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1. [XL®HIC

RFEIL, M DOEFRIREL COFNMEEHTIHIED, AL OFREL TR S TRY, HE
SR W TR B EEM L TR SN 0D, F7, IEEHBGHEOAE RSV ICB W TE 7B LT
R A RBEOFIRFEEL T, REMEEROBEFEDARINTEY, ZO0HELLT, LT —8ik
KOG #IR A7~ 8757 (HPLC) ¥E DS IE RS 3B L (2017) ARSIV TV D, b Tz 2T
X, L7 —BIEIEZ OBRIEICEEA L, HPLC BT ESRORA BN ELEINTWS, Z2T, /54
BRVEDME (7258 —GTREMARE T I BIELL TSN TODB VAT LTI ) RURT VT ERIZ
WA VBT HONT, B—RREICB T D2 A MEHEGR A T o720 T, 2O EARE T 5.

2. MPRUAHE

1) #EEH

HEABUEHT, FEEL COBIRENE TN CODW ALK 18 57, JRFEDE A QU B mAEL 3 s &% OV
RAEEE (HEAE) 4 252 FV 7= (Table 1), F72, TS BT E SN O DR A TR A LI A R B TR FE 0
GEARNEDOELTHW. BEEEIOY D, B OL OIS THBIE 500 pm O#ES\W @i T 5F
THEL, KGOS NEDOITH3ICHRESE7=0h, BB 500 pum OfESD\WE @i T 5 E THfELT.

Table 1  Fertilizers used in this study
- Fertilizers containing urea

Urea 3 Coated urea 3

CDU (Cyclo-Di-Urea) 1 Compound fertilizer 4

IB (Isobutylidene diurea) 1 Mixed fertilizer 3

UF (Ureaform) 1 Designated mixed fertilizer 2
«Non-urea fertilizers

Compound fertilizer 1 Ground crustacean fertilizer 1

Comppsted sludge fertilizer 1 Compost 4

2) EBRURE
(1) ~7%F v A¥—F—: AS ONE HS-6AN
(2) Ve SHIMADZU UV-1800

VMSTATBOE N BMOKEE B 2 it 2 — it 22— (BL) 1B 225
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(3) w7~ r~7Z~7 (HPLC) : SHIMADZU Prominence ¥/ —X
(4) 7171 Asahipak ES-502C 7C: £ 100 mm L X A& 7.5 mm LD., $7£E 9 um
Hamilton PRP-X200: £ 150 mm X N4E 4.1 mm, Fi£E 10um

3) HEFDRAH

(1) /K: JISK 0557 (ZHETD A3 Dk

(2) FEEORIEVENL: JIS K 8496 ITHE T2 p-P AF LTI/ RUAT VT ER 20 g % JISK 8101 IZHET D
T /—/1(99.5) 1000 mL K OF JIS K 8180 (ZHLE 4L 100 mL (2 LTz.

(3) JRFBMEZE FENERR (200 pg/mL) : JIS K 8731 IZHIE T 5IKF 0.2145 g Z/KIZHEAL T 500 mL & L7z,

(4) WEHT IR B FAEAEE (10 pg/mL ~100 pg/mL) : JRFBEZEFEUER O —EREZKTHIRLT
10 ug/mL, 20 pug/mL, 30 ug/mL, 40 ug/mL, 60 pg/mL, 80 pg/mL K OY 100 pg/mL DR Eefi A IR F5 1 22 SR
Rz LTz

(5) DABRHEAEET: JIS K 9007 (ZHIE T D0 AME —/KFE AV L (KHPO4) 3.92 g K2 ONIS K 9005 (ZHLAE
T 50 Ak (H3PO4) 0.12 g Z7KIZEANNL T 1000 mL &L7-.

4) HERIRE

(1) Wt

SINTERER 1.00 g 21300 EY, =477 A2 200 mL (Z AL, K 100 mL Z01%, ~7 3 F w7 A% —F—%
VWTHY 10 I EIRET 1%, AHK 3 FECABLI-bOZ iR L. RO —E &2 287722 50 mL
IZARL, FEORIKERE IR, R ETREMZ %, 9 30 53 AGE L E FHEUBHA TR & L7 (Scheme
1-1). 7eds, EHARD A AL CERICHEZ KT TBENDOHLSGEIE, A/ 3 FO RICTEMERK 0.5 ¢ %
MMZAE LT,

L. lytical .
00 g analytical sample 200-mL ground-in Erlenmeyer flask

(powdery)
< 100 mL of water
| Extraction | Stirring to mix, 10 minutes
|
| Filtration | Type 3 filter paper
|
Aliquot

50-mL volumetric flask

(predetermined volume)

<—Add 20 mL of coloring reagent (DMAB)
<—Water ( Up to the marked line )

Leaving at rest For about 30 minutes

Measurement | UV spectrophotometer (450 nm)

Scheme 1-1  The method flow sheet for Urea Nitrogen (U-N) in fertilizer
by UV spectrophotometry
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(2) HPLC &
MR BB IE e~ T, Zeds | 1580 oy BV TUTBIKYE PTFE A7 L7 ¢ L& — (FL£E 0.5 pm) TAIH
L7~ (Scheme 1-2).

1.00 g analytical sample 200-mL ground-in Erlenmeyer flask

(powdery)
< 100 mL of water
| Extraction | Stirring to mix, 10 minutes
|
Aliquot

(predetermined volume) 50-mL volumetric flask

|

| Filtration | Hydrophilic PTFE membrane filter ( 0.5 micron filter )
|

| Measurement | HPLC (190 nm)

Scheme 1-2  The method flow sheet for Urea Nitrogen (U-N) in fertilizer by HPLC

3 BHRRUEE

1) BIEFHOEE

(1) FEERIEEROWIN&E

PRIGVEZE SR 50 pg/mL IR AFIEIANR 5 mL, 10 mL & U8 20 mL &0 2 WA E L= (Fig. 1) . isIn&
X 43 123D D 20 mL L LT-.

Absorbance

Wavelength (nm)

Fig. 1 Effect of coloring reagent addition amount on U-N absorbance curve
U-N concentration: 50 pg/mL
Coloring reagent solution addition amount:

20 mL ----10mL  ------ 5mL
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(2) WEHR

PRIFEVEZESE 0 pg/mL K& OV 10 pg/mL OWIEFEEARIE L7 (Fig. 2) . 85 CkiT sEMRAEE Y BTk ClE, 425 nm
~430 nm i CTOMREZHELEL TOBD, ZOHIPHORFMEZEFE 10 pg/mL WOEEN 0.2~0.4 FLE THD
DRFUIRFMEZE SR 0 pg/mL OWLEIL 0.1~0.3 FREELFE . Z22C, JRFVEESRE 0 pg/mL OB DMEL,
TRFEFRFMN T (ERRE DD 450 nm A HER R L L.

FRFZAEFR= (10 ug/mL WIEE —0 pg/mL W) 0 pg/mL W HE

420 430 440 450 460
Wavelength (nm)

Fig. 2 Effect of coloring reagent addition amount on U-N absorbance curve

U-N concentration: 10 pg/mL -=---0 pg/mL

2) REROEBRMHEE

AR R FEVEEFARUER (0 ng/mL~100 pg/mL) DUSEEA LB EMA ERR L7 (Fig. 3). BEEHIT 0
ng/mL~50 pg/mL, 0 ug/mL~100 pg/mL DWW IUIIBWTHEAMEERL, TOWREREL (r2) 1% 0.999 ULk
THERFERBREI RS T D HESE B AT 7= L7z

0.18 036
015 030
012 024 +
[+
F009 go1s
Z006 | Zow |
< y= 0.0032x+0.002 y=0.0032x+ 0.001
003 | 2 =0.9993 006 | r2=0.9991
0.00 <& : ! L . ) 0.00 <¥ 1 L L . s
0 10 20 30 40 50 0 20 40 60 80 100
Concentration (ug/mL) Concentration (ug/mL)

Fig.3 Calibration curves for U-N
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3) BBEOTEHER

AEHAIR DA I KD B AR 3 D728, HEE K OVHIEFEBENE B OWOEEE 21 E L 7= (Table 2). 7235,
HERIEEHAE S TOD BN Table 3 DLV THD. WTNBIEHEK AN Z AU TR AR E LT,
HEAL A, B X ONGIRFERENL R CHIE (21 H 2 KT WO EBSHERRS Uz, ZOZehb, HEIE K DG IRIEEHE
AR ORI R LT

Table 2  Filtration test results Table 3  Materials used in sample
Sample Absorbance Sample Materials
Compost A 0.032 Compost A cattle dung
Compost B 0.013 Compost B cattle dung, poultry dung
Compost C 0.003 Compost C cattle dung
Compost D 0.002 Compost D straw, wood
Composted sludge fertilizer 0.079 Composted sludge fertilizer sludge,food waste, bark

4) FHMEUEERICKHEERHR

PRFBEDIE ENTORUVEEAEE, FUSSRE B R K O A LB A BN IR B E R L CHE & F
3%, 10 %M N 20 %&72 DI IRFEMZ, 3 ROHT CHRINEINGERZAT 7= (Table 4) . [EIFHIT 98.9 %~
103.3 % THY, EEHEFABRIE ORIV TWDEIREL ~UICBIT OB E O A EEE - L.

Table 4  Spiking and recovery tests

Criteria of

: a) ©) d)
Sample Spike level” recovery RSD the truencess’
(%) (%) (o) (%)
Compound fertilizer 3 98.9 4.0 96~104
10 102.0 3.6 97~103
20 101.3 1.4 97~103
Ground crustacean 3 98.0 0.8 96~104
fertilizer 10 100.8 0.6 97~103
20 100.0 2.4 97~103
Mixtures 3 103.3 2.3 96~104
(reagent grade materials) 10 100.5 2.6 97~103
20 102.4 1.2 97~103

a) Spike as U-N

b) Mass fraction

¢) Mean recovery (N=3)

d) Repeatability relative standerd deviation

e) Criteria of trueness (recovery) show in Testing Methods for Fertilizers (2017)

5) HEMLRICKIEERER
EIEL TODEEALEL 18 siA AL K OERHE B E IS T D HPLC YA CRIEL 72 (Table 5). %8
BRAIEIRIED p-TATFNT IR AT VT ERIIV VARG TR AT D720, AV 7 F LT T R
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BIRFROFNVLT VT ERINLIRFD G, W AR O JRFE ISR B ITRE TERDSTD, TERNT VT
ERHEA TR FEALE P O SR FE P HF TR E T HE T T, £, AVEK O HPLCIEDSHTHEOFHEEIX (Fig. 4) %
TERLT=EZ A, [alm B RR O A BAMREL (r) X 0.999, = (b) X O f () D 95 % EHEIX[HIX 0.96~0.99,
-0.22~0.46 THY, EEHEREREDOHESHHNER 12T 7= L 7=

Table 5 U-N measurements in fertilizers

Sample uv HPLC 50 - j
(%)” (%)" y =0.974x+0.12 y P

Urea A 4671 45.0 0 r=0.999 ’
Urea B 47.54 45.65
Urea C 46.18 45.38 ~
CDU 223 o < 30
IB ) _9 8
UF x) _9 = 20
Coated urea A 40.40 40.67
Coated urea B 42.31 41.15 10
Coated urea C 38.33 37.44
Compound fertilizer A 1.14 1.10 0 , , , , ,
Compound fertilizer B 2.50 248 0 10 20 30 40 50
Compound fertilizer C 6.18 6.19 Spectrophotometry (%)
Compound fertilizer D 3.87 3.89
Mixed fertilizer A 2.50 2.39 Fig.4 Comparison of HPLC and spectrophotometry
Mixed fertilizer B 2.04 2.06 for U-N in fertilizers
Mixed fertilizer C 2.22 2.20 Regressin line
Designated mixed fertilizer A 7.45 7.54 - - -+ Upper and Lower limit of 95 % prediction
Designated mixed fertilizer B~ 5.65 5.78 interval

a) Mass fraction
b) Interference of coexisting elements

¢) No analysis

6) FREMR

PR3E, FREERA BEE & OMERAEEHZ DT, 2 1G0T C 7 B BT 72 SKAERBR D 3475 R4 Table 6-1 IC
RUTZ. ZOFRERIZ DN T—JEALE D BT 24TV — SR BRI BT A 0TI B K OV TS FE A SR 72
(Table 6-2). & AEEFORRTEIMEILE B0 1.12 %~45.9 %, ZOOHTHE O T IEHER 1L 1.9 %~
22 %THY, PEEHERBRIE ORIV TODEIREL ~VIZBITHREE DO B ZOFFEME (B 2D 2.0 %) &z
L7z, &7z, R E O H R HEHER 221 2.0 %~2.9 % THY, FIREL ~UBITDEE D B 24 =L
7z.
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Table 6-1 Individual result of repetition test of changing the date for the precision confirmation
(% (Mass fraction))

Test day Urea Designated mixed fertilizer Compound fertilizer
1 44.60 45.79 7.11 7.14 1.15 1.09
2 46.15 47.07 7.73 7.61 1.18 1.17
3 45.65 45.83 7.53 7.30 1.11 1.08
4 45.71 47.62 7.81 7.29 1.16 1.11
5 46.69 44.57 7.52 7.54 1.08 1.10
6 46.55 46.03 7.50 7.39 1.14 1.11
7 44.72 45.31 7.40 7.39 1.11 1.14

Table 6-2 Statistical analysis of repetition test result for evaluating precision

Repeatability Intermediate precision
Sample Mean” s RD.” CRD.’ siy’ RDim® CRDim”
(%)” (%)” (%) (%) (%)” (%) (%)
Urea 45.9 0.889 1.9 1 0.912 2.0 2
Designated mixed fertilizer 7.45 0.157 2.1 2 0.204 2.7 3.5
Compound fertilizer 1.12 0.024 2.2 2 0.032 2.9 3.5

a) Nn=14 (7 test days x duplicate measurment)

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

7) EETREUKEETROMR

E R FRRIZOWT, IERHERBREIORIN TR & E AW THEE T2 7 IEICKVE L2 25, B
SYER02 % CHEESNT-. 22T, REDNEGENTORUVMEARIEEHIR FEMEHELL TEES R 0.2 %I2RD
JONTIRFBEINZ, 7 RO T CUINEBILGRER 21T 72 (Table 7). [EIIX=R1E 101.0 % THY, BED BHIEAT-L
Tz, Fo, R AR H U7 HEE R M TIRITE &3 0.07 % LHEES.

Table 7 Spike and recovery test (limit of quantification)

Sample Spike level” Mean”  recovery St Lop?
W W % (%)
Compound fertilizer 0.2 0.2 101.0 0.02 0.07
a) Spike as U-N ¢) Mean recovery (n=7)

b) Mass fraction d) sx2xt(n-1, 0.05)
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4. F&OH

B R RE AR AR HTVE ICH R S AL TV DO EE RIS FHEEROWPESNT, TORYHEE
MR LT=EZA, IROAER &S]

(1) HIEREE, 5 T oGT MR oM 5 TlE, 425 nm~430 nm &P CORIEEZHELEL TODA, 7R
FEIREEDSD, 450 nm AN LTV

(2) HEAR K ONBIEFEEAREHT, SRENAK D& GICL D BE T, IHHR TRETE RN LORH o7,
E72, TATEREA XU TR FZBZ2E LI OY S, TR T7 AT eRMEA R FZ IR PO R #2130 E
AR ChHZ L aMERR LT,

(3) MERRT, 0 ng/mL~100 pg/mL OFFHICBWTEMRMEEZRL, PERE ()% 0.999 DL EThEBkE
AR OHESE A LT

(4) EJEIL, BRI 3 %~20 %OFFAIZIBTDEMEIGRER O F, SFEIEUED 98.9 %~103.3 %
THY, FIREL BT HEE B2 Uz, il L CODIEEIOARE K Y HPLC YEIZLAHIEE
DOIEYFEHT, FHBILREY 0.999, 95 %lEHEXH DM Z (b) 13 0.96~0.99, HIA (a) 13-0.22~0.46 THY, Ik}
SRBRIEOHESEHIEA TITTE L 72

(5) HEFEIX, BEZEX CORERBROK R, REEZFRORTEEMENE B0E 1.12 %~459 %, ZOHF
TR R YR 221% 1.9 %~2.2 %, H A AHEUER 2213 2.0 %~2.9 % THY, FREL ~UICBITDBEDH
BOFFREPH 2T LTz,

(6) EETIRIT, EETIRMNITOTMEIGRERD DS, EENE 02 % THY, #HERH TIRIZTERS %
0.07 % ECHEEIN.

LLEDZEND, RIEFNERHF ORFMEEFZOSHTIEE L TH BRI o7 4D RS Uz,

X |

1) BMOKPER SR LRI A S D S @ IO N E kS 2 E O D1 dE TR 28 42 12 H 19 H, &
MOKPER 7R 5 2535 75

2) MSIATBUE NEMOKPETH R 22 2 it 2 — (FAMIC) : BRI aER L (2017)
<http://www.famic.go.jp/ffis/fert/obj/shikenho 2017.pdf >

3) BEFIEFEHR : 5 _JGTRERIEE AT, p.60 ~ 62 (1988)
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Deter mination of Urea Nitrogen in Fertilizer by Spectrophotometry

Shinei TAKAHASHI!,

! Food and Agricultural Materials Inspection Center, Sapporo Regional Center
(Now) Food and Agricultural Materials Inspection Center, Food Safety and Consumer Affairs Information

Department

Determination of urea nitrogen (U-N) in fertilizer by spectrophotometry was developed and validated as a
single-laboratory validation. Samples were extracted by stirring to mix and diluted with water. After adding
p-dimethylaminobenzaldehyde (DMAB) as coloring reagent, sample solution was analyzed using UV-VIS
spectrophotometer (450 nm). As a result of 3 replicate analysis of 3 fertilizer samples spiked with U-N, the mean
recoveries were 98.9 % ~ 103.3 %, respectively. In the repetition test of changing the date (7 days), the
repeatability relative standard deviation were 1.9 % ~ 2.2 % and relative standard deviation were 0.8 % ~ 1.8 %.
The limits of quantification were 0.2% (mass fraction). In the filtration test for compost and composted sludge
fertilizer, the interference of colored compounds could not be eliminated. Those results indicated that the
developed method was valid for the determination of U-N in fertilizer (except compost and composted sludge

fertilizer).

Keywords  urea nitrogen, Spectrophotometry

(Research Report of Fertilizer, 11, 54~62, 2018)



