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Determination and Isotope-Ratio Analysis of Different Forms of Nitrogen
in Soils: 3. Exchangeable Ammonium, Nitrate, and Nitrite
by Extraction-Distillation Methods!

Jo ML BreEmxer axp D. R, KEExEY?

ABSTRACT

Metheds of determining exchangeable ammonium, nitrate, and
niirite in soils are described. They involve extraction of the soil
sumple with 2X] KCl (10 ml/g of soil) and analysis of the extract
Wy steam-distillation methods in which magnesium oxide is used
tor distillation of ammonium, ball-milled Devarda slloy for
reduction of nitrate and nitrite to ammonium, and sulfamic acid
fur destruction of nitrite.  The distillatien methods are rapid,
accurate, and precize, have high specificity, and are applicable to
turhid, colored, and unfiltered soil extracts. They give gquantita-
tive recovery of ammonium, nitrate, and nitrite added to soil
extracts and permit nitrogen isclope-ratio analysis of these forms
of nitrogen in N racer studies of nitrogen transfermations
in soils.

NE METnop: CURRENTLY favored for deiermination of
T exchangeable ammonium, nitrate, and nitrite in soils
involve extraction of these furms of nitrogen and analysis
of the extraet by colorimettic or distillation techniques. The
defects of these methods have been discussed in a recent
monograph (2}, and it suffices here to sav 1hat most of them
have serious Dmitations.  For example, the extraction
procedures commonly used for determination of nitrate or
nitrite by ecolorimetric methods a1e not satisfaetory for
defermination of excbangeable ammonivin, which means that
ot Jeast two extractions must be performed when analvses for
exchangeabde ammonium. nitrate, and nitrite are required,
Al some of the extraction procedures used lead 1o biologieal
or nonhiclogical reactions resulting in an inerease or deercase
in the amount of the form of nitrogen under analvsis or vield
extracts which are unstable and cannot be safely siored before
analyziz, The main defects of the methods generally used for
determination of inorganmie forms of mitrogen in. soil extracis
are that they Jack =ensitivity, are subject to inferference by
organic or inorganic soll constituents, are inapplicable to
furbid or colored extracts, or arve tedious and time-consuming.

Development of 2 method for determination of exchangeable
ammonium -n soils is complicated by lack of generaily
aceepted definitions of exchangeable ammonium and fixed
ammonium. The Soil Science SBociety of America (9) has
recommended  definition of ammonium fixation as “the
adsorption or absorption of ammonium ions by the mineral or

organic fractions of the soil in a manper that they are relatively -
insoluble ip watér and Telatively unexchangeable by the usual
~-methods of cation exchange”; but it-has not proposed defin
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tions of fixed or exchangeable ammoniuwm.  However, most
workers have found it convenient to define fived (nonex-
chaneeahle) ammonium as ammoninm which i: not extraciable
by 1M KCL at Jaboratory temperatures, smd, sinee this
definition has gained considerable aeceptanee, it seems Jogieal
to define exchangeable ammonium as anmunonium which iz
extractable v 1.0 KClat room temperature. 1o the methods
uf analy=is described here, exchuangeable sinmoniom in soils is
arbitrarily defined a5 amnonium extreactable By 23 KCI at
room {emperature, beeause it has heen found that use of 2
KC has proctieal advastages snd that the amount of
atimoniwm extracred from soils by 23 KO s ddentical to
the amount extracted by 1.0 KCL

The objective in the work reported was 1o develop
methods of determining exchangexble ammonium, nifrate,

and nitrite in soils in which only one extraction of the soil

sumple is required for performance of these analyses and the
extraet can be stored for some_time before analysis, Addi-
tiona! requirements were that the methods: should be rapid,
specific, and precise and should })e]:mmo
analvsis of eschangeable ammonium, nitrate, and nitrite in
Nivtracer studies of nitrogen transformations in soils. The
methods dezeribed have been found to meet these require-
ments. They involve extraction of the =oil =ample by shaking
it with 20 KCI (10 ml/g of =0il) for 1 hr and analysis of the
extract by steam-distillation methods in which 1he form of
nitrogen under anglysis is converted to, and estimated as,
ammenium, which is readlly oxidized io nitrogen gas for
mass-spectrometer assay of N (R), The distillation tech-
niques employed have been deseriled (4). They involve use
of ignited magnesimm oxide for distillution of ammonium,
finely-divided Devarda alloy for reduction of niirate and
nitrite to ammonium, and sulfamic acid for destruction of
nitrite (NH.S0;H 4+ HNO. = N, + H.80, + H.0}). They
are rapid, accurate, and precise, have high specificity, and are
applicable 1o turbid, eolored, and unfiliered soil extracts.

MATERIALS

Soils—The soils used (Table 1) were surface (0- to 15-cm)
samples previously air-dried and erushed to pass 2 2-mm

Table 1—Analyses of soils
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sieve, In the analyses reported in Table 1, total wmitrogen was Axavysis oF EXTRACT WHEN NITRITE 15 PRESENT |
s . - - - . . - - . .

delermined by a semimicro-Kjeldah) procedure (1), organic Ammontum-N—Add 5 ml of borie acid-indicator solution to

carbon by the method of Mebius (7), pH by a gluss electrode a Zo-lilf El"ilem;ilt‘)if-'r ﬂi}sk n!mrked ltO lndlcrﬂt']: a \'olumé:_ of 1]30 ml I
il fren g . . o dae Taer and place the flask under the condenser of the steam-dist ation i
('\Ol]/“'."’er ratio, 1:2.5), and eation ‘e.\(.hangc capacity by the apparatus 0 that the end of the condenser is about 4 em above {

ammonium acetate procedure deseribed by Juckson (6).

the surface of the Loric acid. Pipette an aliquot (usually 20 m])
of the soil extract into & distillation flask and add 0.2 g of MgO
through a dry powder funnel with g stem reaching into ithe bulb

q N ] of the flask. Attach the Hask to the distillation apparatus by
hiE%*{%gil\?‘g]ﬁlgfgli%?ﬁgﬁ?{g; OF spiral steel springs with loop ends and commence dislil_lutiun
s , ; : ' by clozing the stopeuck on the steam-hapass tnbe of the distilla.
NITRATE, AND NITRITE tion apparatus, When the distillate reaches the 30-ml mark I
ou the receiver flusk, stop the distillation by opening the stop-
Apparatus cock on the stexm-lnpass tubie, rinse the end of 1he condenser, !
Steam-disiiitation apparatus—The apparetus used has been amd determine ammanium-N - in the distillate by tivration with
deserilid (35 1t s designed o that flasks Hitted with standard- Go0aN H.50, from « n-n}l nn_t:r_-t;lmruiic gr::rhmu:d at ‘(_l.m-‘ml
taper (19°38) ground-glasy joints can be used ac dissillition inervals (1 mib of (LOUAN HB0, = 70 ug of NHeXN) The .
chambers. Before use, the apparatus should be steamed out for color chunge at the end-point is from green to g Permanent,
shout M min 0 remove traees of ammonia, and the rate of fuint piuk, o . . :
steant generation ehould be adjusted so that about 7.5 ml of (Nitrate +- nitrite )N —After removal of ammonium-N from I
diztillute are collected ‘min. the sample as deseribed in the previous gection, remove the
hisiillation flasks—The flasks used are 100-ml Iieldahl flasks stapper from the side-:em of t]n(t fhask, add 0.2 g_nf Devardsa alloy i
fitted with o 'si(h-:u'm. stundard-taper ground-glass joints, and through a dry powder funnel with a stem r_o.'lu-hmg into 1.hr: flask
glus hooks, the neck of e side-arm beiug fitted with a standard- about | e below the base of the groumd juim on the side-arm,
taper pohvethvlene stopper (4), The flask dimensions should be ind 1“”“‘?‘111"}9!.\' replacy 111‘{-‘"‘1}]‘?" i the neck of e side-urm. ‘
sucl that, when the fasks are connected to the distillution Theu determine he ammoniw-N fiberated Ty steam distiltation ,
apparatus, the distanee between the tip of the eteam inlet tule as described in the I‘_I‘L'\‘iml:“ seehion. ‘
and the bittem of the flask is approximately 4 mm. (Ammonivm + nilrate < wilrite-N —Follow the  procedure
' deseribed for determination of ammanium-N. but add 02 g
of Devarda alloy to the distillation flask immediately after
Reagents addition of MgOQ and before conncetion of the flusk to the dis- I
s . P : o E tillation apparatus. -
o e KT B s o e e Contin & it Y—Folon e prscodme deeived
£ n l'b -8 for determination of (ammonium = pitrate + mnitrite} N, but
LU.”UI’]‘J‘!::‘.::;HN oride—Heat heavy magnesium oxide (I.8.P.) pefm-e ﬂ.dd.mm.' of :\15_'0_.“"(] De\'ard.:x 3“03." treat t]:e_smnple
in zn elevtric mufife furnace at 600 to 700C for 2 hr. Cuol the m 't]]w Idls};”al:l?n_ﬂ"“l}‘. \_\:th'l :]“] of 3"!"“"‘? acid S?Jluf“(_)f] and
product in o desiceator containing KOH pellets and store it in E“-Ut l']?t tasﬂ (’;._‘1.”(_ ;‘. o oo ‘.--.t(o - estroy nitrite before con- i
a tighily stoppered bottle, “L(,\.l.?l'-‘rl ‘\? ]l?c l‘lm'l ‘; mn_'ill)?:j”‘l_l:j'p“.b ! for determinat; i
Buric acid-indicator solution—Prepare as previously deseribed j“ r_r? ('; : o ‘.O“ ‘\Ep lPlOtf l_l;r( ""}L“(m I '0‘1.'_ N erml'l'm :c;n
@ L o A o AT o sl
“.i{l)(;,:;fﬂua';tg_:‘?s:ﬁL;;:iig“iﬁg";'fl]:g;ulll;eqc u(]:f“i]t ti:,?”p;;i:(‘; - n the procedure for determination of (ammonium + nitrate}N. - !
300-mesh sereen (4). . - N o
Sulfamic acid—Dissolve 2 g of purified sulfamic acid (4) in 100 AxaLysis oF ExyracT Waex NITRITE 15 ABSENT

ml of water. Store the solution in a refrigerator. Ammonium-N—Follow the procedure deseribed for deter-

Sulfuric acil—0.005¥ standard. mination of ammonium-N in the presence of nitrite,

Staredard (mmmonium = wilrate} N solution—Dissolve 0.236 Nitrate-Y—Fallow the procedure deseribed for delermination .
g of snmemium suifate and 0.36] ¢ of potassium nitrate in water, of (nitrate + nitrite ;N in the presence of nitrite. !
dilute the solution to 1,000 ml! in a volumetriv flask, and mix (Ammoniwon 4+ wnitrate > N—Follow 1he procedure described !
the solution thoroughly, If pure, dry reagents are used, this for determination of (ammeonium = nitrate =+ bitrite)-N in
sclution contains 50 #g of ammonium-N aud 30 xi of nitrate-N/ the presenee of nitrite. -
ml. Store the solution in a refrigerator.

Standard (ammonium + nitrale “+ wmilrite)-N  solulion—))s-
solve 0.236 g of amnmonium sulfate, 0.123 g of sedium nitrite, and

CoxTrOL axp CHECK ANALYRES

. - p - - . Controls should be performed in eaeh serics of analyses to - --
s g 1 . - . z
?11‘;611] gﬂoi;rlo);)ut:nss ;lrji';l gun;rs tig:!“:ltiﬁr’tﬁ ;11333250&2;:;’3]}:0(3 allow for ammonium-X derived from the reagents used, and the :
pure, dry reagents us,ed this l;olution contains 50ug of ;m- steam-distillation procedures should be checked at intervals by
] A are 3 = ot = - j . .
monium-X, 50ug of nitrate-N, and 25 ug of nitrite-N /m}. Store the analyzing 5-ml aliquots of the standard (ammonium + nitrate} A

P . ~N and (ammonium + uitrate -+ nitrite}-N solutions. Both °
solution in & refrigerator. E - solutions are stable for several months if stored in a refrigerator. ™

Sn s DISTILLATION PoR NW AwavysisT - -
R e e 7 S A = If"the ammonium liberated by  distillation in_the #ario
5+ Place 10 &:0f-s0il-in.& 250-m], “wide-mouth-bottle ind-add-100 - ‘methods of analysis deseribéd isto be analyzed Jor NS, modify
.mal of 2M KCl.-Stopper the bottle and shakeé it oo a mechanical - :
————shaker for'1  hr~Then-allow "the “soil-KCl & BUSpention to seitle
- ~until the supernatant liquid is elear (usually about 30 smin}) and
< perform the analynes described onaliquotaof thizliquid. If the KCl
57 extract cannot be dnalyzed soon after Ha preparation {within 24 -

: - . reported : 3
bir), filter the soil-KCl suspension (Whatman no. 42 filter paper) -~ ; e s
and store the filtrate in & refrigerator until analyses can he per- represent, the means of results of replicate analyses which
formed. were in close agreetnent. '
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BREMNER AND KFEEXNEY!

Table 2—Ammonium-N exiracied by shaking incubated soils
with KCI solution (10 ml/g of seil) for 1 hr

Molarity of K] solution

Ruil
no. 0.125 0.25 0.50 1.0m 2.0 4.0t
Ammonium-N extracted, ppm of pojl———-—
)] pid x4 29 24 (27, bl g 27429
2 5] 76 80 €1 (B2) 2 B2 (bi)
K] 85 11 05 Gty () YR 148 (88)
4 34 43 44 44 (5‘.’ ol 52 (Hh2)
8 230 237 242 246 {252) 252 262 (2n1)

; Figures in paremiheses are values Wanined vedpe 20 nd of 10w BClrp of
Fol

‘l Figures in parenthieses are valocs obtained using 5wk of 4.0m KClg of
sl

Table 3—Ammenium-N extructed by shaking incubated Soils
with different volumes of ZM KCl for 1 hr

Alilliditers of 2y KCl/g of soil

Soil ne
2 3 10 20
Anmoniun-N extracted, ppm of soil

1 29 2t hr hi
o Ty &2 82 B2
3 {4 ha B a8
4 44 49 2 52
& 238 234 252 257

Extraction Procedure

Devclopamend— Sinee preliminary work using soils 2, 3, 6,
and 7 showed that nitrate and nitrite added to these soils
were readily extracted by a short (5- to 10-min) period of
shaking with water or dilute KCI solution, the problem of
developing an extraction procedure for determination of ex-
changeable ammoniun, ritrate, and nitrite was basically that
of fmding n satisfactory KCI treatment for extraction of
exclangeable ammonium.  The extraction procedure recom-
mended developed from studies using different volumes and
concentrations of KCI solution and different shaking times.
These studies showed that, when an eguilibrium extraction
technique is used, the amount of awmmonium extracted from
soils by KCI solution a1 reom femperiture is essentially
maximal if 207 ITCT is used and the soil sample is shaken with
this reagent for I hr using 10 ml of 2 KCl/g of soil. This is
illustrated by the data in Tables 2, 3, and 4, which show the
effects of varving the concentration of the KCI solution used
for extraction, the volume of 23 KCl/g of soil, and the time
of shaking with 2M KCl on the amount of ammonium
extracted by KCl solution from various soils, To ensure
accurate cevaluation of these effects, the soils studied were
incubated under waterlogged conditions at 30C for 4 weeks
and air-dried before use so that they would contain an
appreciable amount of exchangeable ammonium. It can be

" secn that the amount of ammonium extracted by the 2M KCI
chmque -recommended - {10-m}- of. 2MJ{CI /8- oI_smI) WS

-:-of soil. ol by 4M_KCI usmg 5 m]/gqf sol ('_I‘able 2),- and that__

3t was'not increased if either the volume of 2M . KCl or the”

~ time of shaking recommended was increased" (Tables ‘3 and 4):

In-other “words, ™ these ‘studies showed  that>the “'amoun

‘of ammonium extracted by shaking “S6il 'with ‘K Cl solution- 8t

room temperature for 1 hr is the same whether 13, 234, or .

4M KCl is used, provided that the amount of KCl solution

H-17
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Table 4—Ammonium-N extracted by shaking incubaled soils
with 2a KCI (10 ml/g of soil) for different times

Ehaking time, min

Soil e -
15 30 43 40 120 480
Ammonium -N extructed, ppm of soil

1 26 27 27 7 27 27

2 81 B2 B2 £2 B2 B2

3 oG o7 u? s 98 a5

4 50 a1 32 52 31 52

] 237 240 2351 52 253 252

Table 5—Analyses of fillered and unfiltered soil extracts by
sleam-distillation methods described

Methoudy
Soil ne, Ixtract*
H B A 4 3
urof N, 20 0] of extrien

1 ¥ o E] 13 4 13
U b + 13 4 13

2 T & 4 12 4 12
U & 3 2 4 12

3 T a8 I8 44 1§ 34
v 20 16 44 15 44

FI 26 237 M3 418 313

1554 0 218 244 417 444

4 F & 4 12 4 12
5 & 4 r + )2

¥i 8 o0 "2 405 412

it 3 205 11 104 412

3 T 70 i 70 G 77
Lo T0 i 70 0 76

& T 16 ] pisid g o3
U 17 L] pisid G 22

* Exiracis were prepared by shaking soil samples with 2a KCT 00 el /g of
soil) for 1 hr. F, filered exirnet; U, unfiltered extrace. Analvses were performed
on 20-m) allquula of extrans.

t 1, ammonium-N3 2, pirate-N: 3. tunmionium -+ nitra1e)-N: 4, (nitrate +
nitrite)-N: 5. (ammomum + nitrate <+ nitrite)-N.

+ Aliquol of exteact (20 ml) was treated with 3 ml of solution tontaining
"Oﬂm: of nitrate=> (as KNO:) and 200 pg of nitrite-XN (a8 NaXNOz) intedintely
before analysis.

employed conigins {he equivalent of 20 meq of K/g of soili
and that it is not increased.if the meg of K /g of soi) exceeds
this value or if the time of shaking is inereased. The 23 KCl
extraetion procedure was adopted hecause use of 21 KCl
insiead of 13 KCI reduces the size of the aliquot of extract
required for satisfactory analysis by the steam distillation
methods described, and analyses of several soils showed that
the results obtained using 23 KCl for extraction had slightly
higher precision than those obtained using 33 KClor 43f KC1L

Filtration—S8oi1l extracts prepared by the procedure recom-
mended need not be filtered for analvsis by the sicam-dis-
tiilation methods described (Table 5). Moreover, the aliguot
of unfiltered extract taken for analysis need not be free-of
suspended scil material because the distillation methods of

_j.na]ysxs described are nof dffected by this material; ~However;

ipettes with wide tips should be used to sample supernatan

before ‘analysis because ﬁltered ext.mcts can be stored. safe]v
for.several weeks if kept in°a refrigerator. (Table 7): o e
'~ Recovery testi~—Table 6 shows Tesults of studies to detenmne
“the recoveries by the methods described of ammonium,

Vgulds that, are not clear, because: plpettw mth ﬁne txps T
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Table 6—Recoveries of ammaonium-N, nitrate-N, and nitrite-N by methods described

Recovery of N opdded 10 s0il, ¢

Recavery of N pdded to soil exrracts, §

Suil No. NHe-N NO+~XN NO+-N N-X NO~N NO~-N
A 2] A B A B

1 8.5 al.0 100.6 100.6 9.8 4.9 100.1 29.6 100.0
2 10, 5 84.5 i 0 ue. 6 a99.8 60,1 100.0 o949.9 po.8
3 ws 95,4 100.5 100.5 e _G 85.5 1002 w8 100.2
4 .8 78.8 w6 100.4 ba v Y66 9.8 00,1 100.1
5 w6 97.4 .1 ua.q 1606 48 .4 100.1 G 100.2
G 09 8 9G.6 100.0 un.g 0.5 8.5 u9.8 59,6 LR
7 100.0 92.7 100.1 w6 04.5 1.0 100,0 9.9 1.8
8 ba . & 87,2 O8] uu.b ug g 97.4 100.0 ot g oy 8
Avp, oK 90.6 .9 100.0 .8 06.7 100.0 948 100.0

* AL rundurd fsmnwenium - mlrm + nitrite)-N

nitrate, and nitite added 1o variows soils. Recoveries were
determined by anslyzing exiracls obtained by shaking 10 g
of =oil with 100 ml of 23/ KCl and 10 m] of standard (ammon-
am 4+ nirate 4+ nitrite)-N solution for 1 br, the latter
sofutiom being added immediately before or after the addition
of 21 IKCE and by subtracting the ammonium-X, niirate-N,
and nitrite-N values obtained in analvses of extracis obtained
by shaking 10 g of =oil with 100 ml of 23/ KCl and 10 ml
of water for 1 he. It can be seen that the methods deseribed
gave quantitative recoveries of ammoninm-N, mtrate-N, and
nitrite. X added to soils after addition of KCl, and that, when
these forns of nitrogen were added before addition of KC),
their recoveries averaged 90.6, 100.0, and 96.7 ¢, respectively.
Failure to achieve quantitative recovery of ammonium added
before addition of KC1 is readily explicable on the grounds
that the soils used had the capacity to ix ammonium, Work
i progress indicates that the failure to obtain ecompletely
quantitative recovery of pitrite-N added before addition of
KCl is due 10 chemical decomposition of nitrite hy soil
constituents.
Table 6 also shows data obtained in studies to determine
the recoveries by the steam-distillation provedures deseribed
of ammonium, nitrate, and nitrite added to 23 KCJ exivacts
of soilz.  The extracts used were prepared by shaking 16 g
samples of soils with 100 m] of 20f KCl for 1 hr and filiering
the yesulting =uspensions, and the recoveries reported were
caleulated from analvses of 20-ml aliquots of these extracts
before and after addition of 5 ml of standavd (ammonium 4+
nitrate + nitrite)-N ¢olution. Exchangeable ammonium-XN,
nitrate-N, and (nitrate + nitrite)-N were determined by the
procedures recommended for determination of these forms of
nitrogen in the presence of nitrite, and nitrite-N was caleulated
by diffevence. It cun be seen that the distillation procedures
described gave quantitative recoveries of ammonjum-N,
nitrate-N, and nitrite-N added to KCI extracts of all soils
. studied. = Similar - studies showed _that,_these. distillation
-—procedurm also gave quantxtatne recoveries of ammonjum-N;
— niteate-N, and_nitrite-N .added -to -water,-NaCl-and »K:S(l
o extracts...The sta.ndard (ammonijum ~+-nitrate +-nitrite)- Nj_
"_solution used in-the ‘recovery tmts-reported contained 200 -

T pg/ml ol Ammonium-N Tas (NH,),S0,), mtrate e-N (as KNO,),

" and nitrite-N (gs"’\'a NOy)?
" Changes during: extraction—

Tobe- .sausfacton' A method_

e\tractlon-dlstnllatlon procedure Jescnbed mcreased mgm.ﬁ

N solution was added 1o foil innuediately after wdditien of KCsrhmiwn: B, stunda:d fammenium + nitrate -+
Tt N salutinn was wdded to g3l Dineediately h(fc:re ndditien of KO solution.

bictegien] or nonbiologica) reactions which lead 1o an increase
or deerease in the amounts of these forms of nitrogen. The
recovery tests reported in Table 6 indieute that the extraciion
procedure recommended meets this requirement. and other
tests performed support this concluzion.  We found, for
cxample, that the resubis of soil anulyses by the methods
deseribed are not afiected if the 23 KCl used for extraction is
treated with toluene to inhibit microbial transformations
of inorganic forms of nitrogen during extraction. We also
tested the possibility that use of u neutral extraciant such as
2 KCl might lead 1o chemical decomposition of nitrite
during extraction of acidie soils or to volatilization of ammon-
ium during extraction of caleaveous soils, but were unable to
detect such reactions in recovery studies using soil 3 (pH 4.8)
and samples of soils 1, 2, and 8 treated with CaCQs (10% hy
weight). Nevertheless, we recommend that the extraction
procedure recommended he cheeked by recovery tests if it is
1o be applied 1o highly acidic or caleareous soils and quantita-
tive analyses for nitriie and exchangealle ammonium are
desired. The literature on determination of nitrite in soils
shows that the instability of nitrite in acidic media has not
been fully appreciated and that several workers have used
avidic reagents for extraction of nivite (2).

The possibility that analyses of soils for inerzanic forms
of nitrogen may be vitiated by enzymatic reactions during
preparation of extracts for these analvses deserves atiention
because it is now well established that soils contain a variety
of enzymes capable of transforming nitrogenous compounds.
Dashevskiy (5) obtained some evidence that the determination
of exchangealle. ammonium in soils may be comphicated by
cnzymatic hydrolyeis of amides during preparation of extracts -
for this determination. We have been unable to confirm his
findings using unamended soils, but have been able to detect

enzymatic activity during extraction of soils treated with ...
urea. We found, for example, that the values obtained in’

analyses of soils 5 and 6 for exchangeable ammonium-N by the-

L

used to prepare soil extracts for determination of exchangeable -
ammonium, nitrate, or nitrite should neither cause nor permit

nitr

oy

)

- i

It ¢

#]

“~_ar€ filtered ‘before storage, but- that unfiltered extmcts ca.n A

- be stored safely for up to 24 hrat 25 C and for up to48 hrat of d

5C. Filtered extracts can be stored for at least 45 davs at 25C g
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Table 7—Efect of storing fillered and unfiltered seil extracts on
the values obtained in their analysis for ammenium,
nitrate, and nitrite®

Yorape Tiltered extract Unfiliered extract
Tewper-
atuie Time KI-N NO:=-N NO~N NH+N NO=N NO—N

- dnys e of N/20 ml of excract

23 i 108 101 o0 108 103 an

1 107 1M & 108 102 51

2 108 103 50 107 103 41

4 10 102 50 11! m il

7 167 i1 41 113 L] 29

14 108 &0 32 140 54 24

21 108 70 a0 161 T3 19

3 0 ns 1111 51 107 103 51

1 108 103 L0 107 10K ol

d 108 104 a1 HIL 1103 51

+ 106G 101 S0 114) 10k 50

5 108 R a0 113 HOY =

14 g 104 al ety I a7

2] 108 103 50 140 116 12

120 107 104 a1 —_ — —

" tion of 2M KCl extracts of soils with. various alkaline: reagents

* Extracts were prepared by shakine 60 ¢ samples of sm] 4 with GO0 m) of
My RO solution eontaining .'} mg of smmoninm-N [ar (NH)504), 3 mg of
nitrate-N fus JWNCE) and 1.5 g of nitrite-N wns NaNO:) for 1 br.

and for up to 4 monthsif kept in a refrigerator at 3C. Table 7
shows data obtained m a stady of the effect of storing 2 KC1
extracts of Websler soil.

Steam-Distillation Procedures

Specifieity and tulerference fesls—Tests using 69 organic
nitrogen  compounds, including amino acids, purine and
pyrimidine derivatives, and alkali-labile substances such as
amides and hexosamines, showed that the steam-distillation
methods of anulysis described had high specificity and that
only two compounds, namely glucosamine and galactosamine,
vielded detectable amounts of ammonium under the condi-
tions of these methods (4). If a soil extract contained a
significant amount of glucosamine or galactosamine, inter-
ference by these hexosamines in analvses for ammonium,
nitrate, and nitrite could be eliminated by uze of the methods
for ammonium-N, (ammonium + nitrate)-N, and (2mmonium
+ nitrate 4 nitrite)-N, and reduction of the timme of distilla-
tion in the method for ammonium-N to 2 min {(4). However,
hexosamines ave so labile in alkaline media that their presence
in an extract analvzed for ammonium by steam distillation
with MgO ecan readily Le detected by studying the effects
of varving the amount of MgO and the time of distillation (4),
and such studies showed that hexosamines are either com-
pletely absent from KCI extracts of soils or are present
such low concentration that they do not release measurable
amounts of ammonium under the conditions of the MgO
distillation method recommended for ammonium analysis.

The finding that KC) extracts of soils do not contain organic’”” ~

‘nitrogen compounds which yleld dhmonium i alkaline media

DETERMINATION OF DIFFERENT FORMS OF N IN SOILS: 3, 581

Table 8—Ammoenium-N liberated by steam disiillation of soil
extracts with various reagents

Timiec of Lxtract*
Reagent distallation,
wind Suil 3 Suil 4 Zoil 8
Aminonium-N Kherated,
& 20 ml of extract
MgQ (0.1 ) 2 26 8 16
" 26 8 16
[} ] 8 16
MO (0,2 ) 2 -G 8 16
R o & m
il V] 8 6
MpeOQ 1.0 2 o g 16
I3 2 5 14
'3 o 8 16
Me(rio, ";:) -+ 2 44 12 29
Devardu alloy (0.2¢ R +4 12 22
': 41 1z o2
Potassium phesphiase bufTer, 5 an 8 16
1sm, pH 8.0 {10 ml} bid oy I 1A
[x} 4ty EY 16
Ca) (0.2p) hig 24 & 16
I 2 8 14
£ o0 5 1h
NaOll {0.2) bl A 12 20
Ir 34 14 26
L\ i) 15 2.
NaQH (1.0p) ° k1 18 38
I 44 24 50
6 A 26 52

¥ Extracte were propend by shabivg eed! seoy e w it 20 301 00 0le o
eeil) for 1 hr. Analyvses were perfurned on 20-m) alicuors of Nliered sxtracis.

t K. time used in metheds deserited fen. 3.3 nin); rate of distillation, ca.
7.5 m] min.

potassium phosphate bLuffer (pIl 8.0) or with CaQ was
identical to the amount released by MgO distillation. The
data in Table § also show that the results obiained hy the
MgQ-Devarda alloy distillation method of defermining
{ammonium + nitrate + nitrite)-N were not affected if the
period of distillation was increased to 6 min. Qther studies
showed that the results abtained with sail extracts by the
methods for determination of nitrate-N, (ammonigm +
nitrate}-N, and {nirate + nitsite)-N were similarly unaffected
if the time of distillation was incressed to 6 min,  The results
using NaOH for distillation merely eonfirm previous evidence
that soil extracts contain organic nitrogen compounds which
decompose with foarmation of ammonium when distilled with
strong alkah,

Siudies of the effecis of various cations and anions on the
steam-distillation methods of analvsie deseribed have alreacty
been reported (4), and it suffices here to state that extensive
tests indicate that these methods are not subject to inter-
ference by inorganic or organic substanees present in soil
extracts.

_ nitrate, and nitrite added to soil extracts-(Table 6) and that

_the results obtamed with soil extracts by 1 these methods. are

as rapidly” as_he\osam{ﬁii'_:']lustrated by_Table B “luch

It can be seen ‘that.the.amount - of ammonium liberated by
stea.tn dlstlllauon wlth MgO was not aﬁecbed 1f themount

of distillation was increased from 2 10 6 mm and that the

amount liberated by distillation with a nn]dl_\ alkaline

-—-;paper in -this -series-has-shown that-these steam ‘distillation ™
-methods -of -analysis have-such ‘high specificity and -are‘so ~"
® .nmaﬂ'ected by_sml -constituents that it is- possiblé to apply -~

“"them “direefly to ‘most types of 'soils (ie., eliminate the
extraction step in the procedures des_cnhed) Tt should bhe
noted, hnwever, that the reduction of nitruie und pitrite by

H-19

This conclusion is supported by the findings that -
these methods give quantitative recovery of ammonium,
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Table $—Precision of methods

g N e oof sail?

S0I1L %C1. 80C. AMER, PRoOcC., voL. 30, 1966

Amount of sel NMethod3

analyzed, g* Standnrd
Nange Avernge devintion

10.0 1 11-12 12 1.0

2 53-45 LE| 1.4

3 [ fits 1.5

4 53-05 54 1.4

L f4-07 o6 1.8

5.0 ] 11-12 12 1

hig A-53 5 1.4

3 i5-07 ity 1.1

4 53-5 53 1.3

5 Gh-t7 6l i.5

2.0 H 11-)2 12 1.0

“ 53-05 EL] 1.5

3 G4-67 6 1.6

4 -5 51 1.3

5 [ [ 1.2

* Eatruets were prepsred hy shaking soil samples with 2x KC Q0 m/e of
goil) fos 1 hro Annlvees were perforniued on 2kmd nliguots of fltered exitacie,

1 1, exchangenble ammonimm-N+ 2, nitrate-N: 3, {exchanpeable anuuonivm -
Bitrate)-Ny 4, (nitrate 4 nitrte)-N; 5, (exchangenhle nnmnmonivn + nirote 4+
nitrute}N.

T Resulis of G annlyzes of s0il 6 by each method-

Devarda alloy and MgO is aficeted by the presence of an
appreciable cancentration of dissolved phosphate or slicate
(), and that the methods of analysis involving use of Devarda
alloy cannat therefore he applied to soil extracts obtained by
treating soil= with phosphate or silicate solutions.

Aeccuracy and precision—The steam-distillation procedures
deseribed give guantitative results when applied 1o 20-ml
aliquots of solutions containing up to 100 pr/ml of ammon-
jum-N, nitrate-N, and nitrite-N {4), and give quantitative
recovery of ammonium-N| nitrate-N, and nitrite-N added to
soil extracts (Table G).

The high precision of the extraction-distillation methods
of analysis is illustrated by Table ¢, which shows results
obtained by these methods in replicate analvses of air-dried
Primghar soil { < 2mm). The data in Table 9 alzo show that
the vesults by these methods wsing 2 or 5 g of soil were
identical to, and as precise as, those obtained using 10 gof
soil. Tesis using soils 1, 3, 4, and 6 showed that the results
obtained by the extraction-distillation method: with field-
moist, < 2 mm samples of these soils were as precise as those
obtained with air-dried samples.

Apperatus and reagents—Description of the steam-distilla-
tion methods has been simplified by specification that
distiliation flasks fitted with a side-arm be used. This
side-arm is not required when the method of analysis does not
involve addition of Devarda alloy afier removal of ammonium
by steam distillation with Mg0Q.

The MgO used for distillation of ammonium is ignited to
remove earbonate and siored in an air-tight container to

profect it from atmospheric CO. hecause use of MgO contain.
ing carhonate can lead to liberation of COs which interferes
with determination of ammaonium by titration methoeds,

The Devarda alloy used for reduction of nitrate and nitrite
must be ball-milled to oblain a very finely divided produc
because the reactivity of this alloy inereases with decrease in

its particle size, and finely divided alloy must be uzed 1o

abtain quantitative reduetion of nitrate and nitrite within the
period of distillution recommended (4).

Calibrated glass spoons (9} ecan be emploved for addition
of MgG and Devarda alloy because i i not necessary to use
acarately weighed amounts of 1these reagents.

Reagent-grade  sulfamic  acid contsins  an
apprecinble quantity of ammoniuvm, and it usually requires
purifieation for usc in the methods deseribed, Rulfamic acid
is hydrolvzed in agueous selution with formation of ammon-
fum bisulfate (NH,SO0;H + H.Q = NH/HI0), but ihis
reaction i= very slow at 5C, and only 1race amounts of
ammonium have been detected I suHamie acid solutions
prepared as recommended and subsequently siared inoa
refrigerator for 6 months,

Additiuna]l information concerping the apparatus and
reagents used can be found in previeus papers (3, 4).

sometimes
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