR IR, B LARE, 1RA - LAk, bk
fe~ L B EE, FRERCAIEEL, H29) vz, £ EHZ W T, ABIE 500 pm DO5DWEEIRTHET
ot 7=

AT, WilEAA % 10 % (E &%) GA T Do BRI 208 BN AW, RO 7= Iz L
T B OBLE EI A R O 4y 3% i Table 1ITRLTZ. ZHOHOFEHT JIS BUHIZHUE S TRk DS %
EHL, hoae &[RRI LTz

Table 1 The preparation of analytical samples

The mixing ratio of the materials (%)" Design component (%)"
Sample Ammonium Potassium  Ammonium
Dihydrogenphosphate  Chloride Sulfate N P,0s KoO SO,
(NH4H2PO4) (KCI ((NH4)2S04)
109 ti
/o preparation 18.1 68.1 13.8 50 112 430 100

sample

a) Mass fraction

VRSTATEE N RAMOKEE B il o 2 — B R 22 AR
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2) AEDRAR

(1) WA AZAERR (SO 1 mg/mL) : JCSS HifEA A AR (S04 1000 mg/L) (BAHAL)

(2) TREMRHABEEA A AR (0.2 mg/L ~ Smg/L) : FilsA A AENERDO—E B4 K CHARL CTHRL
7-.

(3) IREEFEMEVAIR pH=10 (RBER) : JIS K 8625 |ZHIE T 2RO kIR Nw A (BIHIE)0.191 ¢ &
OMIIS K 8622 [ZHLE T DHHR D IRIEKFE T D L (8 L7 AL LFDEHIHE) 0.143 g Z/KIZE7>L T 1000 mL
L.

(4) g & L7 AV AFCMEE A5 aE  E

(5) il (1423) : HFEOEREE 1| LAKDORFE 23 LEREALIZHO.

(6) Hilg (1435) : HFEDOERFE 1| LAKDERFE 35 LERALIZHO.

(7) HiElg: & L7 AV LTSS A5 4R E

(8) W7 E=U L JIS K 8960 (ZHIE T Dl (B B b ; Hik)

(9) VAR “KFETE= L JIS K 9006 [ ZHLE T 258K (BIRAL 7 Hidk)

(10) HAEAYD L JIS K 8121 (ZHLE §253E (8 £ 7 AV L FDEHIEE ; Frik)

(11) 7Kk K ELE L (Direct-Q UVS, Millipore) TR L 72 JIS K 0557 IZHE T2 A4 O7KZ -,

3) BERUEE

(1) #EEO5f%: TAITEC SR-2DW

(2) wLHERE: KUBOTA T —7 /Ly 7 5E D 4000

(3) AAvru~h7Z7(0C): Ahm—2L 850 Professional IC I W47 LyHh—J55

(4) #1725 Shodex IC SI-90 4E (% 4.0 mm, KX 250 mm, FifE 9 um, FLEA] AL =/L7 La—/L K&
IZE 4 BT =0 DEAEALTFRE O LT aA A A3 HAK)

(5) A7V 7404 —: ADVANTEC # DISMIC-13HP (£L£% 0.45 um)

(6) RV7orL ML NFER: ¥— /A=A DigiTUBEs 50 mL

(7) pH A—%—: HORIBA pH A—#— F-54

(8) ¥yfH: Retsch ZM-200

4) SAE

AR BRI IS IV CODIRIEA A DA F L 7~ 7 F7145(6.10.1.a) & Scheme 1-1 THRL7Z. F
72, Schemel-1 Z JeiZfli FHU 72 kB0l E A 28 L7204 Ji 1% Scheme 1-2 (Z7RL7-. Schemel-2 T?D
ERRELT, oiralkla &0 eI A 233 KITHERE (1+23) Z WA X912, ik AE AR 5B H
WADIRIREL T, BRI Z TKEHEHTE5I912 L7, F7-, Scheme 1-1 TIRVIEE HIEEFIFEL TVRDy
57225, Schemel-2 TIHIEVIRE HiEERLT-.
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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
|

Ground-in stopper centrifugal precipitate tube,

trifugal ti i
Centrifugal separation 1700xg, 10 minutes

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

Sample solution
|

Measurement

Ion Chromatograph

Scheme 1-1  Flow sheet for sulfate ion in fertilizers
("6.10.1.2" 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
|
Filtration Hydrophilic PTFE membrane filter (0.45 pm)

| |
T
| Sample solution |
| |

[
Measurement

Ion Chromatograph

Scheme 1-2  Improved flow sheet for sulfate ion in fertilizers
3. WRRUEER
1) HEELRIZ&IEEOSEM

BHEZFMET 5720, S HFEE 14 52T, Scheme 1-1 & Y Scheme 1-2 THOMTLIZFERIZL->THF
B EI T T, A 7ua~h7 77 OHIESAE% Table 2 T/RT.



82

AEEHFZEE#R S Vol. 14 (2021)

Table 2  Analytical condition

Detection Conductivity detecter

Suppressor Chemical suppressor (Column type)

Column Shodex IC SI-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. 25C

O AT AE O FEBENE NS 95 % T3 X F) 2 [B] i B KR 00 J8) PRI &, Figure 1| TrsL7z. [EIRELAR
(y=1.001x+0.423, r=0.999) DX (b) D 95 %fEHHIX[HIE 0.973~1.028, LI (a) D 95 % EHH X i%-0.770~
1.616 THY, REBHERBRIEITREN TUVDEFE OHESER [ 2357 3G Lo 7z,

Figure 1

80

y=1.001x + 0.423
r=10.999
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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) PHTEERUGEEEDTM
DHTREFE R O P RS BE 25 9~ 57200, BRERIN L K OVEE R A BR A1 K 2 T 2 IREEDRfilEA A % 2
SOHMTCTHEZEZ TS BB A EEL TERLNRERE Table 3 1ORLT-. Fi2, TROOFERMND, — ol &
ST EAT > TS DIV B TRE BE B OV [ 46 BE 4 Table 4 [Z7R L7z,
BRI DB 56.69 % (E E45r3) T, HHTAHMMEERZT 1.16 %, TRIFHMEERZET 1.71 % T
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bot-. F, EIBDABERA IR ORREEA A ONYHEIT 3.74 % (E &%) T, fHMTHHEER L 0.76 %,
PR SR 721 1.33 % ThoT-. OO BT, IEEHEREREEY TREN TV A TRE BE (BH TR =
YA 72) K OVFR DS FE (PR PR SRS YR 22) O FF R EFE N CTh -7z,

Table 3  Individual result of sulfate ion for accuracy estimateion (%) 2
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) 5 e
Sample sulfate ion s RSDS"  2*CRSD.’ s’ RSDyp®  2*CRSDp,"
(%)” ©%)” (%) (%) %) (%) (%)
Potassium sulfate 56.69 0.66 1.16 8 0.97 1.71 13
Tripl
e 3.74 0.03  0.76 8 005 133 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) FmREEROHKE

Fh A DRI A (1423) ICA DI04 7o C, LB = T AL TV 557 4 (Shodex ST 90-
4E) D H pH 73 3~12 ThHZEND, BN IR Z1E Y72 pH (ZFHHE T 5720 DA BRIR ARt L7z, SoH
BY O TIE, HaRHEDOEBHR ChD 1.8 mM [REETNT A+1.7mM [REEKFE TN LD R TRBER
23 pH 10 DFEFE R THDHI LMD, IEBERZ AW TI100 5L EICHIRT22EE LD, 22T, Mg (1+23)
DR Z K FT1 TR B EVRBER CAIRL7-35 D pH % Table 5 (/R L7-. TOFER, Hlg (1+23) 128\ T
HIABENZ T 100 (A IRLIZEZA, pH 23 3 LLETHH7-.

F72, AR T 2O HIZIXEH pH 28 1~14 LENTHDHEO0HYY, pH ilFED 72D LHIEEER T
TR T DUERRNIT A IEELT= 280D, FFRICITK EIITIEEERE VT 100 500 ECaiRdp2be
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) HF|AEFGOBRE BH—HREICETIERREROFM

YTy =2 WA F ra~ T 77 4—TOME TREEREBEHRZ 256, B St EfE
DLW EDRHLZENHBILTNDY. D78, J|HHLOHEDTIE, AIEORKFHT ZkAx Hun
TREREEHAL W= UL, TR 3544 7a~ 777 (Aha—2A, 850 Professional IC) T, R
Tyt —E LW S IR ERR O BB IEDSF DN D 2L b D LR A— I — 1§ #3DY, Table 2 DHIE

R CTREFICH WD NFE A ERET o2 s LTz

TR A HE I 2 L B2 72> C, IR ER PSSV AR L2 0.2 pg/mL~5 pg/mL &L7-.

LU TAEERIR L & Table 2 DSAFIZ LD RNE LI EZ Ll UT- 45 % Figure 2 IR LT, ZO#ESE, 0.2 ng/mL
~5 pg/mL OREFHHT—RAZ O THREREZAFR LGS, E—ZHBEBLOE—7E30WN§ il
WTHIRERREL () A 0.999 LI EA/RUTz. EBFERBRE? CRT O HTED 2 4 RO FIRIZB N T,
ERROWTELREL (P DY 0.99 LLETHIVURHEH ATRETHHEIN TNDHIEMND, Y%V T Table 2 D

AR THIT —RAE MO R BN TEoZ L2 mRi LIz,

{pSfem) x min - psfem ]

o | ¥=0.078949 x - 0.00005 vs{ »=0.17475x - 0.00236
0z 4 72 =1.000 oo 4 72=1.000

0.3z 1
023 o
024
020 +
0.16
0.12
0.0 o

004

0.00

r T T T T T T T T T T r T T T T T T T T T
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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. F&oH

ppm

FEARFEFRBRIED | S I TSI IR A A RE 1 (A 7~ b T 7 ) IZHOWT, filit kOB E1T

W, BB RICB IO 0ITED 2 YR E R L2825, IROFERZGTZ.

(1) e (1+23) 2 Al 7 B2 BT T DI TV E 2 MR T 2720, IEEE 14 mUCHIER (1+23) KT
Halg (1435) Z ORI O 3 AT IS OV T BRI e AT o o R, IERH SRR L TORTEE O L
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72Uz,

(2) Ml (1423) Z OGRS L0 BEERL 2 S22 VT S B 2 AS0M T CRIE LI CHM T B & Ot
BB EAHEE LTSRS, Wb IEEHERBIAI RSN QOB R E OFFFHIFAN Th-o T,

(3) RN BT LEDOFAITIY, BT2I2IE pH O FHEIPHA pH3~12 DX A7 & pH 1~14 DXHIZ pH
O3 FHFLFA LN A T I3 HZ VA LT 28035, SEHRO A REREIZR1T2 pH OE{LEMRL, R
BRI BRI Tl ORb i CEL 2 & afsi LT,

(4) R 7o —2FHET 0.2 pg/mL~5 ug/mL OFPH CHREREAER LIRS, ©—27iHE, v —
I SEGLITIRERRE () 15 0.999 LU EZI/RL, MEROBERIEEZHER T

LLEDZEMNS, RIEIZBWCGRERATK O RUZ WD i ISR O EE IR 25k (1423) ICETEL, 7R
PRI UK E B CEDIDICEE L. £, BEIERONIHEICONT, H—HBREICBIT %Y
PEZ B LTS R, AR ORRERA A 2 E T D7D+ 72EiE 2 A L QDI LD R T2,

X ®|

1) SOFRET, NEEE, ARG AF L ra~ N T7 40— XDMIEA A ORIEILEOBRFE, IR
Wik, 13, 50-64 (2020)

2) BMOKPEIEE il 2 — (FAMIC) : 58 % (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-IonPac-AS22-Fast-Man065119-
EN.pdf>

4) WA RAFR, ML=, EEES . 7Ly P ERUnERBRIN SR A n~v T T
—IZBIT D EMR RSO Y, ST kT, 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 (SO4%) 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, |
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 (RSDi(t)) 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)



