
DETERMINATION Of NITROGEN IN SOILS. 
PART V. ESTIMATION OF TOTAL NITROGEN TO 

INCLUDE NITRA IES. 

By A. Sreenivasan. 

In the previous communications (Sreenivasan, Ind. f. Agric. Sci., 
1932,2, 525; ibid., 1934, 4, 320, 546; Sreenivasan and Subrahmanyan, 
Ind. f. Agric. Sci .. 1933, 3, 646) it has been shown that accurate 
estimates of organic nitrogen can be obtained and the time of digestion 
greatly reduced by pre-treating soil with dilute sulphuric acid com­
bined with small quantities of oxidising agents such as peroxides, 
potassium permanganate or dichromate. The values thus obtained 
will not, however, include the minute quantities of nitrates that are 
present in most soils. The present enquiry was undertaken, therefore, 
with the object of combining the' reduction of nitrate by some 
pre-treatment with oxidation during digestion. 

Several methods have been proposed for the estimation of nitrates 
in soils and some of them have been specially designed for inclusion 
with the Kjeldahl method of acid digestion. All the methods have the 
common feature that they involve the reduction of nitrate to ammonia. 
The reagents generally employed for that purpose are (a) ferrous 
sulphate; (b) salicylic acid together with zinc dust or sodium thio­
sulphate; (c) zinc, Devarda's alloy, zinc-copper couple or reduced iron 
in acid media: and (d) aluminium or Devarda's alloy in alkalin" 
media. Among the various modifications, particular attention may be 
drawn to the salicylic acid methods of Joellbauer (Chemiches Central­
blatt, 1886, 3,433), Forster (Landw. Vcrsllc/zs-Stat., 1891, 38, 165) 
and Ranker (Ann. 21Io. Bot. Garde11s, 1926, 12, 367), the acid reduc­
tion methods of Ulsch (Z. anal. Chemic, 1891, 30, 175) and Olsen 
(COl1lpt. Rend. Trav. Lab. Carlsberg, 1927, 17. No.3) and the alkali 
rednction methods of Burgess (Univ. Calif. Publications, AgTic. Sa .. 
1914, 1,51), Allen (Ind, Eng. Chi?11l., 1915, 7, 521), Davisson and 
Parsons (Ind. Eng. Cham., 1919, 11,306) and Payne (1. Agric. Sci., 
1927, 17, 153). While these methods are generally satisfactory in 
presence of small amounts of nitrate, most of them are not applicable 
when the quantities of nitrates are comparatively large. Thus, 
Mitscherlich anel Herz (Landw. lahrb .. 1909, 38, 279, 533), Gallagher 
(.T. Agric. Sci., 1923, 13, 63), Pucher, Leavenworth and Vickery (Ind. 
Eng. Chem .. Anal. Edn., 1930, 2, 191) and others, have drawn atten­
tion to the inadequacy of the salicylic acid method, while the Ulsch 
method of acid reduction (lac. cit.) has been criticised by Buhlert and 
Fickendey (Landw. VerSt/eM-Stat., 1909,63,239), Burgess poe. ci.t.), .. 
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Davisson and Parsons (lac. cit.) and others. Burgess proposed a 
method of reduction with aluminium in faintly alkaline medium, but 
AI1en (lac. cit.) found it to be unsatisfactory. Later, Van Vfijk (Soil 
Sci., 1924, 17, 163) claimed to have applied that method with some 
success. 

In view of the above and the need for further information regard­
ino' the relative merits of different reducing agents, it was considered 
ne~essary to conduct some preliminary trials with soil suspensions con­
taining known quantities of nitrate. 

EXPERIMENTAL. 

Comparative efficiencies of some of the reagents commonty used 
for reduction in acid media.-A specimen of black cotton (surface) 
soil from Indore was air-dried and ground to pass the 30-mesh sieve. 
Samples (5 g.) of the soil were treated with (a) ferrous sulphate 
(1 g-.); (b) zinc powder (0.5 g.); (c) Devarda's alloy (0.5 g.); ann 
(d) salicylic acid (1 g.) followed by zinc powder (1 g.) respectively and 
the digestions conducted by 'dry' and 'wet' methods in the manner 
outlined in a previous communication (Sreenivasan, Zoe. cit., 1932). 
The results thus obtained have been presented in Table 1. 

)!oile of digE'E:tioll 

'Dry' (Official) 

'Wet' (Overnight) 

Soil 
untreated 
(Oont,oJ) 

388 ·2 

.. 1 532·5 

TABLE 1. 

Nit,r'ogen in parts per million lA verages) 

Reduction with 

Ferrolls Zinc ! Devarda's I ~~J~c~~~ 
i";ulphl':!,te powder I anQY zinc 

395·0 395·0 395·0 406·1 

532·5 534·7 I 532 ·5 523·6 

It may be seen from the above that treatment with reducing agents 
combined with 'dry' digestion leads to increased estimates of total 
n,itrogen. Ir:- the case of 'wet' digestion, however, there is compara­
tn'ely httle dIfference between the different values so that it is difficult 
to say whether any of the nitrate is included in the estimates obtained 
by that method. 

Dif/estiol1!n pl'esen~e of vari01<s reducing agents to include small 
91101ltJtt(!S of 1Iztrate.-Smce most soils contain only traces of nitrate 
It. was consIdered that the most satisfactory method of testing th~ 
dIfferent trea~ments would be to work with soils containing known 
amounts of !11trates. 



Rf'duction with 

Ferrous sulphate (iSg.) 

Zinc 'Powder (2g.) 

Devarda'g alJoy (2g.) 

TABLE II. 

Nitrogen in parts pel' million (A verages) 

~'fodeofdigestjon: ------ ---, - ,--- I 
I R'J Soil+ I Soil+ 80il+ S'J i Soil+ I Roil+ Soil+ Rill Soil+ Soil+ 
I ~lg~e 4.0 80 100 fll~~e! 40 I SO 100 ~-I~ne 40 100 
1 ( I ".p.m. I p.p.m, p.l).m.,1 ( I p.p.m" p.p.m, p.p.m. (con p.p.ill. p.p.m. 

~~n~ I of ~ as: of N as of N ap CO~- 'of N [I~ 'of N as or N ar; t, 1 - of N as of N as 
\ to1, i nitn\te i nitrate nitrate \ tro) 1 nH,rflt;(~ I njt.rat~ nitrate \ 10) nitrate nitrate 

Cutt,aclt, Lo-;'lanc1 (Paddy), Sholapul'J light cla~~~11nce II I~;lore, heavy blfl.ck, 
Rurfa,ce [<oil l"o1l I s\.wface soil 

'Drv' 
(Otliciall 

. \Vet' 
(Modified) 

, Dry' 
(OfficiaJ) 

'\Vet' 
(Modified) 

, Dl'V' 

(Omeia!) 

• ,"Vet' 
(Modified) 

1\758.81790.4 i 827·4 84,0'7 ~Ol'7 1 337 .3 1\ 377·3 [392.7 1395.0 432'6 1 481 '4 
I (3706)1 (68'6) 18H) (35·6) (75·6) (91·0) (3HI

I 
(86.4) 

767·6 803·0 I, 829·6 840'7 337·2 37491403.8 410·4 1532.5 570·2 I' 598.9 
(35'4)1 (02'0) (73.1, (37.7) 166'6) 173·2) (37'7)" (66.4) 

750·0 I 796·4 1834.1 849'7 I" I' 
, (39·8) 177·5) (93,1) 

I 
I , 

767'6 805·2 r 838·5 851·9 1 ' 
(37061' (70·0) (84,3) I 

794·1 11829.6 847,4 306.1 339.511379.4 395·0 395·0 430.3 I! 485·8 
(39·S) (75,3) (93·1) (33·4) (73·3) (89·!) (35.3) (90.8 

767·6 Ii 803·0 I' 842·9 851·9 3'7·2 377·1 412·6 425·9 532·5 572·4 1 619 ,0 
(35'4) (75'3) (84'3) (39.9), (75,4) (88·7) (39.9), (86.5 

, I i 

754·3 

Tbe figures with1n bH\.ckets rete!' to tbe amounts (as p.-p,m.) or nitrate~nit.rogen rf'duced by tbe respective reagents. 

N 
'1 
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5 g. lots of three different soils u~ed in a P!eviOl:s study (S.reer:i -
vasan, lac. cit., 1934) were treated with potasslllm m.tr.atc solutIOn m 
quantities corresponding to. 40, 80 and 1 ~o pa:ts per ml.l1lOn of mtr?ger; 
(on the weight of the sOIl) and the chgestlOlls earned out by dry 
and 'wet' methods after reduction with different reagents. In all the 
cases the reduction was allowed to proceed overnight before the diges­
tion ,~as commenced. The samples to be 'dry' digested were evaporated 
to dryness on the water-bath before adding concentrated sulphuric acid. 
'fhe reducing agents employed, as also the values obtamed {or total 
nitrogen, are given in Tahle Ir.',' 

It may be noted that in all the cases fairly accurate estimates were 
obtained when the quantities of nitrate were small. \Vhen the nitrate 
content of the soil was increased, the reduction did not proceed to 
completion. This was particularly so in the cases of specimens treated 
with ferrotts sulphate. Reduction with zinc dust was carried out 
only iu the case of one soil, as it was found that there was no appre­
ciable difference between the results obtained with that reagent and 
those with Devarda's alloy. 

Another observation of interest is that reduction of nitrate pro­
ceeds more efficiently under conditions of 'dry' digestion than under 
those of the 'wet' treatment. On the other hand, digestion of organic 
nitrogen is greatly facilitated by the 'wet' treatment so that the 
estimates of total nitrogen obtained by that method are invariably 
higher than those obtained by 'dry' digestion. 

Estimation of total nitl'ogen in presence of lal'ger quantities of 
nitrate.-In the following experiments, the black cotton soil (5 g.) 
from Indore was treated with quantities of nitrate corresponding to 
160, 200, 300 and 400 parts per million of nitrogen respectively, and 
the total nitrogen estimated by 'dry' and 'wet' methods, using ferrotlS 
sulphate or Devarda's alloy for reduction. 'fhe results have been 
presented in TabJe III. 

It would be seen from the above that ferrous SUlphate is quite 
unsatisfactory especially under conditions of 'wet' digestion. 
Devarda's alloy is also comparatively inefficient when used in acicl 
media. 

Effect of addition of Dezlarda's alloy at fume-stage.-Since it was 
obseryerl that reduction of nitrates was g-enerally more complete with 
the 'dry' di~ested. specimens than with the 'wet' treated ones, it was 
thought deSIrable In the latter cas.es to add the reducing agent after all 
the water was dnven out. SpeCImens (S g.) of the Indore soil were 
treated ,,-ith varying amounts of nitrate and the mixtures heated with 
,,'ater an,d sulphur!c acid as in the usual 'wet' digestion. At the time 
water aC1d fumes Just began to evolve, the Kjeldahl flasks were cooled 
and 3--4 g. of Devarda's alloy added to each. The contents of the 



29 

TABLE III. 

I ) Nibrogen in p~rts per million (Averages) 

Heducing I I I I I I agent ~~~~i~~ I Roil alone I Soil + loO Soil + 20~, I Ron +, SOOT Soil + 400 ~ 
used (Control) P~~'l~/tr~t~ Pt~~'~t~~t~ Pa:;:' n~t.:~~ P~;':t~!t~ 

Ferrous SUlPhatel 'Dry' I 396·0 .508·0 i·')a4'6 561·3 
(5 g.) (lVl·O) (139·6) (166·3) 

'Wet' 532·5 .541·3 541·3 
(R·8) (S·S) 

Devarda's a,Hoy 'Dry' 395·0 532 ·5 565·7 1)61·1 749·9 
(3·4 g.) (137 ·5) (WO·7) (266·1) (351,·9) 

"Wet' 532·5 685·4 703·2 79-1·2 856 ·3 
(152·9) ) (170·7) (261·7) (323·8) 

The bracketLed figures represE'nt the quantities of niteatf' nltrQ~en (In p.p.m.) 
included in the estimate. 

flasks were then heated to complete digestion. It was observed that 
when the quantities of added nitrate corresponded to 200, 300 and 
400 p.p.m. of nitrogen, the amounts reduced in presence of the soil by 
the above procedure were 135.3, 199.6 and 283.9 p.p.m. respectively, 
thereby showing that nitrate reduction was even less complete than in 
the previous experiments. The very low values are no doubt due to 
the partial volatilisation of nitric acid even before addition of the 
reducing agent. 

It may thus be seen that, in acid media, although reducing agents 
were fairly effective in presence of small quantities of nitrate, they fail­
ed badly when the quantities were comparatively large. This was 
rather surprising, especially in view of the fact that, in the absence of 
the soil, nitrate solutions containing up to 400 p.p.m. of nitrogen were 
almost quantitatively (97-100 per cent.) reduced by those reagents. 

Effect of refiuxing soil-nitrate mix-ture during reduction ilt add 
media.-It first appeared probable that in the previous experiments 
some of the nitric acid, which is the first product, may have been lost 
by volatilisation owing to the large surface presented by the soiL \Vith 
a view to avoiding such a loss, the reduction was carried out in Kjeldahl 
flasks fitted with reflux condensers. In one set of experiments, the re­
fluxing was done for 30-45 mins. after addition of the reducing 
agent while, in another, the latter was added in small quantities at a 
time. In either case, when reduction was over, the 'wet' digestion was 
completed as usuaL The results are given in Table IV. 



Mode of 
reduction 

Devard.·s allo)' 
(5 ".j witbout 
refluxmg' 

Devarda's alloy 
(5g.) wit,h 
refluxing 

Dovarda's alloy 
(5 g.) added in 
instnlments 
with ref[ uxing 
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TABLE IV. 

lS'ltrogen in part'5 per million (A vernge;::,) 

SOIHcwlauc1 (paddy)~ ~l1rrace, 'II' 

Cuttack 'I 

Soil-he<tvy blacl~, surface, 
Indore 

Roil : Soil + 200 1 Soil ., ~ 00 II: 8011 
I alone :p.p.m. of!\ p.P,tn. of X, alone 
i (Control; i as nitrate 1')6 nit,rnte ~I (Control) 
i ' i \ 

" 767·6 9'36·3 lOR2·0 I 5.32·5 
(168 ·7) (314 '4)'1 

I 

767 ·6 9.32·4 'lOIl6·0 'I 

i (164 ·R) I (328 '4)11 
532, ·5 

I Soil + 200 Soil + 400 
!p.p.m. of:.\' p.p.ill.ofN 
I as mtl'[Lte n.s rJitr.lte , 

70.,·2 
(170 ·7 

, 
, 

I 

856·3 
(323 ·8) 

. I II 

1940·6 11109'0 '\ 
I" (173·0) (341·4) I 

767 ·6 532 ·5 ~ 7l~'8 \ 
(lSO ·3) 

887·4 
(354·9) 

! I I I 
The beacketted fi~ures represent p.p.ro. of U1teaie llltrngon reduced In ench case. 

It may be noted that although refluxing combined with the addi­
tion of the reducing agent in small instalments led to improved 
estimates, the reduction was still incomplete. 

Loss of nitrogen during acid reduction of nitrate in presence of 
soil.-'\Vith a view to finding whether in the course of the above experi, 
ments, some of the nitrate nitrogen was lost in the gaseous state (either 
as nitric oxide or as nitrogen peroxide). some experiments were con­
ducted with soils treated as above and the escaping gases tested for 
(I) nitric oxide, by absorbing in standard permanganate solution and 
titrating the latter after absorption, and (2) nitrogen peroxide, by 
absorbing in dilute alkali and testing for nitrate and nitrite in the 
latter. Negative tests were obtained in both the cases. 

DIsch (loc. cit.) drew attention to the fact that in presence of zinc 
and sulphuric acid, nitrates are first reduced to nitrites, which lead to 
some loss of nitrogen. Gallagher (lac. cit.) suggested that acid reduc­
tion of nitrates in presence of amino-bodies may lead to loss of nitrogen 
in elementary form by interaction of the latter with the nitrous acid 
formed in the intermediary stages of nitrate reduction. It appeared 
probable that similar reactions might have occurred in presence of the 
soil, the humic nitrogen providing the free amino groups that would 
react with the nitrous acid. 
. \Vith a view ~o finding t~e extel;! to which the nitrogen may be lost 
In presence of amI des or ammo-bodIes, some experiments were carried 
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out digesting mixtures containing known quantliJes of nitrate with 
given amounts of (1) acetamide: (2) glycine; (3) asparagine; and 
(4) casein, after preliminary reduction with Devarda's alloy and 
acid (Table V). 

TABI.,E V. 
--- ----"---.---------~-----

Ca~cin II 

Total Nitrogen (in mg.) (A verages) 

Nitrate . III "1 nitl'ogen, I AcetamIde Glycine ~·\:;pHragjn~, 

added (mg.) 1[1 E--" d I 'I I 1,1" "xt,pcteet 'I' "o~'n-d 1"1---~I--
_____ ~pecte I FOUl~~_~-, Exp_e~ted __ ~_=~ __ L~_~ _______ ~'_ u. Expc:cted I Found 

! 'III 3·()9 4·().j ;J.9:3 4.;;'J. 
i 

1·00 2·07 1·94 3·19 4·19 

2·00 .3 ·07 2·79 4·19 .3 ·9(; 5·M 5·0S 

5·00 6 ·07 5 ·4.3 7·19 (i-53 8·04 7 ·60 8·34 7 ·92 

It would be seen from the abm'e that in "II the cases there is loss 
of nitrogen similar to what occurs in presence of the soil. 

Reduction of uitrate in presence of dilute acid.--In the foregoing 
expcriments, nitrate reduction was done in presence of 1 ; 1 sulphuric 
acid. Since a more dilute acid would be better ionised and con­
sequently more reactive, it was thought that the efficiency of the rcduc­
tion could be improved by using either 1 ; 10 or 1 : 30 acid. Some 
experiments were accordingly carried out treating solutions contain­
ing known quantities of nitrate with excess of sulphuric acid of the 
above strengths and 4--5 g. of Devarda's alloy in each case (Table 
VI). 

'TABLE VI. 
I 

Nitra.tc (as mg. of K) 
I 

0·.')1 1·02 1·5:, 2·04 

Per cent. reduction with 1 :;)0 H/\O, 

"1 

nS·7 98, ·7 95 .. 1 97 ·7 

Per eent. reduct,ion with 1 : 10 H,RO, 
"1 

100 ·0 9S·7 99·7 91)·6 

--------------_. 

The results show that the reduction is very nearly complete in 
presence of 1 : 10 acid. The more dilute acid (1 : 30) is not so useful. 

To verify whether loss of nitrogen of the type mentioned above 
will occur even when dilute (1 : 10) acid is used for reduction, a fcw­
trials were carried out with mixtures of solutions of asparagine and 
nitrate. After reduction of nitrate, the digestions were conducted in 
the usual way (Table VII). 
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TAllU; VII. 

1·0~ ~·Ol 

4 ·rn I 4·97 

1~~ K·23 

Xitrate (as mg. of N) :?~d(ler1 o·() 

Nitrogen estJimatea (in m~.) 3, [9 

~TLrogen expected (in mg.) 

It may be seen that low values are obtained even when very dilute 
aciJ is usee! for reduction so that it would appear that for estimation 
of tot'll nitrogen inciuding nitrate-nitrogen in soils, any method of 
redl1ction involving intermediary formation of nitrous acid is un­
satisfactory and will invariably yield low values. 

The salicvlic acid method.-Since this method involves only the 
formation of -the non-volatile nitro-salicylic aciel and its subsequent 
reduction (by zinc or thiosulphate) to the corresponding amino acid, 
it was thought that it would be free from the defects observed in the 
earlier experiments. Some trials were carried out, therefore, using 
samples (5 g.) of tI,e Indore soil treated with varying amonnts of 
nitrate. The treatment with salicylic acid as also the subsequent re­
duction with zinc dust CA. O. A. C., 1930) were carried out under 
'dry' as well as 'wet' conditions. The digestions were then completed 
in the usual way (Table VIII). 

TABLE VIII. 
-- -,----~ --,------------------

Mode of reduction 
and di:;esUon 

Salicylic add (1 g.) 
-+ zinc dust (1 go) 

, 'Dry' dige"t.e(, 

Salicylic acid (l g.) 
+ zinc dust (J g_) 
'Wet' digested 

Nitrogen in parts pel' million (Averages) 

400 ·1 

The figlll'('s in brackets represE'ut nItrate mtrogen (in p.p.u •. ) reduc.ed in ea.ch case. 

The salicylic aei? method yielded not only low but also highly dis­
cordant v~lt:es c;SpccI",;lIy after 'wet' digestion. It appeared l)robable 
t~at the mtne .aClc! wh:ch was fir~t formed, was too dilute to effectively 
~Itrate th~ sahcyhc .aCId so that It was subseqnently lost by volatilisa­
tJon. ThiS conclUSion was supported by the obsel-vatiol1 that nitrous 



33 

fumes (HNO, and NO,) could be detected in the escaping vapours. 
Moreover, separate experiments carried out with salicylic and nitric 
acids of different strengths showed that nitration of the former was 
never complete in presence of water. 

The foregoing observations are in accordance with those of some 
of the previous workers (Mitscherlich and Herz, lac. cit.; Gallagher, 
lac. cit.; Fucher ct al, lac. ·cit.; and others). It has been suggested by 
Ranker (1. Assoc. Off. Agric. Chemists, 1927, 10, 230) that accurate 
estimates can be obtained if the specimens are first evaporated to com­
plete dryness on the water-bath under vacuum. Snch a procedure is 
inconvenient and will be difficult to follow especially when there are 
large numbers of determinations to be carried out. 

Reduced iron 1I1cthod.-Schenke (Chcm. Ztg., 1893, 17.,977) and 
Greaves and Hirst (Suil Sci., 1917,4, 179) recommended the Ulsch­
Kje!clahlmethod (lac. cit.) for determination of total nitrogen. Oslen 
(lac. cit.) reported that nitrate nitrogen even up to 1,000 p.p.m. was 
completely reduced by ferrum reductlfnt in presence of sulphuric acid. 
With a view tu verifying this, 5 g. lots of the three soils used in pre­
vious studies were treated with varying amounts of nitrate and the 
reduction carried out according to Olsen using 5 g. of pure reduced iron 
in each case. The suspensions were then digested in the usual way. 
The results are given in Table IX where allowance has been made for 
the nitrogen (0.004 per cent.) present in the specimen of reduced iron. 

SoH nsed 

Lowland, surface--Cuttack 

Heavy black, surface-Indore 

Light clay, surface--8ho]apur 

TABLE IX. 

Nitrogen in p.p.ill. (Averages) 

Soil alone. 
(Control) 

764·7 

5:H·0 

386·:] 

Soil + 203·2 
p.p.m.ofN 
as nitrate 

963 ·7 
(198·0) 

7~5·5 
(191·5) 

530·1 
(193·9) 

Soil + 406·4 
p.p.ill. of N 
as nitrate 

1119,0 
(384':,) 

92~l .. 1 
(389 .. 1) 

717 ·6 
(3Rl·4) 

The figures iu bra,ckets refer to nitrate (as p.p.ro. of N) reducea in each casf'. 

It would be seen that 'fairly accurate values are obtained by the 
method, more than 95 per cent. of the added nitrate being included in 
the estimate of total nitrogen. 'l'he method was, however, tedious in 
view of the fact that a very large amount of iron was found necessary 
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and offered difficulties during distillation on a~count of the b~llky f.erric 
h droxille being precipitated. Moreover, smce reduced Iron Itself 
c';ntains some nitrogen, a blank determination had always to be carried 
out. 

Reduction in alkaline media.-Some previons workers (Devarda, 
Z. anal. Chem., 1894, 33, 113; Mitscherlich and Herz, lac. cit.; Cahen, 
Anal'\,st, 1910, 35, 307; Van Slyke, I. BioI. Chen~., 1911, 10, 15; 
Valmari, Bied. Zentr. o 1914,43,217; Burgess, lac. ctt.; Knecht,.T. Soc. 
Chem. Ind., 1915, 34, 126; Allen, lac. cit.; Gallagher, loc. cit.; Van 
VVijk, lac. ~it.; Payne, loc. cit.; and others) have dra:wn a~tention. to 
the fact that reduction of nitrate proceeds more effectIvely 1ll alkahne 
than in acid media. With a view to determining whether anyone of 
them was particularly suitable for the estimation of organic nitrog'en, 
some experiments were first carried out using Devarda's alloy in 
alkaline medinm for rednction. It was observed that when known 
amounts of nitrate solution (with and without soil) were treated with 
even minute quantities of Devarda's alloy in presence of 3-4 per cent. 
alkali, the reduction proceeded rapidly in the cold and was complete in 
130 to 2 hours. Usc of stronger alkali resulted in considerable vola­
tilisation of ammonia, while, with a more dilute alkali, the reduction 
proceeded very slowly. Even with 4 per cent. alkali, it was found 
essential to safeguard against volatilisation of traces of ammonia by 
the use of some acid trap. This was achieved by using a rubber 
stopper carrying a bent thistle funnel with a little glass-wool soaked in 
dilute (1 : 10) sulphuric acid. After reduction was complete, the 
acid in the funnel was washed into the Kjeldahl flask with small quanti­
ties of water. Concentrated sulphuric acid (20 c.c.) was then added 
to the soil suspension and the digestion completed as usual. It was 
found that although the method worked out satisfactorily, there was 
always a danger of back-suction of acid if there was any fall of 
pressure in the Kjeldahl flask before the reduction was complete. 
Moreover, the use of a separate trap was often inconvenient. Con­
sequently a simpler device was tried in which one or two circular strips 
of dry filter paper were thrust half way down the neck of the Kjeldahl 
flask and made into a kind of seal after which they were wetted with 
dilute sulphuric a~id. This arrangement also acted as an efficient trap. 
A fter the reduct10n was complete, the papers were thrust into the 
flask. and digested. along with th~ soil. As the filter paper contained 
no. mtr~gen and d1gested very qU1c~ly, it.s inclusion did not in any way 
a.fiect e1ther the progress of the d1gestlOn or the subsequent distilla­
llon. Wads of ~Iass-wool soaked in acid and pushed half way down 
the. neck of the KJ.eldahl flas~ also proved efficient in preventing volatili­
sa~101!- of ammoma. In th1s case, when reduction was complete, the 
aC1d 1? the glass-wool was merely washed down the flask with small 
quantlt1es of water and the glass-wool removed before digestion. 
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Some experiments were next conducted with a v1ew to reducing 
the time needed for reduction of nitrate. The flasks were fitted with 
the glass-wool traps of the type described above and the contents 
raised to gentle boiling over a low flame. It was found, however, 
that owing to condensation of water vapour, the acid in the glass-wool 
was soon carried down into the flask. As the result of this, the 
efficiency of absorption was lowered and a part of the ammonia was 
lost by volatilisation. It was further ohserved that when the alkaJi­
nitrate mixture was kept warmed at about 50c

, the rate of reduction 
was not very much quickened, at least one hour being ncede,! for com­
pletion in most cases. Since even at the laboratory temperature (25 0

_ 

30°), the reduction proceeded to completion in 10 to 2 hours, and since, 
during that period, the reducing mixture required no attention, it was 
considered desirable to adopt that procedure. 

'rhe estimation of total nitrog'en was carried out as follows :-­
The soil (5 g.) was weighed out into a Kjeldahl flask and treated with 
20 C.c. of a 4 per cent. solution of pure potassil1m hydroxide. Finely 
divided Devarda's alloy (0.5-1 R.) was then adcled and the neck of 
the tlask fitted with a wad of glass-wool previously soaked in dilute 
(5-6 per cent.) sulphuric acid. The mixture waS left as such for 1 Y; 
to 2 hours, after which period the acid in the glass-wool was washed 
into the flask by 'repeated small quantities of water and the glass-wool 
removed. Concentrated sulphuric acid (20 c.c.) followed by the salt 
mixture (about 5 g. of K, SO, and 0.5 g. of CuSO.,.5FLOJ were 
then added and the digestion completed as usual. In Table X are given 
the results obtained according to the above procedure with a few typical 
soils. 

It may be seen that fairly accurate estimates of total nitrog'en C:ln 
be obtained according to the above method. In some cases the soils 
contained as 1l1uch as 500 parts per million of nitrate nitrogen, so that 
the above procedure may be considered to be quite reliable for inclusion 
of nitrate in the estimate for total nitrogen. 

Nitrate reduction followed by o:cidatiz'e digestion.-With a view 
to determining whether digestion in presence of oxidising agents can 
be successfully combined with preliminary reduction of nitrates, the 
following experiments were carried out. Samples (5 g.) of the Indore 
and Cuttack soils were treated with known quantities of nitrate amI 
the preliminary reduction in alkaline medium carriecl ont as detailed 
above. The suspensions were then treated with 20 c.c. each of con­
centrated sulphuric acid and 5 g. of barium peroxide together with a 
small quantity (about 0.5 g.) of copper sulphate and the digestions 
carried out for one hour after the fumes began to appear. In anot1:Jer 
set of experiments, the soil suspension was treated with 20 c.e. of 6 per 
cent. hydrogen peroxide together with acid (20 c.c.) and the usual salt 
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TABU X. 

] 'I Nitrogen in soil treated )1 I· Total N ill II 
II soil ("Vet' I with ~ltrate II Error per cent. 

Soil type I in the e:-,timate i method) II 
Expected Pound ): 01 tot.l:<r 

[, p.p.m. I 
II .I p.p.m. p.p.ro. I 

II i) 
927 ·0 :1 1·3 Red loam-Bangalore 

"I! 
565 ·8 

Ii 

939·0 

I: l;ight clay-Sholapur "] 337 ·2 537 ·2 532 ·4 1·0 
I " 

Light e1ay-Sholaput . '11 337 ·2 [ 737 ·2 732 ·1 I' 0·7 
[I ,I 

r,o\\Jand. paddy-Cuttaek .. I, 767 ·6 II 967 ·6 965·3 II 0·3 
" 

,I 
I, 

Lowland, paddy-Cuttac.k. ·Ii 767 ·6 1168 ·0 1158 ·0 I, 0·9 

Hcavy bl3,ok-Kagpur "!i 626 ·1 Ii 812 ·7 806·7 
Ii 0·7 .I 

II 
,I II 

Kalar-Sindll "II 722 ·4 'I 1096 ·0 1108·0 
II 

Bh.ck cotton-Indore 532 ·5 !I 732 ·5 730 ·0 0·4 .. ' 

Black cotton-Indore 

I 
532·5 

,) 

932 ·5 918·5 
\ 

J ·6 

Ii Peaty-Tra vaneore 5201·0 5574 ·0 5550 ·0 

II 

0·5 

Peaty-Travancore "II 
I' 0·9 5201·0 
Ii 

1)761 ·0 5731·0 

TABLE XI. 

Nitrogen in parts per million (Averages) 

Soil, heavy black, surface- 11 Soil, Lowland 8urface-
Indore il Cuttack 

Treahnent 

I
, Soil ! Soil+200 \ SOil+400il Soil II Soil +2 001' Soil+400 

alone ! P.~~~ of P'lN~~ of I alone p.~~~ of P.PN~~ of 
! (control)! nitrate nitra.te I (control) nitrate nitrate 

*H,Oo-6 per cent. [I 529·3 \ 926·4 Ii 763·2 958·0 1162·0 
(2il 0.0.)-45 ruins. I I 

llaO, (5 g.)-l hr ... \ 534'0 726·8 II 921·2 1\\ 761·0 

'Wet'-l hr. 516·9 712·2 898·4 732·1 

Ii \ II!, . '1] 532·5 730·0 918·5 767·6 

932·1 

1149·0 966·4 

1146 ·0 

'Wet'-I} MS. 965·3 1158 ·0 

*" After correction fat' the nitrogen in hydrogen perox.ide . . 
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mixture and the digestion conducted for 45 mins., after the fume-st;:tge. 
The results thus obtained together with the values for 'wet' digestion 
for 1 and 10 hours respectively, have been set forth in Table XI. 

It may be seen that digestion in presence of hydrogen peroxide or 
barium peroxide is complete in a shorter time than that in presence of 
water alone. 

DlSClJSSION. 
The results of the present enquiry have thrown much useful light 

on the relative merits of the reduction of nitrates in acid and alkaline 
media. In either case, ammonia is formed through the intermediary 
production of nitrous acid or nitrite. But, since nitrous acid is un­
stable in acid media and since the reduction of nitrate to nitrite would 
appear to proceed faster than that of nitrite to ammonia, it follows 
that acid reducLion methods involve accumulation of nitrous acid in 
the medium. Such a condition would result in some loss of nitrogen 
partly (by decomposition) as nitric oxide and nitrog·en peroxide and 
partly through interaction with soil nitrogenous matter. On the other 
hand, the alkali nitrite which is formed in the intermediary slages of 
nitrate reduction in alkaline medium is stable and is not lost in any 
manner. 

When the reduction is conducted in alkaline media at the ordinary 
temperature, only traces of ammonia tend to volatili se, but even that 
can be easily trapped by the acidulated g·lass-wool or filter paper COnE' 
inserted in the neck of the flask. During reduction, the K jeldahl flask 
is preferably closed with a rubber or wooden stopper, so that none of 
the ammonia from the atmosphere may get absorbed by the acid trap. 
No further attention is needed so that, although the reduction takes 
between 10 and 2 hours, it involves no strain on the worker. 

, It would thus seem that reduction in alkaline medium combined 
with digestion in presence of an oxidising agent is a rapid and higlily 
eHici:ent way of estimating total nitrogen including nitrates. The tech­
nique is applicable to all types of soils and there is no correction 
to be applied except when any of the commercial brands of hydrogen 
peroxide containing a nitrogenotls preservative is used as the oxidise,·. 

As already indicated, the main drawback about reduction in add 
media is the formation of fairly large quantities of nitrous acid as 
intermediary product. The rate of formation of that acid, as also 
its subsequent reduction to ammonia, arc dependent on a number 0 f 
factors, the most important among· which are probably the nature of the 
reducing agent and the concentration of the acid employed. The sub­
sequent operations of digestion and distillation would no doubt be 
greatly facilitated if the pl"Oducts of reaction are soluble in both acid 
and alkaline media. A systematic enquiry designed to throw light on 
the above and related factors has been undertaken and will form the 
subject of a later communication, 
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SUMMARY, 

1. Preliminary reduction of nitrates in soils by means of ferrous 
sulphate, zinc or Devarda's alloy in acid media yields fairly accnrate 
values fur total nitrogen only when the quantities of mtrate are under 
40 parts per million (as nitroge.n). When. larger quantJt1e~ are 
present, the reduction of nitrate ~s gener<;tIly II1complete, rcsultmg 111 

low estimates of total mtrogen bemg' obtamed. 
2. In acid media, reductiou of nitrate is more complete under 

conditions of 'dry' digestion than under those of 'wet' treatment. 
3. Evidence has been obtained to show that in acid media there 

is partial loss of nitrogen through interaction between nitrous d.cid 
(formed through reduction of nitrate) and the nitrogenous constituents 
of the soiL Similar loss of nitrogen takes place when nitrates are 
reduced in presence of proteins and their degradation products. 

4. 'fhe salicylic acid method yields low estimates of total nitrogen 
(including nitrates) especially in presence of water. 

5. Use of reduced iron in acid medium gives fairly accurate 
values for total nitrogen, but has certain disadvantages since 
(a) certain conditions have to be carefully observed during reduction, 
(b J reduced iron itseli contains nitrogen and necessitates performing­
a blank, (" J large quantities 0 [ the reducing agent are llsually needed, 
and (d) distillation is rendered difficult because the precipitated ferric 
hydroxide causes violent bumping. 

6. Nitrate reduction by Devarda's alloy in presence of 3-4 per 
cent. alkali proceeds very satisfactorily and is complete at the laboratory 
temperature (25-30") in umler two hours. Based on this observatiun, 
a simple method of estimating total nitrogen in soils is described. The 
method g'ives correct values for soils containing even upto 500 parts 
per million of nitrate nitrogen. Digestion after nitrate reduction can 
be ha~tened by addition of oxidising agents like barium or hydrogen 
perOXIde. 

7. The nature of t be factors responsible for the incomplete 
reduction of nitrates and consequent loss of nitrogen from acid media is 
discussed and future lines of work indicated. 
. Th~ author's thanks are due to Prof. V. Subrahmanyan for his 
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