
369

NITRATE ION ELECTRODE METHOD FOR SOIL
NITRATE NITROGEN DETERMINATIOIT

Routine analysis of soil No;-N is common in soils research and soil testing

laboratories. Where leaching does not remove nitrate from the soil' for ex-

ample. in the semiarid "r.^, 
3f western Canada, the nitrogen soil test consists

of 'rn."ruting soil No;-N conrenr by the phenoldisulfonic acid -technique-
This techniq"u" ..quir.s erpensive reagents. and extracts must be filtered and

evaporated i'o d.yn'"r, befoie reagents ?or color development can be added.

The recently developed niirate ion electrod_e could. provide a suitable

alternative technlque for'nitrate determination. It is claimed to be specific

for the nitrate ion, and operates bv the development of a potential across a thin

layer of water-immiscibft ion ."ch"ng.r. The apparatui consists of a nitrate

i"1, "f*,r"J";, " 
..f,"-"f reference ele5trode, ana i |H meter with an expanded

millivolt scale. The technique is similar to pH measurement'

soils were shaken with distilled water (1:5 or 1:10 soil-watel ratio) for

30 ;in- Approximately 20 ml of supernatant were transferred to a 50-ml

beaker. The electrod.r'.u.r. jmmersed. the mixture was stirred by a laboratory

stirrer with a glass shafr and paddle- ( a magnetic stiffer gave. lcss,llliable results ) '
,^J.n. por.,i,irl in millivofts read withi"n 15 to 30 sel. after drift had ceased.

A calibration curve rvas obtained using standard nitrate solutions. The curve

was prepared on semi-logarithmic papEr with electrode Pg'.t"t11 on the Iinear

axis,^ani nitrate conceniratio., on^th. Iogarithmic axis (Fig. 1). The curve

deviated from linearity belorv 0.5 ,rg N,/ml. Despite temPerature comPensa-

tion. some dav-to-daY'changes occurred in the standard curve'
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Frc. 1. Standard cun'es obtained with the
extracting solutions.

Frc. 2, Comparison of nitrate elecrode and
75 Saskatchewan soils.

can. J, soil sci. Yot. or, tuo-*il ttoutl

'Saskatchewan Institute of Pcdology Publication No' R30'

"Model g2_07, orion Research Inc.. ll Blackstone street, Lambrldge' i\lass. (rzrrv.

oo
I-U
Uo
6z(rI
F'OOuz.)
UO

F

E.

=z

E

z
o

z
tr
E.
Fzu
z
o
z

F
E.

=z

PHENOLDISULFONIC ACID METHOD
(As Noi - N/e )

nitrate electrode for nitrate in several soil-

phenoldisulfonic acid methods for nitrate in
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Effect of interfering ions on the determination
nitrate in two standard nitrate solutions

(1 and 10 pg N/ml)

lVol. 48

fable

Nitrate present (pg N/ml)

1.

of

Ion added
and

concentration

100

Nitrate measured (pg N/ml)

1.0

No addition
CI- 0. 1 meq/liter

1

5
HCOa- 0.1 meq/liter

1

5
NOr- 0 2pgN/rnl

2
10

1.0
0.9
l -J
46
1.0
1.1
4.2
1.()
l..t
J_.1

0.0
0.4
0.3
4.5
0.0
0.0
4.0
0.0
0.0
2.8

Sevenry-fiv_e soil sample_s were selected to cover a wide range of organic
matter,_No"--N (0-40 ugN/g), CaCO, (I-ZO./L) and salinity (i-eS mihos/
cm)' Nitrate was determineil by the saskatchewan soil restine Laboratory
using the phenoldisulfonic acid method on dilure cuso-Ag"Son"extracts.

Anions other than nitrate interfere with nitrate determination. Those
causing the largest interference, such as clo;, clo" , I , are unlikely to be
Present in soils. others, such as cf, HCO,-, are common in soils ind did
interfere when present in sufficiently high concenrration (Table l). Sulfate
and phosphate Cause little or no inierfeience. Nirrite interfered, ihe efiects
being more severe at low nitrate levels (Table 1), but ammonium seemed ro
have little or no effecr.

Repeated determinations demonstrated the precision of the technique,
standard deviations belnqyely small (Table 2). We had difficultv in obtaining
complete recoverv of added nitrate in some soils (Table 2). Less than 90"ri
was recovered in two soils initially high in nirrate. The reason for the poor
recovery aPPeared to be the lowei senlitivity of the instrument at high ni'trate
levels. Higher recoveries would be expect-ed with a l:10 soil-warer extract.
using the phenoldisulfonic acid method. an averag'e of slT" recovery was ob-
tained from nitrate added to the same five soils.

Table 2. Precision of determination, a,nd re:covery of added nitrate from soils using the nitrate
"t".,r.a", rt r- -/

NOr- - N (pglgt

Soil onlv

Soil Mean S.D.*
Soil plus

added NOr- - N
Percent

Difference Recovery

t02
99
98
87
85

0.0
0.1
0.0
0.2
0.4

2.0
5.2

tz.J
17.8
3r .2

l.)
1

34
10
78

zl.5
30.0
37 .0
39.5
525

z.)..)
24.8
24 .5
2r.7
zt..t

+Five separate determinations on each soil-water extract.
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Close agreement was found between soil 
-nitrate 

by the nitrate electrode

and phenol8isulfonic acid methods. In the 75 soils tested, the largest dis-

lt.pJ".y was 3.1 itg N/g, and the correlation coefficient was 0'991 (P < 0'001)'

Thi regression lini y 1 o.zse * 0'981r, where y : nitrate by,the electrode

and r 3 nitlate by phenoldisulfonic acid, accounted for 98'2% of the total
variance (Fig. 2).

The nitrate ion electrode was equally efiective for nitrate in filtered or
unfiltered soil extracts. Extracts of *.tel, dilute CuSO-Ag,SOi and saturated

CaSO. all gave similar results (Fig. 1), while 0.5 N ammonium acetate and

0.5 N NaH"CO" proved unsatisfactoiy. Il 2 M KCl, electrode potential did not
change with nitiate concentratio.r, ,hd this extractant was thus-unsuitable. No
."tt"it".tt proved superior to water. The possibility of so,il nitrate measure-

ments in t:2 or 1:1 soil-water slurries was^investigated. Low nitrate values

were obtained, particularlv in the l:1 extract o1 hig.h nitrate soils. This. prob-
ably was ""rri.a 

by inc6mplete extraction, but lncreased concentration of
interfering agents may have contributed.

In these tests, the major factor afiecting rhe accuracy of the method
proved to be interference by other anions. Niirite, which occurs rarely in field

ioils, and then usually at iow concentrations. should be of little importance'

Where nitrite is explcted or known to be present, the interference can be

diminished by the oi" of sulfamic acid to destioy nitrite ( 1) ' Bicarbonate and

chloride inteiference should be small in most arable soils. The method should be

used with caution on known high-chloride soils (for example, Elstow Asso-

ciation) or on samples from dep?hs exceeding 60 cm. If necessary, chlorides

may be precipitated with silver sulfate (1).

While not as yet sufficiently accurate_ for exacting research use' the nitrate
ion electrode technique appears to be suitable for soil tisting and. routine labora-

tory analysis of nitiare.' 'The speed of the analvsis is partic-ularly attractive.

With an 6xperienced operator. using wide-necked extraition bottles for direct
insertion of'the electrodes. the r.t. 5f analvsis should greatly exceed that of the

phenoldisulfonic acid method.

1., Bnouxon, J. M.
(ed.). Methods
Wis.

1965. Inorganic forms of nitrogen. -of soil analysis, part 2. Agronomy 9.
pp. 1179-1237. ltt C. A. Black- ^Amer. Soc. Agron., Madison,

-R.J.K.MYons,
-E. A. Paur.

Departmeni of Soil Science,
Unlversity of Saskatchewan,
Saskatoon.Received March 13, 1968.
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