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6-2 BEBEEIOTNST(HPLC)EIZKBIEHEPDOREMES,
EoLyMERRZDRIE
— S [ BB —
ARSI, AR

F—I—F ESERIKIa~v N TT7 00—, JREVEER, EULMEER, DU T UV TINMEER,
TT =M wE R, VT =V RFEVEE SR

1. [FC®HIZ

EULy MR FENEE F IR TSR R0 L TR CAERSNANY, JE AR E 23 AE USR8
Ho720? | EEHEFFEOAERED ICB T, EVLyMEERLL TEA SN KEDSHESN T
. Tz, RBMEERE, VLT U OTINEESE, KOS T =R EHRITHOWTY, IEEBGRHIEO AT ¥
IZBWT, B BRETFSNOIBREDHESILTND.

JEELRORFIEESR, CULyMERER, DTV TINMER, I =V MEEL O T VR EE
FUTFIETL Yy MEERE L), ) O3 HTELL T, @mliRA7r~ 757 (HPLC) IED R HIZ L > Tl
FrSR, B, DMTRE, & FTIREORMEIT oo, B BRENICRIT 2R 7 IEOZ Y 0 R
Y.

4 [al, HPLC {EIZELDIER T D Ly MEZRE R EORIEDOMEREFET D728, dalpta VT, R
DHBEEZFTEL-OT, ZOMBEARETS.

2. MHERUAZE

1) HERBRAHEH

By MEEREL S ERWZ AR LU ERE B BRE 500 pm D 550\ Al 35 E TH#L72b O
2, JRFEE ULy, DUTUUTIR, T =V RO T 2 VIRFEOFKRIEE 4 BOOLLETRA, 55 Cil
JRFR R O 528 T, BV Ly MERREL T A T 24 FE O ALEUE 2R U 72, Hil&, JRFE KD
BTN, IT7 =V RO T 2NV RBEENENIHSATIRSG T22ET, IRFBIEEE L N T =L RFEE
Bl AL 7. 2 b0 FEIRER AREIZK 1.3 ¢ T o7 I TIx—MUTERL T, ThEh 75 %
LT, TIARRE IR T 2720, LR AREHIEL A ML, 2InaBR=sIClil A L7z,

2) XBRUSRER
FRBRE ICRE L CWD BRI a~ 7, 5ty Bl K& Ovendie O o B 2 L7z,

3) EYLYMEEREFDRE

VARSTATBOE NRMOKPEH B 2 e fidir e 2 — P e 2 —
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(1) fhit

IINTRRER 1.00 g 21300 &0, ke =75 22200 mL (2 A, K 100 mL 21X, ~7 2 F VI AR —TF—%
FIWTH 10 20 RIEIRE, fhike L7z,

(2) HIE

ZHhHEAE 1.5 mL OMFRE OIEBAE 128D, 8000xg THI 5 4y OB L7 BV IE E7-1%, Bk
PTFE AL 750 7 ANH—% T AU IR Z HPLC & A REHATR S L7- (Scheme 1) . ZDilEHAR %
EIRIA < N7 I1TfEL, Table 1 ORESRMGTHEL, B —7SShb AR O Ly MEZEFRE
DEERD, SRR OREZF L. JEITY 72> UE, FRBEOEER K70~ T77 ORElES

HEIHEST.

1.00 g analytical sample

200 mL ground-in stopper Erlenmeyer flask

(powdery)
|H 100 mL water
| Extraction | Stir to mix, 10 minutes
|
| Leaving |

Centrifugal separation

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

Measurement HPLC

Scheme 1 Flow sheet for urea nitrogen, biuret nitrogen, dicyandiamide nitrogen,

guanidine nitrogen and guanyl urea nitrogen in fertilizers

Table 1  HPLC Conditions

HPLC

Detector system
Wavelength
Column

Column temperature
Mobile phase

Flow rate

Injection volume
Measurement time

Waters 2695 Separation module
2996 photo diode array detecter
190 nm
(1) Asahipak ES-502C 7C
(100 mm Lx7.5 mm I.D. 9 pm particle size)
(2) HAMILTON PRP-X200
(150 mm Lx4.1 mm I.D. 10 um particle size)
40 °C
Phosphate buffer (KH2PO4 28.81 mmol/L, H;POy4 1.19 mmol/L)
0.6 mL/min
10 pL
20 min

4) HEIRKEBRARKHOHYEMRER
[IUPAC/ISO/AOAC DERERBR 7 b= OB M RERICHE, & RH D[RR BN OEN T
20 REHEHRERWY, 2 BT OZBRALZLO (10 3B 2, 221 2 SO T T 3)ITHt->THtrL7=.
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5) HRIFER
REIZSMNLTE 12 BBREBLERA LS EREZa~N 713 TOLERBYTHY, ZNEFNORER=EIZE
WTREAFLTZ 12 3 EHZ DWW T, 3) IZ8E>TolT Lz,

« TAY— T —T Al RESE Wb E T (B A UV-2075, PU-2080, CO-2060)

s TAY— T =T 4 LEREEOIER R X — (BEERERT LC-10AD VP, SPD-10A, CTO-10A
VP)

- MRS SR ERT (BEESYERT Prominence)

- IEFnE TRt (B EEERT Prominence-i)

« —RMEEN B AR T2 2 — B ET (REERT LD-20AD, SPD-20AD)

- S EE N B AR E e (R EERT LC-20AD, SPD-20A, CTO-20A)

o BRNTATEE N EAROKEE B 22 el e 2 —Hh P2 L 2 — (Waters 2695 Series)

-« MSTATBUE N RMOKEEH B L 2t 2 — Lo 2 — (BHESYERT LC-10AD VP, SPD-10AV VP,
CTO-10A VP)

o« SRNTATEOE N EAMOKEEHE 2 2fiire 2 —lH B2 — (HAS Y ChromNAV Series)

© MSZATBUE NRMOKEEH T L 2t 2 —4 Bt % — (Waters 1515 Isocratic HPLC Pump, 2487
Duel 1)

« JRSEATBOE NRMOKEEH B 22 a4t 2 —fal 2% — (Agilent technologies 1100 Series)

« JRSTATEOE N EMOKEEE Z2F ' 2 — A5 (Waters €2695 Series)

(50 & NE)

3. HMRRUER

1) #EFHBRAFEMOMHE R

B MERBR OB KA IZ DU T, Cochran BUEICE DM VEE BRI, — TCECE S BT BFH 74
FFi% Table 2 [TRL7. WTFHROREHZIIBW TS, O TH AT HE(R 22 (RSDy) M O T RS FE 45 Lo 3BT FH
S HE(R 75 (RDpsr) 1 FALEHEFERTEY O Z Y RO FINEIZ R L TOSEIRE DL~V D RS EE (UHT
FHRIAEAE(R 72 &% OV A SRR 22) O B Z D 1.5 [FLINTHY, F A F IRAUEE FEl-7-28030, HE
IKHE 5 %ICB W TEREICA BERZEITRDO LIRS ZbDZEnD, KikBHILFRRERICH WD E
INTELLEMEEFL QDI A flEB LT,



HPLCIEIZ LD EH R DR FEVEEE SR, ULy MEERFEORE — LFIRERAE — 89

Table 2-1 Homogeneity test results of urea nitrogen

No.of Mean” s° RD:L  sw’  sou® RDpw CRD, F

e sample” 90”07 %) ) " (0 () Vel
Compound fertilizer 1 10(0) 0.320  0.003 0.9 0 0.003 0.9 4 0.89
Compound fertilizer 2 9(1) 0.614 0.017 2.8 0.010  0.020 3.2 4 1.63
Compound fertilizer 3~ 10(0) 3.37 0.02 0.7 0 0.02 0.7 4 0.62
Compound fertilizer 4 10(0) 6.48 0.06 1.0 0.06 0.09 1.4 4 2.65

Urea fertilizer 10(0) 48.6 0.8 1.7 0 0.8 1.7 4 0.50

a) The Number of samples used for analysis; ( ): The number of outliners

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

e) Mass fraction

d) Standard deviation of repeatability

e) Relative standard deviation of repeatability

f) Standard deviation of sample-to-sample

g) Standard devitation of sample-to-sample include repeatability sy, = v/ Spp2 + Sp2

h) Relative standard deviation of sample-to-sample include repeatability

i) The aim of Relative standard deviation of repeatability for Testing Methods For FertilizersF value calculated

based on analysis of variance (ANOVA)

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 biuret nitrogen

b d h i
No. of Mean” s RDS  sw’  son® RDpw CRD, F
j)k)

Sample 1 a) 0/ 0/\%) ° 0 0/\3) 0 0 Val
sample” (%) (%) (%) (%) (%) (%) (%) aue

Compound fertilizer I ~ 10(0) 0.00959 0.00023 2.4 0 0.00023 2.4 6 0.52

Compound fertilizer 2 9(1) 0.0198 0.0006 2.9  0.0003 0.0007 3.4 4 1.73
Compound fertilizer 3 9(1) 0.102  0.005 4.9 0.003  0.006 6.0 4 1.95
Compound fertilizer 4  10(0)  0.207  0.010 5.1 0 0.010 5.1 4 0.80

Urea fertilizer 9(1) 0.853  0.028 3.3 0.023  0.036 4.2 4 2.33

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

Table 2-3 Homogeneity test results of dicyandiamide nitrogen

b d o h i
No. of Mean” s RD. s’ Son® RDouw” CRD, F
j)k)

Sample ]a) 0,1\ 0,1\ 0 0 0/ () 0 Val
sample (%) (%) (%) (o) (%) (%) (%) Value

Compound fertilizer 1 ~ 10(0) 0.00959 0.00023 2.4 0 0.00023 2.4 6 0.52

Compound fertilizer 2 9(1) 0.0198 0.0006 2.9  0.0003 0.0007 3.4 4 1.73
Compound fertilizer 3 (1) 0.102  0.005 4.9 0.003  0.006 6.0 4 1.95
Compound fertilizer 4  10(0)  0.207  0.010 5.1 0 0.010 5.1 4 0.80

Urea fertilizer 9(1) 0.853  0.028 3.3 0.023  0.036 4.2 4 2.33

a) ~ k) Refer to the footnote of Table 2-1
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Table 2-4 Homogeneity test results of guanidine nitrogen
No. of Mean” s RD.”  sw’ s RDbe CRD. F
a) ¢ ¢ k)
sample”  (%)”  ()” () (%) (W)Y (%) (%) Value
Compound fertilizer 1 10(0) 4.98 0.04 0.9 0.02 0.05 1.0 4 1.61

Sample

Compound fertilizer 2 10(0) 3.76 0.22 5.8 0.06 0.23 6.0 4 1.13
Compound fertilizer 3  10(0) 3.08 0.06 2.0 0.02 0.06 2.1 4 1.20
Compound fertilizer 4  10(0) 2.06 0.01 0.7 0 0.01 0.7 4 2.03
Guanyl urea fertilizer 10(0) 5.12 0.13 2.6 0.13 0.19 3.7 4 2.90

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

Table 2-5 Homogeneity test results of guanyl urea nitrogen

No.of Mean” s” RD sw s’ RDs CRD, F
sample” ) ) o0 ) 0 ) () Vald”
Compound fertilizer 1 10(0) 2.13 0.02 0.9 0.01 0.02 1.0 4 1.59

Sample

Compound fertilizer 2 9(1) 3.97 0.16 4.0 0.09 0.18 4.6 4 1.65
Compound fertilizer 3 10(0) 5.82 0.06 1.1 0.04 0.07 1.2 4 1.66
Compound fertilizer 4  10(0) 7.56 0.06 0.8 0 0.06 0.8 4 0.83
Guanyl urea fertilizer 10(0) 32.0 0.7 2.2 0.2 0.7 2.3 4 1.15

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

2) HFRREBRAERUIINIERE

BB E D DA SHU T S RIRBR A A Table 3 1R UTZ. & R8O kDR 5% TUPAC 0 36 [F SR
FahaL Nt TREFHLER LT, AN, AR &S SRR & RN L Thnb, 780 O3B ki
DA NEE R T 57212 Cochran DR E M Y Grubbs DR EZ FEHE L72. T DFER, 12 ABRE OB kA&
DL, JRFVEZFIZOWTL S FEHOREIOIG, | FFEHORET 4 3BE L O 4 FEORET% 2 3
FOREMN, By MEERICOWTT s FBEOREIOY D, 1 FEOBEC 3 HBR=, 1 BEORE T2
B E N O 1 FEEORENT 1 BBEOWEGEN, DTV TIRMERICOWVTT 4 FEORED D, 2
FERFHDOFRFT 2 BMBREOWREEDR, 77 =V MERIZOWTUL 5 FEOREIDI S, 3 FEORET 1 &
BREDOWEMD, 77 =/VIRFBHER IOV T SFEEORE OIS, 2 FEOFUENC 2 SRBR=E O WA,
TNENABCEDBRIME E 7213 VE S 72 o7z
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Table 3-1 Individual result of urea nitrogen

(% (mass fraction))

Lab ID? Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3

A ND. Y 02519 0.606 0.583 3.18 3.22

B 0.290 0.299 0.591 0.589 3.05 3.07

C 0.296 0.295 0.589 0.592 2.99 3.00

D 0.303 0.301 0.557 0.620 3.10 3.06

E 0.129”  0.0369” 02519 03537 3.11 3.09

F 0.308 0.311 0.610 0.611 3.05 3.09

G 0.295 0.296 0.590 0.588 3.03 3.00

H 0315”  0.0683 " 0.611 0.619 3.11 3.07

I 0.307 0.276 0.541 0.534 2.81° 2.80 ¢

J 0.291 0.263 0638”7  0.495" 2.51° 2.57°

K ND. 0.298 ¥ 0.575 0.575 3.08 2.98

L 0.298 0.300 0.596 0.598 3.07 3.15
Lab ID”  Compound fertilizer 4 Urea fertilizer

A 6.43 6.37 47.5 46.0

B 5.61 5.90 46.0 46.1

C 6.07 6.00 45.0 45.0

D 5.84 6.12 46.7 455

E 552 468" 46.8 46.8

F 6.02 6.21 44.2 46.1

G 6.03 6.02 45.4 45.6

H 6.21 6.29 48.5 48.5

I 5.83 5.83 48.1 49.0

J 4.84° 4.37° 475" 34.1"

K 5.93 6.02 40.7"> 49.6 "

L 5.91 5.91 46.2 46.4

a) Laboratory identification
b) Outlier of Cochran test
c¢) Outlier of Grubbs test
d) Outlier of No detection
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Table 3-2 Individual result of biuret nitrogen

(% (mass fraction))

Lab ID” Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3

A 0217%  0.00689"  0.0189 0.0190 0.115 0.0944
B 0.00931  0.00979 0.0202 0.0201 0.104 0.109
C 0.00961  0.00973 0.0201 0.0205 0.0916 0.0979
D 0.00915  0.00952 0.0202 0.0203 0.114 0.125
E 0.00976 0.00980  0.0200 0.0203 0.109 0.108
F 0.00923  0.00933 0.0190 0.0190 0.118 0.157
G 0.00960 0.0100 0.0202 0.0202 0.120 0.122
H 0.00978  0.00991 0.0203 0.0216 0.107 0.109
I 0.0178”  0.0187”  0.0592° 0.0336”  0.137 0.144
J 0.0102 0.00918  0.0192”  0.0163>  0.0767 0.110
K 0.0216Y ~ND.?¢ 0.0206 0.0206 0.117 0.114
L 0.00981  0.00970 0.0204 0.0204 0.101 0.132
Lab ID” Compound fertilizer 4 Urea fertilizer
A 0.233 0.192 0.765 0.802
B 0.167 0.201 0.832 0.846
C 0.180 0.192 0.879 0.896
D 0.347 " 0.215" 0.910 0.949
E 0.219 0.218 0.805 0.794
F 0.245 0.199 0.863 0.918
G 0.216 0.222 0.897 0.962
H 0.208 0.204 0.899 0.842
I 0.143 0.222 0.392 0.402
J 0.146 0.170 0.748 0.536
K 0.208 0.199 0.956 0.841
L 0.222 0.223 0.516 0.614

a)~d) Refer to the footnote of Table 3-1
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Table 3-3 Individual result of dicyandiamide nitrogen

(% (mass fraction))

Lab ID” Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3

A 0.0315 0.0296 0.224 0.217 1.83 1.82
B 0.0342 0.0386 0.177 0.184 1.56 1.59
C 0.0379 0.0393 0.186 0.180 1.63 1.61
D 0.0489 0.0498 0.221 0.220 1.72 1.74
E 0.0266 0.0262 0.142 0.165 1.53 1.50
F 0.0580 0.0560 0.227 0.231 1.77 1.77
G 0.0332 0.0372 0.182 0.180 1.69 1.63
H 0.0641 0.0649 0.241 0.255 1.80 1.79
I 0.0302 >  0.0148 0.190 0.167 1.57 1.71
J 0.0662 0.0587 0.221 0.186 1.55 1.55
K 0.0203”  0.0590 " 0.227 0.232 1.75 1.72
L 0.0650 0.0629 0.246 0.246 1.94 1.78

Lab ID” Compound fertilizer 4
A 2.93 2.99
B 2.25"” 2.76 "

C 2.68 2.72
D 2.68 2.77
E 2.59 2.64
F 2.73 2.72
G 2.56 2.68
H 2.81 2.76
I 2.68 2.84
J 2.32° 2.07°
K 2.93 2.77
L 2.95 2.82

a)~d) Refer to the footnote of Table 3-1
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Table 3-4 Individual result of guanidine nitrogen

(% (mass fraction))

Lab ID” Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3

A 5.24 5.25 4.09 4.00 3.31 3.29
B 4.72 4.86 3.96 3.94 3.05 2.99
C 4.87 4.86 3.90 3.95 2.95 2.97
D 5.65 5.16 4.17 4.35 3.14 3.27
E 491 4.76 3.88 3.82 2.94 2.97
F 4.98 5.02 4.01 3.99 2.97 3.05
G 4.84 4.85 3.90 3.92 3.04 3.03
H 4.95 4.99 3.94 3.94 3.04 2.96
I 5.28 4.83 3.92 3.92 3.11 3.07
J 4.15 4.68 3.63 3.14 2.45° 2.47°
K 4.67 4.66 3.66 3.76 3.12 2.95
L 4.85 4.92 4.05 4.64 3.09 2.95
Lab ID” Compound fertilizer 4 Guanyl urea fertilizer

A 2.18 2.16 5.45 5.03

B 1.81 2.00 5.16 4.86

C 2.02 2.02 5.11 5.21

D 2.20 2.15 5.22 5.15

E 1.99 1.98 4.83 5.05

F 2.06 2.08 5.47 5.11

G 2.01 2.02 5.40 4.82

H 2.02 2.04 5.05 4.96

I 2.05 1.98 5.27 5.21

J 1.62° 1.41°9 4329 4.529

K 2.08 1.99 5.19 4.89

L 2.03 2.12 5.06 5.28

a)~d) Refer to the footnote of Table 3-1
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Table 3-5 Individual result of guanyl urea nitrogen

(% (mass fraction))
Lab ID” Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3

A 2.56 2.35 4.46 4.39 6.36 6.19
B 1.97 2.21 4.37 4.21 5.96 5.92
C 2.17 2.18 4.30 4.34 5.68 5.77
D 2.48 2.45 4.68 4.88 6.75 6.59
E 2.23 2.20 4.41 4.45 6.14 6.02
F 2.20 2.26 4.53 4.48 513" 5.93"
G 2.19 2.20 4.31 4.32 5.94 5.90
H 2.14 2.15 4.30 4.26 5.71 5.78
I 2.41 2.21 4.42 4.41 6.14 6.08
J 1.82 2.06 3.95" 3.43" 4.64 4.74
K 2.01 2.02 3.97 4.08 5.73 5.55
L 2.17 2.20 4.34 4.41 5.28 5.44
Lab ID” Compound fertilizer 4 Guanyl urea fertilizer

A 8.13 8.15 32.4 32.3

B 6.11 7.61 30.8 31.3

C 7.57 7.43 30.0 29.8

D 8.61 8.49 29.3 28.7

E 7.75 7.75 30.3 30.1

F 6.37 7.59 29.8 29.4

G 7.67 7.61 30.3 30.6

H 7.64 7.61 30.2 29.4

I 7.84 7.77 31.3 30.1

J 6.04 5.29 29.4 28.4

K 7.45 7.37 30.4 29.6

L 7.24 7.31 31.8 31.7

a)~d) Refer to the footnote of Table 3-1

3) PHTRERUVEMBIREE

R OF —%, W TN Cochran ORI E & Y Grubbs ORI EIC LAV AR U T- 3Rl L B H L7
I, BT ER 22 () K O TR HE MR 25 (RSD,) , 36 ONC S M FFHAE e (R 72 (so) K OV ) 7 BUAE 6
HEYE(R 72 (RSDR) & Table 4 [Z/RLT-.

4 FFHOALREREUEHZ 31 DR F M2 FE O FEIEIL 0.296 % (B &5 3) ~6.03 % (H &%) THY, &
D s150.011 % (B E/73) ~0.11 % (EE533#), RDF 1.1 %~3.6 %, Sk1£0.012 % (E&E533%) ~0.20 % (&
BE), RDRIE 2.0 %~4.1 % Th-oT-. JRBICEHEEHI IS DR FIEE RO FHIHEIL 46.5 % (B E5H)
THY, D s150.6 % (EEDH), RD:1E 1.4 %, seliF 1.3 % (E &%), RDrIL 2.8 % Tho7e.

4 TR DAV BN EEEHZ BT 2E T Ly MEZE RO EIEITE 0.00963 % (H #573) ~0.212 % (H &5 R) T
oY, D 513 0.00030 % (E E553) ~0.017 % (EH &%), R 1L 1.6 %~11.7 %, s 1% 0.00029 % (E &5y
) ~0.026 % (EE/7=), RDr1E 3.1 %~153 % Th-oto. JREMEREHI BT HE T L MEZE RO F-EIfHE
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13.0.832 % (H&53H) THY, €D 513 0.050% (HE53HK), RD, 13 6.0 %, sx 1% 0.086 % (H &5 K), RDr
1% 10.3 % ThH-7-.

4 FREEDCRRNEBEREHC BT 20 v T o DT INME R OFEfEIT 0.0464 % (B &5 3R) ~2.76 % (E &5y
) THY, €D 5130.0023 % (H&E57=) ~0.07 % (HE573), RD: 2.6 %~5.1 %, el 0.0148 % (EH &
43EHR) ~0.12 % (B4 3), RDr 1% 4.4 %~31.9 % ThH-7=.

4 FEFAOALANERIRENZ 1T 27 T =D U R OFLIEIX 2.05 % (BHE55) ~4.91 % (H&55F) T
v, D s1%0.05 % (EESER) ~0.18 % (E &/ H), RD1E2.0 %~4.2 %, i 0.09 %~0.29 % (L &/HF),
RSDg 1% 4.0 %~6.8 % Cdro7c. 77 =/VIRFZNERHEEHZ 31T 5 EIEIL 5.13 % (H =553 3R) THY, £0 s 1%
0.21 % (B &%), RD, 1% 4.0 %, s £ 0.19 % (E 57 ), RDr 1L 3.6 % TH-o7-.

4 FEFAOALANERIEHZ 31T 277 = VRSB VEE R OLIEIL 2.20 % (&7 5) ~7.43 % (H &5
DY, TD 513 0.07 % (B ESH)~0.43 % (E&EDHR), RDIE 1.4 %~57 %, sel& 0.17 % (HEH
0.78 % (E &%), RDrIE 4.3 %~10.5 % Th-ol=. 77 =/VIRFIEEHCEHI 1T 5 F4ET 30.3 % (E &
ST THY, TD s1% 04 % EEDHR), RD L 1.5 %, siE 1.1 % (EE5r3%), RDr (T 3.6 % ThH-o7-.

RBMESR, /T =V BRI T2V RBEEERICONVTL, AREAA L2 TOREHZB T,
DFATAE R YR 722 K OVEE [ P BUAE T HE R 22 S IR BHEBRBR . © OB PERERR O FIEITR L TWD &R
DLV BITDIEED B LD 1.5 5% FEl>7-.

B Ly MEZEZRIZOWTIE, 2 FEOCAAEEEEE CEAIE 0.114 % (B &5 3) ~0.212 % (H &5 53) ) 12
BT, D THE eHEEE (R 22 B OVER ) A oA Y 22708, IERHSE3RBRIE © O 2 S MR O FIEIRL T
DHEBEDOL VBT DEEDOR LD 1.5 5% LRl-7=. 23, ho 2 FEO bk IR G4 iE
0.00963 % (EH &7 3) ~0.0201 % (H w57 R) ) K ORF ML CEME 0.832 % (H&5r3H) ) 128\ TiE, B%L
D 1.5 5% FEl>7-.

DT VT INRERIZOWTE, 2 FEHOLANEERECE CEIIME 0.0464 % (B &5 R) ~0.206 % (H &
STE) BT, D TARHE IR 2273, IERFERERIE © 02 U MR O FIEIRL TODERE DL~ LT
BUIFORED B LD 1.5 (5% Tlalo728, M FBAHEERZICOWTE, BZD 1.5 5% Elalor-. 72k,
ft o> 2 FEFA DAL EAEAEREE CEEIE 1.69 % (B &5 5) ~2.76 % (E 853 3) ) IZ DWW T, O TR HE (R 2=
e OV B SHERER 22 LB, BRO 1.5 5% Flalo7-.

LU EDZEND, RIEOREITRBIEERE RO T =D MR HFITHOWT, [FRRBRTE DM GETA L 1 2
RFENTHEAL TWAIEZMIR L. o, ULy MEZER, DV T OTINEER KO T =V JRFBMEE
FNTHOWTIE, —EBOR P CRBBRIE ORI B EO ER FHIZH AL QWD LA R LT

S

~
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Table 4-1 Statistical analysis of Collaborative study results for urea nitrogen
Sample Labs Mean” s’ RD.’ CRD. s RD:” CRDR’
p@” W T ) % %) %) (W)

Compound fertilizer 1 8(2) 0.296 0.011 3.6 4 0.012 4.1 8
Compound fertilizer 2 10(2) 0.589 0.015 2.6 4 0.024 4.1 8
Compound fertilizer 3 10(2) 3.08 0.04 1.1 4 0.06 2.0 8
Compound fertilizer 4 10(2) 6.03 0.11 1.7 4 0.20 3.4 8
Urea fertilizer 10(2) 46.5 0.6 1.4 4 1.3 2.8 8

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 removed (N = The number of laboratories (p) X The number of repetition (2))

e) Mass fraction

d) Standard deviation of repeatability

e) Relative standard deviation of repeatability

f) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizers 2016

g) Standard deviation of reproducibility

h) Relative standard deviation of reproducibility

1) Rough standard of rerative deviation of reproducibility in Testing Methods for Fertilizers 2016

Table 4-2 Statistical analysis of Collaborative study results for biuret nitrogen

Sample Labs | Mear:?) s;"c) RD.” CRD.’ ng; RD:” CRDR’
p(q) (%) (%) (%) () (%) (%) (%)
Compound fertilizer 1 9(2)  0.00963 0.00030 3.1 6 0.00029 3.1 11
Compound fertilizer 2 10(2)  0.0201 0.0003 1.6 4 0.0007 34 8
Compound fertilizer 3 12(0) 0.114 0.013 11.7 4 0.017 15.3 8
Compound fertilizer 4 11(1) 0.212 0.017 7.8 4 0.026 12.4 8
Urea fertilizer 12(0) 0.832 0.050 6.0 4 0.086 10.3 8
a) ~ 1) Refer to the footnote of Table 4-1
Table 4-3 Statistical analysis of Collaborative study results for dicyandiamido nitrogen
Sample Labsa1 ) Meali) Srd)c) RD.” CRD. SRgi) RDr’ CRDr’
p(Q) (%) (%0) (%) () (%) (%) (%)
Compound fertilizer 1 10(2) 0.0464  0.0023 5.0 4 0.0148 31.9 8
Compound fertilizer 2 12(0) 0.206 0.011 5.1 4 0.031 15.2 8
Compound fertilizer 3 12(0) 1.69 0.05 2.8 4 0.12 7.0 8
Compound fertilizer 4 10(2) 2.76 0.07 2.6 4 0.12 4.4 8

a) ~ 1) Refer to the footnote of Table 4-1
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Table 4-4 Statistical analysis of Collaborative study results for guanidine nitrogen
Labs  Mean” s~  RD: CRD. s RDr’ CRDr’

Sample 2 o 0 o
p(q) (%) (%) (%0) (%) (%) (%) (%)
Compound fertilizer 1 12(0) 4.91 0.18 3.7 4 0.29 5.8 8
Compound fertilizer 2 12(0) 3.94 0.16 4.2 4 0.27 6.8 8
Compound fertilizer 3 11(1) 3.03 0.06 2.0 4 0.12 4.0 8
Compound fertilizer 4 11(1) 2.05 0.05 2.6 4 0.09 4.2 8
Guanyl urea fertilizer 11(1) 5.13 0.21 4.0 4 0.19 3.6 8
a) ~ 1) Refer to the footnote of Table 4-1
Table 4-5 Statistical analysis of Collaborative study results for guanyl urea nitrogen
Saraple Labs  Mean’ s  RD:” CRD. s RDr’ CRDr’
1D ) M ) M /) N 1) N /) M ) M 1)
Compound fertilizer 1 12(0) 2.20 0.09 4.2 4 0.17 7.7 8
Compound fertilizer 2 11(1) 4.38 0.07 1.5 4 0.19 4.3 8
Compound fertilizer 3 11(1) 5.83 0.08 1.4 4 0.52 8.9 8
Compound fertilizer 4 12(0) 7.43 0.43 5.7 4 0.78 10.5 8
Guanyl urea fertilizer 12(0) 30.3 0.4 1.5 4 1.1 3.6 8

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

4. FEOH

12 FBRE 23T 6 FlAA (12 520 DAL RAEEUEY, R BN & O 7 =V R FEIEEE T THE R FER
ZFEML, EREE7a~ 77 (HPLO) EIZKDER R Oy Ly MEZEFRERE DM EZIT 72425, K
DG FAETT-.

(1) RFIEZEFITTHIME 0.296 % (EEIF) ~46.5 % (YR OFMHICBWT, TORMEIEE
(RSDR) 1% 2.0 %~4.1 % T 7=,

(2) EULyMEZEIRITFIIME 0.00963 % (B E573R) ~0.0201 % (B &3 2R) O#PH & O 0.832 % (E &5y
F)NZIBNT, ZOEFFBUEE (RSDr) 13 3.1 %~10.3 % Th-o7-.

(3) TV TINMEERIT M 1.69 % (HE53H) ~2.76 % (H&=5r3F) OFPHICIWT, £O=EMEF
B (RSDR) 1L 4.4 %~7.0 % CTH-7=.

(4) 7T =V MEERITVIE 2.05 % (EH &5 3) ~5.13 % (E &5 %) OFEIZIW T, 2O =M B
J£ (RSDR) 1% 3.6 %~6.8 % THo7=.

(5) 77 =)VIRFEMEEFIT I 2.20 % (HF573) ~30.3 % (HE5 ) OFIFHIZIBNT, ZO=E M FFEL
FEE (RDR) 13 3.6 %~10.5 % ThH-7-.

(6) BEULyMEZEFRES L, ERE (1) ~ G ITRLRERFICE W T, WIhoO =M EHFED
NEBERBRIE RSN TOD I TR EE R OV ER BB E O B 2D 1.5 i LAINTHY, RIEDIEEHERBRIED
ORI HREEICE G L WA LR LTz,

(7) By MEZERITTIIM0.114 % (EE72) ~0.212 % (E E5rH) OFHIZHB W T, ZO=EM B
FE (RSDR) 13 12.4 %~15.8 % Th-7=.
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0

(). T T VT INMEEFITTEIE 0.0464 % (EHES3R) ~0.206 % (H&E5rHR) OFHPIZEBWNT, £D=
MBS B (RSDR) 1% 15.2~31.9 % THh -7

(9) EYLyMEER KO T U TINEERIT, TR () ~ @) IRLERERMICH VT, Wit
D BURE EE D LB SBIE RSN TSI TR B R OB EO B Z 0 1.5 5% EEY, B
BHERBIEO B R T DG A Lish ol

KFERBRICTH TS ELL, =AY —- T 7 =T abBR AR WbE Ty, Rt oIERRE 7 —, &K
AR RERT, BIAE TSt R ETEN BAR GO 7 — L BEMZERT, A MHIEN B
ANEREARE 2= DAL B AR LET

X |
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Deter mination of Urea Nitrogen, Biuret Nitrogen, Dicyandiamide Nitrogen, Guanidine
Nitrogen and Guanyl urea Nitrogen in Fertilizer by High Performance Liquid
Chromatography (HPLC): A Collaborative Study

Norio FUNAKI' and Yasuharu KIMURA'
! Food and Agricultural Materials Inspection Center, Kobe Regional Center

A collaborative study was conducted to evaluate high performance liquid chromatography (HPLC) for
determination of urea nitrogen, biuret nitrogen, dicyandiamide nitrogen, guanidine nitrogen and guanyl urea
nitrogen in fertilizers. The urea nitrogen, biuret nitrogen, dicyandiamide nitrogen, guanidine nitrogen and guanyl
urea nitrogen were extracted with water. The extract was centrifuged. The urea nitrogen, biuret nitrogen,
dicyandiamide nitrogen, guanidine nitrogen and guanyl urea nitrogen were analyzed by HPLC on cation
exchanged column with UV detection at 190 nm. We sent twelve collaborators 6 materials 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 urea nitrogen were reported 0.296 % ~ 46.5 % as a mass
fraction and 2.0 % ~ 4.1 %, respectively. Those of determination of biuret nitrogen were reported 0.00963 % ~
0.201 % and 0.832 % as a mass fraction and 3.1 % ~ 10.3 %, respectively. Those of determination of
dicyandiamide nitrogen were reported 1.69 % ~ 2.76 % as a mass fraction and 4.4 % ~ 7.0 %, respectively. Those
of determination of guanidine nitrogen were reported 2.05 % ~ 5.13 % as a mass fraction and 3.6 % ~ 6.8 %,
respectively. Those of determination of guanyl urea nitrogen were reported 2.20 % ~ 30.3 % as a mass fraction
and 3.6 % ~ 10.5 %, respectively. These results indicated that this method has acceptable precision for
determination of urea nitrogen, biuret nitrogen, dicyandiamide nitrogen, guanidine nitrogen and guanyl urea
nitrogen in these concentration ranges. The mean values and the reproducibility relative standard deviation (RSDr)
of determination of biuret nitrogen were reported 0.114 % ~ 0.212 % as a mass fraction and 12.4 % ~ 15.3 %,
respectively. Those of determination of dicyandiamide nitrogen were reported 0.00464 % ~ 0.206 % as a mass
fraction and 15.2 % ~ 31.9 %, respectively. These results indicated that this method has unacceptable precision for

determination of biuret nitrogen and dicyandiamide nitrogen in these concentration ranges.
Keywords  urea nitrogen, biuret nitrogen, dicyandiamide nitrogen, guanidine nitrogen, guanyl urea nitrogen

(Research Report of Fertilizer, 10, 86~100, 2017)



