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Determination of nitrate by a modified Conway
microdiffusion analysis using Devarda’s
alloy as a reducing reagent

Hideaki Kai and Togoro Harada
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%9, BN O Devarda A48 (Merck,
BABULSE, AriEsEds X ORDEHISER I 2ot
Fl&E LTI 858 0 Blank fii3s & 058 NO-N
DEINHE %, BT 2 > (British Drug Houses il
RIRTUHI & UTTE & LRSS Uiz, TRIRF & L TAIK
(3# % (Bremner 5, 1955) iy, 1ml % fliff]
Utz. &72, Devarda &2z, #0121 <150 mesh
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VWL b oI,
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TSI DIENDS NOs-N OEUNFICKIT T 8% ic>
WTEH U2, §78b b, Merck % Devarda &
SR D <150 mesh % T 50, 100 5k ¢¥ 200
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Table 1.

Blank values and recoveries of different amounts of nitrate-N

from 2 ml of control solution by incubation with a titanous
sulphate and several kinds of Devarda’s alloy as a reducing

reagent at 30°C for 48 hr.

Reducing reagent

Titanous sulphate solution*

British Drug Houses Ltd. 7.21
Devarda’s alloy powder**

Merck Ltd. 1.15

Kanto-kagaku Ltd. 0.43

Katayama-kagaku Ltd. 0. 65

Wako-jun-yaku Ltd. 58. 40

* 1ml was used to each unit.

Blank value
(as pg NO;3;-N/unit)

’ Recovery of NO;-N (2
i NO;-N added (ug/unit)
|
|

60 ‘ 90 120 l 150
96.9 96.8 L 96.1 94.7
99.7 98. 8 98.1 97.2

‘ 97.9 98. 4 97.2 97.1
| 97.1 97.4 96.3 96.5
| _.7 — — —_

*+ <150 mesh ; 100 mg was used to each unit.

mg/ml OBMEZIWL, ZzhZha=y 42D
1ml % ML T 60~240 g D NOs-N o [HILHK
Bz f175o10.

Z OIFIEH 2 3ITR T4 51T, Devarda &4
& 50 3310 100 mg/mi O IR &I 12 85 E,
60~240 ug D NO;-N DKL 96~100 % T,
50 mg/ml & 100 mg/ml ORNICIZIT & AEZHIBY
Shighsots. UL, 200 mg/ml @ BEK 2 FH
AR, T2 HOBSIENTEICRIEH 2~ 3
B AR T, COBfiE LT, —Ditii, Devarda
(54 OTRMLEDS R $ 1> T Blank B 81k L THL
B EDERPEETIT I L DEEALNS.
it ERIGO Devarda GRS = v RO
e L, NOs-N Mt an THRLILT &=
7 ORI BRI BEVBALNS.

76> T Devarda &40 AL, BRIKHO NOs-

=D

Table 2. Recoveries of nitrate-N from 2ml
of control solution by adding dif-
ferent amounts of Devarda’s alloy
powder after 48-hour incubation
at 30°C.

- [2%4
Amount of | Recovery OfN&N (’,0_)
Devarda’s B .
alloy powder* NO3,N, Vajded Cug/unit)

(mg/unit) 60 | 120 ‘ 180 l 240

5o | o995 [ 985 | o1 | 92
100 . 99.8 98.1 97.3 1 95.9
200 | 96.4 | 95.8 | 95.2 ‘ 94.4

* <150 mesh ; 1ml of suspensions containing
50, 100 and 200 mg/ml of Devarda’s alloy
powder was used to each unit, respective-
ly.

N OBETLICKHERS s/ ORPAN TTE 3Ry DR
DFWBHE L. —F, 2=y FHHO A LI F
0.005 N H,S0, itk % HiEMOAE I OHZAT,
KD NO;-N D& DR 1k 120 pg BEEE
bhas. 20T, TOFKED NO;-N OFITH LT
X, Devarda &K D 50~75mg/ml $&#EK 1 ml
WL OPEETH S &b s,

¥E 3 Devarda §&WEKOKNEE NO;-N DE
BN

Devarda £&MRORMFEDEND NO;-N DEIY
FUCRIT T O TR Uz, Tl ® Merck %
ik Devarda £4¥K % >150 mesh, <150~
>>200 mesh, 3.1 8<{200 mesh O 3 #NHERIL T
HER LI, 28, 2= FIGINT 28K 1 ml A
@ Devarda &8ROI ZZNZH 50 5L 0¥ 100
mg/ml O2MBYH & UTERZIT/zo1z. S50k
H#E 3 FZICRT.

Devarda &4:E O RNEDE W E NO;-N D[
PR E DBARICTONWTA B &, G NOs;-N D 60 ¥
L O° 120 pg/unit OWFROBE E 4, >150 mesh,
<150~>>200 mesh, ¥ k¥ <200 mesh ® 3 EFIT
NO;-N OEGR kfFigzs 3@ » ohehot. &
12, ZORMEIZ2WT S, EBR2 0BG LR 50
mg/unit & 100 mg/unit OFICHEZHZ /DI,
L7, Devarda &8k %2 BBIKE UTH WY
BORY NG I 50T, 150 mesh F72i2 200
mesh %l UTCED 2 V5 08, HE LWL EBD
hs.

EB4 1N KCl EHEFRO NO;-N oEINR

—Rgic RO NH-N 350" NO;-N OEgic
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Table 3. Recoveries of nitrate-N from 2 ml of control solution by adding different sizes
of Devarda’s alloy powder after 48-hour incubation at 30°C.

Recovery of N03 N (/)
NOs-N Slze of Devarda’s alloy powder* (mesh)
added R L R .
>150 1 <150~>>200 <200
(ug/unit) e —
50 mg/ml 100 mg/ml | 50 mg/ml } 100 mg/ml 50mg/ml | 100 mg/ml

60 9.4 . 9.6 | 99 | 97 99.5 | 99.6
120 %5 | 984 1 %3 | ol 98.7 98.3

# 1 ml of suspensions was used to each unit.

LTk, KCI, NaCl #7212 K,SO, @ 1N #Hi %
FACTLIEORMBEZED, ZORIK, FIELD
UL A O BB OWTERDER 21T/ 5T
bk L fivoh s (Bremner 5, 1955). UL,
TS DB OB IS HME N DT, D& 5
Ie WA D NOs-N D[R 2 [ED> D % HEiHS b
HENT, MPPEETHEHALTHWA 1IN KCI ?’ﬁ‘v{}du’)
T, Devarda &G ROEINE % 50 L7 100
mg/unit M2 HIZL TIFeolz. #EBohilz fik»
H4 KR T

Table 4. Recoveries of nitrate-N from dis-
tilled water and 1 N KCI solution
after 48-hour incubation at 30°C
with Devarda’s alloy powder.

NO;-N Recovery of NOst %
From i From
added | distilled water* | 1N KCI solution*
Suspension** of Suspension** of
(ﬁ%{t) Devarda’s alloy | Devarda’s alloy
50 mg/ml|100 mg/ml50 mg/ml |100 mg/ml
60 99.5 99.6 98.6 98.5
120 98.7 98.3 98.0 97.8
* 2ml.

** <200mesh ; 1 ml of suspensions was used
to each unit.

I N KCI MDD 60 k08 120 ug  NOs-N
OEERI, KRR OSEICE ~THFIo N 33
B, WIho Devarda SE&MRENE K TH

BREET U, CD& 5 ie NO3-N D[R]
BUBREL S 2 RUT T C LB THH0 0, il
B D NO3-N % (f6-2T NH-N 2T 3)
EET AU/, T3 AM bRk THED TS
B2 T TrofiEs CEBETLL. L L
5, 1IN BHRZZDEEMATH NO;-N DEIH

I3 BHBHETH A5,
EHRE NI,
EBDL A Fa~—avEfE NO;-N ORISR

B ORGSO E E LNV, 4 0%
a N— g ORI 2505 BN TEUF D%
Zfieolz. Tgb b, 1NO KCl ik X 053
kD2ml 3L S ml iz zi 2 60, 120, 180 &5
LT 240 ng O NOs-N 2 & LIERZ FBLIZ. T
5 DFEEEVEWE 1T 2T Merck i Devarda &4
¥y <200 mesh #5>D 50 mg/ml DOEEIHK | ml
FToRaHE UTHY, 30°C OEESH T, ¥
axX—=hLU, 68§ NO;-N O EEKE%S {liz L
. BoHNIHRD 55, 1IN KCL BKITWTHR
U DDERSRTD 5.

LN 6L 51T, BHORPEZOHEITR
A UF axX—-T g OUO 10 BERNIE NOs;-N
BN, U LSS, Wik DEDR b5
P, A UFaR— vy 224 IF%ITIE 60~180 g O
NOs-N OETHIE 95.5 % Bith, 240 ug D 24Ut
94 % &2, 36 INBITIINTROERE itd NO;-
N QKT EFMAIGEL, 60~180 g O NO3-N
TN T 98 BRI, 240 g D NO3-N 2 20T
X 96 % DN & 7soic.

L, #Rkdio NOs'N DEIHI,
WD WL v 2 "= 2 % 24 BERY,
KROEZNEEHITS 30Iﬁfftd’(5‘fl>%xéuﬂﬂ CEL, Z0Off
BOWTHORE, WINOREPB BT, IN
KCI %o NOs-N ORIGEL b 3 1 /BIEH»
27z,

UTehiD T, ZEBIK D 2 WO I3 HIEA RS DI IE I
D NO3-N (3L NH,-N) OEEh 24~30 B

DA vF o= 30°C) B ThY, HIM
WE DRSS, PlA | N KCLER O 85T

ERDHNSATRE 5 C
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Table 5. Recoveries of 60~240 xg of nitrate-N from 2ml and 5ml of 1 N KCI solution

after various perlods of incubation with Devarda’s alloy powder* at 30°C.

Recovery of NO;-N (%)

Incubation period From 2ml From 5 ml
¢hr) NO,-N added (zg/unit) NO;-N added (xg/unit)

\ 60 ’ 120 ’ 180 } 240 60 ! 120 ’ 180 ‘ 240

6 73.6 71. 3 ‘ 71.5 71.6 58.8 55.9 65.8 ’ 52.4
12 90.0 89.5 90. 8 89.7 83.9 85.3 84.0 | 853
18 92.7 93. 6 ‘ 93.2 92.8 94. 8 95.2 93. 1 92.4
24 95.2 95.5 | 95.6 94.1 95.6 95.7 95.6 94.0
30 | 98. 2 97.3 96.9 95. 2 97.3 96.8 96.8 [ 94.9
36 | 98.7 97.9 97.7 96.0 98.0 9.6 | 97.7 95.8
48 | 98. 6 98.0 97.8 96.0 98.1 97.8 | 97.7 96.0

. 1 ]

* <200 mesh ;
used to each unit.

REXDNTIE 36 HEFE D4 v FaX— g U
MEIEEZLND

LI ED#ED 5, Conway ORI Tk
% NOs-N SELRLOEE, RT3 TR IR T 2
RS EICH & U TI3HEHE Devarda &8 D58
I/T;*ob, LN WAz, MERF 7 v 2 v

THAX Y NO-N OEK Eir LA @’)'CL% z
EWHS T EINI:. F1z, Devarda AEMKIZEE
BKERW ETACEIRE D, HRF &4 OB&ER
HORETERRZITRICEDTELLLE, BIV'Z
DD Devarda GG ORI, TRNEE, K OH
WML, 4 2% a~x—b g g E ORI
WT S ITEINT.

7233, MINOEWAN ORI Devarda iR,
MR D & DT AR ZRRERNT, KEDHE b,
LODEOTVS. LTohs>T, MAEKEL Tind
i3 LT 150 mesh 754> Uid 200 mesh 233 U 7o %
i)f»ﬂ]b\ FNL DN IRV I VTR T

. F, 2R EMGICEE © Blank i, R
l&“a&%k&% s BERRC X W ERIsh, igh
EDMERTTES L0 FITH 5 OT, AN Blank
% F = w7 UTZIThiX .

TR OKEOE Gk OZLIREINER T
A5, HEAVELRE LN USCEOR X 2 RA
Bl UTKREETA0E0. $72, Bang 2 7ot a
L h Ot hic Metrohm (24 X)) B2 e
aly MeflTs08HELN. Th2/fns Lt
W2 MR TEN ST I & CTEWTS
. 3B, REOBE—EWRTAFHITELT,

1 ml of suspension containing 50 mg/ml of Devarda s allioy powder was

Blank Q#HFZHFHL TH, Zhe Tk
ME, AT 0.004 ml EEITHELIZSDE S IE
b, EROKEETNT CG)W?‘@@ & RIS
W2 T 70E, B mEME ek 0.002ml (5
JEiX 0.005 N H,SO, TfiZe 5556, %0 0.002ml
0. 14 pg N ICHIMT2) WM ABZENTES
D& 3T, &Krick s NO;-N OEidid, —ig
70 A HEOTTRITE~ T b THBi2E
MCRELEL, BhiiETas eBbh 3.

7 )

Conway ORERHLEINITE Ik b BRI EESE 258
B384, ABTHE U TREF 2 oaAnsh
THIZHS, CHUTRB D& LT Devarda A58k
PROTHARN 21350, FiOT & MET~NE
ST Z SR

1. Devarda &&¥K27&EHKEEIEK & UTHNY
5T EE Y, HWilgF 4 OEE L ABRORETCER
BITIE5CEWTES.

2. Devarda A& 2 N84S, High 240
vg FTD NOs-N DI K 96~100 T, W
BF 2 OLEL Y UAE-DT.

3. RU:OBHEERFRME, WHOMEROEY T
Hotz.

(a) Mz 2~3ml 2/, 20 NOs-N &8
(F12i3 NH¢-N & NO:;-N O&#) i3 120 #g &

EETHIE TH5. (Merck %! Devarda 248
K2 UG ORIGEE 98~100 B THho1).

(b) Devarda &< 12 150mesh 72guy Uit
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200 mesh Offfi%® 27z #ir%H v, 50~75 mg/ml

N

o

DEFMKEEK & LTa=y ’Y472h 1ml 2 X ik
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WHSTEEIK B B BULE DIEN Y ThHIUL 24 Conff;-y” 4232103;; B O'Malley 1942, Micro-

~30 W, HIBREE DFVIE, BIAIK 1IN O diffusion methods. Ammonia and urea us-

W OWE1L 36 ENREETS. ing buffered absorbents (revised methods for
4 Fick 3 NO;-N Oz, o —iins ranges greater than 10 zg. N). Biochem.

3 < —— - . J., 36,655-661.
BB T2 D0 TRALOIERCRE SR, S Conway, E. J. 1947, Microdiffusion Analysis

DElFH 2 HIICQET S 5 OT, BNIZROITETS and Volumetric Error, 2nd ed., Crosby
AEBbDNA. Lockwood, London.

Summary

A modification of microdiffusion method for the determination of nitrate are described.

Nitrate is satisfactorily determined by reduction of the nitrate to ammonia with
powdered Devarda’s alloy instead of titanous sulphate solution and subsequent distilla-
tion with magnesium oxide, both the reduction and distillation being carried out in a
Conway microdiffusion unit incubated in a incubator at 30°C. The procedure is iden-
tical to that of the previous method only except for a substitution of suspension of
powdered Devarda’s alloy for titanous sulphate solution.

A fraction of powdered Devarda’s alloy, guaranteed reagent, smaller than 150~200
mesh is suspended in a distilled water and 1ml of the suspension containing 50~75 mg
of the alloy per ml is added to each unit.

The incubation period necessary for complete recovery of the nitrate is 24~30 hr
for a salt solution of lower concentration and about 36 hr for that of higher concen-
tration, such as 1 N KCI.

The suitable size of sample solution is up to 120 ug of nitrate-N (or ammonium-N
plus nitrate-N) in 2 ml.

The recoveries by the recommended procedures of the nitrate added arc between
98 and 100% and somewhat superior to those by the method using titanous sulphate
solution.

The results showed that several colorimetrie, distilling or aerating methods for the
determination of nitrate have been proposed, but the method presented here might be
more excellent, because this method is simple, easy, accurate and applicable to colored
solution and to a large number of samples.



