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On the estimation of inorganic nitrogenous compounds
and oximes

H. Omura, Y, Osajima, S, Hatano, F, Yoshihara,
K. Watanabe and K. Yamafuiji
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BRCOWTHEETHELETE DT L0, Thicy
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Tt =P AR, TN LEY -1
ol HMiftitxhTeb, £hsh 5~100r, 10~100
7, 2~207 NOgN ORA T HEdxs & w3t
V5.8 Dittrich® B HMIhe NOs Oftitiic v 7
2T L VSRR IES BV, Eic Burrell, Philips®
KEboHEIRSET 2/ —A P AN Y BRERES S
WELT NOy OEBR 24T 1o, EEO BT
TARCBERA LR O TREN K EF A SE
ZFWT NHs ic#E L T2 hERNET 552 FIE
L7c. Blom® [} Griess H¥ir k2 NO: OLARRE
% NH:;OH KyTitd NOs oftiie b FBLES &
Bak. ZOB&R NHO0H witd 28{be idafic
NOp % NO; EEALTRAIEILOTHEOTET
MORTHEE LT3 A8, Blom JFEE/NyZ0 U
FEMATEFLIREN 252 FHLE. BBk
NOp AR LIS Griess MIEINA, EiCER
EMALETARERC DT NOy i3 NO; kTS
NP L B L THE ORV 234 4 Ed. Blom
HAER LD 1mg/ml ITREECEMHERLLE
LUk LhlLzokse LT UET /AN
BOUOREDERL UTHEN BB O i SR TR
FxhZOT 01mg/! TOHRMA LY Haln D FELE
D IEEMNEN C & 2. Endress’ it Blom
HECENT VT VRIGEERICHA LA NO; ©
BT vie g el 5ml b 2~147 NOs-N #t
AENRL C 2ZHE L. Lkl MhoBdicsd
NO: BREEFHHARCBERETZOTTYD NO £
BEd{dn NOz & NO: Lo@E LTRD, fhoFHT
NO: OEMNGERDT MR 2 MERESSELR
. ULirLohBo#Erks NOy & N0 2O
B2 TRAHOBRHE S Fiabh Tt
SRR BT 2R 4 OPECRCE Mk
BB RN RENFHATHZ. ChI
TROTEFEO DL AL D Griess HET
HHDT, BEEREBNE LT Blom O#fdiiBH,
Ui, BrRBENEELTNEDICRARS —EY
TEECRE(HEANE RS LD #. Lrd NO: i
NO3 O 1000 0RO BERERTOT NOg M
T B4, Bk 2 X515 NO: REEIESfFE Dk &
LT, BLEMBE T BETIIFhIC: 3586
B DORO NOy KH%T 2T, NO: ORIE
ZRCERLETRITN G 2O R 4 OFFRI IR
Flkze. Endress 31 NOg i2 774 Griess 5341
BT LA BEoERicESL L@

LitEah s, cORDIEOMRELO LHIEERNS
A S, BELD NOg 2 HIE Uil b i
DEREYHAEERNL T &M E LA, Dittrich
EROTI7 20T 1V « i ER, Eodressicil
DTNy v IEEEN Lo Griess B33 2Tl
VARG AR THEDREDOT, BRICEV L/ —
HERA UM TRELE (—BERLkIc L2
WL L,

11 E#® 3 Holler, Huch'® ¢ 3, 4-F 3 v/ — ik
B LT A, KRiGRBREERCRER 2% 3,4+
b/ =T b YHE Tml & 85 % HeS0y 15ml &
AEMEALTEES® 100mloEM7 52
ik AHKEE LT 5ml ¢ 2% NaOH rhicfi
EHEHEOR Lo r ket b0 Th50, ¥
2L KR L 2 AL PBEREOLHEHL
DEREZRET ZEAY LS, LA HOoia
10D o R B 58 A 7778 5 7oK 70 I8
L 80ml OFBAL S 30T RN 100 ml
ELTL A, 5 LT 100450 L 600 r @ NO3 H3jIE
THERBRTH 5 L nbh T 5hs, HEaRkiE 4nl T
+A4THLOTEBREDO BT AAKILBERRER
ENTHELEREZDHYT, FlLoErRadsk
NIFRETHBRALECE B 5ETH 3.

Z ek LT Buckett® RERORbIK vy
T L NaOB wisisd s e le. M5t
WMo NOs ZET a0 10 % BT &k 2 185
B sml iz 1% 2,442 1/ —n 1ml BiF BS %
H:80, 15 ml 2 MA T 34C K 30 BHESHD. &
VESERS BT by 0mllFER, Bic ks
¥REERACHE D 04N NaOH 10ml2BAL
TTuh) Bl LA UeBEEOBI I 2N TRAY
4 VE—BROTEREERYE, TH LT 5~607
NOyN 20 THARAEMEKE. RREFSEEEE
Lk 5 R RRCERRREERNT, Lbb
Bk NaOH ok L5 T Biishsh T
MAZRESOBFRIIAORICHAREEELENO
@ Holler, Huch @3 LR TF<hTHA LI KR
Pt 3.

B 1

1) 4% —nifii:1g 2, 4%/ —w
% 100 ml KEEERICIE DT,

Holler, Huch i3 8,4+ 1/ —ET £ vic 2
% iciEi Licdt Buckett 4% 2, 4-F 1/ —viEXK
BERCE Uk 3,4 RU 2,4+ BRERKC2OTR
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BB RIS, Bed { FNCEEE g
ERDbNhE. FAAREOLTLRMICELI BN D
Buckett 253500 b i OB MM T H 2 TR EE
BEAORLOEHEISNS. By OBECRTHA
MERITEE LTHRRBICHAL, < OBk
B d i 2R Y 7 =D AR L O TREBALTHADT
Buckett #gicpt /.

(2) 85 % HyS0, : Aii—#iddE (JhiE 1.84) 46.2
ml 3k 15ml 2B L.

@) by AL TOTIHEMA LA

(4) 04 NNaGH : 8.2¢ & Kic & L200ml: 4 2.

(5) WF:10g LARELL 100ml 242,

] -
#if3 3 & 9 BRI O T Buckett 4%
BeOFHMITRED L5 o,
¥ 5ml jz 85 % HySO4 15ml ZfnZ it 1
% 2,4-%3 17— 1ml BN 3. BET 05
HiB R 200 ml Ao | AR K TIROIAD BRI
B4 100~150ml £33, bz 10ml 2MAT
A EBEGE LT 2Rt 2. KEBERE b
LYEHREEES. K 50ml 2L TEUCRELT
Py EERCHERKEEER . T OREREE
Hir—EgEDiE L, &kic 04N NaOH 5ml &t 5
VM RN 2 ~ 3 EFE L TEREiERS ¢ L
Tk EREAEET S, ChEON LSBLEY
FROT 40 ms TEOBNEERDSE. 29 LTH
& OREED NaNOy BRI 20 TEREE L BE L0
BaRE L EKRRYT, NaNOs olpr 5X10-8 kb
2x10~M T E-TERAFRIEREHRERTC & MR
H oA, SR REN O BRCEERS ] 10-M 2
EITRBET S L8 L. B, COoERp
SEE Sml it §¥h 5 NOs-N &3k 2 HES,
(a) HEBLAfe.
NOp-Nr=213 E—2.13 «crsrainrinnn(a)
PR OBREBEALBATFUREKCHE b vy & NaOl
EOEEI X OTRML, T REEYEEDT
B OREA LT 4, Tt OBEFIEOEA 10
ml Ffsiie 01 ml kEERR 22 Tindd 5 hEAEL Y
F=uATREALBLYBT SBRETEXA LD
foo TRALIEETILALLEEBR R & F
AOTHRICESLETNETSED.  Buckett 2@
FHC L5 L BRPhicRET <5 ThY, LA
LTINMEUELHRE UTENCR S A0 HL Rt

a.8
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s o s 20
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Fig. 1. Standard curve of NOj,

SP{a): Color intensity was estimated by the
spectrophotometer {at 410 m#) and
the relation obtained corresponds to
the equation {(a),

LT3, LisL7wh ) ~DEERESERTHED
T, S ERE B EET 2BEORS TS
TH o,

NO: oR23

WL ? NOy ol T2 NO: RS
F2/EMEN, 24U/ —LTHRBCHEDT
NO; & NOs ~® g¥if{to v HEloRas s
F. Qb RRITE AL S I (NO+NO) 4
Fwd Griess RESHOHEC L2T R Ny &
EBRT L RIERMTZ N0 2H@KEL ST
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EARERNTHRINOTHHIZTE L L. RL
29 B0+ = 5 AROR BRBELTR
Ho80: ERBE AR08, 002N HS0, 3 % FR
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LM LT 2 F b ESRk. ZOBE R
W2 = VREMARGATL S R B
PE2E L. UhdBs A @B TR s
Bigahnhofk. T Endress FTH4 FOH
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Table 1. Removing of nitrite,
Temperature, {"C} &0 70 100
Time, (min.) 10 ] P | 30 10 [ 20 5 | 10
—log T ppt | a?30| 0015 ‘ 0331 | 0017 | 0105 | 0.010
Griess reagent e I .
Conc. of NOa.* 10-2M | 10 ‘ 2s | ooz \ L1 ‘ ooz | 035 | ool
—log T | oea2 ] — o | oo i 0 0053 l 0
Xylenol reagent A . C l__ e
Cone. of NOa* 10~5M! 16.1 | — t 0 Ltrace | 0 trace ‘ 0

* Concentration refers to the one of NOQy or NO;' corresponding to —log T,
The values were obtained from the standard curves.
A mixture of 5 ml of 10-% M NaNO;, 1 ml of glacial acetic acid and 1 mi of 10% urea

solution was heated under the conditions indicated, The solutions were allowed to develop
the color with Griess’ reagent for NOp or with xylenol reagent for NOy. Then —log T of

the colored solutions was estimated,

BHAERALNE TS 0T, 0 5ol £ 10 % R
e 05ml Z24nF 60°C T 2~ 3 3N LT NOg
ERELE. R4 OBELIEKRERBEERT
FIOCRURLHBHFRFRICELL, £0%
B L.

10-3M NaNOs 5 mi iz KEiig 1ml RO 0E FE%
B 1ml 2Nz, Ex OEE TN LRLHE Griess
BER 2,4+ 1/~ Tk Z NOz B NO; 5
R EAAT IS0, FOEREZAE L. '

10-3M &S By NOe BB R4 OIRS,
TMFNNEdoTELL, DEl{lbools e
28 &0 RRORHRIBEF AL L i3EL
RirSHLHTH D, 60°C 304, T0°C 20538 i 100°C
10 mE L2841 +vv/ — kit kDT &
LEBLENEITHEISAEN, 60C 0HTIT
PROOEDBRES S, T 70°C 10551t 1000
SATHHETHRE LRI ERIINN. Linl NOg
KREN T Y, ho2Frv/— 0 Lod S8
Griess BB LI L H 2D BO NO: 2855
&. TOC 20843 100°C 105 TH &40 g
HohirBEEFERR 001 % IRy, ThToR%
Elckiind 5 NOs & & DREEE T 2 R R,
R ERODE SR BERET ARSI AR
& NO: SBTHZOT, FERAANSESETS
FXLIOHR AR 100C 10 5DEEL Hal s
&L,

CLOEIERBLETOTREMNELTRSOTH
BiEcmI o hi-REH NOy DRBKCEET L rE
PEREHITNIERE S 20, 10-MN aNOs 5 ml, 3k

Bt 1lml s O BEDO REKRES 1ml Zinii
ML 100C 10 AmApHBIFILKENRMINEYE, O
B ARl L.

Table 2. Effect of urea on the coloration,

Cong, of urea added,
N ] o | 10| o | a0

—log T 0.130| 0.129 0.129

l 0130

A mixture of 5 ml of 10-3 M NaNQ;, | ml of
glacial acetic acid and | ml of urea solutien of
various concentrations indicated was allowed to
develop the color by the usmal procedure.

N ORBEANTH BRI EB LT LN
Ee2gpoEHEN. 0T NO; Okt A
0% REBETS HREERL, LVEBORFEE
EALESARMEBRLTON S,

NO: HBETHEEICHE VG5 oFEE LT
NOz & NOz i£33553 5 e, B NOg % NOz iz
B EBlBEAIETHTORERYD, Fokik
THEIL—FOMLHEE L ThTORAB S ¢ &l
3. 20 BRIFEKE DN THBRREA L SN @
NO; ~DERNZRETHERTED, Lrb3lEsE
{E2FY B BRINTE ARG S hisbR D R
BTHL. S L THEEIT DT Buckett 2551
R ICER LTI OH#RERSTVS. I, C
Db EHEATEBLANBETHY, Lipd 2,4+
¥ WS — VEINZ SENICRE ORERIERE A T hid
LIy, Sk s s AR KEIFHDT ED
P, CORAC LB PRBORE T IOERK LS
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B < BPEIZRIMIC NOs ofkbk LA, e bk
v IR UTcls, (b kT NOp 2R L
IR U TR ORI R Etaasicd, B
BICE BRI RRE oA, Ll Buckett
HiAr LA KMoOy i bihiisc &Rt L, |
+ 10 % ErEic S Ui 1 5ml & 0.1 N KMnO,
¥l 1ml 2% 85 % HeSO; 2ml &L, 60°C i
2 SRINE Lz % 01N < R0 KMnO, £
€. P 13ml HeSOy & 1ml 2,4-F 31/~
rEmMA TRt > T RE k. 25 LT
Buckett S:idzikl Smi wp 10 L 407 NOg, I
BV L 207 7D N0y RU NOs & FirbDic™>
WTERT S C LA, KL DREDEIET
o EBbhoh, W1lHJCELELS K Griess &,
#Hickz NO: o REEFR 4o 1/ —nvDd0Lbé
FLAFEL, ThbRoR LoBonsreRtas
ORLERT e hd HLOT, RECESEL
NOz BpiEmH ¥ L.

NH:OH ok

MM ER QB OBRMGS LTREST U0 5
L NOp Didssic N:Op R NHOH TH 505,
NoQe R&BAT 2 LS RBSTREETHO>T ML
Mz hitv. f627T NHOH RRTET28EK20T
B Ly, 10-M NaNOs 5ml, 10-*M NHOH.HCl
1ml OEMgc 10 ¥ EXE 1ml 2ini, s03F®
i3 100'C 10 BB W L DRI,

Table 3. Effect of NH20H on the coloration.

Heating, 100°C 10 min. + -

—log T 0.128 0.133

A mixture of 5.ml of 10-%* M NaNQy, 1 ml of
10-3 M NH;0H-HCl and 1 ml of 10 % urca was
allowed to develop the colar after heating at
100°C for 10 min. or without heating.

AR Lsioigs, BEERS RS (Hbh
7o LhizBs  EEhic NHOH ME hyic it s
hatlkHEs b0 Abis. L LMo
L/ NH;OH REEKEVRETHSDT 10-5M U/
TFTEHiE FORE TRRLYEE LEVWE Z2TE
b 10°C 10 Singdhide ERR L, #oTHRE
NO; B B {E£ TS & NH,OHOES S £ { @i
2 BB,

ELaE

Buckett %3 B¥iR MKk 34°C & 0 AWEBEw

. TORBEMBEECHTES LTV Z2HELREIN
T O, BETRERGETT 0o
FHRHTHAE, 10-%M NaNO: bml &2 TRED
DRES N, CORAEKIFME 35°C OER%,
Eil (22°C RO (17°C) thimeh 2 30 5pilis
B L. ¢ LT A FORT L9 wil# e O E
EREETh BRI, PH{Ed IPC PLT
—ETHOERTE LodbI s LB k.

Table 4. Effect of temperature on the
coloration, '

Temperature, ("C) 35* 22 % 17 §

—log T 0130 | 0133 | 0130

* Thermostatt, ¥ Room temperature, I Water,

Five ml of 10— M NaNO3 was mixed with 15 ml
of 85% HySO4 and 1 ml of 2, 4-xylenol, The
mixture was maintained for 30 min. at 35 22°
or 17°C respectively., Then the color was estima-
ted by the usual procedure.

i, NaOH

FrLy s NaOH Bt T 22700 )T
T2, COMDMIHMNT D) DBEEER
EN DT ERBITHER Lz, HE10-3M NaNQ;
Sml ZEibick b, #HxOEED NaOH Frr
KEhEFh dml Kby Bhs BEXHTEON
FEABE LY.

Table 5. Effect of concentration of NaQH
on the coloration.

F%;‘;gﬁf“i} of o | 04| 05 10
—log T 0 | o130 0132] 0128
* H;0

Five ml of 10~ M NaNQ; were allowed to dev-
elop the color by the usual procedure except that
various final concentrations of NaOH were emp
Ioyed. . :

THLTKROBERECRALIER 231, 04N
I L 1IN NaOH T RESLHhD.

#R, DPN, #%aoke

LRFEMERERNBICEENE I LTERERD
DleHicRREREHE L TR L. BER(325
mg BA/ml) 2~5ml, HEEE L) EEHEM
/5, pH 7.5) 1ml, DFN (2mg/ml) 1ml, NaNO;
05 ml, NaNOg 3ml, &% 10ml @Mk % 100°C
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Table 6. Application of the method to the enzyme reaction.

Sample 1 2 3 4 5 &
Enzyme, {ml) : — — 20 5.0 20 24
Phosphate buffer, (ml) - - L0 1.0 1.0 -
Tris buffer, (ml) — — — -— — 10
DPN (mg/ml), {ml — — Lo 1 1.0 1.0
Final conc. of NaNQg, 105 M —_ S0.0 — — 50.0 50.0
Final conc. of NaNQs, 10-% M 7.5 7.5 20 7.5 7.5 7.5
—log T estimated 0350 0.345 0.159 0,348 0.350 0.342
Conc, of Noy sstimated, 10-% M 7.6 7.4 1.9 7.5 1.6 7.3

Total volume 10 ml. Enzyme: 3.25mg Protein-N/ml.

Reaction mixture was heated at 100°C for 5 min, and centrifuged after adding 0.1 m] of
glacial acitic acid, Five ml of supernatant were developed the color by usual procedure

after removing NOs by urea-heating method.

5 A L. KEE 0.1 ml ENA TENE L THRED
U B#i Sml 200G, 10 B RE 1ml 2mi T
100°C 10 SR B> T NO: BELANE
L.

BERWL DPN, BMHCe Mz BUGET & NOg 7l
DOMCP ST NOs OO LMEWBA TNT
LERGNS. LihbBRoRs M LABEATR
EEr, $ARERRLBERNI LN, K

EArc MRS © &R L.
B EilBmia

7 SRR N0y DRAT Lind Fiiciiigs
EAFETHE T, 2ORDBEUEREERCH T
B, RN MiEST CHEBILORREBEN
ThbY, BETLHS COFEMARINTL S,

1926 4 Blom® H1& fi & @M LT Gricss i
ErBbiFE U L 25w, 17t 0.001 mg & NOg
TSR BRBLBI L HMELE ARV T
EntressiD {T 1937 &z, ChEXERCANI2HD
MEHASEB L V7 ) » LI, BBT LV E—
858 ZHINBE, BXER Lambert-Beer OE:f)
LROTHREOEROB S, B NO: SEERE
HAER UM 10ml i 14r NO:N 27 +4RUE
M3 C 2ERIHH. LB Nason & FHMKE
FitEro3 SR LTHEETRRCHT AT
RIBEW7. R4 b Blom £ Endress OFEICAEH
LT Griess BEE AR Licks, HRBREEICAHD
Bl ORERBETT . BHER - SRR
Eic k2T NOy DET 2ROV RERS 4
DL 04R—ETHLCLLTED, ThBL™ K

CEMECEEICOVTHE L, Hit NO; 0 40°C 24
5 RF 100C 10 SifjoEEikrbid L. Ly
L, 2 NEOESBRITE o & 5 i Duboseg gz
L AHEERTAOT, E¥E LTR 2X10-M Na
NOz AR, 20%, RirEkad EP0-A
BREANNET EPU-2 B AShiDT, Th
N E e L, BRI ORE-NE
TS BBIRE I, EROEERCEPOH
LB FIB L.

# F* 4

Blom R&#¥OT/LRE FREBRLTEORRE
RE Lok Griess-Mlosvay 23, BALT r =
AMEE -+ 7 FT 1w EEC Endress 20Oflib
BHALTHAY AT r=nT i F& N-(1-+7
FAYLF LY VT IR, RS Fr-a-F7F
T VESBEVLNTH 2.9 HiiREo AN
bETOERIFINEEHE SO TIRTL, Reld
Blom TRl B TR L.

) AnZ =Bk 10g OANVT =V
A 750 ml OIMGERKIC B LisHE 260 ml oX
BEARnLA. (3 Blom (2 30 % SEREWE LS
FeRRER Y — X A MA L bLHAW)

(2) Q-F7FNTIVIEE 4g D O-FT7FNT
3 vax 11 omEEKCmL, T2~ 3 S
THA. EELEHVS B EPACEB L R
HC! 1ml £nZ BERCHEFET 5, Blom, Endress
IEKESERE BN T 328 HCl TRFZ K. B
& RBET - BRERCRRT 30, Tt il
B1a, THRMABHKHT 5 LAETINBROEMC
LOTERLE LA,
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b %

TREARNTHIT NO: R REERTH. &
FEMK 1:1 OBARBEALTHENT2E8ALHS
M, TeRMLnA A, BB NO: 43 10wl
CANT o, BT a-+7F 47 3 V%
Fhah 1ml sgim XLBALAREEREEL
543 L 0 ABEAORIERELE.

[+ 1: 3
[+X:1 3
$Ple)

D4l ECb)

0Zf

5 10 1% 20
NO{XI6M)
Fig. 2. Standard curves of NQs.

EC(b): Color intensity was estimated by the
electric colorimeter (green filter) and
the relation obtained corresponds to
the equation (b).

SP(c): Color intensity was estimated by the
spectrophotomneter (at 525 m#) and
the relation ohtained corresponds to
the equation (c).

YELMOEAREZ s V-2 AV 5. AN
EPO-A RIC /O X 3 mm, 10 om, 25 mm & 3
Hoenhbahs, kb L {HAIAEDE 10mm
DEDTHOTIRA AT HAA N, Endressii
HH 10ml T 2wl SR L Pulfrich
i, HE 0 mm D EFFNTHSH, He0Hs
Duboscq §it % Fiu v/ MO A 5 818 T ik
Hokmiiishotn, TS5 LTH2ORED NaNO
B TR B hiE R 2 BicaT s, 1077 B L
2X10-5M Ll EREST B0 NO: fif L Bt
RBE#HRAGRCHs T EMRENs. TEHONE
REEERSHET 23 (b) FRDBD ThH2%k.

NQOg-N7=49E—005 - rrivsereenn(b)

Duboscq Hifadtic Lo HRIEBOES 3X10°M
BEEO NO; THA L AENELME LY,
RAaoEEr 2 OoREOLOEHER Lok, Bl
EXNEB-LERPENSBEL, FARENEREL
THRT 27K Endress i3 2410-M X b B

BETHO TERORNEERLTNS. LLRAD
Haii et e oREHEROKE,LS 10-SM 2
EBlcREST AT 48T L, £Oh Rk 20
TRFDZO—BIC OV TTHRIICREISTERL
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Fig. 3. Standard curves of N0,
EC(d): The same with Fig. 2, but the
equation (d).
SP(e): The same with Fig. 2, but the
equation {e).
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Fig. 4. Standard curves of NH3OH and
acetoxime by acidic iodine oxida-
tion method.

EC{f); The same with Fig. 2, but the
equation ().

SP(g): The same with Fig. 2, but the
equation (g).
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Fig. 5. Standard curves of NH:OH and
some oximez by alkaline iodine
oxidation method.
EC(h): The same with Fig. 2, but the
equation ¢h,)
SP(i): The same with Fig. 2, but the
equation (i).
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Fig. 6. Standard curves of NHOH by
neutral iodine oxidation method.

EC(i): The same with Fig. 2, but the
equation (i),

SP(k): The same with Fig. 2, but the
equation (k).
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Fig. 7, Standard curve of NH;OH by
8-hydroxyquinoline methad,

SP(1}: Coler intensity was estimated by the
spectrophatometer {at 700 m) and the
relation obtained corresponds to equa-
tion (1),
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EH10-M Lok 5B L A LREOREOH DI
VWTHMERED, 9 UTHEEIHERE D H50, ¢,



192 ¥

|

o2

ECim

2 4 ] ] 18
Awosan xime [KI0FN)

Fig. 8. Standard curve of glucose oxime by
acid hydrolysis method.

EC(m): The same with Fig. 2, but the
equation (m).

Ldnd & AEBRRanAe & >T JLEL- R ik
ZTERMEHTHEOT, BREGCHERT 2 ERA
OBEMCRBLT D, HS0, BREZNI I8
Csaky ik, UEMSHDIEO HaS0 RN E4,
FsMR v — X2 INET HeS0s BB Biizvbhidis
SN, Rax OFRGTHELONTREVT LRI
Wkt ATHL, Lk LMD NH0H R
iRty ais, FLI(BRTIOTHTM
HBGEFR LTV IEL G, FROOEESD
BB TIEL RN LTSN L, $hEo
AR EET S L &Rk, REIRIEAER
Micirbh, TOrBEichils sl s 150
HULTHEZI NI Selbh s, HiohiBi:ok
St FZ Iy EmAi-asg, B Faiitemi
Lk gz oo & EibEmfe: Lo Ln
c &R, chBHoREHTnEle ik
T Bbh i,

5 LT 4 XA RREREERA v aicD
WTHRIShEM, BHeey /s -X, 735 r-2%
OB A & & 22N b Il —5 - CRE F 3
BORMUMRD BRI, OBy Ot % aKic
WATHEETHITNL, C ORSRRILERL L RE
=hiB2d0EHEIONE, LkL, [ThOoficsd
{H = OB D TER SR RD TR S0
CERYRTHES. i FEEY (m) KRRk
&}, BR74+ VI-ERCTOHERTEDT, &
RREHEEOB—NETIETAE, Eolisy
5 Lo ENORAELERTES.

F. 77

¥ % w0k W2L

NHs AeiBasfmic s RbEFnHHT
HFHCERAMOMOTEST, ReDRARTHESA
TRV, B OERHURBICLBE LTINS
zEmehn T 5. 40T, 2OMERRELFOHR
WY R EEERED—DTHDT, Hik
L& OEEMTRONTE L. ZODEERLOR
Kjeldabl }ke& 2T~ D GRELERERShTNS
7, BN S L 0B REE T3 O TR TIE
KibsbaTlL{ gy, LirLBUEERCES
Conway O#GHERIEBEREh TR FASh i
E-of A, O RE R IEEEEL DS okl
CHETRTVE. COBRSEEEHTTy2=TOD
Hloeiiic s X bin s Dt Nessler 3 TH
27T, NHg-N 107 RIEI TR METETH S 5D
NV aH, ZOMELHEIOMESOE»LILL
Tl-FTH DL Z . Lipd NHOH 4 R
RET o, RrOBARREE LnFREIZEL
=% (AAOURN

JREANE 01~17 NHye-N T2 lERED
A ¥ F7 =/ —AEEHEEL, 2=, SOBNREE
HHInZ THA Ui, ikt Nessler thic e~ TR A2
VT NTHILERS, haxOHRNELSICH
BER3C EMEEIRSOT, EToERER
PEoOkREL CHENET S L L LE.

[ &

AV F7 2/ —nETRERD= ol vy VI
EOTHREMIESFOEBHESNEDT, ARSI
$o NHy CRIEBUT= a7y FEINE S
B, MEBVEALEDNTRERLE. LbLEy
BHSMEEeikEHnaT L E L, BiRE LS
AKRGCR-STHE L.

U FTohVEE7es -l HBLE 72/
= (L CHdhds 0 SERLRS) Sgic
NaOH2g &+MAKTIOml KF %2, EHTERLE
D THHE AT SR VIR i Ah s,

(&) =roFwyo FRE: =t F >y FY
— 4 (Nag[Fe(CN)sNO]-2H,0) 50mg % 100 ml @
Keihl 005 % L4 5.

(9) HBEEE : 0.1M Nas PO, M 200 ml i
1N NaCH 1ml &jn% pH 9.8 M+ 2.

@) TyFRwIvi  WwRT v Fhvi v &
HMER IO T 5% FRRLTHFUNIEL4 B
435,

(8) (NH).80, =kl : (NH,)S0, 236 mg %
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AKICIEHL 1000ml L32. Ziid 1ml ¥ 5r-N
ot

F | E

AEMCRARSORBIC >R, BRTIES
LIRS R ZM L THDO &5 R 2.

2 Iml P VT = 2 — W5 1 ml, BiER
M Tml, = yo AV .y BY—X R 05ml &
YT v Fh 2 VIFE 05 ml A Tafi4 10mlk
L 20°C Blhic S0 4icEeE:, NRKOR, MRME7 4
e = RN TR ENEST 2.

COBREE LD KEFTHEPRMT IOTINE
BELEZBERES . 4 4 2 aiiiiie L obig
Ay LEBRALER L, Tl TTThTH
AR L b ORI & IR0 UiTnds, AK
K EET EREON D CISAOERKERNT, KT
FIELTRAHDT 5 ¥ 7 IKAL chiR T 20 RE
ZWET 3.

TOESERAPZ L MBoBHIMK L>Th B85
DEEASTH L, FTET I hao vOdEES
OEWE L JWEHRZNOT, ZhE TORTTH
XA GRERERDI L ERBETHED. FN LD
4 1ml Hy 47-N CIF © FEEEEE RO T R
FfizmieT, FElE T oRERDLHIAE
L. SiihEui 3 T FFcho7T, Mholigic
13 IZEBBENE S h.

NH:OH 0ok%

b k5 i NH DU je Nessler SO A%
R REREE UT, £ORENA ¥ F7 =/ —wikic
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Fig. 9. Coloration of NH; and NH,OH.

Color intensity was estimated by electric
colorimeter with red filter.

N: The reagents were added in the normal way
as follows, sample, alkaline phencl, phospha-~
te buffer, Na-nitroprusside, and antiformin,

B: Phosphate buffer was added prior to phenol
The order of addition of reagents is as fol-
lows, sample, phosphate buffer, alkaline phe-
nol, Na-nitroprusside, and antiformin.

—naARRIe & 5 NH.OH o Stn g3 Licat, 89
RUHTRURT LS I BOREETIC LN D
i Uk Laikie $-08NEHE, )T 7/
— AL BRBORNIREEANRDPEZ D L, NHiie &
L e idgE kAo g, NH:0H ok 2 REdH
MMl E i ¢ & 47 NHOH-N TR Tl
Zha k5o,

ik Conway @M i ik Ml &he 5 &, NH0H
24 LR LW O TNHy & OSBRI i 55 2 T3
A ¢ LHHES. 88 &2 Conway 358 ih w3kl 2 ml

Tahle 7. Coloration of ammonia and hydroxylamine,

Sample Ammonis Hydroxylamine
] . . - e e emmE = e — e —————
Nr in 1.0 ml Phenol-buffer | Buffer-phenol | Phenol-buffer | Buffer-phenol
) —Log T —Log T —Log T | —LegT __
05 €058 0.056 0.016 0.007
1.0 0,123 0.520 Q.046 0.010
20 0.260 0.250 0.061 0.017
30 0.370 — 0.078 0.028
4.0 0.520 0.520 0098 0.036

Reagents were added as follows,
Phenol-buffer : Sample 1 ml, phenol soln. 1 ml, phosphat buffer 7 ml, Na-nitroprusside
soln. 0.5 ml, antiformin soln, 0.5 ml.

Buffer-phenol : Sample 1 ml, phosphate buffer 7 ml, phenol soln, ) ml, Na-nitroprusside
soln. 0.5 ml, antiformin soln. 0.5 ml,

Both solutions were estimated by colorimeter with red filter after 30 min, at or over 20°C.
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ICHR KoCOs 2ml 2k, 37°C i 2REMBE LT
001N HCL 2l thicfig s w71k, £ 1ml &0
WTRL IR TE .

Table 8 Coloration of ammonia and

hydroxylamine after treatment
in Conway's unit,

Sample, Ammonia | Hydroxylamine
Ny in ml —Log T —Log T
0238 0.020 Q
Q.70 0.065 0
1.40 0.143 0

SEOFF pH KOO TREER ARSI B i
LTWT, REEED pH DEHic L2 TEEES iz
bRZ-EMIMONT S, L L Conway ik TR
#2 001 N HCl BErciFRlicthmiac i, <
OFEHALTEE Lok,

. | : 4

BERAFERIAMGHE X >ThiE Y R8T L,
AETE pH o0 TREBEBH SR T RN
DNTRDRENRTHELOT, HeORR 304
BE Lk, OisEE LR BITRT.

Table 9. Effect of temperature on the

coloration.
Sample, TF“?"erat“re. R
Nr in ml ojw| x|
1.0 0020 0043 0,128 Q127 [ Q130
20 0.020| 0,090 0.267 | 0.263| 0.270
30 Q035 0.120] 0.376| 0.378| Q376

3 LTAEL LhMERRGW SN ARTIR20C
DLETREIHTGNTIE SN, #H>THRFRER
BiCHE L THRELAROY, AFiCREDRTNT
oA C EHRERTH S,

RiCSetars s OEEA S0 ERUEL Mokt

P
e u
e
-
» 3 28
-l
----- T e 2y
-
3T
........ I--'-’—“_

&0 an 100 120 0
»n *© Yiew [nlal

Fig. 16. Effect of temperature and time
on coloration,

37C T WS T—RITHEL 10 M RATHADN
OMETICETIZID LD, BIRCRLELED
72 20°C LIFoirE L i EH T 16C DfjdiR
TEHICREMYH L BET 240 THDT, 13057
K152 T LB IR INT AEMER TN 5.

# o

r CHE LR, 10T Re ORI
KT AT TR 21 IR LT &gk
ADORER I PN TO—HORRTH DT, ITHREER
2 R E OSSO ISR ISR T A - A LB
i, MRS L& OWERERTIRO TH
5. H BBERILAYP & 2 Al T ORBUE
108 M BECHEAETONBRAETSS. 82T,
ER MU RERETR R > B A T Al e 7
Fili 2T kL.

NOs e DWW TRISICZOEEREL, Lids NO:z
B OEA T O RPIEO LD I IEROF TR
FRELIE S OTH2IH, e O 2,4-F 2 v
2 —rERT AR ES, Lbbintshefy
LT NOs dgAcRESRZ CEMfnNoh, T
hIToORERIERI N

Table 10. Effect of time on the coloration,

Time min,
Temperature 1?:%9131 -—

5 | 15 ‘ s | 2 40 | P | 75 I 110 [ 130

10 0007 | co2s | oossa | oas0 | 0137 | 0041 | 0140 | 0139 | 0140

37 20 0010 | 0060 | 0210 | 0267 | 0.267 | 0265 | 0266 | 0266 | 0.265

30 0027 | 0103 | 0341 | 0391 | 0391 | 0350 | 0392 | 0392 | 0.39%0

1.0 0000 | 0011 | o031 | oosn | oose | oosr | o098 | oill | ous

15 20 0008 | 0027 | 0.058 | 6074 | 0125 | o162 | 0197 | 0230 | 0.235

30 0014 | 0044 | 0090 | 0130 | 0193 | 0256 | 0299 | 0520 | 048

|
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NOs D\ TlL Griess I E DO S &
b, FRMEONRSHSERNOMES BORETR
WETHDT, LS NHLOH P4 & 2HOMEIL S
BRBEs LR, ch¥ch LidLidisiLeez
HTEZ. L L Of4 NO: O+ Shi 2fndkodi
Wi, ChWEREST RS0 ELRBEETH .
2 T8k Fafit/ ) ikt NHOHEDHFEMD
U, NOz o4 % AOH ARG TOIITRS TS
NiebOTHLH, FiC ) AREROERKEDT
Griess LR UERERIC I TEOMELED Oh.
RO TLOMEFRABCMADRILERE DT, &
LA OAEERS LD, Tt A RBOWHR
CZNZTTEBESE DT —S e R s B,

Fhe NeOe 20Tk o— FifbefAab o i
Griess R & SRMAM S TWOihs, ERILCD
TR S O {, @i NOg 2 NH0H XiE
T AR L Ep2k, Lkl N0 D
TR RIS T L KO TERILFDT
T sr & ke,

F % ¥ A OWTIRAN S FENROIRERT, L
Db BISEEE SR EEET s ERTNELTD T
HoT, BeoFilEdbl b+ thidboirciEd
AZrERRALPTED. —BOFFVLBT AR IR
{Blic X oT NH:OH e gic—B T 2 REOFELRL
o, ARV AR T AR VIEERIDR R
KEIMEERORThZRzo Y. oy, 20
RE#EA F o A0BBIC L > TREZOT, KT
RITROFERIENS A £ A 20THE J0E
PETHHAL L, FREHO TR E R Th
1L S,

Fi NHa GERCAEC L DTEMSNF LR
DA Bd, =~YE ¥ ROk lb-rTifihie
FENTHDH, RRSBTHALTH IR AT
EoThALETFRATIOE, ChERET &%
RTRESEN. Likpl, chidlbadowRE2 LT
FRATIZECIDESCEEINS. Bic NH0H
HRtd B 4 BROBMAEE EAZ Cic &b,
NHs DR E RS 2 c A BTS2 &0t
sk, AREROFIELMGbEI T L LDOTH
oftaBopE b FIRHERZ. FLEEA®RY v
7—# AR TREROERRTIRNE X
e Uk,

B B N e PR E S A S R T ]
BaDBHALTOAILOTEDT, RIS E

BHNS LA D L—EORERBA T, BLE
S CHCTRBFSEETS. (£27, COERPBE
A LA hidigiEho NERF T BICR
HAaCEMtiRs. HRETERNE Eiﬁiﬁ’_&'iﬂ'[é &
ThHEMNSLOBERLNLLDE. UL, Zhid
HIESIC K2 TH R IR REL LR F T LED
¥, FARICB~TEHFA R TR S PEULTH
3R TET-ORREEETLEOTH 2T, FE
WG EEREE 3 4 i BT,

HiEED s 0 EMEREFICL VRAEOREE
#EATHIE, 74 v E—FH0EEBRREAHRE L 28
ALV HHERMELE. LALNEZG I 2THERE
it ed % Lohinz SOOI G
PTHD.

B i

iz DERERLAMRE L v A0 LEIEEIRK
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Summary

Methods of colorimetric estimation of inorganic nitrogenious compounds and some oximes so
far used in our laboratory were discussed and some supplementary experiments were carried

out,

At present the methods described seemed to be the best. Standard curves and calibrating

tquations were also determined by means of a Hitachi electric colorimeter, type EPO-A, with
filter and cells of 10 tmm light pass or a Hitachi spectrophotometer, type EPU-2, with cells of

10 mm light pass, Qutlines are as follows.

Nitrate

Five ml of sample solution were mixed with 15m] of 85 % HoS0, and coaled. Then 1ml of
1% 2,4-xylenel {(in glacial acetic acid) was added. After 30 min, at room temperature, the mix-
ture was transferred into a separate funnel of 200ml with aid of HyO0 making 100 to 150 ml
of final volumes, Ten ml of toluene were added, shaken vigoreusly and H:O layer was discarded.
Into remalning toluene, 50 ml of Hs0 were added, shaken and removed, Washing was repeated

once more. Finally 5 ml of 0.4 N NaOH were added to toluene and mixed gently,

become yellow was separated from toluene.

NaQH layer

Intensity of color of alkaline solution was estima-

ted with a spectrophotometer at 410 ms#, Relation between extinction and concentration of NO»
was shown in Fig. 1. From this Fig. 1, the eguation (a) was obtained to calibrate the amounts

of NOs-N in sample.

NOy-Nr=21.3 E—218.........(a)
Since NO; also develops yellow color, it should be retnoved beforehand if sample iz conta-

minated by NQ..

Prior to coloration, § ml of sample solution were mixed with 1ml of glacial

acetic acid and 1ml] of 10 % urea solution and the mixture was heated at 100°C for 10 min.
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Nitrite

Routine Griess’ reagent was employed. Into 10ml of NOz solution, 1ml of 1% sulfanilic
acid (in 25 % acetic acid) and 1m] of 0.4 % o-naphthylamine (in dil, HC1) were added. After 5
to 20 min, at room temperature, red color developed was estimated with electric colorimeter
using green filter or with spectrophotometer at 525 mug, Extinction s proportional to the con-
centration of NQOg ag shown in Fig, 2. Calibrating equations (b} and (c¢) were obtained from
Fig. 2.

NQe-N r=4.9 E—0,05.........(b) (eleciric colorimeter)
NO:»-N r=42E ...... wnann{€) (spectrophotometer)

Hyponitrite

One ml of 1% Na-sulfanilate, 0.3 ml of 1.3 % iodine solution (in 2% KI) and 0,15 ml of 0.5 N
NaOH were added into 10 ml of hypoenitrite solution. After standing at room temperature for
30 min,, 1ml of 30 % acetic acid, 0.15ml of 05N HCI, 0.8ml of 0,1 N Naz5:03 and 1ml of e-na-
phthylamine were added. As in the case of NO;, color intensity was determined. Extinction
was shown in Fig, 3 and calibrating eguations (d) and (e).

N20y-N 7=-21.0 E—0,08.........{d) (electric colorimeter)
NoOe-Nr=I212E ..ccosssrern.e {e) (spectrophotometer)

Red color develops with NOp;, NH:;OH and some oximes by this procedure. When sample
contains all or one of substances cited above too, another aliquot of sample was heated at 100°C
for 5min. to destroy NeOs before coloration. Difference between color intensities by bath samp-
les with and without heating corresponds te NyOo.

Hydroxylamine

Two kinds of methods were uged with Griess’ reagent or 8-hydroxyquincline, Procedure
with former was connected with iodine oxidation in acidic, alkaline or neutral media.

(I) Acidic iodine oxidation method, Ten ml of sample were mixed with 1 m! of 185 sulfanilie
acid and 0.3ml of 1.3 % jodine solution (in glacial acetic acid)., The mixture was heated by
immersing it into hot water at 90°C for 45 sec, and rapidly cooled with vunning tap water. To
remuve excess iodine, 0.3 ml of Q.1N NaS:0s was added, Finally 1ml of «-naphthylamine
was added to develop red color., Fig, 4 shows the direct relation between extinction and con-
centration of NHeOH and equations (f) and (g} give the amounts NHyOH-N in sample solution,

NH:CH-N 7=6.2 E—0.05.........(f) (electric colorimeter)
NHOH-N#=4.75E i (g) (spectrophotometer)

(II) Alkaline iodine oxidation method. The procedure is same as that for NyQ; estimation

described above. Fig. § and equations (h) and (i) were obtzained.
NH:0H-N #:=8.0 E+vserrreas{h) (electric colorimeter)
NH:QH-N #=5.6 E......... (i) (spectrophotometer)

(IIT) Neutral iodine oxidation method. This method was devised to assay NH:0H contami-
nated with some oximes, since both substances develop red color by means of the acidic or
alkaline iodine oxidation method cited above.

To a mixture of 1 ml of LB M Na-acetate, 1 ml of 1 % Na-sulfanilate and 0.3 ml of 1.3 % iodine
(in KI) solution, 5 ml of NH:OH selution were added. After shaking quickly, 0.3 ml of NaxS:0s
were added at once to remove excess jodine. Then 3ml of 05N HCl, 1ml of 30 % acetic acid
and 1 ml of &-naphthylamine were added. Fig. 6 is relation between extinction and concentration
of NH,OH and {j) and (k) are calibrating equations.

NH;OH-N 7=12.5 E —0.125......... (i) (electric colorimeter)
NH;OH-N7=10E ........scccoee...(k) (Spectrophotometer)

(I¥) 8-Hydroxygiunoline method. Since NOg, NzO; and oximes do not develop the color
deifering from the procedures with Griess’ reagent, this method is most suitable for estimation
of NH;OH.

Two ml of sample solution were mixed with each 1wl of 0.2M Tris buffer of pH 7.5, 1 % 8-
hydroxyquineline (in alcohol) and 2N NayCO; solution, Green color developed was determined
with spectrophotometer at 700 m#, after standing at room temperature over 15°C for 60min.
Result is shown in Fig. 7 or equation (I).

NI:QH-N r=3.0 E—0.02.........(1) (specirophotometer)
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Oximes
- Owimes can be oxidized into NQ; with iodine directly or indirectly connected with acid
hydrolysis,

(I) Direct oxidation method. Acetoxime was estimated by acid iodine oxidation method of
NHsOH. Alkaline iodine oxzidation method of NH;OH also can be applied to the estimation of
some oximes such as pyruvic acid-, &-ketoglutaric acid-, oxalacetic acid-, acetaldehyde- and benz-
aldehyde-oxime, but not to acetoxime or sugar oximes. Standard curves and calibrating equa-
tions of NH:0H with iodine oxidation methods can be used for the assay of oximes by the
same procedures.

(I1) Acid hydrolysis methed, This method is mostly cmployed in order to estimate sugar
oximes.

A mixture of 10ml of oxime solution and 0.2ml of 1N HpSO; were heated at 100°C for §
min, to hydceolyse oximes., Then NHoOH formed was estimated by means of acidic iodine oxida-
tion method.  Since rates of color development vary with kinds of oximes, standard curves or
calibrating eguation should be determined on each pxime, A exam ple for glucose oxime is shown
in Fig. 8 or equation (m).

Oxime-N 7=59 E..c.o....{m) (electric colorimefer)

Ammonia

Coloration of ammonia with indophenol method is more sensitive than that with Nessler's
reagent, Into 1ml of sample solution, 1 ml of 5% alkaline phenol (in 2 9 NaOH), 7 ml of 0]
M Na HPO, (pH 9.8 adjusted with I N NaOH), 0.5ml of 0.05% Na-nitroprugside and 0.5ml of
antiformin (4 & effective CI) solution were added. After 30 min. at or over 20°C, blue color
developed was determined by electric colorimeter with red filter. Since routine laberatory dis»
tilled water also develops pale blue color by this procedure, color intensity must be correcied.
Furthermore, color intensities are fluctuated with some other factors, it is moare suitable te
make a standard curve with (NH,)280, of known concentralions on the same time, Blue color
develops with NH:0H too. However, the color intensity was reduced to negligible without effec-
ting on the coloration of ammonia, when buffer was first mixed with sample prior to addition
of phenol. Of course, no color develops with NH:OH after treaitment of sample in a Conway's
unit.



