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Studies on °N Analysis by Isotope Ratio Mass
Spectrometer and Determination of Urea Uptake by
Satsuma Mandarin(Citrus unshiu) Leaves

U. Zang-Kual* - O. Sang-Ho*

ABSTRACT

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 wvariation for K-factor was low enough to obtain a good
reproducibility.
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¢. The optimal amount of standar

d

reagents.

(urea and acetanilide) and leaf

sample for N analysis was in the range of 1 to 3 mg.

d. The optimal N amount for
0.359 to 0.424 mg.
2. The urea uptake by citrus leaves

15\ - . . .
N isotope ratio analysis was in the range of

a. The amount of N absorbed by citrus leaves was increased by elevating the

applied wurea concentrations
concentrations.

b. N amount contained

and had

in the leaves

a

maximum at 0.8~1.2% of urea

increased until 2 days after foliar

application 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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Table 1. The N concentrations of standard compounds.

Standard chemicals N (%)
Urea 45 .69
Acetanilide 10.36
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Fig 1. Block diagram of an elemental analyzer.
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Table 2. N analysis conditions of the elemental analvzu,

Carrier gas(He)

P

Oxygen
Combustion reactor temperature
Reduction reactor temperature

Filament temperature
GC column
GC oven temperature

Total run time

Sample size

80 m¢ / min
20 m¢ / min
10207
6507T
190T
Porapak QS.
2 m in length
6 mm x 4 mm in diameter

60°C
240 sec
1 ~ bmg

% = —]_{.ﬁl___Bl
(o)

%14
K : Average of K-factor
B : Peak area for the blank
W : Weight of sample in mg
I : Peak area for the sample

2
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Ion source

system separation collection ion arrival

Fig 2. Block diagram of mass spectrometer. The whole system is maintained
under vacuum.
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Fig 3. Mass Separation Diagram
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Table 3. Optimal conditions of ion source tuning for '°N mass spectrometer.

Parameters

Continuous Flow Mode

Source Current(mA)
Trap Current(uA)
Ion Repeller
Electron Volts(V)
High Voltage(kV)
Half Plates(%)

& Half Plates(%)

0.8
0.2
-5 ~ -1
100 ~ 110
4,170 ~ 4,250
15
-1 ~0

710l AW =Rislel ® 39 Fel oA
"N 994 EAE FPaac

4) 4UE

71 Tin capsule M %z}

tin capsule A3 F%7F FA8E F9 N
peakdl vl &S Yo} Bz} ofHEo
2A1 B AAANA BEES AAT F 1
AIZE E< 80TAAM ZAZEF tin capsuledt
M H3A] 42 A8 Abelo]l N peak ¥dE
LIS 3= 8

L) dA8A7|9l EA K-factor MEHY
ZA
2.0 mg 99 acetanilide® 153 wh&o
2 HI F F 29 2AoE AAFHL =
gt K-factor® 73U ool g Wo
AFE Artstdn

ch HAEM Algol M2 A

AxZA AR AALFE A7 A8 8
29} acetanilide 182 @29 ERAMNEE
1.0, 1.5, 2.0. 25 ¥ 3.0 mgg HE ¥
AagRs FAs o4 9 vy E
FHAS} Hol AT E AdaAh

2h) N MR HHZ HH

BN ZAAge HARL ABolH7| Yty
a9 7429 BZAEE 0.777 me(0.359
mg N) ~ 0.932 mg(0.424 mg N) BHAN
A H N 5992 EANE 28}

49 2

Fuzge 2499 §
3

AFA FdEE 24 EFTSIE)

AN A E FA7t LG 1694 2He
F ABUFY TUZAY GAFE G
A 2 AFEFEIAD) 2604
FUEAL AT S

) EX|240 HHA2

249 JuiAdeEle g 8 £ 19964
129 11 & 259 15709 871¥d A
g3 2070¥¥® TEL 0.05% AEAY
"N-urea (1.776 atom excess %) &l
AAA A old Xeld F& 248He] A
A - 3o FAXAZ EE A
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JuAele BFde Aol 2E22 o 7)) HelsTy oot E5E Ne 2l
EHS RE 5 60Tl 48A47 ARAA PN #xa4e ¥5E 0.2, 0.4. 0.8.
AEZS FAst Ay 19 2) ez ¥ 1.2 % 2.4% 2 AoldtA Az Ay 29
Halel A& 19 3) bt ) WHoer 3 ) Loz FgaE Hdstn 29 F H4E
Aotk UN £9904 24u s 24590 AHed UNE A&
4) QAYEH gk AL L) ¥od FE Ao HAIY w3

0.4% "N Ell&ﬁ:% A4y 29 2) wo

AEE vazye S N ZAeAE 2 7aggd Helsta 1, 2, 3. 10 2 179
AT olE AF A Fao] dd Fo g AHHse] PNS ZH3ct.
& Edl FaE Fows ANED gA ZHA
¥l Q4gdo HAiakoR o] Fo| g4
o qEFsae A d 1

YNAIF = %’5N;35tom execess in leaf sample A 1. AEA ARZY 15N 2

% "N atom execess in urea =z 7 Q’@
%100

1) Tin capsule MX &1}
* %NdfF: Percentage of N derived from

Fertilizer T 49 1 4% ofMESL o]€3d tin

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

. Non-cleaned Acetone-cleaned
Replications . .
tin capsule tin capsule
1 14,668 N.D
2 14,290 N.D
3 13,667 N.D
4 14,158 N.D
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
C.NV(%) 18 N.D
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Fig 4. Acetone-cleaning effect of tin capsule on N peak area of blank sample

as measured by the elemental analvzer.
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capsuleS AHI A3} AHs}A %skeu
FANE F NI N BAE2H5E 2AE 4
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tin capsuled AH3A] 41 PrEA7
7 Z2AF FARe H4 #HF peak BHE
15.75308 ¥ sec)old ot A HASe=
peak?7t HEE R @i}, W, HAAEAM7
of elg FHYa FAW FHeHE "
peak?} tin capsule *ﬂ#.v$‘>ﬂ #AIgl o
ez grgtuhag 4). wabd, PN FH
245 o 83k ArF4 “i’ig g A
gt ZAHaH= AL vf$ JEAQ Aldlo]
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ABFE7E dakg 77 o) AR
of o3 Ar¥MA FAEY peak?t UERY
i 9lo] tin capsuled] oflE M wi=
A Fasjn QziEch

EHA K-factor May

Pella(1989) 9} %(1994) T& #7189 A
® grekg AAsEd K-factor calibration
modell ols) A&stA ARE + Avka &Y
o}, webyq B EMolME K-factor calibr-
ation modeol 23 WYL o]&ddq K-

factore] AMEARAE HEIA BFAMNE
acetanilide 2.0 mg B=E& FHslo AT
S A% F K-factorst WHolAl+E At
. HH4¥ K-factore
HHE %] 7ho]] 'rr"]'o} e ol Algh(1.55
*é%

2.

AAEMe A AR HAYFE dolr
71 A8l acetanilide. urea ¥ Z&4 A&
dg e HE F sEos FARFE FF
ste 1 AAE JYEPATHE 6).
1.0~3.0 mgel Ao HAN 1 ol
HAGe] AAagHol Ao FUd Bl

ol2x9t &7t a7t wi§ HAUTH
28U 1 mg ol3te] AgRe HE AL n

gojolx FAE AFY o 237} %_”gli_} F
AR, 3 mg ol AEE HE ol B4
Ao AbshAle] Am o] gobAl, A&E tin
capsuledl ¥l foiling 8717} =3}, w
2t 1.5~2.5 mg ¥ A8FE Hste A
o] o) AT Foln LT AHEHE A
oo} £RFE FY F Udxn A€o

4) "N 2-AZ9 Hyy 2

=o

Table 5. K-factor reproducibility for nitrogen.

Sample size (mg N)

K-factor for nitrogen(x107™®)

4.44
4.38
2.0 mg(0.207 mg N) 4.55
4.51
4.44
Ave. 4.46
C V(%) 1.55

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

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

analyzer.
Sample size N content(%)
(mg) Urea Acetanilide Citrus leaf
1.0 46.160 10.860 2.660
1.5 46.210 10.380 2.680
2.0 46.690 10.390 2.660
2.5 46.480 10.410 2.580
3.0 46.060 10.370 2.680
Aver. 46.320 10.370 2.650
S.D 0.259 0.046 0.041
C.V(%) 0.559 0.447 1.565

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

Amount of Urea

15
mg(mg N) % "N atom

.770(0.359 mg N)
.780(0.364 mg N)
.790(0.368 mg N)
.800(0.373 mg N)
.810(0.378 mg N)
.820(0.382 mg N)
.830(0.387 mg N) .36655
.840(0.392 mg N) .36773

.36732
.36646
.36607
.36583
.36685
.36702

.860(0.401 mg N) .36673
.870(0.406 mg N) .36635
.880(0.410 mg N) 36719
.890(0.415 mg N) .36755
.900(0.420 mg N) .36705
.910(0.424 mg N) .36664

O O O O OO O O O 0O o oo o o o

Aver. .36682

S.D .00055

0
0
0
0
0
0
0
0
.850(0.396 mg N) 0.36702
0
0
0
0
0
0
0
0
0

C. V(%) .14907

_1%_
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