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P E LI FIENZIOHIE L. 72k, 2E D=8, 7r——h% 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,

trifugal ti i
Centrifugal separation 1700xg, 10 minutes

Supernatant
Dilution 100 times more, eluent or water
]

]
Sample solution
]
Measurement

| |

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

| | Ion Chromatograph

Scheme 1 Flow sheet for sulfate ion in fertilizers
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3. WRRUEER

1) HERBRAZHOYHE SRR

% 6 FFHOFEL (10 &) & 2 ST TN L2 B EHRBR D /3 M RSOk D T 2 E (%) K O— ol
BB DRI R G E 2 O TR U2 OM TR EIR 72 (s,) , PUBHHEEYER 22 (spp) , DHMTHEEEZ &
TR A HE R 72 (sp4p) & Table 2 (RLT-. E5IT, IEBMERBRIED | OREN TV DR FEEE O %2
(CRSDg) K VB0 (1) 1T KO E H U7 i 2 ) FF B ME(R 722 (6 ) Z[AI U< Table 2 IR L7z,

BPEMEOHIE T, TUPAC/ISO/AOAC DHFRERBR 7 Bha L O FlEE S B ICEMLT-. T, i R0%
SEMEEMERR T 5728, Cochran DR EL EhiL7=. ZDFEE, T X CTOREBHIRB W TE SN MR TE -
DT, ZNHD TG RIZ DWW T—IeBlE s B Hra i L7, IkIZ TUPAC/ISO/AOAC D HhEilk 7 nha
NOF5ZEPEOHER (K 2) W THEMOHEE Tz, TORER, 2 TOREICHER G 2) 20
7oL T2 h, AR EL TR AR EMEZ AL CWDOI LA R LT, 7238, ZE D=, T
FEEE 2 A M2 (2 3) 2 FRllR 7. Fz, (R ) Ik o T TR 2 5 Lo sl BRI ME (R 72 (spap) ZRLHL
72eZAh, LRI 3 ZBR< 5 FFAOEID G g LHI L THZI/NSWETH ST,

6r = CRSDg X X/100 (D)
spp < 0.30, = 0.3y .-+ (302)
s <0.50, =0.565 -+ (303)
Sher = VS + Spp? - (X9

Or - HEE =R ] A SR E(R 22

CRSDg :NEEHFRBRIAI R EN TOD R R BURE FE (SR B R R 22 (%) ) O B %

X HROTEEIE sy PHTRR (R 22

op 1% GPEMERREATO H RIS G LT AR R =

Spp : PCEHHRIRE(R 22 Sper : DHTRERE 25 ToRURH IR HE(R 722
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Table 2 Harmogeneity test results of sulfate ion
= c) i
Number of % ""i CRSD 6R‘z) Sbb eb) 0.3650 se®  0.565" Sber”
sample — (%)” (%)W" (%)) (W) (%)
Ammonium sulfate 10 71.9 8 5.75 0.28 1.73 0.90 2.88 0.94

Sample

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" 0.06 025  0.10  0.25

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

b) Mass fraction

¢) 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

. . . o 2 .
j) When the variance between groups < the variance within a group, svb was considered as 0

2) HREBRERRUNNIERE

FRBRENLHRE SN LR R OIS, RBRE C 13RO A b, MEROIKRE T okt
— RGOSR T2 ED 2.5 pg/mL~100 pg/mL DOREEA A 2 THERRZVERR L, ATRIEEL
ERREICAEDE TERIN TV, F2, RBE B KO G 1L EEFEIRVIEEHEEZRA L Qiehofell
5, A EARERVIBEREAH A L2 OGN D72, Zhd 2 HBRE T SN K EEEIRVIEEHE L
OMRVIEE 4% Table 3 T/RL7-.

Table 3  The conditions of shakers reciprocating horizontally

Shaking Shaking Shaking
Labs IDa) Horizontally reciprocating shaker amplitude frequency time
(mm) (times/min)b) (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

Al MERHEEROREZZTLRERE C R UOVKEHERVIBEHE O CRUBNA R AR L 72
B B LT G 122UV TE, Scheme 1 DOFRER T IEC I 250 TR LI b L B2 D FINAIZ KD s r S
RTHHIEND, OHTIED R MBS L 2 HEE T 572D OFGHET T AW e e & LT, FEHRITIZH
WgipoTo RE S B, A RBRED Dl S L FRERTE R4 Table 4-1 (—RAUCIDHE ) KT Table
42 (C“IRAUTIDHE M) IR LTZ.
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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 fertilizper 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 71.93  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 31.91 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 3.90°  3.59° 2.00 1.80
H 7222 70.48 48.78  47.28 3246 32.12 15.31 15.03 3.54 3.52 2.00 1.97
I 84.97" 84.00"  56.29” 53.43" 3692 3516  18.68 1831 395 3.90 194 1.85
J 76.06  71.49 50.69  49.39 3438 33.62 15.177  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 70.91  70.73 49.03  48.75 32.19  31.97 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 75.29  74.94 49.46  32.45 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 (%)*’)

by  Ammonium Complex Complex Triple Complex

Labs ID sulfate Gypsum fertilizer 1 fertilizer 2 superphosphate fertilizer 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 72.21  72.11 50.56  50.39 33.15 3291 15.76  15.72 3.77 3.68 1.73 1.66
E 70.72  70.47 47.66 47.36 32.38  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 15.38 15.10 3.55 3.53 1.94 1.91
1 8499” 8401 5610”7 53.22" 3673 3498 1871 1833 3.94 388 194  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 15.22  14.93 3.44 3.41 1.78 1.73
L 74.23  70.10 50.11  49.42 33.05 3242 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 4538 31.30  30.96 14.73  14.70 3.43 2.84 1.90 1.87
G 72.35  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 & O* Table 4-2 D _EEETRUTZ 10 3B ICHOWT, 3B OfE 5% TUPAC O 3L FEFBR 7 k=L
TN TREMHIENT UT-. £3°, AUl Z R 3 57-912 Cochran O3 E } O Grubbs DREA FEhEL7-.
ZORESR, Table 4-1 TRLTC— RO EFRICLDH 1L TIT 10 BBREOREBRFE RO, WilcT £
=7T1 RABR=E, 625T 1 RBR=E, (LREE 2 T 1 R RBRELOEBEVABAIK T 1 RBRESMNEEL T
HIESNT-. 77, Table 4-2 TRLTZ RO BRI LR RIZB W TH, —RA&E AW ERORE
REFERIZ, 10 BBREOHIDAE T E=7C 1 #RBRE, £1257T 1 RBR=E, (bkiesh 2 © 1 3 5k=, HilY
ABRAIRTT 1 BRBRE AL L CHIES .
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3) PHTRERVEMBREE

10 FRERE O WEEN DI UBABRINL T AT R O TR U E, 0T R (), DHTARXE
TR YR 72 (RSDy) Mo OB FRBRIE (38 1T D OF TS BE O FFAFE D ONC 25 [F A SR (R 22 (sp) , ERHI R
PSR 72 (RSDr) M ONIERFERBRIED (2 4617 2 = W FF BURS FE O FF 45 #iPH 4 Table 5 (2”72,

Table 5 Statistical analysis of Collaborative study results

b) Repeatability Repeatability
Calibration Labs Mean ) 3 5 5 5 5
curve Sample st RSD:"  2*CRSD: sk®  RSDr" 2*CRSDwr
p@” %)) (%) (%) @)’ (%) (%)
lincar Ammonium o) 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
o 91)  15.99 038 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
PR 10 1.90 0.07 3.8 8 027 143 16
quadratic  Ammonium o1) 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
fortiins 3 91)  16.09 037 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

cortlio 3 10 1.89 0.07 3.9 8 026  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)*The 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 FFEOFEHI O WTHERHINT DOFE R, T X CTOMESRMEITBNT, A4 O EIT 1.89 % (H &
TrER) ~T7237 % (EE/57H) THY, ZOOMTIERERZ (s0) 1 0.05 % (H &%) ~2.14 % (E &%), M7
AR R HE(R 72 (RSD,) 13 1.2 %~3.9 %, =[P B HE(R 7 (sp) 13 0.26 % (B 50 =8) ~2.81 % (H & o
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] P BALAE R AZE Y {22 (RSDR) 13 2.2 %~ 14.3 % T o7z

WL OFE K ONANE SR AFIZ RV Th, BT HE MR 72 (RSDy) K& OV [R5 LA X HE i 7 (RSDR) 73
AEEHERER LY D2 A PR O FIEIR L TODERE DL~ B T DR EOFF RPN Th-o7-Z8h
5, AIEOFEEIINEEE B L OPERERTAT F MED LR IR ITE A L CWVD T Lo iR L7z,

B, 2EBLLT, 2) HEFEBRERRUNNERE (2T, Scheme | OB G LRI N EAHE 7225 FIH
CTHELIZZEZ T Table 5 THERZRUIZMITICHW R o7 =E B, C KNG 2572 13 #lRE
DFRBRFE RNV T, Cochran DRE K Y Grubbs DIREIZ IV NAEE BRI L, #EFHIENT 7= 45 % Table
6 1T T . ZRHDFERITOWTE, D TH R UE(R 72 (RSDy) F OVES [H FF BUAR SR ME IR 72 (RSDr) D3 IEEF
ARBIEDZ YR DO FNETRL TODFIRE DL~ IT DR EOFFARFAN Th-7-.

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

b) Repeatability Repeatability
Calibration Labs Mean 4 o) ) 2) h) i)
curve Sample st RSD:  2*CRSD: st RSDr" 2*CRSDr
p@” % % %) (%) )" (%) (%)
lincar Ammonium 12(1)  71.64 1.86 2.6 8 3.04 42 16
function sulfate
Gypsum 112)  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
o 5 112)  15.65 0.21 1.4 8 1.16 7.4 16
Triple 13 3.56 0.15 4.4 8 036 102 16

superphosphate

Complex
fortlio 3 112)  1.84 0.07 3.6 8 0.16 8.7 16
quadratic  Ammonium (1) 71.85 1.89 2.6 8 2.62 3.6 16

function sulfate
Gypsum 11(1)  49.60 0.89 1.8 8 2.23 4.5 16
Complex 102)  32.53 0.42 1.3 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 (1) 1.83 0.07 3.8 8 0.14 7.9 16

a)~1) Refer to the footnote of Table 5

4) BBARFHORE EMIRHABROBEICE TIERRERDHTM

Y7V =TT ra< T T7 44— TORE TRIBAEBR 2N 256, HEROERME
PO WG AR DD ERHHITNDY . L, Ahm—2tbD A A 7a~ b7 57 Tk R Bk A
WY 7Ly —iEOREIZIBNT, RIET 7Ly — 2 LRW G S TR ER O ERRIES DL
HELHDY.
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FIT, MEROEMRIEC BT DA A 70~ 57 O EREZEE MR T D112, ERHLERBR IS ML
72 13 BBREOREIZHOWNT—IRAE AW ER O EMRIL (P) R LTI-E2A, BTORBREIZTB
T, —kE W EROPTERE (D) A 0.99 LLELRD, EMROBEREL R T HIEN TE7- (Table
7). LA EDOZ LG, A aloo 3 [FFER O Liias & OVIE SIS BV O, MEfic—kE Hnaze
WEFELNEE 2D,

FoT, AEIOKFERERIZIVTIL, Table 5 O _EEETRLIEERY, —RFUZLHMEMENOHEE SN 0F
ITREEE S OVER [ PR B BE L KO 3 BTk O VERB A Al 2 2 L& LTz,

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

Er R~z omodaw >

a) Laboratory identification (In no particular order)

4. FE&o

FERFEERRER 1S N DI S AL CO DR A A BBRIE (A A 7~ N 795 Ot H kS5 B LT oirik
(2D, [EFEAI AR AEL S 32 5 i)k [l ER A FEM L 7o TR D L 80,

(1) 6 FEE (12 45) OREEE AT 13 BBREASMU TR R L, %M SRS O A1 T
Sz, BRSO B B S B D BR B AFR O 10 3RBRE O — R AR BRI LD 5T A IV THE
FHIEHT LT 5, BREEA A FME 1.90 % CE &5 3R) ~T1.77 % (E 553 2R) (2360 T == [H - BUAH e AR HE ffR
1% 2.8 %~14.3 % THY, IERHERBRIE TR I EOTFAFFAN Th o7z, ZOZENG, ATEORSEEITME
RERE M BLYED BRI A L QDL EfEB LT-.

(2) RIS 13 BB=EES TN T, —RAEHAWTREROREREL () 28 0.99 DL ETH
STZEMD, RIETHREBREERTIEIE KR RE AL ENEELNEE 2 L.

ASERF LT AL, 3 CICHE—BREIC LD 2 2 M: (SLV) OFEFE NSV TNDZEND, S HTiEO MR
IEIERHE RERYE I BT DHEREHHED Type B (SLV KON HCV IZEDFHM) (24 L TV 5.



BERA A2 D HTEOMERERTAMT — S FRABRIC L % 4 MRS — 97

B

RGBT I o2 E E LT — R ETE N B AR FERE e, — VSN B AR RS2 —,
BER S BB, RSt R T 7 —, ARMEEAN B ARERRER S, P—F7 v vy—H
AT T4 7 4 7Rt VA= AR, BRE LRASt, T — o — S — R
e, HORCHREZE J718) R B MOK PER S IR AR T, R — R tt, Abm— AP U SO BN
WEERLET.

X ®|

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

(JIS Q 17025 :2018, [FAERPT M OB IERERIDRE /I BH T 50—k BRI )

2) JRMOKEER SR LR d B DRI Eéﬁ'?‘é?ﬁfiﬂ%+f%%*lﬁ%:%@ﬁﬁﬁl%’j§, MR
E ORI BT DIERB URE — R = 5 BT 5 E @ LB O RAE RIS O & A BATIRT D 1 E R
PR ZTEDHME, PR 12 4 1 A 27 B, BRMOKEE SR 96 7, BafSe b 3 426 A 14 H, 2ok
PEAR S RER 1011 %5 (2021)

3) BEMOKPEIEE Z a2 — (FAMIC) : IEEHERERTE (2020)

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

4) SHFHEF, NEEE, AR AT o~ N T 74— RDREEA A ORIEEDBRSE, IEEHFZE
Wik, 13, 50-64  (2020)

5) VHRHAE A rav NI 10— DRRIEA T BB T D TIEO W B, BRIt
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) WU HFA, REILSERE, %H%ﬁ?fﬁ Ty fEREERRE T B AT~ N T T
—IZBT DEMRER O AYE, AT b, 52(5), p297-304 (2003)



98 AERHFZE 85 Vol. 14 (2021)

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 (RSDgr) 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.

Keywords  ion chromatography, sulfate ion, suppressor method, harmonized collaborative validation

(Research Report of Fertilizer, 14, 87-98, 2021)



