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Kinnosuke Niina: A Comparative Study of Four Kjeldahl Methods.
Application to Soils and Plant Materials.
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Kijeldahl 22355 kO il ¥ 2 C8EIR T2 2 LT & ) SRR OB O Lk L, 4
W RIS ¢ 2 AT DV T UL, RER SO MITHAT V3, EHOIRT 2 LS
Tk 2O HEOREELTER T2 LUERBECH 2, zoT-abililicowT
ST T b O W IHEEAS B SIS TR TH 2. MW E LT D TR,
routine work 5 SEHIAHTIC b2 THW 2O T, SeOClL ol % b kh KRNV
{7\, Stubblefield & De Turk™ kg -[-HESHNITICH L Thid TEF IR RLT
T, TOAMICHAT 2 bD EMbiLs, %kl Patel & Sreenivasan®™ 23ZEHicif
G LIz Hik b EH5 bO LM DILS A, R b LR 2 OISHBIATREN T Wi N,
T TR BRI TR & L ORI T 2 kT, BRI TRER L Tl
FOMUREDILE X 1T, BT SERSICH TR 722k b b iciite Loz, I
BAKRICHI 72 Bk AERIC £ D THRT 2 L0 Ik D . "
Ayk: CuSO,+K.SO,
B#:: Se+CuSO.+K:HPO, [Ohmasa™®)
Cyk: HgO+Fe:(S0.);+K:HPO, (Stubblefield & De Turk™®)
D#:: HgO+Se+CuSO,;+K,S0, (Patel & Sreenivasan®)
ek NHs s ftld, iliiiid —eAoRfic NHy Ll 2 4l F oy 7 v » U 4k
WTHE LTI T WS AS, RERTIE 2 OMHEELET, Wik E LT 4%- Mz I
W N E FRASLER CULEARTE T 2 HHR BRI L TH .

I = B

(1) %f: 200ml-Kjeldahl 7 5 =2 =, ¥FHmOHF A « N—F —RXpHEE. TAIZ M
SHEKTLO LTHEBIMLMBD TAEDORICIEYD, 7 7 2 2QIEAIERS 2T & CTHOTS T
W7k Sie L. YEHOKEKIWLER . MEDHOIED € =~ vy FOREH R, REROHL
Btk 10ml DFCTH 256, 10ml 25t 23 7nm - ¢ 2—1vY b (—HE 0.02ml) Zik
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ELTHW, N

(2) #A3: a. AFPHERGER: FEM0mL b, R CWIA: KAFY 15mg., FiE
8mg. OLERKL BT 2 HERHTK LA 1 ROMB E\wic. K:HPO, (Fie Btk Kur
Fex(SOy)s (MBI LIAME ¥ 24 5 L TWT 2 7 wEBRNTMilic LoD —icilA L
556, WEOKHEROIKAME DL 2TE} 2. TORTIE A XU D #EREFT, B
B CHEAETH D, c. 30%-NaOH (i : flicinz 5. d. 5%-NaxS:0; %k :
HgO %/li\v32 C KU D ioZEick L, Hg-NH- LAY EdE T 2726 NaOH &Jtic
10ml X+ 2. e NHs WK : Fioon i LTIRE L7 4%-iER 20 ml. & #
Ao Yy F—T&h 200mL-Zf7 52 =2 hic+, . 0.1IN-H.SO, #Ifk . 3 a4

L7c Na:;BO7-10H:0 O-—sgdt L FFIL L KICHH L7c b O L, methyl red Z45738&
LTHbE L7z,

Table 1. Catalysts and promotors, in gram unit.

Method | CuSO45H;0 | Se | HgO \K2504 | KllPO, ) Fey(SO0); | Note
A 0.3 — — | 2 ' — — [+ P30; was used in the
B 0.15 0.15 — — 1 g% — original.

T 2/5 and {7t 1/2 quanti-
/ ty in the original

Ct — — 0.26 — 4 2.4
— — i method, respectively.

D I 0.1 0.025 | 0.25 3

Wi O . HsBOs 40g %ok 11 e ARUIIRESE I L Tt 2. R Tiuiciks
#5738 (Brom-resol green, 0.1%-7 /L = — L% 3§ + methyl red, 0.2%-7 1 = — L
W1E) % 2~3ml Mz 2 & 7 F ilo & 5 hFRtax 2T %, i 0.1N (7o NaOH %
WL L ORI L TEROM L0 2 —STFRHE L DT (o RIFRE 1 v 7 2]
ORI TER L T2 D0 SHEOMWZREICIE R ORI L TE8REA et 3
TEBDD. TOYRARICR WO P~ HEDT THIM ML T L% 5 & AticBl a0
5, TORICMEINT 2.

(3) ¥t H2RomEbOEwic,

Table 2. List of samples.

. : Drying loss \ Weight of
Sample Description (105~110°), % Sample, g.
. I ca.
. Volcanic ash, Horizon A;, Iwate Pref.
1 .1 =y o e [ el i 30.37 0.8
Soil - No CAFRTIAEE, " AR ? !
. ) olcanic ash, ayer, Iwate Pref. 17.48 . 0.6
e R e
Soil No. 41 olcanic ash, Horizon By, Iwate Pref. 18.56 ‘ .
or e CHFR PR, B
Cedar 1 ursery tree, air dried, powdered. nas o
edar lea CPRERRSTIIRR , FUEE 1)
Soybean Air-dried, powdered. 12.81 0.2
Wheat Home-grown, powdered. 14.42 0.3
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(4) #fedk: WHROOHELILSHEETREC LICDOVWTORE~NS, a. HiEER
OPEF B A MR ITID: 6 R WIRILHEA MG O W R E e rds 3 STRERICHR L, IRBiEh]
BCROL 58T Lice b, SMERIZHE 25ml OKTHRT 2, c. ERLIZLHS &
RO IR T2 D0 R IIIBGR AR B bRV L SHET 2. M%7 150ml fnic
ROkL, BEEZXOD.  d. WREIETSHEHEL OO, Fh SR DR T
FICED LT E T 20 BT 2, e AHHCOEREODD & & & oHlEE
&ML LT blank test 47\, k0O H.SO, Itk T &, s r#E0o» 2
& FORPEND HZET 1%, RIEHD S OBEOHIE & Lz, SHOUNE HHT L OT it
0.27ml, % 0.41ml "WwFiL d SO Ofiik 3Lz,

(5) &bk

NH; +H;BO; —NH,BO: + H,O

2NH BO:-+-2H:0 + H:SO,—(NH,):50, +2H; BO;

0.IN-H:SO,, 1 mlL=1.4008 mg N :

X mgN=1.4008 x £(0. IN-H:SO, 07 7 7 4 —) x V(‘léﬂﬁgﬁoﬁ?gl' #)

Wmg(105~110° §ZH0RD) = w mg UREZE0ED x {100 — 2 tnk it , %7

X %N= ;(v %100
(6) SEBESE: fiid)iE LTA &Y 2 MOFE &b, RO —FARRES; &

Al LI L7z HIREIMREEIE 0.4% LIFT & 07z, '
(£B1) Apkic k2 NHCl #EEOSH (G 339
Table 3. Recovery of nitrogen using NH,Cl (Theoretical N: 26.18%).
NH,CI1 solution: 0.0287,g /10 ml.

Nitrogen recovery, % N.
Catalyst Time of digestion, min.
o | 30 60 | 90
A.  CuSO,+K,;S0, 24.97 } 26.01 26.10 \ 26.17

(EB2) A, B, C, D#oOILE. 2. #k: L3 No. 1 G4 RETH 1K), b, i
Bl 2AF O (G5 KRG 2 KD,

Table 4. Comparative nitrogen recovery with Soil No. 1.

! -
' Nitrogen recovery

Time of
Catalyst clearance, At | Minutes after clearance
min. | clearance ’ 30 60 } %
A. CuSO4+K,S0, 60 1.12 1.17;5 1.184 1.19;
B. Se+CuSO,+K;HPO, 20 1.165 1.20y 1.237 1.245
C. HgO+Fey(S0y) 3+ KsHPO, 15 1.21, 1.26¢ 1.284 1.28g
D. HgO-+Se+ CuSO,;+K;SO, 13 1.23y 1.25; 1.269 1.27,
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with Soil No. 1.

Comparative nitrogen recovery
with Cedar leaf.

Table 5. Comparative nitrogen recovery with Cedar leaf.
Time of Nitrogen recovery, %N
Catalyst clearance, At Minutes after clearance
min. clearance 30 60 90
A. CuSO4+KsSOy 58 1.244 1,269 1.2% 1.314
B. Se-+CuSO,+KyHPO, 15 1.31g 1.347 1.37g 1.35¢
C. HgO+Fey(S04)3+KHPO, 17 1.34y 1.39 1.42, 1.433
D. HgO+Se+CuSO4+K,S0, 16 1.35, 1.3% | 140y Lo

(=5 3) IBHF: JIECH~ 2 LD 5 4 Fio ke D (After boil 304p) %
WL, =oM% Ak (After boil 60 /%) OHf

Table 6.

A: CuSO,+K:SOy;

LHIE L7z (35632,

«

Application of D method to soils and plant materials,

as compared with A method.

D: HgO+Se+CuS0.+K.SO,

Time of Minutes Total time Difference D——A>< 100
Sample Method clearance, after req uj red, %N (D—A), | A ’
min. clearance. min. %N %
Soil No. 5 D 13 30 43 1.46 o] CZ'
1 A 42 60 102 1.35 } M
Soil No. 41 D 15 30 45 0.23
} 0.05 28
4 A 45 60 105 0.18
Soybean D 11 30 41 6.96
} 0.20 3
4 A 27 60 87 6.76
Wheat D 10 30 40 1.84 1
0.16 10
” A 26 60 86 1.68 |)J
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(1) #BEEOMEE (E5R1] Dstic#Eat s LTLEME AWz b D7, {LamE v
7Bk Patel & Sreenivasan O @I LI O |AXBPICHSHKAHINE D5, b
FBRINV. THEICOCTORBERKT 5 &, SARUHRFER & 4R O BRI Atk
OEBREMRHD T LFERHLA T OEROHETREC I O THLERZ Z L0WHER 3. @D
TEAMO & 5 ZRFNCIF@E A Ml BB LML EET 20, {LEMcOWTORREZ0

FEEBCHATEIOFICREVHAEV LICEETNETH 5.

(2) GRB1) KowT: REOHKMRT~TERITE M s, KROBMENLLT
BET®20EDEZOSHHED H2: LT HKRZ V. 22T NHLCl O & 5z b Bzl
BHOREFMERCT L, RISKELVEFHNFET 2B REHAERYER LT h,
REICTRA EHRMEICTEN 2 bz, IOTRRFERBETHSLROTINL S5,

(3) NH; BEBHICOWT: a. 4%-WEEEREAV2C EOMES RECE«RHFH L

 MTEOICER AN TV 3, COFETRHZVERINTVWAVE 5 TS, MEIIM:
BETH24, FEREINEEOTHZVIRFEELDOIOLE S, Ak Ly, i) &=
ERIFEH & LTIRA EZRE2THO RV TVEHARO P HE TR L v, EOTHRE -
B - - R - TOMORIRICR TR A BEEYEL, BOMOHICERELL 35T
W NaOH R EXHVWAEWTT U, i) BREKREAKRORED b0 ¥ AR—EF (DL b~
7aiE €I 37 v RICRTR) EnE v, i) ZFEESWMOBRELS1IETT U6 MER
L hVBEELIIC LS5 3, b IEREREY methyl red (ZFHFHE, pH=4.2~6.3)®
BICBIFE b0 & LT bromcresol green (pH=3.8~5.4) »F 5N TWw3, methyl red .
FF: ZEHEEBAVWO T, BAKRG 3BEOR kL OWTiE, E. C. Wagnert® 784
hBfEErE L Tw3, BRA¥ET3E bromcresol green+methyl red (pH=5.1) |15F4E3
B2fLT27% E. J. Conway © Microdiffusion analysis™ IC#FE 2N TW3, EHE i
¥=rnEhELI - 27 e ECEBLTH S, BEETH D%,

(4) (EB2) towT: FIMRUHE2EE, WFLORRHC DOV T b 4 BB AEKER
RREBEE b0Z & ERLTV3, EIBAL After boil OFIICOWTO NH-N Ok
Atk C>D>B>A OMEfzicd 3. {ELCLDOMIREM: R%T, BWLoL: C<
D, After boil 30 4ICAT C=D, *0O#lE C>D T»DOk. LEOHAF4HEE D
After boil 90 SMTRT bR7EHADMRIC D7t IEOHAIIEB & D 43 After boil €0
SUBCRTIHEL R L., CTOBRICOWTIREEIC Patel & Sreenivasan® 234V
BERLDOTWT, HEOHR Labkl Ao nEFRICHE T 2b 3 ICE\WhHREEHS L
w3, ‘
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(5) LLERRAT 3 LXoOfmB2bND: 1) CHRBCERROBERYE2 2. FERICH
Tk Aftef boil 30 ST FriF BONIEY , 24 iEd#En) Fik72 32 Kjeldahl-Gunning-Arnold
o (e %ﬁﬁﬁ&tb@t‘l,f%% EBRL—FHL7eBEE2Tw3, IOTEZ LU ECLER

Eicd After boil 20 FEHEL THHS TS A5 LB S5, FEO/NEHERREBVTET L,
LR AMY FTOREE L TEL TERHEREVWT &, Fei(SOL: 3 #hrh Ay + Bk
BERLNBCHET 206 MOBFECHLTMEA(ARTS S (LHLERR CORRD
HICEREOREEREVWOTHB) TETHB, i) DEECHEICHE VIBELAZEWSH LY
FTA, BBc X OTIRE B After boil ORFEZICKEDCHA LR T ALY b2, COM
BOBERTEIEEF, ST RERABCOVWTEREREFABC L TZZETT 3Lk D
Eﬁ?@@&woﬁﬂg%kﬁO %4 After boil 30 FICRTERFHEE2TH Y, HOFRE
b CERILTRA EEVWEEZRT IO LES (BER3EBR). FAERIXOKHY b0 BEir i+~
THRELLLTOAREXRAEL THF 2, NEERELE 2 0 6 BYULSEERT, Fick
WEOLEREL (BT 5. i) BERECEVERE 52 548, MERAKDRCE
TLTw3, iv) ABREZREOHRYE2%. FECLYREEGITHEYL 5 5icid, [k,
1) i3 NHCI ofns Bz e (53] KR 3 AE0Mm 24§ O HEE v
gti;“ﬂ]& LT, j(?éﬁ@W«‘HC%‘L 2~3 FSiE #NDLE L OB T L E & LTV‘%’)o Akl
TO IS ED THIIObNS L\ 5 REE b0, BAuBRlicd IR b SIS L oS T
VEEEO loss D BILFED TEETH 3. | |

(6) [EB3) KOWT: DEOFRICEECENE 2 OBBHIASA LAY, RET
@ﬁ&mtheﬁﬂﬂﬂbff MFECIBHEINZ T X RTRD, Fic4FBORM T After
boil 30 B LCEA L, EOmsRmNk ‘o‘f/?ﬁﬁ =¥ (e M%A&O After boil 60 40fH
LHBELTH 7, %%‘H%Faﬂkcj’\*cél‘— ‘\LXF‘C'?‘A KEICHRTRIK 3%, ﬁﬁé 28% OWRER
L7,

mewﬁ¢ﬁbgw@ﬁﬁkéimz?%ﬁi&k%ok%ﬁkﬁm%ﬁfrwﬁa%%

BrRL, RBROMMICEN LTI EHIEEEOH 0006 BHT 5,
(1951, 1, 22)
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Résumé

(1) METHODS

Stubblefield-DeTurk’s method (designated as C-method in this paper)

and Patel-Sreenivasan’s method (D-method in this paper) were compared

with the two methods (A - and B-method in this paper) which have been
used in our laboratory, to ascertain their applicability to the determination
of total nitrogen in soils and plant materials.

(2) APPARATUS

a) 200ml.-Kjeldahl flasks.

b) Ordinary digestion apparatus with gas burners and steam distillation
apparatus.

¢) Calibrated 10 ml.-semimicro buret (graduation interval: 0.02ml.).

(3) REAGENTS '

Reagents used in digestion and distillation are:

a) 10ml of conc. sulfuric acid.

b) Catalysts and promotors shown in Table 1.

c) 30%-sodium hydroxide solution, added in excess.

d) 5%-sodium thiosulfate solution: In the case of the C— and D-methods,
in which mercuric oxide is used, 10ml. of this solution were added with
conc. sodium hydroxide solution in order to destroy mercury-ammoium
compexes during distillation.

Reagents used for titration are:

e) 0.1N-sulfuric acid standard, standardized with borax and methyl red.

f) Ammonia absorbent: 20ml. of 4%- boric acid solution with the mixed
indicator (bromcresol green and methyl red) were taken into a 200ml.-
Erlenmeyer flask with a measuring cylinder.

(4) SAMPLES

Samples used in this study are shown in Table 2. The weight of sample:

taken in each digestion was regulated so as to contain less than 15mg. of

nitrogen.
(5) EXPERIMENTAL

i) Procedure.

All determinations were carried out in the usual manner. It will be
noted at this point that a) very strong heating was employed from the
start of digestion and special care was taken to keep the degree of heat
always as uniform as possible; b) 25ml. of water were added to every
digest after cooling it below 50°C; c¢) the distillation was stopped when
the content of a receiver became about 150ml.; d) the titration was
continued until the color of the solution in a receiver turned from green
through purple to wine-red; e) in order to eliminate errors introduced by
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the impurities contained in the reagents, blank determinations were made
for each method.

i) Calculation.

To calculate the percentage of nitrogen the following formulas were
used, where 1 ml of 0.1N-H;SO; is equivalent to 1.4008 mg. of nitrogen. -

xmg. (nitrogen in a sample) =1.4008 xF (factor of 0.1IN-H:50.)

xV (ml of 0.1IN-H.SO, for sample—ml. of 0.IN-H:SO. for blank)

W mg. (dried sample at 105°) =w mg. (air-dried sample)

X (100—Drying loss, %)

X%szv};ﬂ %100

iii) Results

Results given in Tables 3, 4, 5 and 6 are the average of at least two
determinations. When duplicates were not in good agreement, three or
more determinations were made. In all cases relative average deviations
were not more than 0.4%.

(Exp. 1) Digestions with ammonium chloride as a standard using A-

method :
The results obtained are presented in Table 3.

(Exp. 2) Comparison of the four methods:

The results obtained are shown in Tables 4 and 5, and m Figures
1 and 2.
(Exp. 3) Application of D-method to four more samples:
The results are given in Table 6.
(6) DISCUSSION

i) As the samples in this work are all natural materials, it is impossible
to ascertain only by the observed values whether the whole procedure is
properly performed or not. Therefore the conditions of digestion, distilla-
tion, and other procedures were carefully checked with A-method, using
standard solutions of ammonium chloride. Nearly theoretical value was
obtained as is shown in Table 8, so it is assumed that the whole procedure
is carried out properly.

ii) The comparison of the four methods is presented in Tables 4 and 5,
and can more easily be seen in Figures 1 and 2. Nitrogen recovery at
the end of after boil of a certain period is arranged in the following
order: C=D>B>A."

In the case of the soil the nitrogen recovery shows a tendency to increase
with the time of after boil in all four methods.

In the case of the leaf, however, the loss of nitrogen on continued
digestion is observed in B- and D methods. This phenomenon has already
been discussed by Patel and Sreenivasan.(®

The application of D-method to soils or plant materials was not discussed
in the original paper. As is shown in the above mentioned tables and
figures, this method can be applied to those samples similarly to the C-
method using 30 minutes after boil, which has already been found by
Stubblefield and DeTurk to give nearly the same results with various soils
and plant materials as the famous Kjeldahl-Gunning-Arnold method.

iii) To ascertain the applicability of the D-method, four more samples were
used, the results of which are given in Table 6. These results show that
the D-method can satisfactorily be applied to soils and plant materials.

(1951, 1, 22)



