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ADAPTABILITY OF NITRATE SPECIFIC ION ELECTRODE

FOR NITRATE ANALYSIS IN TROPICAL SOILS
V;{BalasupramanjanTATand T.ZKanehiro~/

" INTRODUCTION
The Titerature on ‘soil” nitrate analysis reveaTs nurierous ‘colorimetric
’and distiTTation methods for NO3 determination in soil ‘ahd plant extracts.
;Many such methods are time ‘consuming and comp11cated and’ they requ1re
fspecial equipment and chem1caTs

In tne past decade, several selective ion electrodes have been intro-

{duced as" a quick means of determining specific jons in soTutions The
Znitrate eTectrode s one such introduction that has gained wide usage in
:recent years Many workers claim that this electrode procedure for nitrate
fanaTysis is simple, ea y, and rapid with no appreciable loss in accuracy (3-8).
:The'question of anion interference on NO3 eTectrode is very 1mportant “for

fthe successfuT empToyment of this method for nitrate ana]ysis In tropicaI

University ofuﬂawaii Honolu]u.



4. Extractio'of’NO3 for electrode process.

| _ ,:,,MATERIALS AND METHODS
General - The apparatus used consisted of the Orion Nitrate Specific
JIon Electrode, Model 92 07, a calomel reference electrode, and a, Beckman ’

{Expandomatic pH meter.

.....

as. CI ¥ HCO3, NOZ, and 5042 s which are frequently encountered in soils and
irrigation waters or added to soils through fertilizers and pesticides._ The
interfering anions at concentrations from 1. to 1000 ppm were. added to pure
nitrate solutions of known comp051tion, and then the nitrate concentration
was measured by the electrode

Electrode Calibration - The electrode was calibrated using the calibra-

;tion-curve technique with standard nitrate solutions which were preserv

iwith 0 02 ppn phenyl mercuric acetate., The calibration procedure was repeated
fdaily to find out the effect of time on standard curves.

ff QﬁExtraction of Nitrate for Electrode Method - Different extracting agents
(di}stilled water, 0.02 N CuSO4. 0.02 N NazHP04, and 2N KCl) vere used to

extract nitrate from various surface soils;g}_;t’

LA e_extractant“;erev
added to 10 g soil (oven-dry bas_slfand haken for 1. hour. and the’ clear: o
4



ﬁnitrate measurement. ‘The soil extract

m}distillation method (2) because the Cc1=

supernatant: solution was:used for

iconcentration'in that solution was too high to be employed for the electrode‘
'procedure. In all other extractants nitrate was estimated by the electrode.
'The NO3 values obtained with the electrode using various extractants were

lcompared with those obtained from 2 N KCl by the steam distillation method

RESULTS AND DISCUSSION

Interference - The measured potential for a nitrate solution containing

interfering ions is given by the equation

- SN i 1/n
'F = tonstant ‘ 2.3 F log (ANQ + Kxcx )

interfering;ant ‘oncentration C with a charge n The percenfaue
interference may be calculated as: follows

S | 100 K¢,/
Percentage interference = —g
R NO3

The common interferinq anions occurring in soils and having significant
selectivity constants are N02, Hcos, c17, and 5042" The results in Tables 1
vand 2vindicate that the above anions serfously interfered with nitrate
'measurement by the electrode. For a particular concentration of interfering
ﬁanion. the magnitude of interference increased with decreasing contents of |
'nitrate in the solution. solutions having less than 10 ppm NO4-N were affected‘
seriously The interference from 1" was higher than that from HCO3, both
enhancing the measured NO3 values over and above the expocted values. This

confirms the observation of Myers and Paul (6), but the HCO3 interference con

5



Table:1.- The effect.of various amounts of :interfering‘anions:on:the electrode
' | ‘measurement of nitrate*

gﬁ?ﬁ:geggﬂgd s ) e HCO3 as’ NaHCO3 80 42 as AgZSO4
PPm_'fjr', 1 ppm 10 ppm 100 ppm 1 ppm 10 ppm 100 ppm “1vppm 10 ppm 100 ppm

o };;0'0*' 'f; 1o 0 woo/loowomoo | 1;."60. 10,0 100.0
o 1400 10,040 41000 0,95 - 10.0 - 99:5. . 0.96 o 9.7 100.0
00 L3 87 1060 0.97 0.2 0000 0710 05 1000
100 " 3.20 1.0, 120 118 ;é]fo.,g;f 100.0 _,,_o.-,sl_' 8.6 . 92.0
500 5.20 12,2 "4’114 0 195 0.6 1000 061 7.3 9.0
1000 05800 130 1140 2,20 0.5, £ 99.0 - 0.61 6.7 89.0

*N03+N meéspfed by the electrode ut levels of 1, 10, and 100 ppm NO3-N.

Table 2. Interference of nitrate in nitrate neasurement by the e1ectrode in a
i« 10 ppm NOg-N standard so]ution ‘

Nitrite (N0O3) added, ppm.. 20 T 52107 <100 4500 - 1000
NO3-N measured ppm 4 ,]0\, - 9.8 - 10.8 ~ 19.5 40" 62




tradicts the results of Oien and Selmer-Olsen (7) The 1nterference from SO4
?was of a different type in that it depressed the activity of Noq. This may
'be attributed to the ionic strength effect as discussed below

The data in Table 2 shOw the interference of Noz'on‘the nitrate electrode.
:Nhen large amounts of NO2 were present (l00 ppm and greater), the magnitude
fof interference became large. At the greatest Tevel of NO2 (1000 pnn),
wthe original lO ppm NO -N was found to erroneously read 62 ppm Therefore,
tcare should be. taken to see that nitrite is not present in solutions used
:for this method '

~ The~valency effect.Of the cations accompanying the interfering anions
on sensitivity of nitrate electrode is shown in Table 3. As the valency
of cations accompanying the interfering anions increased, the magnitude
of anion interference on-nitrate electrode decreased. This may be caused
by the depressing effect of increased ionic strength (due to increased cation
valency) |

Since 504 possesses the Towest selectivity constant for interference,
it was sclected to study the ionic strength effect on electrode sensitivity.
It will'be noticed in Table 4 that the measured Nog concentrations of a
standard l0 ppm N03-N solution decreased with increasing jonic strength; in
the case of CuSO4 this decrease was stabilized at the ionic strength of
207 l4 X lO 4, According to Adams (1), ion pairing with 5042' is slight with
univalent cations but extensive with multivalent cations. Thus it is
probable that the reduction in the measured jonic strength cue to fon pairing
with 504 would be considerably higher in the CuSO4 system than in the
Nazso4 solution.. This might be the reason for the continued depression of
N03 activity with increasing 504 " concentration in the Na2504 system as

compared to,the cusod solution.



,_Tab1e~3 ..The:effect-of ‘ion: valgncy on nitrate determination by the

" electrode method*
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Table 4. The effect of ionic’ strength on'sensitfvity:of NO3 electrode

Concentration Custy NSty
of sulfate in et “ — e
the ‘solution, SOTENEE Measured " Measured

0000 7.4 10,0 7.14 10.0
0001 214 85 22.14 9.4
0.005 10714 8.0 82.14 8.6
0.010 20704 . 1T 157.14 8.5
0.020 407.14 7.8 307.14 8.0
0.030 607.14 7.8 457.14 7.8
.00 | 807.14 7.7 607.14 7.7
00s0  voor4 7.8 757.14 7.4

*1 = Calculated iohic,5£ﬁgﬁgth_33suming 100% jonization and no ion pairing.
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Effect of T1me on: Nitrate Standard Curve - The electrode shou]d be

ca]ibrated with standard n1trate so]utions, 0“ each extractant a separate
standard curve should be prepared If the readings are plotted on a semi-'
1og paper w1th NO concentratlons on the log sca]e and measured m1111v01ts

on the norma] scale. a straight line relationship 1s obtawned However, 1n
the presence of 1nterference, the curve deviates from linearity. For.instance;
when an 1rr1gat10n water containing 250- .ppm -of - Cl was used to prepare standard
solutionso the deviation of the curve from 11near1ty was very much pronounced
in the 1ower concentrat1on range of nitrates (Figure 1). It was also noticed
that there was a shift 1n'the nitrate standard curve with time (Figure 1).

The curves.constructed on two different dates showed a lateral displacement.
Therefore,. the eiectrode should be calibrated for each set of readings taken

at different times or days. |

Storage of Nitrate Electrode - When not in use, the nitrate electrode

‘was separated from the reference electrode "1d stored in a very dilute

nitrate solution (0.2 to 0.3 ppm N03-N) containing 0.02 ppm phenyl mercuric
acetate as a preservative (9). It was found that there was no detectable |
jncrease in the Nog concentrations of the solution (due to electrode leak-
;age) in which’the electrode was stored for several weeks. This is contrary
1to the observat1on of Mack and Saunderson (4) who reported excessive electrode
leakage during storage. With the kind of storage as mentioned above, the
perfgrmance of the nitrate electrode was observed to be good for longer
periods of time (4 to 6 weeks). This suggests that the electrode need not

be stored 1n a very concentrated NO3 solution as speculated by Mack and

Saunderson (4).

:xtraction of N03 for Electrode Method - The electrode compared very

weil with the steam distillation method for nitrate analysis. When 11

11



:Tab1e 5 Determlnation of N03-N (ppm) 1n varlous soil extracts by two methods

distillation mthod |

B JdEiectf°4e hétﬁbd'd'; de** d gfggT;latlon
DISETTed 0.0 0.0 method
S water - CuSOg NagHPOg 2N KC1

Soil. series ﬁextract }extract 'extract extract
Molokat silty c]ay -V 6.8 48 5.2
Waimea fine sandy 1oam ,~24‘8,Z;’1 h‘25.0~ ‘18.0' | 25g6‘
wah1awavsilty clay ”"'\f.éufk' | 18 0.7 l{ 2.8
Akaka silty clay 45,5 4.0 60.0° 50.7
Hilo silty clay Toan 34.5 42.0 n.0 4.4
Honokaa si]ty clay Toan 22.9 22.3 22.4 21.5
Maile silty clay Toan' 80.0 ~80.0 834" 78.2
Kawaihae stony loam 2.4 1.6 B2 1.6
‘Waikaloa f1ne sandy 1oam " 46;2 - ':45.0=' 45.8 45.9
Lualuale clay BRT IR P 10.2 12.1
Pahala fine sandy loam Cre5 0 UqEe” s
Correlation with the. steam 5 O.9§A_> ©,.10.996 ;~0;9§4=54 1/_ -

C. V. for abssiute di
ences between the ele
and the steam dist111
methods (%).

TG

+9:95
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,different surface soiis were measured for nitrate by the e]ectrode in various
‘soil extracts and compared with the steam distii]ation method (KCI extract).
4very high correlations (r O 984 to 0. 996) were obtained (Table 5)
th'_three extractants tried 0 02 N CuSO4 gave the highest corre]ation (r

0. 996) and thus was. shown to be an effective nitrate extracting solution for
the electrode method 1n the soiis studied This high correlation of the
.electrode method (Cu304 extractant) with the steam distillation method (KC1
_extractant) is- shown in Figure 2. Moreover the CuSO4 extract gives a clear
vsupernatantvso]ction\in-about 1 hour after shaking, facilitating the direct de-
termination*ot.Nog,in thetsuQernatant solution without any necessity for fil-
tratiOn. The percentage'coef;icient of variability for absolute differences
between the electrode and the steam distillation methods is minimum for CuS0,

extractant.

CONCLUSIONS
Anion'interference in the nitrate electrode method was found to be sig-
nificant;. The electrode can be used for N0§ analysis in soils containing
1arge-amounts of soluble salts if proper precautions are taken to avoid or
compensate'fOr the anion interference. This method is highly useful when
‘rapid determinations of nitrates are required in a large number of samples
nor in routine nitrate analysis. In between actual use, the electrode csn
best oe stored in‘a‘very ‘dilute nitrate solution to which phenyl mercuric

acetate is added as a preservative.

SUMMARY
The performance of nitrate-specific ion electrode in presence of inter~

fering anions was. evaiuated in this study. This was done by adding known

13
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r '”“"rfering anions to. ‘t*'dardﬁnitrate solutions and: then ‘esti-.
lmating:the amountfrf}nitrate by:tie e ectrode.: The following are the anionsg
1which significantly nterfered withlelectrode sensitivity and which are
'commonly found in tropical andrarid soils ?irrigation waters, fertilizers
kaand pesticides' NOZ’ Cl " HCO3, and SO4 | The magnitude of interference
'from these anions was large in: the lower concentration range: of’ nitrafes
o(less than lO ppm N03-N) There was a slight change in the nitrate’ standard
curve with time, and S0 - the electrode should be calibrated for each set of
;readings taken at different times or days In between actual use; the pre-
pared electrode can best be stored in a very dilute NO3 solution (0.2 to
0.3 ppm N03-N) and preserved with0. 02 ppm pheny! mercuric acetate solution.
?LCuSO4 solution (0 02 N) was ‘shown to be an effective Nos-extracting solution
for the electrode method in: the soils:studied. A high correlation coeffi-

: cient-(r = 0. 996)‘was obtained when the electrode procedure was compared
| with the steam distillation method for soil nitrate analysis.” Thus in
,soils with high soluble salts the nitrate electrode can be successfully
"employedffor,nitrate analysis if proper precautions are taken to avoid or

compensate for the anion interference.

15
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