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Abstract

The purpose of this study is to establish the analytical conditions of
carbon and nitrogen for the elemental analyzer, EA 1108, Fisons which was
introduced as a part of the isotope ratio determining system,

The accuracy and precision of the equipment and the method of sample
preparation in aspect of the particle size and amount of sample were
examined using the standard reagents, sulfanilamide and thiourea, and the

citrus leaves(20 years old, Miyagawa).

1. Analytical conditions of the standards

a. The sample container, tin capsules, contained no nitrogen but varying
amounts of carbon which however can not affect the results of carbon

analysis.

b. The instrument stability figured out in terms of K-factor, the ratio of
absolute element amount and its peak area, was good, giving low coefficient

of variation: 2.119% for nitrogen and 2.036% for carbon.

c. The suitable amount of standard reagent for carbon analysis was in the

range of 0.2 mg to 8.5 mg and for nitrogen 0.1 mg to 1.0 mg.

d. 40T of oven temperature gave better peak separation between carbon and

nitrogen than 70T.



2. Analytical conditions of leaves

a. The method for grinding the fresh leaves in liquid nitrogen brought
about better particle size distribution, and higher stability of elemental
contents regardless of particle size than the conventional method,

oven-dried and ground with a cutting mill.

b. The proper elemental content in plant samples and oven temperature found
0.02 mg to 0.3 mg nitrogen at 40T oven temperature and 1.0 mg to 9.0 mg

carbon at 70°C because stable analytical contents existed in those ranges.

c. The degree of analytical deviation between the elemental analyzer and
the Kjeldahl method was 6.5% and in case of carbon(the Tyurin method) the
difference was 14%. Therefore the factors causing this deviation should be

investigated in more detail.



Ao EAqsle BEY HE T 2 FUIEAES o8 FRY HYsE
2 4ol gler I d4e] xdo] nhg ciasich. olyt tiyd 24H &
AL 2t Sl iy FRE dot We=d F83A #8H + 3] diFol o3
ol 2X F7IEAEol iy tiel AL FHof 3 T HRRY FMAR
7} 28 AHE de] ol &Fo] HHAIH F, 1991). I Fo EM71&2] ¥
Y2 Aste JAEN7I7F S RIS &, A, F4, Lo BE
o] BE dULE FAld &3] FFEMs= Aol ZhsdiAith(Colombo and
Baccanti, 1990: Colombo 5. 1988: Colombo %: Debot 5. 1989: Debot and
Sadek, 1987: Giorgi %, 1989: Howarth and Belcher, 1977. Kirsten, 1983:
Pella, 1990: Pella %, 1989: Sadek and Debot, 1987).

f71E SR F @4y MY RA= A 3 miel A4, Tyurin
el
=)

¥, Walkley-Blacki2} Fako] Q&4 5, 1988). dAALHES H A
& Heg stol 4 4eAge] Wel 4£8FE el glon, of daye
Tyurin & 7Rt A& F2 A Utk Tyuringd] dele R7I82E s34

4

ZZollM 77 ARAIQl Klr0, 28 APHAIZI AISEE 913 4ARH AbsA 9
Po2RE BALUPFS dohin ghaglakoll LA AL 1.7248 F3MA humus
B2 st wgolrh

Walkley-BlackH el 24 el Tyurin¥]2} oo A4ZE ARSI 9= 1.724
7t BEA BIFAZA |IIE Almol e AL 2471 dREo I of
Bof Tyurin®] Hrtp= Zlo] AP H oz da] ALE D 9lon, o] Walkley-Black
!

< &) E4Y bl U g e shuelrt. US4 A4y} A
A dago] dlrh. &4 dade R/ F9 varl 28 Fio| g

AtztElo] EMVIAR HE g ol&tte oA ARTL FUIRIA Ee B
5 BAZkATE e U7 'Rdvbs ole] AbdEW W
2t M@ FEHOZA tiZtATE Fo4Eo At MW



2 3 Sl A BAtAY P& S ARFY ML #¥, &
FItLE P Polth A7t RMEEE $R3A] UL P4 Aus
& f71gtAott. A ALye @A FPPoz Y B ¥}
S A7 asty £4o YL Alge] YediH ke
= T 42y EMole FAHsch
A BMHoZ M= F4 AtE A (wet oxidation procedure)q) Kjeldahl Y
(Kjeldahl, 1883)2} 74] AF¥}2}A (dry oxidation technique){l Dumas 3 (Dumas,
1831)c] Qlth(w&F %5, 1988). Kjeldahl % (Campbell, 1986: Devani %, 1989:
Fisher and Gurnsey, 1987: Grappin and Horwitz, 1988)2 ZI%} H,SO,E w3A[HA
NH-N BEl2 d8ste] FPste YHoE AL FHYLZAE 7R de] 2o0le
2 Fe slitolr|rt, Kjeldahl E3PolMe E8l2=7t Fatd, =7}
360T ol3tUml=- BLUsl] F3lA|to] A|ASL 410T o]dolld= HAtel o
§ &Alo] ol
Dumas® (Bellomonte %%, 1987: Colombo and Baccanti, 1990: Colombo %, 1988:
Colombo &: Debot %, 1989: Debot and Sadek, 1987. Giorgi 5, 1989: Howarth

bd

Loy

and Belcher, 1977 Kirsten, 1983: Pella, 1990: Pella %5, 1989: Sadek and
Debot, 1987: Watkins 5, 1987)2 NS NE BUAIA N gase] R & 33}
of Aekst= wWHoZH o]l ¢ 1800T oA FIIE AEE WAoo A4S}
o NptNO,Z7F B of BAEH JtAaE olFA ZlAol 2J3) 1020T7t ¥+ 4H¥

o2 Eo|7} 4tEla|(tungstic anhydride)ol 2]8) Atzjut-go] doju} Np+N,0,7}
NeMOZ AFHSID] of AR Flat olF4 FlAel sl VYLD Fol7} B
H|(copper)ol 2l3hA TP o] Ne*N 07} No B HBAIA N, gasH & FYFstd &
le whdolrt. HAEA7e olel¥t Dumasy ] HelE ol &3t FX4I7IEA
ghaol A4 F& U453 3P 4 qdch

ojg} o] RINESFY B4 YA FE JE SMYHLE EYdl=dle F
3 ARE YA dln 4 2@ o] Yol Al kFHo] Yol == HE

et

o
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11, A8 2 =9
1. ¥FA®

ALE
Instruments S.P.A. )2} thiourea(Junsei Chemical Co., LTD, 98.0%) FJIX&

ALg-3leicH(Table 1).

MM

A

HMsls] ¢l FEA|E2H  sulfanilamide(Fisons

12

2. A EA AEe ZA

QAEAM 79} Kjeldahl o] AR317] 213hA A Fcidtn ZFJ(AMHFA] ofel
AZ ) sl 2 = 200448 RAB2F(Citrus Unshiu Marc. var. Miyagawa)
o] ZFUS sl TEE £5EN AAFE old ¥ EJIE AA2
A geby 2 Tgstodct oje} o] Fu|y AFRE thie] F7HA Wyd o

siA Lapstact.

7h) w1
110 T AZR7|oIA 812 ¥ ARAIZ 2 2&EH7(ill) 2 Zo} 7HF 2
SolM MZ zte] A2 2Fsto] tiA] 110T AR7]olA 1A%} ARAIA

Z A}l

o

L) W 2

apxpapatell A|2E 3 AMULE 4P JBtAAM o} JHEE TE T
80T AzJlolA 12w AZAY F Fol2lE LAl it A=
Azte] F7)ME BRY AIZE 110T AZ7)0M 1A A2A1AH ZA 8IS}



Table 1. Theoretical chemical composition of standard compounds

C% H% N% S%
Sulfanilamide 41.840 4.680 16.270 18.620
Thiourea 15. 449 5.150 36.048 41,198

olde Wyog =AY ZIY AEE ol &M FHYPd WE IHEE &

AxtAZIY BRE ZABIL Yzt 271 i} AL YR xjolet B4 AW

47] EA 1108(Fisons Instruments, ltaly)g] 343

[F%]
e
P
Hr
Jx

U 24 el

HAEM7|E= 2548 FFHR], Atsua 3L 223 gas chromatography
£ oven2} column, TCD(thermal conductivity detector) Z&7|2 FA=e] 9l
o A3} JtAZE £4% A4 E A}l He 7FAE carrier® AREYMCH

(Figure 1).



Autosampler

Sample in a tin capsule
02 He
Pld
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] N Ny
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(1800C)
Quartz wool
Oxidation
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Reduction
(6507TC) Reduced pure

Figure 1. Flow-diagram of the elemental analyzer
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M {ele Figure 164 R ule} Zo] abpAlg FFBx|o os) Al87t F
UHD FAlol 4o FFo2 =7 1800C 72 gelrbdE d4vt dojuy
Nz+NOy, COp, H09t S0+S03 7hA7} hA3Rbch ojuf WARE 7hAE= He 7hxof 2]3)
2%7} 1020C71 =& AAO 2 o|FE o] tungstic anhydride S22 A3} Zn)
Aol 23] F3] Np#NO, 7EATF Np+tNOE AP3iREGo] dojdct, Ay ® JjAE
carrier 7}AQ) Heofl &]3] #UB 02 Fo]7} pure reduced copper wire B &
ohAlofl 23l BdkFo] dojub N+N0ZE N: 2. S0:+SOa= S Ho| ZAF, N,
CO2, H0, SO, 7hA2 Mt} BUH 7hA= GC ovenoll WHAH HJol o3l 2=
o]l TCD ZA&7|2 dAEEE A3l K-factoro] 28} AHaro] o|Fojzir), WA
£47] EA 110804 n]RAjR] WAZEE AA3I7] #I% K-factore ¢33 &

B A factorg o|&3FIC}l K-factor= PYAZAS 43 Q= RFAEE A4S

Ao

%t . WS

(1 - B)
%t : Theoretical percentage of the element in the standard
WS : Weight of the standard in mg

| : [ntegral area of the standard

B : Integral area of the blank
EX HAYUR(%)S the Mol st Alatdch
K. (I -B)
% =
L}

K : Average factor
| : Sample integral area
B @ Blank integral area

W @ Weight of sample in mg



rir

A3} bal HdHolli= CHNS, CHN, 0, S2} S trace ZA modedd 5 £&7} 9l
d & Ad¥olM= CINS A% moded Atg¥ch
71718 E423& Hx Aol ¢gle ¥ Table 20§ ERA vig} ),

Table 2. CHNS determination conditions

Carrier gas * He, 80 ml/min.

Oxygen : 20 ml/min,

Left furnace temp. :1020°C

Right furnace temp. © 650°C

Filament 1 190°C

GC column © Porapak QS, 2 mt.
GC oven temp. 60T

Sample delay time : 13 sec.

Total run time : 600 sec,

Sample size 0.4 mg - 21.0 mg

4. REARC] Y BHzY 2E

>y

71 AR AE 9 717] ¢4

Blank2A] tin capsule?t-& =A%t 22} tin capsule ¢lo)(air) 2A¥ BtAe}
A4 chromatogram peak?] B3 WHEE ZAlstd 7]7]1¢] ¢FES FESIACH

Lh 71718 B84 9 A48 4d

Sulfanilamide§ 2.0 - 4.0 mge] AR 303 FAsld ElAQ} AL MHEFeto]
K-factor 2§ A 2} sul fanilamide& 0.580 - 20.231 mg (0.096 mg N -

-10-



3.292 mg N, 0.246 mg C - 8.465 mg C)&] A|R& o8 EHAM3led AR F 7l
ME wask A4 AEUT AALg EAsl] s718 RE U HEE B
Estadct.

th) 6Co] AHPLE XA AE

Sulfanilamide§ 2.0 - 4.0 mge] A B2 Table 28] EM2AF HAHYSXEE
40T, 50T, 60T, 70CTE | EAste] HILE WHto] mpE Tha9} HA9
retention timel] W3S R}l GCo FEP L RAS ZAESICL

5. Fde] wtae AL 4

7h A8 Fuze mhE e Y AU AE

229g 106 pn o3, 106-212 um, 212-300 um, 300-425 um, 425-500 um,
500-600 umo] 67bx] THAIZ ZA|ste] 2z} Ao Ty X6 RAbstm,
2 A71PE Bastd Bagl Y4 ALY R YUSE AE3bch

L AR AEY HE

106 - 212 un YAA7)E 2= A18F 0.541 mg ¥ 20.459 mg 7hx] 1370%HA]
2 o] 223t APLEEF 40T 70TolA Wl S5t ghast Ha 4
g EMstd AF Alggd PESIAUCL

Ehd

t}) Kjeldahl ¥ 2}e] v} (A 4)
239 2YUAEe thiouread 7tA3 QAEMI9} Kjeldah 22 EA3}o
AL HEgake] W3 BAF sl F uby ol o] & vl2 HESIATL

_11_



2}) Tyurin 2] w2 (&ha)
2+3e 2wA|E9} thiourea F7HAIE ARESIM YAEA 7|9 Tyuwrino 8 &
Mabod BhA Rl w3z BAZ DAUste] F oy Zol zolE v FES}

och.
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111, Az 9 3%

1. B2ARS whas) Ax 24
RF7IHUYE FEETS 2BY F+ Us 48471 4R S Table 22} 2

o] ARAFNL A RFS HelstHA FAF Aol ot AVAH L HA Agg
& 2A3tgct Table 28] BAZA FolAM AHPLEEFE 40T, 50T, 60T, 70T

2 W} sieia 2AY Aol it Aed W ¥R AR 53 Fosel
retention time HUAFE U3l 71 F& HELXE XA HIFUFY ©&
o A4 EMYUES HIY A= e Pk

7h 3AR FY Yot A 4

Table 32 HPLE 70TCoA tin capsuledtd 243 Z 3 tin capsuleglol
103] H5 E43 2 ol RhAof A4 HAG wlad) & Aoy LA
¢ tin capsulehE E4% 22} tin capsuleglo] B3 2 Zto] A peak?l
x| 7b ZA L2} tin capsuleoll= A4 peak7l Aol d%S uwlA vyt AL
7t gl ZeF Holcrl x3t gtA
capsuleglo] 2A Y &4 peak?] A&7} AA k2l 2 x}o] 7} tin capsuleoi A

A

_{

ol A= tin capsulelh& EA3F o] tin

L+ ¥4 peak2ll HolR|M, tin capsuleRtS 23S uhe] ®i4 peake] Hol
Al4=7} 51.864%°lt}. o] tin capsuleo] mi2lA &hA peak7}t Welxle Zog
Holx|gt HFEARE A3t Sul I ®HA2] peak”} tin capsule?tE #+AMUS
uhe] ¥4 peak®rTh #u) O A7] wfFofl EA3h=de 8-S nXA] de A

o2 Heolc}.

L, EEAIR Y K-factor 2|8 Ad
Pella $(1989)2 #7182 42¥xS
of oJaiM FYsIA AFY 4+ Aria B v} olch wleld 2 E4olM =
K-factor calibration modeofl 2]%t WY& o]&3lod K-factor?] 2{{A VAE

ZAAsl=d K-factor calibration mode
2¥

_13_



Abs ¥ otct,

Table 3. Reproducibilities of nitrogen and carbon contents in blank samples

(tin capsule and without tin capsule)

Tin capsule Without tin capsule(Air)
Nitrogen Carbon Nitrogen carbon
19906 1379 21499 661
19681 1476 19595 725
18922 926 19633 719
19328 2598 20236 760
19187 . 2942 19653 725
19257 2894 19689 739
19875 3355 19584 764
20194 848 19652 741
19161 934 19669 747
19128 936 19613 775
Mean 19464 1829 19882 736
SD 397.60 949 568. 64 30.3
CV(%) 2.043 51.9 2. 860 4.12

_14_



Table 4= HAYPLXE 70TolA HEFAE sulfanilamide§ 2.0 - 4.0 mg (0.325
mg N, 0.837 mg C - 0.651 mg N, 1.674 mg C)2] A|8ako g 253] utE RAM3}o
gtiot A9 K-factor QY-S AE ZAzjolrt. el Tae HolAls7t
2tz} 2.119% 2} 2.036% 2 LietA 2@ Ao] Folct

Table 4. K-factor reproducibility of standard sample(sulfanilamide)

Nitrogen Carbon

3. 65E-06 1.34E-06
3.64E-06 1. 34E-06
3. 59E-06 1.32E-06
3. 60E-06 1.32E-06
3.59E-06 1.33E-06
3.59E-06 1.32E-06
3.49E-06 1. 30E-06
3. 49E-06 1.29E-06
3.42E-06 1.26E-06
3.43E-06 1.26E-06
3.41E-06 1.26E-06
3. 49E-06 1.29E-06
3. 48E-06 1.29E-06
3. 47E-06 1.29E-06
3. 38E-06 1.27E-06
3. 45E-06 1.27E-06
3.43E-06 1.26E-06

- 3.42E-06 1.27E-06
3. 46E-06 1.26E-06
3. 44E-06 1.26E-06
3.43E-06 1.26E-06
3.51E-06 1.28E-06
3. 50E-06 1.28E-06
3.51E-06 1.28E-06
3. S4E-06 1.30E-06
Mean 3. S0E-06 1.29E-06

V(%) 2.119 2.036

_15_



tl. EEARY Y AER

Table 5= HHLEE 70Co|A sulfanilamide EEAIEE 0.589 - 20.231 mg
(0.096 mg N, 0.246 mg C - 3.292 mg N, 8.465 ng C)&] ARV AEFE
2|3 A 133 EAM3to] Bt} AL QAEYF W oyt AP ANEIFE 7
3t Zzjolcy, A4} BrAe] o|EX]7} 16.270%2t 41.849% A o] o] EXEF 7]
Zzog sl HELAE 5%2 HotSul a7} 15.457 - 17.084% 2t 39.748
- 43.932% HHRA o] 2aPENE UFAIIE Hele LA FF< 0.09% ng
N - 1.027 mg N2} H¢lo]32, &hAQl Z9= 0.246 mg C - 8.465 mg C2| *H#lolad
th 23y ©4 A 0.589 mgel A|8F o2 wAMshetle Al&7L n]&ol
7] 2o ZAE Aol 2x17F 2l Zeoli 20.231 mgd] AERY olFLR EA
guj= 71710l Fel7k 7b7] whel 0.589 - 20.231 mg2] A 2P F, 0.246 ng C
- 8.465 mg Co| HelollA EM3lEe Zo] Fozlet AN

_16_



Table 5. Optimum range of sample amount(sulfanilamide)

Sample size(mg) Nitrogen Carbon

(Nmg,’ Cmg) (%) (%)
0.589(0. 096Nmg, 0.246Cmg) 15,913 42.352
1.164(0. 189Nmg, 0. 487Cug) 15.989 41,847
2.064(0.336Nmg, 0.864Cmg) 16. 283 42,042
3.078(0. 501Nmg, 1.288Cmg) 16. 525 42.025
4.112(0. 669Nmg, 1.720Cng) 16.702 42,051
5.252(0. 855Nmg, 2.197Cng) 16. 870 42,078
6.310(1.027Nmg, 2.640Cmg) 16.992 41.977
7.197(1.171Nmg, 3.011Cng) 17.163 42,072
8.405(1, 367Nmg, 3.517Cng) 17.313 41.981
9.274(1. 509Nmg, 3. 830Cmg) 17. 467 41.971
10.073(1. 639Nmg, 4.215Cmg) 17.551 41.865
14.987(2. 438\Nmg, 6.271Cng) 18.234 42,297
20. 231(3. 292Nmg, 8. 465Cmg) 19.125 42.145
Mean 17,087 42,054
CV(%) 5.039 0.333
Real values 16.270 4]. 840

_17_



2}. Retention time G peak ¥2|%

kaGﬂFMWe%fE%MisﬂthM@éZﬁ—4ﬁm¢4Hi%&i
M HYPLTE 40T, 50T, 60T, 70CE waldlod 2} BHLSo|A 53 uii
TM8to] BFY retention time Y peak HIAEF AW 2 Polr) Us:
oven 2§ 40ColA 70C&E &2 retention timeo] 93 ZofA 101 X8 Zof
2|3 gtAE oven 2EF 40TColA 70CE 22]W retention timeo| 159 2ol A

137 2% golA7] wiZol Figure 2014 Hi= vle} o] 40T7} peak £2|7}

ottt

Table 6. Mean values of retention time for standard sample(sul fanilamide)

Column . Nitrogen Carbon
temp.
RT(sec) RT(sec)
40T 93 159
50T 94 149
60T 98 142
70T 101 137

(5 replications)

-18-



{mVol ts)

(mVolts)

Nitrogen

———Carbon

Column temperature 40T

1199

Nitrogen

K—— Carbon

(sec)

Column temperature 70C

1199

Figure 2. Chromatograms of carbon and nitrogen at 40C and 70C column

temperatures
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2. 2429 A g5 EBlA} A 4
72+39 A8 Table 298] EMZA & HHFLXEE 40T Rt E435talch

7}, Al® ZRAhy

1) AlRe ¢zpa7] &%

Figure 3ol R ule} o] AR7|olAM w3l R&EAM7I(wil)E g A
2} AAMAEE YAALo] FSHAAA mortarZ Y R o] AV EEE
w28t Azjoltt. AZ7olA wel DEEHI(nill)E FHT S 300 un ©]3}
o] Qlz}Z 7|7} 75.629%0)0 AN A Lol FHAA mortarofA Fa¥ R 300 u
m o|5te] UAIA7|7} 85.196%2 EXLE Hol FAEHA Y AlRE ZAU

Szt 2 A7} wakeh

Dry oven(mill) Liquid nitrogen(mortar)

© Distribution(%) o Distribution(%)

FY. Y R e

°
408  106-212 212-300 300-426 426-500 500-600 408  108-212 212-300 300-425 426-800 500-800
Particle size(um) Particle size(um)

Figure 3. The particle size distribution of citrus leaves grind by two
methods: milling after oven-dry and fresh leaf crushing in a

mortar with liquid nitrogen

-20-



2) Alg dztA7| 7t sraet Ha FAM A9 2P/ = 4%

Table 72} 82 Z2UE AVZ7|oM Ul THEH7(nill)2 MY Z3} o
N Lo FHAIA mortarod 243 ZE& 106 um ©]3}, 106-212 um, 212-300 u
m, 300-425 um, 425-500 um, 500-600 ume] UAIA7EZ 6712 groupSE LMo
A Etao}t ALE EMsto] zf¥AY W ¢S vyt Ajelth

Table 72} 82 AlR2] =tA7|7t 2AZuwirt &AL} HolAF7E 2ota,
300um ©]3te] AxtA 7| M thAlE EFHxie} HolAlF7t 3ol AU AFo] Fob
om, AAA Lo FAAIA F243t wbolA 22 aprt glo} o] whHolAM gz}

7} 2e4+8 REWALL) Wo A4t 2o} aHgol Fach
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Table 7. Influences of particle size of sample on reproducibility of carbon
and mtro?elen content when oven dried-citrus leaves were ground

with a mi
Nitrogen Carbon Nitrogen Carbon
(%) (%) (%) (%)
Under 106um 300-425um
2.764 45, 786 2.324 44,386
2.762 45.797 2.367 44.385
2.776 45. 626 2.277 44,543
2.747 45.660 2.326 44,554
2.761 45. 551 2.372 44.634
Mean 2.762 45,684 2.333 44,500
SD 0.009 0.095 0.034 0.099
CV(%) 0.334 0.207 1.478 0.222
-106-212um 425-500um
2.792 45,295 1.786 43.511
2.746 45.201 1.703 44.259
2.766 45. 282 1.649 44.777
2.773 45.169 1.297 44.907
2.763 45,231 1.386 44,528
Mean 2.768 45. 236 1.564 44. 396
SD 0.015 0. 048 0.189 0. 495
Cv(x) 0.539 0. 105 12.09 1.115
212-300um 500-600um
2.614 44.650 2.205 44. 403
2.570 44,978 1.611 44, 488
2.613 44.982 1.663 44,292
2.663 43.703 1.845 44 656
2.607 41. 656 1.745 44 317
Mean 2.613 44,794 1.814 44. 431
SD 0.030 0.153 0.211 0.132
CV(x%) 1.133 0. 342 11.63 0.297
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Table 8. Influences of particle size of sample on reproducibility of carbon
and nitrogen content when fresh-citrus leaves were ground in a
mortar with liquid nitrogen

Nitrogen Carbon Nitrogen Carbon
(%) (%) (%) (%)

Under }06um 300-425um

3.288 46.303 3.313 48.101

3.275 46. 488 3.445 48.253

3.274 46.615 3.518 48.136

3.269 46. 306 3.549 48.021

3.287 46. 369 3.613 47.777

Mean 3.279 46.416 3.488 48.058

SD 0. 008 0.120 0.103 0.159

CV(%) 0.230 0.258 2.944 0.331
106-212um 425-500um

3.613 47,653 3.270 46. 365

3.625 47.764 3.386 46,595

3.605 47.593 3.428 46. 403

3.590 47.427 3.433 47.196

3.650 47.725 3.463 46. 426

Mean 3.617 47.632 3.396 46.597

SD 0.020 0.118 0.068 0.310

Cv(s) 0.559 0.249 1.991 0.665
212-300um 500-600um

3.359 46. 350 3.461 46. 004

3.132 46.251 3.021 46. 469

3.288 46.248 3.390 46. 147

3.313 46.448 3.250 45.796

3.187 46. 320 3.078 46.108

Mean 3.256 46.323 3.240 46.105

SD 0.084 0.074 0.171 0.219

CV(%) 2.570 0.159 5.268 0. 475
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Contents (%)
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Figure 4. Changes of elemental contents depending on sample amounts at

di fferent oven temperatures
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Table 9. Analytical reproducibility of the elemental analyzer and the

Kjeldahl methods

Ni trogen Carbon
EA 1108 Kjeldahl EA 1108 Tyurin
Thio. Cit.(LN) Thio. Cit, (LN) Thio. Cit.(M) Thio. Cit.(M)
(%) (%) (%) (%) (%) (%) (%) (%)
36.701 3.694 36.609 3.543 16.043 46.303 15.475 40, 266
36.736 3.659 37.064 3.524 16.094 46.488 15.363 39.744
36.745 3.630 37.064 3.524 16.080 46.615 15.594  39.566
37.003 3.915 36.837 3.487 16.078 46.306 15.535 41.215
37.197 3.870 36.609 3.436 16.144 46.363 15.244 40.149
Mean 36.876 3.754 36.837 3.515 16.084 46.416 15.442 40.188
SD 0.193 0.116 0.203 0.020 0.033 0.120 0.125 0.574
Cv(%) 0.524 3.093 0.552 0.582 0.240 0.258 0.810 1.428
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