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Summary

This study was conducted to establish the analytical conditions for
determining ®N abundance ratio in plant leaves by the isotope ratio mass
spectrometer. Effect of some factors related to the equipment performance such
as tin capsule cleaning, ion source tunning, sample size and K-factor for total N
analysis by the elemental analyzer were investigated using the standard reagents
(urea and acetanilide), and citrus leaves.

In addition, urea uptake by citrus leaves was measured with 8 and 20-month
old leaves were dipped in “N labelled urea solution(1.776 atom excess %)
mixed with 0.05% surfactant and harvested 1, 2, 3, 10 and 17 days after “N

labelled urea application.
1. The analytical conditions for determining “N isotope ratio in plant leaves

a. N-peak was observed from the blank sample of tin capsule which is not
cleaned. However, N-peak disappeared after cleaning tin capsules with
acetone,

b. K-factor for total N determination by the elemental anlyzer was evaluated
in terms of the instrument stability. The result showed that the coefficient
of variation for K-factor was low enough to obtain a good reproducibility.

c. The optimal amount of standard reagents, (urea and acetanilide) and leaf
sample for N analysis were.in the range of 1 to 3 mg.

d. The optimal N amount for “N isotope ratio analysis was in the range of

0.359 to 0.424 mg.



2. The urea uptake by citrus leaves

a. The amount of N absorbed by citrus leaves was increased by elevating the
applied urea concentrations and had a maximum at 0.8~12% of urea
concentrations,

b. N amount contained in the leaves increased until 2 days after foliar
apphication but thereafter decreased because N-translocation to the shoot
became much more than N-uptake from leaf surface.

c. N absorption by 8-month-old leaves was higher than 20-month-old leaves.
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19133 Hevesy$} Paneth7t de =& 737 3] *Pb& A8 €
ol FHLA FAHAYL T HEY, 39, %3 Ete A7 M &
£ A@Ye Yz GASHUT, 2EYNE FHYL o8& 3% 4Y
Y FolA 7% U Hygez AAHIL Jdon AAHAEG EFole dAFdME
E Yoy 4y oz @o] 453 3t (Lannuneiata $} Legg, 1984).

Fide 25 6702 FHYL(EN, BN, “N, 5N, “N, "N)7} led 2 & “N&
PAs SHULEN 59 3% R B AT7NN FHRAZ M AHEHT QU
A ¥ZE717F 105822 ol$ ol H|E9 o8& R EFAY JLYF F
FAZE TFo] WAY FeEol A A AFole AHE3E7]7 Wl AR
o}

Fio A AL e “NF “Nol led, A2 AMEHe AL U3
o2 o] & “N(0.3663 + 00004 atom%)eltt. 2@ <A FHEAE 3
A2 AMEE e LS AA] g WAMY Fa, M HME T HEY
WARd o] o &4 8], 223 4¥717Y MBS viAE F e R
(IAEA-TEC- DOC-288, 1993).

As FHAYLE N EAQ6E FFste WP R AW A71FH A7F A
m/ed] Zojo] oA EHe AL SHE ¥ AFENYF Nyo S2HH9 ¢
3 ¥4 (Yasuhiro, 1981)°] led 39 FLAYAAME FFEA Y WA 'i'
. "N 23 & dHMEe AEE N 7122 dYA AL ste $3% 34 £4
Y7t Bol 28 FHE ©Hol Aoy FFAAY 1A, I FNAE, vEY
o8& 222 AU T EY R FEATF JM 71E9 ojH e dYUN
T 2 A4 AN HA ol§ gA¥ + gloh

AL 5992 2L Rittenberg 5(1939)0 A ML AE=HAEH, o %
¥ Kjeldahl o2 Ag859 "N XA F2E FAEHN G=2FH “N &
A ALE WE H o8& F717F ¢43 AAHE Rittenberg YHANAM AolH Fihg
Efog MYPAAH FAVI2E BET JAFENVZ FLvtEE DYAPLEN

-1 -



"Ng& 238 wWgolthH(eNH; + 3NaOBr = 3NaBr + 3H,0 + Np). o]2j¢ 4
AR L FFLZ )R] ol BY NEF7} BE ¢ AlTo] o] &)
Hol 4%l 1 mg A=E Holok AFAA A4 FFH *N E4o] 753
o2k Mcinteer$} Montoya(1981) & Rittenberg A% 2 25313t o A|&u}
O FFLE Hof st HYFEFY HAZLEE ZUX T ENY 5 e A
BEFE 52 FAL VY oldH FAFo] FHE w(25 igN)dE £ 71%A
Rk o]A ¥ HI Rittenberg FAY AT AFEA Fv)7h /) ¢ (Mulvaney
et al, 1990. Mulvaney and Liu, 1991)Ho] FA BT N&3HA B %o RN A)
B B0 7tEdtA HAAY, HEBolY EFHY 7L INAEE £ AHA
© BTN er AAL B8t NHy-No2Z H@37] o A3 A7tz
o] ol =Ex Holth B, A UYL 0|7 AMMe AAA AR
of BT E (oY, s, A2 E)H F719 YL WAEe §F AAY A
Fdsdd A2 a0 gaFEH
Ao, Dumasy & /7182 2 eolA 3N H 24E 7t2e BNE 3H
st AL, o Byl dHE ol &3y VA2EH77 AFHAN(Yang et al,
1994). d=tet FFH e UE2 Y2REAVE AFEAV JFH AAsY
(Otsuki et al, 1983: Preston and Owend, 1983: Barrie and Workman, 1984;
Marshall and Whiteway, 1985; Preston and McMillan, 1988 Barrie and Lemley,
1989: Barrie et al. 1989 Egsgaard et al. 1989. Harris and Paul, 1989: Schepers
et al, 1989. Barrie, 1991; Craswell and Eskew, 1991: Jensen, 1991) A}&3t= W
Mol It 2M 7|E9 RittenbergP 3 @2 HAF oy Ay 29 4
Aol B4 Aol ZEHAR, A ANES Fh AFH EAv| 2o FA
o] FojA7] WEo B 49 HEMY EIFAEE BHY o of$ Rt F
8] Rittenberg MollA s} & £AE 7]¢o] IA 8FEHA ¥ Fdo]99 73
A (H,0, CO,) & AAsE EFF N,OE N2 HB3te BgTFo] Qo] &49
Ny @4e] 7heste 299 Fei7t 1 494 ¥ B B e w o3
FFo ALFT EAo] Jtsdtte 43 (Owens and Rees, 1989)9] 1t}

e Y2EH7|I7H AZAE FFEYHIE 40 THI}T A&E7] w2
AL FHYA BN ol 88HX Aoy 77] AAM7t ol AT I3 0

z
2
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Fe FE BMNste Fuolmz A Y A4 L AU M e $HW )
€°l 8753 e #F AR UY BEHzAL Y7 A% A7 s
g 8 3t}

HEe d84F Fie AEY A3 A e 2 AP v,
1996). ZEUFANE Faddche Hd9 4718 AAANANE F FY9 EFo
Ay 9% o gy Fie AHIAL B AN 2URD ol
ob7t Nst T AN AL LHMA ZWAME THHME ¢ ¥ Yojri(s,
1996).

YA E EFAUE FH FF 4¥A B2 FE H3 uFYs: 5 4
€0l H33to] F7] A9 WM AEH7 Ao, 329 FA YAy
€ 8F9%A AN J1E EFAUYES ditez AAHT ArtH(Lea-cox
and Syvertsen, 1995). A4 ¥ RN L4E HHUESI oS B HE v Fo
2 ¢33 1en (i, 1996), Embleton 3 John(1974)& WA Fo 7E AL
d 3~63 Fx 829 dUANIVOZE FAFFo FEHT AU YAYL
#A¢ F Atz B3P

2B, AL AYAHEZE & R A7 Hole ExdME @23y "N g9
TEE AY @ Loz 23U dH AP HEY YUAT AEE v Py
3o UwtFoz JuEAMIE 849 F58E 2337 HMA micro-conwayy
(i, 1987)°] A5 Aot ad HFYe FEVA o) 4YL A ANa
e A4%EE AAE ABo YEe ARANY % WY YA =L T
TE(5%)2 A3 doh oldf g o8 ol &A4E FAHA AAF
F7F ol FojA £ A Ho HA HXFE FFEFE Aol7} E £ QU

etA John®(1995)°] “N EX] ¥ &8 o] 83t grapefruite] i@ AA LB}
829 AHAEFF LS AU 3FRGE B UMY AANY 23U 143
HEY F4€S 27 d8NE "N BMY9 =9¢ 2392 Ut

53, €x9 F2¥de THLIY VYA BFE AN 2T P2 A Ao
AR AU} TN A Rgo] o) AdEH Qe ul, oY AlHE Wz
o JAYEE B4Y A NEE F7o) FE FFYL 4 U AR vz
AHSFE AEHoR 2HY £ AT FA FL AFL HAVY & UL B o}y
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g Adle]l ME2E =FY AUE ALY £ M Y 2R FRE )
oqste vrl € ReZ JdEY. EY, £8% ¥ 24T I AuBEe 4
35, B A247, 23, FAVNZY 4 337, o549 FUdx Ay
FFE 7134 AAAME £8 Fo AL GHAUNZ Holw & AAE(4,
1987) & F7HAA09x 23832 Y.

TEM £ A7 FHE BEFINEY FFANEE ojfstd YAEM 9 K-
factor AU, VL9 “N &3 & ANEY APFL ZAYoZH Y2EY
(Fisons Instruments, EA1108, Italy)7} %38 S92 AFEY (VG Isotech,
Siral, England) & °] 8% 4 €4 9 "N FHU4 24 4& $Ys2, NEX
B8AHEE o]83tq ZFF 8 F o AHE A2 F5FL IAFoZH A
aAY #F29 7|28 & AFsted Ut



I. A5 2 vy
AY 1. ASH AIREY "N AFEH HY

1) B3FA R

AEL AL2FHL: "NE BHE7] 9% EZANBEM  acetanilide(Fisons
Instruments, S. P. A) %} urea(Yakuri Chemical Co., 98%) & A} 3%t}

Table 1. The N concentrations of standard compounds.

Standard chemicals N(%)
Urea 45.69
Acetanilide 10.36

2) 4EAM 2T ARY =4

W2eH717 428 AFEHY)Y N 232de BPer) Asd ATU Y=

F&£22d04 A" e 20848 ZAYL3F(Citrus Unshiu Marc. var.
Miyagawa) 22459 4L AH3lo z=2¢

Ee FFEAM oA ¥ 60CE 23
d Hz71M 48A17F T THEO. 2 F ARARE A Bfo] AFL A=

o] 228 ¥4 WI rolling machineg o] 839 3Y7 w3y
T2 A ED AEE A



3) AEA NEFY "N &3

7hH RAEA7 A% dAL &3

(1) 2847 (Fisons Instruments, EA1108, Italy)e] 74 % 234

f2EN7e AFAE FIFA, Ay, #43, 71232023 H§ oven
9 2}y, TCD(Thermal Conductivity Detector) Z&7] 233 FAFHZ FASHY
AR, AEHg 722 AFA(99.999%) 8 AMSE T WEE2E(99999%)& SWHAE
o] &-3tgict.

EMfee 29 1A 9 o] AFAE FIFA o8 A87 FEHAD F4
of Arx7t TIFHAA K1AYEL 1,800C TN €Mz A4H o
244 E(N,+NxOy, COp Hy08 SO,+505) & FA BT o2 @ darlrge &
Y28 AAA 52 e&F €82 AL AH GC ovendl WZE TH 93
a7t JAA Nye TCDHENAAN QAEER &S0 K-factoro] o3 3 F
o] o]ZojRt} K-factore YA2ZAHL ¥I Je BFANEE BHHo=ZH ZF
o] ¥ Tt Ze AL o3 FEHUGL

%t X WS
1-B

% t : Theoretical percentage of the element in the standard
WS : Weight of the standard in mg

I . Peak area for the standard

B : Peak area for the blank

a8y ALFS obfig e Yo 3o AEHAG.

% = & (I-B)

w
K : Average of K-factor B : Peak area for the blank
W : Weight of sample in mg 1 : Peak area for the sample



Auto Sampler

I

Combustion Reduction

Reactor Reactor

Computer
Adsorption Thermal
trap for CO, Conductivity
Detector

Packed column
for N

separation

Adsorption
trap for H,O

Fig 1. Block diagram of an elemental analyzer.

Table 2. N analysis conditions of the elemental analyzer.

Carrier gas(He)

Oxygen

Combustion reactor temperature
Reduction reactor temperature

Filament temperature

GC column

GC oven temperature

Total run time

Sample size

80 =/ / min

20 s/ / min
1020°C
650°C
190C

Porapak QS,

2 m in length

6 mm x 4 mm in diameter

60°C
240 sec

1 ~3mg




(2) BEEAF HEMN NEFY AL 27

BEEFAY 848 0806 ~ 0850 mg, A2 A& 14 ~ 16 mg® 27} tin
capsuled] #H3lo Y H, Y2EX7 9 AFAE FF7) ol E 29 7|72
el s ALE AF s

) 9L AFEA I g N F3

(1) T9Y2 AFEY7(VG Isotech. SIRA L. England) 74 ¥ 234 g

AFEN7Ie 29 28 ol FAHY den, FA4e EJL A8 EYRE
Y ZFE&F ol2717tA 2 F FHE R 3e Holth o)A o]2yW AR
A7 3E}e §FF o1F 9 EAY o9 A3 FgL wAlGE Aoy,

A FHALAY Y EAYEe 29 39 JeElled, 448474 o3 23
¥ Np 7tz IAFANA AAFHd o8 23 e vf7huZol wat Bxle]
&o] FAgd

M+ e-— M + 2e-

o gAoleWe At AsAAel AN tEHe} 60" AES s1&A %
¢ A7NHE FHANEAN A A v F %94 ol ma} gol9] uigH
Y x7t @E8AA Ho IS ©E Exol9 Est doju Zzte o)
371 =g Ay

29 Aee Ny (2 30) > =Ng' (£ 29)>“N2*(% 28) €22 A7 FAA
FoAA e FE7t FAFc)



Inlet Ion Ion Ion Recording

system source separation collection . .
ion arrival

Fig 2. Block diagram of mass spectrometer. The whole system is maintained
under vacuum.

Faraday Collectors
Analyser Magnetic Field

AN

/

Resolving Slits

Alpha Plate Beam Centring Elect.vucs

Source Slit —
Electron B

ectron Beam 21D Exit Slit
Source Magnet Ion Repeller

Fig 3. Mass Separation Diagram




Table 3. Optimal conditions of ion source tuning for *N mass spectrometer.

Parameters Continuous Flow Mode
Source Current(maA) 0.8
Trap Current(uA) 02
Ion Repeller -5 ~ -1
Electron Volts(V) 100 ~ 110
High Voltage(kV) 4,176 ~ 4,180
Half Plates(%) 25
SHalf Plates(%) -1 ~0

(2) BEEAT HEA ANEFY "N 234
M N FHLL EAE 2FA

4) AP &

7}) Tin capsule A3 & 3}

tin capsule M3 #F7} FA&E F9 N peakel vlX& Yg& Lo} B of
AE 2T T AAAA BEES AAT ¥ 142 T 80CNM AX# tin
capsule# M3 3% ¥ A& Alo]o] N peak ¥4-& ¥ZIHA

W) 2284719 AL K-factor @A A}
20 mg )9 acetanilided 153 W2 o2 g £ F 29 A0 ALHUJL
£33l K-factor& T3IQ T ool g wolA4g Ao

o) AEEY MBS AYF A

AEER MBS HYFL A8t7] A 829 acetanilide 283 a4 ¥
ANEE 10,15 20,25 % 30 mg2 Y H ALUFL 2331 o]} vR
AR BEUAS WMo ATE AYAUT

- 10 -



2 "N 2HNEY HPF AR

"N ZBARSY AYFE Yolws) Aty ai9 23Y RUAEE 0777
mg(0.359 mg N) ~ 0932 mg(0.424 mg N) ¥slelX AP 9 *N SHNA &)
HE& $33Ao.

YUY 2. 2FYZURY R4HH B4 T4}

1) 4848

AFA 9EE 24 ZFFFONRAHE) NN AEE F47 2Y8 16U
LT FEUTY TAZAD FAFZ G498 QA 24 FE3A(HA
E)9) 2694 FHZYL FTA4E s

2) EA 829 gAY

229 JAAYE F4F £ £ 19969 129 1Y) & 23% 1579 s7Y
¥ 9% 200 4¥ FIE 005% HAAAS} “N-urea (1776 atom excess %) &
do AANAT. olff Al F& 82809 HAW - £ THHZ By AN
A

3) AEY NE AN F “N 23

YRAAE F2AE AHe] £FB2 YEFAL AL 9 60THA 4847 sl
FAA AEFE 283 4Y 19 2) Bgoz B4 4y 19 3) 718} )
o Yoz ALYFHA N FALL: EZAYuE 24U,

4) 8299 5% AN

YEE MEIZRY AP N BEXNQLE APRT o8 4F ALAYP] F
o 9EE B £5Y J2FE AVNT oA YXE 24849 Fayoz y
ol 840 AFFFL AMNY

-11 -



% “N atom execess in leaf sample
%NdfF = - x 100
% N atom execess in urea

+ %NdfF : Percentage of N derived from Fertilizer

5) 43 &

b Msred 9449 F4€ "N §F
BN B 820 58 02 04, 08, 1.2 ¥ 24%2 Ao|dA XA 49 29
2) oz ZrEPe MYsz 2¢ ¥ €L AHIHA *N& &3

1) 9% € A2 A ¥

04% “N BX 848 AY 29 2) ¥yez ZIFFel HYstx 1, 2, 3, 10 R
174 ¢ 9¢ AHso *Ng 230,

- 12 -



Iz % 33

Y 1. AEH MRS "N ZFxAH g1

1) Tin capsule A3 & 3}

E 49 39 4& oMHEEL o889 tin capsuled MNP A M2 G
H FAR 5 N AL/ TFE A Ao,

tin capsuled M3 2] ¥ YLEH/Z 28 FAEY A HF peak @
H & 15753( xsec) ol RO, HAY A& peakst A2 HA Y3kt 8W, AP
471 ¥ AL EAY] 2 M N peak7} tin capsule M A {2of B
Aol vebtA skt weld, N g o]8% ALAFS AYL SWuq
A2¥FE FFste AL WS 7183 Alglolmz H|E SN EZu] 2FoA
tin capsule AN HF7 VL 72 YR/ WARH| o] JB ALRYA TN
B9 peak7} YelI 19 tin capsuled] olHE MAL WA Yo Az
€.

- 13 -



Table 4. Acetone-cleaning effect of tin capsule on N peak area of blank
sample as measured by the elemental analyzer.

Replications Non-cleaned tin capsule Acetone-cleaned tin capsule

1 14,668 N.D

2 14,290 ND

3 13,667 . N.D

4 14,158 ND

5 15,160 N.D

6 21,236 N.D

7 20,954 N.D

8 14,857 N.D

9 14,542 N.D

10 13,999 N.D
Aver, 15,753 N.D
SD 2,848 N.D
CV(%) 18 N.D

- 14 -



Non-cleaned tin capsule

3 .
<
S
g
(mvolts) go
P
g
: // \‘
f \\
)/ \\'\,
0 -y f r 4 > A&
0 (Sec) 300
Acetone-cleaned tin capsule
3; ‘
i
: f
| }
b !
!
(mvolts) ! |
|
' i
1 !
| i
b !
0 : -
0 (Sec) 300

Fig 4. Acetone-cleaning effect of tin capsule on N peak area of blank sample
as measured by the elemental analyzer,
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2) 9287 A K-factor AEA A}

Pella(1989) 9t 4(1994) T& #7189 A% #IF & A s%ed K-factor
calibration modeo] 93] F&stA ZAE & AL FAth Gt & EHAN
% K-factor calibration modeol] 93 HH & o] &3l K-factord] UL HE
8322 BFAE acetanilide 2.0 e FEE A3t F2r¢FE 3¢ H K-factor
g} WolAlFE At H 59 Jebdth. &€ K-factore WEX 7| KA}t
AT Fe WHolAIFR(149%) 3 ¥ F3d AUAYE RA

Table 5. K-factor reproducibility for nitrogen.

Sample size (mg N) K-factor for nitrogen( x10¥)

444
438
2.0 mg(0.207 mg N) 455
451
444

Ave, 446

C.V(%) 149

* Acetanilide was used as standard for the measurement of nitrogen using
the elemental analyzer.

- 16 -



3) AAEN AR HYF B

FLEH A28 A9 AAFEL Folrs] 9# acetanilide, urea R FEY
A8 F& @8 Y § swtEog ALPFE 2Fsd 2 AAE JePATHE 6).

10~30 mgo] ANEFS HWHAM 2 o] BAYC) 2FFol A YUY
Ao olgA} FAHAZ 237t ul¢ AU 2y 1 me ol ARFEL
HY AF vFolodN FAE AFY o 227 A 4 UL, 3 m o4 A
BEE Y dole S4AS BAe 22 Fo] oI, ANEF tin capsuled]
¥ol foiling 3717t 2@t Wty 15~25 me Y AEBFL Hae Ao &
Ao AAZE FolT EY AMRHE ANYY 2238 2Y 4 Uz 4YzEy,

Table 6. Optimal range of sample amount for N measurement using the
elemental analyzer,

Sample size N content(%)

(mg) - Urea Acetanilide Citrus leaf

10 46.430 10.360 2.660

15 46.520 10.380 2.680

20 46.690 10.370 2.660

25 46.480 10.350 2.580

3.0 46.460 10.380 2,680

Aver, 46.516 10.368 2.652

S.D 0.103 0.013 0.041

CV(%) 0.221 0.126 1.564

-17 -



4) "N FARAN 8 AAF AH

ureagE €38 FHstdq "N FHLLHE FAHGAeH, HAD AEF FHA
Me 2 EAvle] Ua g wolAFrt 3% B gtk o AL gFe] 0.359
~ 0424 mg NQ FHAAME A&F w2t SAv e Aoj7t A9 AA7] W&
F3E A3 HMAe AgFo i gErHE SHH FH4  EAV AL
Aoz 4ztdd.

Table 7. Optimal range of sample size for "N measurement using the
mass spectrometer.

0.770(0.359 mg N) 0.36732
0.780(0.364 mg N) 0.36646
0.790(0.368 mg N) 0.36607
0.800(0.373 mg N) 0.36583
0.810(0.378 mg N) 0.36685
0.820(0.382 mg N) 0.36702
0.830(0.387 mg N) 0.36655
0.840(0.392 mg N) 0.36773
0.850(0.396 mg N) 0.36702
0.860(0.401 mg N) 0.36673
0.870(0.406 mg N) 0.36635
0.880(0.410 mg N) 0.36719
0.890(0.415 mg N) 0.36755
0.900(0.420 mg N) 0.36705
0.910(0.424 mg N) 0.36664
Aver, 0.36682

SD 0.00055
C.V(%) 0.14907

- 18 -



dY 2. 2FUAUUR 24 HHESTY ZAL

1) Aexd dAEFTE "N &%

58 472 99 G42EY BEF $EU 2258 21807 2
Me Zadte %S 290 SL22499 08% S 9Y7IYY 12% =
oM HARFTE 82F0) HUAE BRHYHIY 5). ol IHyFIYY 247}
HHEG EFATE WS AU 9 NA¥EE AW F5FPo| Jojg wa RN
o] ZE4 79 FAxold 71U Aoz Az ¥},

2) 49 ESE FAe AANA Wy

04% F=olx e HHEFTE FAF JAH ¥l YA4L A4¥Rw gy 32
YA A+ sH¥e 499 dBEFE 32FL 9432 19 Fo) 15 mg Nojgd
2 2Y FE 20 mg Nojdo® 2 Folle F5F0] BAste AYS BT 20
NEE FHolMe 19 ¥ 13 mg N, 29 ¥ 16 mg N& 2o 879 ¥ Adno
82 F5% HAHE 6).

W, Gy F2UA A9 8MYE A9 84 F4Fe MY 19%F 12 mg N,
2¥ ¥ 16 mg No|Z 2 Fole F53o| Zaste AFoIAnt 2098 7o)
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