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2. MHERUAE

1) HREBRBRAFRMBRE
JISK 8019 IZHET AHMEET U 7 AL NIISK 9000 ICHET A TF AL 7 VT v E= L& N
CHLANER M O & B b D BINER IR 2 L L 7=,

2) HFEFABRARH

JE[RIRRER R A MR, MDA LT L 7L 25, 3B O MY EE & O 5 B b1 — &R ik
BT HERENME T T 2ZEDN RSN, TDT0, AR SMERER =B\ CHSEE & O & Y
ZUSINUCH AR A FEfi T 22L& LTz,

7T 7R EHI AN ER M ORI b % & £ 2 LR L8 L QO DAL AR AEEL & ONEAR O 5 RE R
ZHEANERIE U, ALAIEENE B BIZ 500 pm D550 A @i+ 2 EThfL7-. 2EFEFBRAFENIN 15 g
DALRNERIZRVARIZ, £ 1.6 g DFEEMRE=HEGIEEE 2 mL A7 VI AN ETL TENZ T 50 82 75
L7z, TV RRBI R A3 5720, JLERUER 0B K OV NEE & O & i b — & |IR A LT iINES
RICELE AL, MBI EAT L.

3) EBERUSEE
FZABRBICHBEL CWAE RO~ 57, 38 L5y BERE e ONEBGE Oy BERS 2 LT
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2 OMSIATEOE NRMOKPEH B Z e 2 — M F e o —
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4) BHBERURTRICYORIE

(1) AbRAEECOHH

IYMTRRAEL 1.00 g 21320 ey, Hke =475 22 200 mL I AN, FRINETRE N 18 REf =R CTHlEL, K
100 mL Z/z, ~7 3F w7 AX—F—% FHWTH 10 &8, e OrbEE 50 mL 1280, 2000xg
TR S oy Doy BEL, R ARE TR E LT,

(2) FpEREZ=HEA IR COH
ISHTRREL 1.00 g 21323080, 87T 22100 mL (2 A L, IR, &F 50 mL 20z, 2877220
ZE2UTC, IRVIBETHEDL, BERETKEMA THiMKRE L.

(3) HE

BHHZ 1.5 mL OHARE LR 1280, 8000xg THI 5 43 [iE Oy BEL 7= LB AR E-1%, #kME
PTFE AL 7T 7 4 —%& W T AIB LT IRIE A HPLC IE FVERATE L7= (Sheme 1) . ZOiENA T Z
EHIE AR 72~ T 71EL, Table 1 ORESRMETREL, B —2 EAEDHRBHANK O HAEEE K OV 5 18
b D EZERD, SHEEIFROREZREH L. WEICY 2o T, FBREO&ERIRI o~ 77 O
VEFIEIZHEST=.

1.00 lytical 1
§ anaiyreal sample 200-mL ground-in stopper Erlenmeyer flask

(powdery)
|
| Addition | Addition figiud 1 mL
|
| Leaving | 18 hours

|H100 mL of water

| Extraction | Stir to mix, 10 minites

|
| Centrifugal separation | Ground-in stopper centrifugal precipitate tube,
| 2000 xg , 5 minutes

|1.00 g analytical sample (ﬂuid)l 100-mL volumetric flask
|HSO mL~70 mL of water

| Addition | Addition ligiud 1 mL
[

| Extraction | Shake to mix

<—Water (up to the marked line)

Centrifugal separation Ground-in stopper centrifugal precipitate tube,
8000 xg , 5 minutes

Measurement

Scheme 1 Flow sheet for nitrous acid and ammonium thiocyanate in fertilizers
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Table 1 HPLC condition

Column

Guard column

Column temperatures
Mobile phase
Injection volume
Flow rate

Detector system

Shodex Asahipak NH2P-50 4E
(4.6 mm i.d.x250 mm, 5 pm particle size) or
SHISEIDO corporation CAPCELL PAK NH2 UG80
(4.6 mm i.d.x250 mm, 5 um particle size)
Shodex Asahipak NH2P-50G 4A
(4.6 mm i.d.x10 mm, 5 um particle size) or
SHISEIDO corporation CAPCELL NH2 UC80
(4.0 mm i.d.x10 mm)
40 C+1C
phosphate buffer
10 uL
1.0 mL/min
UV detector at a wavelength of 210 nm

5) HREFHEBRARHDHYEMHER
[UPAC/ISO/AOAC D REBR T b=/ OB EMERER IHEV, 6 FRIED e [FEER H IS IE N HZ N E
10 5B TR E R, KEHZ D& 2 SO T T 4) IiE>THMTLT=.

6) HRIEIER

HWEIZSILE 11 BBRELFEHALZESERREI o~ F71ZLL TOEBYTHY, FNENORBR=EIZE
WTCRERTLTE 12 BEHZ W T IS TORT L.

-« RS R E L ERT (R S/ERT Prominence)

- ONERMETEN AARNERERE = (BERYERT LC-20AD, SPD-20A, CTO-20A)
- BFnEE Tkt (R HESERT Nexera X2)

- U Y A DU AFR S (P — T A=A GLT7700)

© MSIATENE NEMWKEE B L 2R 2 —fh Pt % — (Waters 2695 Series)

« MNAATBOE NEMOKEEE Z 2 2 —FfLig 2 — (Agilent technologies 1100 Series)

© RSTATBUE NEMOKEEHE Z 2T #—(liH ' % — (Agilent technologies 1100 Series)

« INIATEUE NEMOKPEEE Z 2 ie 2 — 4 &R 2 — (Waters 2487 T =27 /L 1)

« RSTATBUE NEMOKEEH B Z 2T 2 —E 4% — (Agilent technologies 1100 Series)

« IRNIATBOE NEMOKPEE B L 22 — Bk 2 AR (B 8/ERT Prominence Series)

« HARDp—%— X8k &4 (Waters Alliance €2695 E/3L—3 gy 22— /1)

(50 HIIE)
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Al &% Table 2-1 X O 2-2 (R LTz, WTHOBIEIRIZIBW TS, FH TR R 22 (RID,) & O TR L%
B TRk A o HE {22 (RDper) 1A BFERRERTEY D2 Y PERERED FIEICRL COD KR E DL ~ILZE
T DREEE (B THE IR 22 K OV RIFESEHE MR 22) O B 20 1.5 [ LANTHY, FAEA F BRAEZ FlEl-~72
ZEDD, HEKUEE 5 %ICBWGREHIICAH BRI Do 72 . b0 Zens, IINERIEHE[FH
AREBRICHNWDZEN TEDEMZA L WL xR LT,

Table 2-1 Homogeneity test results of nitrous acid

Addition 2) Mean®’ & RD,’ Sop” so+  RDp+” CRD, k)
liquid ~ Sample 9 9 o 9 9 . ) I

q (%) (%) (%) (%) (%) (%) (%)

1 10 (0)  0.0501  0.0002 0.5 0 0.0002 0.5 4 0.18

2 10 (0)  0.0252  0.0003 1.0 0 0.0003 1.0 4 0.19

3 10 (0)  0.151  0.0006 0.4 0.0002  0.0006 0.4 4 1.22

4 9 (1) 0.201  0.0003 0.2 0.0002  0.0004 0.2 4 1.46

5 10 (0)  0.301  0.003 1.1 0 0.003 1.1 4 0.65

6 10 (0)  0.0501  0.0003 0.5 0 0.0003 0.5 4 0.34

a) The number of samples used for analysis; ( ): The number of outliners
b) Grand mean value (N=The number of samples used for analysis xThe numberof times of recetition(2))
¢) Mass fraction
d) Standard deviation of repeatability
e) Relative standard deviation of repeatability
f) Standard deviation of sample to sample
g) Standard deviation of sample to sample include repeatability Sb+r = VS bb” + 5
h) Relative Standard deviation of sample to sample include repeatability
1) The aim of Relative standard deviation of repeatability for Testing Methods For Fertilizers
J) F value calculated based on analysis of variance (ANOVA)
k) F critical value;F (9,10:0.05)=3.02
F critical value;F (8,9:0.05)=3.23

Table 2-2 Homogeneity test results of ammonium thiocyanate

Addition o Mean” &Y  RDS s’ RDpw” CRD, o
liquid Sample ) 0/3) 0 0/13) o) 0 o F Value
(%) (%) (%) (%) (%) (%) (%)
1 10 (0)  0.00604  0.0004 6.9 0 0.0004 6.9 6 0.12
2 10 (0)  0.0107  0.0007 6.4 0 0.0007 6.4 6 0.06
3 10 (0)  0.0487  0.0011 2.2 0 0.0011 2.2 4 0.39
4 10 (0)  0.0980 0.0014 1.4 0.0006  0.0015 1.5 4 1.40
5 10(0)  0.200  0.004 1.9 0.0009  0.004 2.0 4 1.11
6 10 (0)  0.0110  0.0002 1.9 0.00005 0.0002 1.9 6 1.11

a)~k) Refer to the footnote of Table 2-1

2) HFEREBREERUNINIERTE
B R ENOWIE SN L FEIRBR G Z Table 3-1 KON 3-2 1R L72. KR8 O Mtk 4 TUPAC
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O [FFREBR 7 m bV O\ fE > TREFHLEE L 7=, SRBRAAE DA AU Z #3572 12 Cochran D E M Y
Grubbs DR EZ LM L7z, ZORER, 11 FEREOREREHE DB HAHEE I OV TIE 5 OB T 1 35k
=, MERIEIZOWTE 2 BEEOREN T 1 3B E L O3 FIEOREN T4 2 B =EN/ I UVEL L CHIES
niz.

Table 3-1 Individual results of nitrous acid (%(mass fraction))
Lab ID” Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3
A 0.197 0.197 0.293 0.293 0.0515 0.0497
B 0.200 0.200 0.290 0.293 0.0493 0.0500
C 0.205 0.200 0.292 0.284 0.0505 0.0492
D 0229”  0.202"” 0273 02689 0.0470 0.0489
E 0.202 0.204 0.298 0.288 0.0506 0.0507
F 0.215 0.203 0.293 0.302 0.0510 0.0506
G 0.198 0.198 0.290 0.294 0.0494  0.0494
H 0.200 0.205 0.287 0.289 0.0495 0.0503
I 0.207 0.198 0.293 0.294 0.0489 " 0.0798 "
J 0.202 0.200 0.283 0.283 0.0492 0.0492
K 0.207 0.204 0.288 0.286 0.0504  0.0499
Lab [D®  Home garden-use mixed Home garden-use mixed Home garden-use mixed
fertilizer 1 fertilizer 2 fertilizer 3
A 0.0492 0.0503 0.0280 0.0256 0.155 0.146
B 0.0483 0.0501 0.0252 0.0249 0.0747”  0.137"”
C 0.0487 0.0494 0.0259 0.0243 0.149 0.136
D 0.0512 0.0512 0.0259 0.0258 0.154 0.153
E 0.0509 0.0502 0.0258 0.0256 0.154 0.153
F 0.0512 0.0510 0.0254  0.0257 0.153 0.152
G 0.0502 0.0509 0.0250 0.0252 0.151 0.153
H 0.0506 0.0505 0.0255 0.0251 0.151 0.161
I 0.0501 7 0.0448 0.0243 0.0235 0.146 0.151
J 0.0503 0.0505 0.0256 0.0263 0.151 0.151
K 0.0495 0.0493 0.0264  0.0260 0.144 0.143

a) Laboratory identification
b) Outlier of Cochran test
¢) Outlier of Grubbs test
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Table 3-2 Individual results of ammonium thiocyanate (%(mass fraction))

Lab ID”

Compound fertilizer | Compound fertilizer 2 Compound fertilizer 3
A 0.0985 0.0987 0.201 0.201 0.00984 0.0109
B 0.0995 0.0988 0.197 0.197 0.00965 0.00990
C 0.0990 0.103 0.197 0.191 0.00918 0.00896
D 0.119 " 0.100 " 0.202 0.199 0.00961 0.0100
E 0.100 0.101 0.211 0.202 0.00968 0.00952
F 0.106 0.0992 0.209 0.222 0.0104 0.00959
G 0.106 0.105 0.216 0.204 0.0114"  0.0151"
H 0.101 0.0978 0.195 0.210 0.00901 0.00953
| 0.102 0.0969 0.201 0.202 0.0101”  0.0164"”
J 0.101 0.103 0.205 0.209 0.00989 0.0103
K 0.0992 0.100 0.211 0.211 0.0111 0.0110
Lab D  Home garden-use mixed Home garden-use mixed Home garden-use mixed
fertilizer 1 fertilizer 2 fertilizer 3
A 0.00503 0.00508 0.0114"”  0.00981 " 0.0517 0.0483
B 0.00482 0.00503 0.00977 0.00953 0.0240”  0.0453 "
C 0.00396 0.00431 0.00946 0.00892 0.0497 0.0448
D 0.00504 0.00529 0.0106 0.0104 0.0506 0.0511
E 0.00330 0.00364 0.00909 0.00928 0.0507 0.0488
F 0.00566 0.00561 0.00963 0.0103 0.0499 0.0518
G 0.00476 0.00494 0.00948 0.00965 0.0521 0.0490
H 0.00492 0.00487 0.00970 0.00983 0.0573°  0.0610
| 0.00487 0.00450 0.0100 0.00962 0.0533 0.0551
J 0.00513 " 0.200 " 0.00994 " 0.209 " 0.0501  0.0496
K 0.00450 0.00498 0.0105 0.0100 0.0514 0.0523

a) Laboratory identification
b) Outlier of Cochran test
¢) Outlier of Grubbs test

3) BHTRERUVEMBIREE
A Z RN LTSRS L0 B © LIS, DM TAR YR 72 (s) & OV AR S HEE e (R 22 (RSD,) 1,
A ONZ =2 [H PR BUAR ME R 22 (se) Mo OVEE W] P BUAH R (R 72 (RSDr) 4 Table 4-1 e TN 4-2 (ZRLTz.

F LR 22 A IR #RSER O I 0.0255 % (B &573) ~0.150 % (&5 3%) THY, 20 s 1%
0005 % (EH535R) ~0.004 % (&5 F), RD, 1% 1.1 %~2.9 %, sk i% 0.0009 % (& E4y5) ~0.005 % (&
33), RDRIF 1.7 %~3.6 % ThH-o7=. ALERIEED HASEE O F-EIMEIX 0.0498 % (B &5y R) ~0.291 % (&
) THY, D s1F 0.0007 % (B =57 3H) ~0.004 % (EE/33H), RDIE 1.3 %~1.9 %, s1% 0.0010 %
B 5r3) ~0.005 % (EH &%), RDrIE 1.7 %~2.0 % Th-o7-.

FIE R 2 FE A IR O B S R L D FIEIE 0.00476 % (B E473R) ~0.0506 % (E&53H) THY, D
s 1 0.00019 % (B H535R) ~0.0019 % (B &), RD; 1% 3.7 %~4.1 %, s 1% 0.0005 % (Z&E/yH) ~
0.0022 % (&3 3), RDr 1L 4.3 %~12.7 % TH-o7-. ALRIEEIORFER L O FEEIEIE 0.00989 % (& &

LI

~~
3
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43ER) ~0.204 % (EE5HR) THY, ZD 51T 0.00037% (EH E453F) ~0.006 % (HE45ER), RD 1% 2.3 %~

3.8 %, Sk IZ 0.0006 % ( 'H &7 E) ~0.008 % (H&773#), RDRIE 2.6 %~6.5 % Th-o7z.

W IO GF TR R HE(R 22 M OV ] PR BUAH A R IR 5 B AL RR R IEY O 2 M R O FIHIR LT
HEIREDL BT DN (131‘*171‘8%1‘“%%%&0\%F‘ﬁﬁfﬁﬁxﬂﬁﬁ{ﬁ%) DRLZD 1.5 fELNTHS

Zenh, KIEDOKEEEILRIFBRIEOYERER I MED ER FIHI @ & L TWDZ LA fERE LT,

Table 4-1  Statistical analysis of collaborative study results for nitrous acid

Sample No.oflabs Mean” s~  RSD:. CRD. s RDr” CRDr’
p@’ ) T % R (R (%)

Compound fertilizer 1 10(1) 0202 0.004 1.9 4 0.004 2.2 8
Compound fertilizer 2 10(1) 0291  0.004 1.3 4 0.005 1.7 8
Compound fertilizer 3 10(1)  0.0498  0.0007 1.4 4 0.0010 2.0 8

Home garden-use

o Fertiber 1 10(1)  0.0502  0.0005 1.1 4 0.0009 1.7 8

Home garden-use

e Fertiber 2 11(0)  0.0255  0.0007 2.6 4 0.0009 3.5 8

Home garden-use 10(1) 0150  0.004 2.9 4 0.005 3.6 8

mixed fertilizer 3

a) Number of labratories, where p=number of laboratories retained after outlier nad (q)=number of outliers.

b) Grand mean value (n=The number of participating testing laboratoried(p)*The numberof times of recetition(2))

¢) Mass fraction

d) Standard deviation of repeatability

e) Relative standard deviation of repeatability

f) The aim of Relative standard deviation of repeatability for Testing Methods For Fertilizers
g) Standard deviation of reproducibility

h) Relative standard deviation of reproducibility

i) The aim of Relative standard deviation of reproducibility for Testing Methods For Fertilizers

Table 4-2  Statistical analysis of collaborative study results for ammonium thiocyanate

Sample No.oflabs Mean" Srd) RSD re) CRSD rﬂ SRg) RSD Rh) CRSD Ri)
p@’ T ) ) (W)
Compound fertilizer 1 10(1)  0.101  0.002 2.3 4 0.003 2.6 8
Compound fertilizer 2 11(0)  0.204  0.006 2.7 4 0.008 3.7 8
Compound fertilizer 3 9(2)  0.00989 0.00037 3.8 6 0.0006 6.5 11
Home garden-use
e fortiliver | 10(1)  0.00476 0.00019 4.1 6 0.0006 127 11
Home garden-use
e fertiliner 2 9(2)  0.00976 0.00029 2.9 6 0.0005 4.7 11
H den-
omme garden-use 92)  0.0506 0.0019 3.7 4 0.0022 4.3 8

mixed fertilizer 3

a)~1) Refer to the footnote of Table 4-1
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4. FEOH

11 FBREITINT 6 FEEH (12 57) DFER = HE S IR OMEAAE B TR RIRBR 2 £ L, &l
R a~h7Z7 (HPLC) {EIZ LA AR o> B AR K O & B L Wi E DRl &4 T o 72, 2 OfER, HaHmk
DEJfE 0.0255 % (E &3 5R) ~0.291 % (B &5 3) O T OEMHFEFE (RDr) 1L 1.7 %~3.6 % ThH
D, WREBRIEDOTEIME 0.00476 % (B E/3HE) ~0.204 % (L 85y 3R) OFPH T ORMH IS E (RDR) 1%
2.6 %~12.7 % Th-o7o. ZOREITIBIT DT IO FERHE (R =S REHERBRIE I RSN TOA M TR K&
ORMHHREE DB LD 1.5 fFLANTHY, IEEFERBRIEOER T DL ISHEG L CWODIEE MR L.

X B
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PEQ SR 284 B e lCIEE R 27 4F 1 A 9 H, BKEE ERE 525 (2015)
2) OHEEEE, AARTEERE, BRAIIER, ARG @ik s v~ b7 7 7 G2 W TZIEE D O AR S
JOF AT RO RRER, BATRIEEAHEE (RfT)
3) 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)
4) MSEATEOE NEMOKEE F 22 iz o2 — (FAMIC) : IR RER L (2015)
< http://www.famic.go.jp/ffis/fert/obj/shikenho 2015.pdf >
5) Horwitz, W., : Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure &
Appl. Chem., 67 (2), 331~343 (1995)
6) AOAC OFFICIAL METHODS OF ANALYSIS Appendix D: Guidelines for Collaborative Study Procedures
To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005)
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Determination of NitrousAcid and Ammonium Thiocyanate in Fertilizer by High
Performance Liquid Chromatography (HPLC): A Collaborative Study

Masanori HASEGAWA'! and Yasuharu KIMURA?

' Food and Agricultural Materials Inspection Center, Kobe Regional Center
(Now) Fertilizer and Feed Inspection Department

2 Food and Agricultural Materials Inspection Center, Kobe Regional Center

A collaborative study was conducted to evaluate high performance liquid chromatography (HPLC) for
determination of nitrous acid and ammonium thiocyanate in fertilizers. The nitrous acid and ammonium
thiocyanate were extracted with water. The extract was centrifuged. The nitrous acid and ammonium thiocyanate
were analyzed by HPLC on amino-modified silica gel column or amino-modified polyvinyl alcohol gel column
with UV detection at 210 nm. We sent eleven collaborators 6 blank materials and additional liquids in a blind
duplicate design. After identification of outliers with Cochran test and Grubbs test, the mean values and the
reproducibility relative standard deviation (RSDr) of determination of nitrous acid were reported 0.0255 % ~
0.291 % as a mass fraction and 1.7 % ~ 3.6 %, respectively. Those of determination of ammonium thiocyanate
were reported 0.00476 % ~ 0.204 % as a mass fraction and 2.6 % ~ 12.7 %, respectively. These results indicated
that this method has acceptable precision for determination of nitrous acid and thiocyanate in these concentration

ranges.
Keywords  nitrous acid, ammonium thiocyanate, high performance liquid chromatography (HPLC)

(Research Report of Fertilizer, 8, 70~78, 2015)



