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Determination and Isotope-Ratio Analysis of Different Forms of Nitrogen 
in soils: 3. Escliangeable Ammonium, Nitrate, and Nitrite 

by Extraction-Distillaiion Rlethodsl 

.I. 31. I ? I I E ~ I X I : I ~  ASII  1). R .  I ~ E E S E Y ?  

ABSTRACT 
hlrthods ofdclermininp errhangeable ammonium, nitratc, and 

nitrile in soils are desrrilwd. The? involve rrtrarlion ofthe soil 
sinipk with 211 IiCI (10 ml/g ofso i l j  and analysis ofthe ertrnri 
I t !  slram-distillation methuds in which magnesium oxide i s  usrd 
::r dislill~tion amnnnnium, ball-milled Drvarda alloy r,,, 
:cdiir l iw of nilriltr and nitrite tu ammonium. ant1 sulfaamit mid 
for dcsIri1clion d nilrilc. Thc distillation nwhoda are rasid, 
iarcurillc. and p r w i w ,  h a w  high sperii~rit?. and are applicable to 
Iurlid, culurcd, nnd unfiltered soil extracts. They give quantila- 
livr reroler! or amnllmium. nitrate, and nitrite added l o  soil 
cxtracls and permit nitraces isotope-ralia analysis these fnmms 
of ~ i i lropcn in S1!,.trarcr studies of nitragm transformations 
in soil.;. 

Table I-AMIss~s of soils 

- .  . .. 
: . L L . i  , I::. .;.. i i , i 





5i<l  IlIlEIIISEIl ASLl KKESES:  I>ETER>IISATIOS OF DIFFEIlEST FORMS OF S IS SOILS: 3. 

Table 2-Ammonium-N extracted b) shaking inruhaled soils 
with IiCl solution (10 ml!g of soil) lor 1 hr 

Table 4-Ammonium-K extracted by shaking ineubaled soils 
with 2~ KCI (10 ml!g of soil) lor dillcrenl l imes 

'Table 3-Ammonium-S eitrurtcd by shaking incubated soil6 
with dilTcrvnt wlunies  of 2Af KCl for 1 hr 

Table 5-Analyses ol  filtered and unfillrrcd soil cxtracls by 
slesm-distillation mrlhnds described 

Extraction Procedure 
D ~ ~ r ~ l o p w c ~ , l -  Sincc 1,rcliniinary ~ o r k  uzing soils 2, 5, G, 

and 7 slioned tlint nitratc and nitrite nddcd to hlicse soils 
were rc:idily estracted hy a short (5-  to IO-min) pcriod of 
slinking \r,i:li natcr  or dilutc IiCl solution, the problcm of 
developing :UI estrnction Imwcdurc for dctcrmiuntion of es- 
di~i~ge:e:ihle amnioiiiuni, i i i tra~r,  3nd nitrite 1x1s hsiwlly that 
01 liiiding I I  s:itisf:irtory liCl trc:itlncnt, for estmction of 
ervl~an~r:iblc aniniuuiuni. The extraction Ixncedure rccon- 
mei~ded d c r c l q d  from E t  u d i s  using different volunics mid 
conceniratians of liCl solution snd different sbakin:: tiiiics. 
l'liesc rtudirs showd  that ,  iyl ieu nn cquili1)rium eatract.ion 
tcclu)iqur is usrd. the aiiiount of ainlnoniiim estradrrl from 
Foil; lby IiCI nolutiun ti:. room fcmpcr:iturc is esscniially 
masiiii:il i f  2.11 liCl i s  u i c d  ond :lie soil ,saniplc is shakcn irith 
this rcagcnt for 1 111. using I O  nil u l  2.11 liCl/g of soil. l'liis is 
illustrnted tlic data in Tablcs 2, 3, and 4, w J ~ i ~ b s l ~ ~ ~ r i l ~ e  
effects ol varying thc concentration 01 the l i c l  solution used 
for cstraction, the volume of 2.V IiCl/g of soil, aud the time 
of sI~:!kiiig with 2.11 IiCI on the amount of ammouium 
estrncted I q  IiCI solutio11 from various soils. To ensure 
accurate rvaluation of i l w c  cfiecis, the soils st.udied aere  
i u c h t r d  under rvaterloggcd conditions a t  306 for 4 w e e k  
and nir-dried before use 60 that  they nould contain BD 
anorecinble amount of eachsneeable ammonium. It can be -,~. - 
w n  that  the amount of animonium extracted by the 281 KCI 

r 70 I: i C  n 77 
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employed contains tlir equivnlent of 20 ineq cd  I i / g  of soil; 
and that i t  il- not. increscrd.il tlir nieq of Ii/g of .soil esceerls 
t h i s  viluc or i f  the t ime of slinking is inrrrnnrd. The 3 1  IiC1 
cxtrxt ion protrdure x a i  adqit r r i  la,r.:iiiw use of 211 IiCI 
instead of 1.11 IiCI reduce.; thr size of the aliquot of cstxici 
requircd for $atisfartor>- analysis by thc stcani distilhtion 
methods dcecrilxd, and annlysr: of zevrrnl soils slimed t h a t  
the rc:ults obt3iIled using 2\1 1iC1 for cxtrartion I u d  e l i~ l l i l y  
biglrer precision tllsn those obtained using 3.11 KCI or 411 IiCI. 

FiUrafioii-Soil estrscls prepared by tbc procedure reconi- 
mcndcd need not be filtered for analysis by the steam-dis- 
tillation methods descrikd flnble 5). Moreorcr, tlie aliquot 
of unfiltered extract taken for analysis need not be frce'of 
suspended soil material beeause the distillation methods of 

H-17 
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I Table G-Ilerowrics of ammonium-N, nitrate-S, and nilrile-N b j  methods described 

91 . a  
81.5 
!l i  . 4 
79.6 
97.4 
9C.G 
92.7 
67 .2  
9D.G 

100.0 
W,,! 

1lKI.5 
W.6 
99.1 

t00.o 
1w.1  

!I?. 9 
!*!4.9 

100.6 
! m G  

l l M . 3  
l(Y1.1 
99 .4  
09.6 
118.6 
U!L6 

100.0 

P9.8 
99.8 
9!3.!; 
99.7 

1MI.G 
99.3  
99.3 
!ls.II 
99.8 

100.1 
114.0 
1W.I  

YD.8  
1W.I 

11fl.o 
Iu0.U 
IW.0 

w . s  

91.G 
D!I . D 
4!L6 

100.1 
Y9.G 
U9.!i 
1GO.9 
(rP.9 
99.6 

IM .0  
99.S 

100.2 
1w.1 
100.1 

Y 9 . U  
V9.8 

100.0 
9 9 . 8  

.. . . 
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iiitr:ilr, : 1 1 ~ 1  nitrite ntldcJ to v*riuu> $oils. I3erovwir -  \ v w c  
d m w i n i ~ i ~ ~ ~ l  by nnxlyziiis exlrnets obtained 1):- s11:ikiiig I0 g 
of soil !villi 100 1111 of 2.11 IiCl n i d  10 nil of s~nnd:ird ( ~ I ~ I I I ~ O I I -  

i u i n  i ilitrntc + nitrite)-S solution for 1 Iir, the Intter 
iu lut im lcin: :idrlc.d imnnedintrly I~efore or s f tcr  lllc ndditioii 
d 2.11 KCI> s i d  by cul,tr:rctiog ilw animonium-S, niinte-S, 
: i i i d  i i i :r i ic-S ~-:iIiws olnnincd in nnalyses of e x t m c ~ s  u1)13inrd 
1)y s11:ikiiig 10 p of soil with 100 nil oi ?.If IiCl nnd 10 ml 
of !v:i~ev for 1 111.. I t  e:iii be secu that the nic~lrod.~ riewibrd 
gave qi i~ i~ t i i : i t i rc  recorcries of aninionium-S, iiitr:ite-S, and 
nitri1e.S udded to ioils nfier nddition of KClI snd thatl  n h e n  
tlicse f u m s  of nitrogen \\-ere addcd before addition of KCI, 
their recoverit-$ :iver:iped 90.6, 100.0, and M.i:;, rr?~terlirely. 
Failure to  nrliicr-e q i ian t i ta t i~c  recovery of nn~iiioiiiiini nddcd 
I ~ l o r c  ndditioi: of IiCI is rendily explicnble on IIw grounds 
that thr SA u-cd had the cn~xwity t o  fix ammonium. Work 
i i i  progress indicntcs t h n t  the failure to  obtain roni]~lctely 
quantit:itirc rerorery uf nitr i te-3 added b d W C  :idditioii of 
1iCI is due io cI~eiiiic:~I ~lecoinpo;ition of nitrile I,?. soil 
roiistiturnt?. 

'l':il)le 6 also shows Oatn oLinined in slurlie- l o  d c t c r i n i i ~  
t11c rwoverir? I>y tlie 71 cnn-distillation proretiurrs ~le.wil~cd 
of :~nimonii~ni, iiitratr. arid nitrite ndded to ?.I1 1iC1 extracts 
of coil .A. Tlir rxtr:i<'ts :ised were prepared hy sli:ihiiq 10 g 
~ I I I I ~ ~ ( ~ . ~  of ? ( d c  wit11 100 in1 of 2.11 IiCI lor 1 hr  and filteriitg 
I h r  i~:iiIiiiig ~ i i ~ ~ : e ~ i r i o ~ ~ s ~  and the reroyeries reporird rvcre 
rnlrnil:ittul l i un i  :rri:slyse. of 20-nil aliquots of these estrnrts 
I d o r c  :i11<1 d r e r  nddition of 5 ml of standard (amnionium + 
nitraic + iiitrite)-S s~lii t ion.  Eseliangeahle animoniun-S. 
i i i t r n ~ e - S ,  :ind (nitr:itc + nitrite)-h' were detcrrnined by thc  
prorctlures r ~ ~ c u n i ~ ~ i e r ~ d r d  for deterniinntion of tliese forms 01 
nitropw in thr Ipreience of nitrile, a id  nitrile-S !vas calculaled 
h?. diffwenrc. It  can be s e n  tha t  the distillation procedures 
described gave quantitatire recoveries of aniinonium-N, 
nitrate-S, and nitrite-S added t o  KCI extracts of all soils 

wz!-maiic hydrolysis of sinides during prepla t ion  of estrsets .- 
inr this determination. We have Ixcn unnble t o  confirm his 

enzymatic aetirity during a-traction of soils treated with .....'. :*' 

I 
: 

fiiidings using unnn~ended soils, I~u t  hare h e n  able to detect . ' I 
urea. Ke found, for example, that the values obtained ~JI... 

.~.. studied. ~~ . .Similar:.$tudies. .shqned _tha 
--procedures alx, gave qunntitative recoreri 

be stored safely for up to 24 hr a t  25 C and for u p  
5C. Filiwed e~ t r a r t s  can IF stored far nt Icn't 45 days at 25 ammonium. nitrate, or nitrite zhould neither cause nor permit. 
H-18 i 

Iddo;ic:il or 1ini1iiulupir:~l rr:aciim~ wl)ic.l~ 1<,:!~1 1 1 ,  a11 iiivrc3se 
or dccrense in the amoun1,s 01 Ilie:e 1 0 j . i ~  of nitrogen, Tl1e 
recovery tcsls re]~orlcd i n  Tslile G i n d i w t c  t l u t thc  estrsciion 
~~roccdure reronin~cndetl inieris t l i i  Irrjuircnient. and other 
tests pri.lomed supporl t l i i b  r ~ ~ ~ ~ c l u ~ i ~ m  \\-e fouiid~ lor 
csnniple. ih:ii ihc  re.~ulis of roil nn:~ ly~cs  I J ~  t he  ~ r~e i l~ods  
(iescrikd :ire not nffcctrd if the 2.11 KCI used lor extraction is 
trented i v i t h  toluene to illhihit iiiicmbinl tr:n5forniitjons 
of inorpiiic fornis of nitrogen during cstractioii. IYc also 
tested t he  ~iu;sibilily 111:it. use of :! i i ~ n i i r ~ l  extractant such as 
2.11 KCI niipht lend 10 clicniics1 dc~on:~:a;irio:~ of nitrite 
during extrsrt ion of acidic snili or to vdatilizntion 01 onimon- 
iuni during ez t rx t ion  of cnlcareouz soils, but were unnl~le to 
detect Euch reactions ill recovery s1udit.s using soil 3 (]JH 4,s) 
:ind suniples of soils I ,  2, and S treated nitli CaCO, (lOYO hy 
wight.). Xerertlicless, we recomnie~~d that the estroction 
~'rocedurc reeoniniended lie c11eekt.d by recovery tests if it is 
to be applied to  highly scidir 01' mlcareour soils and quantita- 
tive anulyses for n i t r i l e  : i i d  eschnngcnble a n i n ~ ~ n i u n ~  are 
deeired. l h c  lilcrntuw on drtermin:ition of nitrite iti soils 
shon-s that the  inslsbilit?. of iiitriie i n  acidic media has not 
L r e n  fully appreciated and thnt swcr:11 rvorker~ h n w  used 
:xidie re:igcnts for e z t r a r t i ~ n  of iiiiri!e (2). 

The possibility 1ha1 ni inl~se;  of zoili fur inoi gmic  forms 
of uitrogeii nu\ be vitioted b y  cnzymntic. renctions during 
1xepnration of rxtrart> for the-r m:iI?ses de.scr\-es attention 
lierause i t  is n o v  ne11 estublislied tha t  soils rontaiii a variety 
of c~izymes enpable of transfurniing n i t  roeennus compounds. 
Dnsherskiy (5) obtained sonic e~-idenrr 111nt the detei.minn1ion 
of rxchnngcnble. ammonium in soils mny lr: comljlicnted by 
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:MI for U I I  t u  4 mimtlir if kclit i1i n refrigerntor :~ t  5C. 13bk 7 
:Imvs ilnt,n olitniii~d iii :I study nf tlic cRcrt ofstorinf 2.11 KCI 
estrnctz of \Yeb;ter soil. 

Steam-Distillation Procedures  

Spcc;,fidy O M /  i,ilcrjcrr,ice Irstz-Tcsts usiuf 09 organic 
nitrogen compounds, including amino acids, ])urine 3lld 

11yrimidiiic derivatives, and ~lk:ili-lnbile substances such 3s 
amiilcs and Iiexosaniiiiei, .sho!vcd thnt the steam-distillntion 
nictl~odi of andyeis deecribcd lind high .sperificity aud thnt 
only twu compouoda, namely glucosnn~inc and g:~I~ctosamine, 
yirldcd dclectnblc a~nountn d : ~ n ~ m o ~ ~ i u m  u~ldcr  thc condi- 
tions of these methods (4). If a soil cstrart rontained a 
sipificsnt. amount of glucosa~ni~ie or g:ilnrtoianiine, intcr- 
ferenee by these hcsossniii~es i n  an:ilyses for nninioi~iuni, 
nitrnrr. and nitrite coukl be eliininnted by uie of the methods 
for :~ni ino~i iu~n-S,  (nninii~niuni + nitr:ttr)-K, nnd (nmmoiiiu~~i 
+ llitratc + nitriti,)-S, : I I I ~  rduc t io i i  of tlie t in ie  of di:tilln- 
t i w  i n  the method for anii~ioiiiuni-X t o  2 mi11 (4). Honrver, 
hexoramines arp so Inhile in nlkaliiie medin thst their pri'scnre 
in a11 extrart an:ilyrcd for aiiinioiiiiiin by .zteani distillntion 
~ i t h  \Ig@ can re:idily be detectrd I,? studying thc effects 
of ur>-ing the amount of 3 1 8  3lld thc time of distillation (1), 
and such studies sliiiwed thnt hcxo~a~nines  are eitlrer com- 
pletely abscnt from IiCI estracts of soils or are prr.scnt in 
puVl~ low concentration t h a t  they d o  not release measurable 
amounts of smmonium under the conditions of the hlgO 
distillation method recommended for animonium analysis. 

potas.;ium phosphate lruficr (pI1 8.0) or with Can was 
identic31 t o  thc nmount rcleared I)?. NgCl distillntion. The 
data in Tnble t? also shon that t h e  resullc nhtnincd hy the 
.\lgO-Dewrda nllriy riislillntioli method of dctcr~nining 
(anmioniuni + nitrate + nit.rite)-S w r c  nut  nffrcted if tlic 
period of distillation wiic inrreased i o  G min. Other stticlies 
sho\wd that the rrsultn obtained n-it11 soil extracts 11y thc 
methods for dctrrmiiintin~~ of nitrate-X'. (nmii~onium + 
nitrate)-S, sud Oiiirntc i n i i ~ i t e ) - S  \wcsi~nitnrl? unaffcriccl 
if the time of distill:itio~~ w i s  iiici.c:~seiI t i l  fi min. TI,? results 
usin:: S:ION for ~ l i ~ l i l l n l i ~ ~ ~ ~  rnrri.ly mnfirni previous c\-idcrrce 
thnt soil cxtractr rolitnin or:nnir n i t r u p ~  r o m p o ~ l ~ d s  which 
decompose rvitli fnrn~ntinn nf  an111~0niun~ n-11e11 distillcil w i t h  
stl.ong alkali. 

Srudice of thc  effcrts of various cations :md aniolls on alie 
steam-distillatiori niclllods of anal? deswilxd I1ax.e alrearly 
been rrportcd (4), and it. ~uffires here i o  state that extensive 
tests indirate illat tllesr mcthods arc not subject. to  intcr- 
fcrence hy inorgmic or organic substances present in soil 
estracts. This conclusion is supported by the findings tha t  
these methods give qunntitativc recovery of ammonium, 
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Tnblr 9-l'rccision of melhods 

1 k ~ : i r d n  11110>- mid 1IgO i s  nfirrird liy tlic l i t c z c ~ t c r  uf nil  

: i Iq>rcc i : i lk  m t r r t ~ t r : ~ t i ~ n  of di.qsolrcd 1dmpI~:ttc or silicate 
(J), 2nd t l in t  tlic tiivtlioik of 311:1lgsie inr.ol\-ing use of Dcvnrd:l 
:alloy rniinot, tltcrcforc I IC npldicd i o  soil extrnctn obtnincd I,! 
trentiiig s(ni1.G rr-it.li ~il ioipl~sie  or silicntr solutions. 

:lrraror!i ni rd  prcr;*im-Y'hr stmin-ili.tillntioi~ prorediires 
dccerilrd zivc qiiniititntire results n . h n  npplicd t o  ? O m 1  
:~liquots of sr,lutions rnntnining up to 100 pg/1111 of ~ I I I I I I O U -  

ium.X, nitmtc-K, :ind nitritr-S (4), :mi Fire qti:mtit:ltive 
rworcry ai 3ninioniutll-S, n i t rn t r -S ,  :ind nitrite-S 3ddcd to 
soil extracts (TaWc G ) .  

Tlie luph ~>re~:iaioii of tine extr:~rti~tt.~liz~i~lntio~t methods 
ai snalysir is i l l ~ t ~ t r a t r d  by Table 0, ~rhirli sFbo\vs results 
01)tniiieil .Iig 11trsc mcrl i~~d.:  i n  repl ic3te nunlg.scs of air-drir.11 
Pr im~l inr  soil ( < 1 IIIIII). TIIC d3in in Tablc 9 : ~ k o  sho~v that 
the rrsults by ilicse meil~ods urin:: 2 or 5 g of roil tmre 
idcuticnl to, and 3': prcciee ns, tlioac ol)tainrd using 10 g of 
soil. Tests using soils 1, 3, 4 ,  3nd 6 sliotred t h a t  t,lie results 
obtainwl I y  tlic rstr:irtion-distillntio~~ mctlwde with field. 
moist. < 1 mni sniiij~lc.~ of tllr.*e soils w r c  ns prcriw :IS il~osc 
obt3 ind  ivitl i  air-dried cnmplcs. 

:lp/xtrii/ii.s ond rcoyrir~-1)~rri]1tion of the  i~cs~n-dizt i l la-  
tioil methods has h e i i  sim])lified I,?. sprcifirnlion t,hat. 
di.stillntion fl:tsl;s fitted ~ i t h  II side-arm bc urcd. This 
sidemni is not required slim tlic nietliod of nnnlysis does not 
involi-e addit,ion of Dcrsrda alloy aiicr remo\-nl of 3nunoniuiii 
by stesm distillation with M ~ O ,  

The Ifgo used for distilhtion of ninnioniuni is ignited to 
remove cnrlmnnte and stored in sn nir-tight container to 
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