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| This inmvestigation was undexritaken 40 develop a mew, rapid
and ;acwate method for the determination of nitrate im sea water,
base'd upon the polarographic reduction of nitrate im the presencs of
urangyl lomns.

_ , It has been found thet sulfate ioms doprese the reduciion
eurr!ent by a definite proportion depsnding on the chilerinily of the
water sample. For chlorinities in the range of 14 %o 12 ©/oo, this
effect is rather comstant. Fluoride iuterferes strongly with the reduce
tion[ ef nitrate, but the use of aluminum or zlrconyl salis may satisfac-
torily eliminate this effect, Other interfering ions and the selection
of péreaex’vative have also been discussed. A procedure for the determie
natiifon of nitrate in sea water hae bteen proposed and its validity tested.

It has been concluded that thls methed can bs used %o determine

nitrats in sea Hater of various types.
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Nitrate plays an impertant zrole in sea water although present
in very small amount, It iz comsidered ome of the mutrient salis upon
whi:.ch the biological actividty in the sea depends. Ecologlcal studies
im;rolving the nutrient salts nocessitats extonsive surveys and numercus
anallyaeso Methods for obtaining such data need be simple, rapid, semsi~
tive and accurates However, such a method for nitrate has been lacking
ané ecological studies imvolving nitrate analyses of ssa water have beon
disicaaragedo Previously reported data on nitrate have bssn obtained
mainly by the colorimetric "reduced strychmine® method of Harvey (1929),
This method has been investigated and revised by Zwicker and Robimsen
(1444) but at the best it is not convenient and the veliabllity of the
ree}mlts may be questioned, though apparently they avre reasonably accurate.

: In the present imvestigation, there has been developed a new
ma'ﬁhod of determination of nitrate in sea water, based upon ths polaro-
graphic reduction of nitrate ueing uranyl ions as catalysts The catalytie
effect of uranyl was Pirst reported by Kolthoff, Harris and Matsuyama
(19%44)0 The polarographic determination of nitrate with molybdate as

tha eatalyst has also been reported by Johnson and Robinson (1952) buk

lacked the sensitivity demanded for the deteorminatlion of the small amounts

of nitrate present in sea water,
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APRARATUS

The polarographic data were obtalned with a Heyrovsky Micro-
polarograph, Model X, calibrated by the method of Kolthoff amd Lingans
(1946) . 4in H~shaped electrolytic cell (Lingane and Laitineﬁ, 1939) with
a saturated calemel refersnce slcctrede as one arm connected by a polmse
siun chloride bridge was used, The capillary characteristic, /> t /6,
was 1,30 mgz/ 3 aec'l/ 2, The electrolytic cell was immersed in a thermo-
stat adjusted 40 25.0 & 0,1°C by a Pmerc~to-merc” thermo-regulator and a
"merc-to-mere” relay box (Precision Sclemtific Co.).

BEAGENTS

All chemieals used in this investigatlon were of reagent
grads. The various solutions were prepared with distilled water.
1. Uranyl Acetate Solution, 0.8484 grem of uranyl acetate cxystals,
U02(0H3000)2c2H20, vag dissolved in water %o ome liter., The concentration
of uranyl icm in this solution was 2,00 x 10~ M,
2o Aluminum Chleoride-Hydrochloric Aclid Reagenti. 3202 grams of alumimim
chloride crystals; AlCl3e6H30, and 83.3 ml. of 12 N hydrochloric acid wers
added to water ard diluted to one llter.  This reagent was 1 M in hydro-
chloric aecid and 0,13 M in aluminum chleride,
3o Fluorideefree Synthetie Sea Water. This wes prepaved according %o
Robinson and Spoor (1936) by dissolving per liter 23,38 grams of sodium
chleride, 33,9066 grams of anhydrous godium sulfate, 0.7455 gram of potas=
gium ehlm*iée s 10,676 grams of MgCly-6Ha0 and 1,47, grams of CaClse2Hy0.
This synthetic sea water bad a chlorinity of 19 parte per mille (%/oc)

o
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and the coneentrations of the varicus salis were as follows:s 0,40 M in
sodium chloride, 0,0273 ¥ in sodium sulfate, 0,0525 ¥ in ma.gnesit.lm‘ chlo~
ride, 0.01 ¥ in-potassium chloride and O,Di M in calcium chloride. Sya~
thejti.c sea water with lesser chlorini*éies was made by diluting this
solution with appropriate amounts of distilled water. |

Le Synthetic Sea Water containing Fluoride. This was made by diassolv-
ing in the above solution 0.0029 gram of sodium £luoride per liter, The
resz'ulti.ng concentration of flurcide ion was 7 x 1077 H, ,

56 ; Standard Nitrate Solution, A4 0.,00200 M sodiuvm ritrate solutlon was

|

used as the standard for nitrate.

|

!

Polasrograms wers obtained af.i;er the dissoived oxygen in the
vardous solutions had been driven off with nitrogen gas. The cﬁrren‘i}
due to nltrate was obtalned by measuring the current at «1.2 v. vs;; S.C.E.
and subtracting the curremt of an uranium blank, A1l potentials reported

in this work have been referred to the saturated calemel electrode, S.C.E.

Kolthoff et al. (1944) investigated the polarography of uranium
and found two waves in acid solution imdicating reduections of wranium VI
%o ju:r'am;?.v:lm V and uranium V to urenium III, They also found that, in the
preseace of uranyl jons; nitrate was reduced to nitrogen gaes at potentials
where the second uranium wave occurred. They offered the explanation that

the uranivm ITI formed at the cathode acted as am Mactivator" for the

o3



reduction of nitrate, A %ypical polarogram was shown im their paper.

They also reported that there was a linear relationship between the reduce
tion current and mitrate concentration when the uranyl concentration wae
above a certain limiting velue which varied depending upon the nitrate
eoncentration.

Since in Bea water the nitrate content ranges from zero %o
about 70 pg-atoms per liter, & uranyl concentration of 1 x 104 ¥ would
be needed for application of this method om the basls of the work of
Kolthoff et al, The reduction current should then be directly proportional
to the nitrate conéantration for the range imvolvad,

Preliminary investigatlions were made with solutions containing
various amounts of nitrate in 0.2 M sodium chloride and also in fluoride-
free synthetic sea water. To a 100 ml. portion of each solution were
added 5 ml, of uranyl solution end 1.5 ml, of 1 M hydrochloric acid and
the polarogram then taken, The results, recorded in Tables I and II and
plotted in Figure 1, indicate that the current is proportional to the
nitrate concsntration in either medium. The data obtained with nitrate
in 0,2 M sodium chloride solutions agree very well with thoss reported by
Kolthoff, Harrie and Matsuyama. I% should be ncted that the current in
synthetic sea water is scmewhat less than in the sodium chloride medium
due to the effect of sulfate. The halfewave potential of the second
uvranium wave was also found to be shifted from <0.95 v, %0 =1.,04 V. V8,
S.C.E. in the presence of sulfate, The effect of sulfate on the reduction
current of nitrate was investigated further in synthetlic sea water medis
of varying chlorinities., Since there is a definite ratio between ths
chlorinity and sulfate concentration in sea water, the amount of sulfate

u&an



TABLE 1

Diffusion Current of Hitrate in Sodium Chlorids Solutions

0,015 M hydrochlorigc a71d, 0.2 B &
uranyl acetate, m2/34L
at «1.2 vo v8. S.C.Bs £ 0,734 microamperes,

Nitrate Cone’n Diffusion Current K°' = 1/C
for Nitrate, mm ﬁa{;.\guato/lo
: x 102)

pg=ato/lo
2.0
6.0
10,0
20,0
30,0
40,0
700
100,0

0,037
0,110
0,175
0.356
0,527
0,718
1.242
1,699

Aversge value

6 g 1030 mgz

RSV

1.85

1,67

1,75
1,78

1,76

1.7
1.77
1,70

caconm

1.76

ide, 1 x 10°% M
s reeidusl current

K = 1/cu?/241/6
(x 102)
1.42
1.28
1.35
1.37
1.35
1.38
1,36
1031

1.35



TAELE II
Diffusion Curvent of Nitrate in Synthetic Sea Wakter Soluticus
0.015 M hydrochloric acid, sy?%he /%c se8 ws uer Cl °/oe =19,

1 x 10™4 H uranyl acetate, 2 1,30 mg 3se0™3
regidual cwrrent at =l.2 Ve V6o S.0.B. # 0,734 micraampareso

FEitrate Corc'n Diffusion Current  K' = 3i/C s i/bmef/ 341/6

geate/lo for Nitrate, na ug/mgggti/lo (x 102)
1.0 0,022 _ (2.2) {1.69)
2.0 04029 1:45 1,12
4.0 0,060 1.50 1.5
5.0 0.08% 1,62 1025
6.0 0.093 1.55 1,19
3000 0,154 1.54 1,19
20,0 0,304 1.52 1.17
30.0 0,458 1,53 1,18
4060 0,602 1051 - 1,36
70.0 1.026 1,47 1.13
10G.0 L0495 1.5C 1,15
Sverage value 1.52 1,17



DIFFUSION CURRENT, UA

0 ) ] | | | } | | |

0] 20 40 60 80
NITRATE CONC'N, UG-AT/L

Figure 1. Calibration Curve for Nitrate in Presence of
Uranyl in Scdium Chloride and in Synthetie Sea
Water Solutions.

Hifwe As 0,015 M hydrochloric acid, 0.2 M sodium
- chloride, 1 x 10°4 M uranyl acetate.

Curve B: 0,015 M hydrochloric acid, synthetic soa
water, C1 /oo = 19, 1 x 104 M uranyl
acetate, :

Current measured at =1.2 ¥v. va8, S.C.E.
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was varied accordingly, It was found that variations of chlorinity in
the range of 14 %o 19 °/oo had very 1ittle effect on the currenmt. When
the chlorinity became leas than 14 ©/oo, the currenmt increased as the
chlorinity decreased. Since in natural sea water the chlorinity is
normally within the range of 14 %o 19 ®/oo, it was considered feasibls to
obtain calibration data using a synthetic sea water of chlorinity of
19 °/oo, The nitrate concentration in actual sea water may be obtained
by using the calibration curve, the lower curve in Figure 1, or by using
the following equation derived from the Ilkovic equation (Ilkovie, 1934):
= (117 x 1072 /%) (0,
where 1 is the observed diffusion current due to nitrate in microamperes;
mz/ 31'.1/ 6, the caplllary characteristiecs; and C, the eoncentration of
nitrate in the sample in microgram-atoms per liter, The constant of
1.17 x 107 has been cbtained by taking tho ratic of eurrent in microe
anmperes to the product of the caplllary characteristics and the nitrais
concentration in misrogram-atoms per liter as gilven im the last columm
in Table II,

The effec? of hydrogen ion concentration on the current was
also studied. In neutral solutions nelther the secoand uranium wave nor
the nitrate wave occurred. When the hydrogen ion coancentration was too
high, the rsduction of hydrogen took place at about ~l.2 v vs. S.C.E.,
making the method impractical, It was foumd that the hydrogen ion con=
centration range of 0,005 %o 0,02 M gave the best resulis and the current
remained constant in this range for a given samount of nitrate. One and
a half milliliters of 1 M hydrochloric acid psr 100 ml. of sample gave
the desixred hydrogen ion concentration.

=8



VFhen this method was first applied to actumal sea water, only

uranyl and hydrochlorie acid reagents were added. It was observed that
the nitrate wave was distorted in such a manmer that the current could
not be measured due %o the lack of the flat diffusion currsnt reglon.
The half-wave potential was also shifted toward the more negative side,
bedng approximately «l.l ¥. vS. S.C.E., while the first uranium wave was
not affected at all, The distortion of the nitrate wave was found to be
due to the presence of fluoride lons in the sea water. Since the first
uranium wave was not affected it would seem that the uranium III ions,
forming at the dropping mercury elesctrcde, must have been reacting with
flnoride lons, The catalytic bshavior of urenium upon the reduction of
nitrate, vhus, was greatly reduced, causing tho wave to become ill-defined
ard the wave height to be much lowered.

If this method was to be applied succassfully to sea water
analyses it would seem necessary to firat removs interference by f£luoride
ion, Conversion of the fluoride to a stable complex ion appeared to be
the simplest means although it seemed conceivable that precipitation
methods might be successfully used, The efficicncies of a number of
cations complexing with fluoride were studied, using a fluoride=containing
synthoetic sea water medium. Ferric ioms were first tried but were found
to be unsatisfaciory. When the concentration of ferric iom was smsll, ths
effect of flucride was not eliminated completely. When concentration of
ferric ion was more than needed for complexing ‘the fluoride ions, the fer-

ric ions themselves were reduced, thus masking he nitrate wave., Alumimm
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and zirconium salts were next tried and foumd to give satisfaciory results,
Fhen the fluoride was complexed with either aluminum or zirconium the
nitrate wave was resiored and the wave helght bscame the same as in the
absence of fluoride. The minimum amounts of aluminum chloride and zire
conyl chloride reQuired to prevent the interference of the fluoride in sea
water, C1 = 19 %/oo, were determined %o bo 8 x 10°% M apd 4 x 10°° H
respsctively. An excess of these reagents did not ai.'fect the reduction
current, Aluminum chiloride was selected for use with sea water because

of its cost and easy availability, In practice an aluminum concentration

of 2 x 10™> M was used to assure the complete complex: farmaitica of all the

flucoride ions.

Nitrite is reduced in the same mammer as nitrate and comssquently
interferes, but its current is only about thres-fifths of that due to
nitrete (Keilin and Otvos, 1946). In sea water the nitrite concemtratiea
is usually less than 0.4 pg-at./l, which is too small to exert an appredia~
ble effect, If and when the altrite conten®’ in sea water is greater than
10 pgeato/l., though this is very rare, a correction should be made, The
conceniration of nitrite can be rsadily determined by the usual colori-
metric method (Robinson and Thompson, 1948),

Phosphate if present in sufficient amount interferes by precipi-
tating the uranyl ions. In sea water the amount of phosphate was so amall
that no interference was observed.

Theoretically, ferric loms would interfere with this determina~
tion; since they give a reduction current starting at zero applied

T



potential, But in sea water no current due %0 ferric ions was obssrved,
apparently due to the fact that they were in scme complexed fozxm.

Sulfate decreases the nitrate current as discusesd previocusly,
In the sulfate concentration range corresponding to chlorinity walueg of
14 to 19 ®/oo, the current was decressed by a definite proportion for
the different nitrate concentrations observed, being approximatsly 86
per cent of that in the absence of sulfate, as seem from Tebles I and II,
Within this chlorinity range, the calibration curve, the lower curve in
Figure 1, or the equation given previocusly may be used for the determina-
tion of nitrate, When the chlorinity is less than 14 /oo, different
calibration eﬁrvas should be used. For sea water with a low chlorinity,
it is suggeatad that calibration curves at different chlorinities be
obtained for use, or sulfate may be precipitated cut with strontium salts.
In the latter case, the interference of sulfate is completely eliminated
and the concentration of nitrate may be obtalmed from the upper curvs in
Figure 1, or by using the Ilkovic equation which has been simplified to
the following form:

1= (1.35 x 102) (/%) (o),
whore 1 is the observed diffusion ocurrent due to nitrate in microampseres;
m2/3%1/6, the capillary characteristics} and C, the conceatration of
nitrate in the sample in microgram-atoms per liter,

In addition to the above interferences in sea water, it was
also found that water samples which had been stored in polyethyleme plase
tic bottles gave & rapidly increasing current at the potential of about
«l,1 vo v8o S.C.E., thus masking the.nitrate wave compietely, This was

possibly dus to the fact that reducible substances in the plastie material

«lio



had been dissolved in sea water, resulting in the appearance of this
current. Thus plastic bottles could not be used to keep the water
sampleg. Glass bottles wers found sultadble for this purpose.

B) Prageryation of Water Samples

In the sea; plankton utilizes nitrate as a nulrient and bacteria
msy docompose organic nitrogen compoundes forming nitrate ions. In order
to obtain the amount of nitrate in ses vwater samples at the time they
are collected, the analyses should be made as toon as possible. But
since this method is impractical for use aboard the ghip, possible change
in the nitrate content may result from the effects of planktom and bac~
toria during the times interval between the collection of the samples and
their doterminastion. Coneequently it is necessary %o add preeervafives
to the samples to prevent the above actions from taking place.

Mercuric chloride solution, though frequently used for preserva-
tion of sea water‘aamplea, is not corsidered desirable for use with
samples to be analyzed polarographically, becav.se mercuric salts give a
reduction current starting a% zero applied potential, Although the cure
rents due %o nitrate and mercuric ions are additive and with addition of
definite amounts of mercuric salts it would be possible to apply e correce
tion, the use of mercuric salts greatly reducee the sensitivity of this
method making it unsuitablas,

Chloroform is also used as a preservative for water samples.
it was found to be very convenient for use in this determination, Dis-
solved chloroform is driven off by nitrogen gac when freeing the water

gsanples from diesolved oxygen. Any remalning chloroform in the solutionm

00325‘)



does not interfers because it is not reduced at the dropping mercury
electrode, Determinations showed thét samples to which chloroform bhad
been added several days before gave the same nitrate results ms Just
before its addition. The addition of 1 to 2 ml. of chloroform to each
300 ml, of sample was found satisfactory.

In view of the previous discussions, the following procedure
for the polarographic determination of nitrate in sea water is propossdt

As soon as the water sample is brought aboard the ship, 2 mi,
of chloroform are added to sach 300 ml., of sample and the samples ars
stored in glass bottles im a dark and cool place. They should be
analyzed for nitrate at the earliest possible time.

One hundred milliliters of water semple are measured into the
electrolytic esll with a pipet, 5 ml. of uranyl acetate solution and
1.5 mi, of the aluminum chloride=hydrochloric acid reagent are added.
The dissolved oxygen is removed by washing with nitrogen gas and the
polarogramg taken immediately., The current at «1.2 v, vs. S.C.E. is
measured and the nitrate concentration is obitained from a previously
determined calibration curve or from the equations

1 2 (1,17 x 1072) (2?/3:V6) (c),

aftsz> ecorrection for’ the residual current of uranium has been made,

The validity of this method was tested by determining the nitrate
contents of sea water samples before and aftey the addition of known
amounts of nitrate., Ths results are shown in Teble III,
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Chlorinity
9/q0

16440
16.20
15047
16,47
15,95
1ho34
16440
16,79
16,60
16.48
16,71
16,62
16,14
16,78
16,69
16044,
16,89
16,75
16.91
16,74,
19,05
19,08

TABLE I1I.

Test of the Valldity of the Methed

‘Fitrate Concentration, igrat./l.

Originally Present

Q.0

5.2
12.5
.5
1.7
17.0
18.5
2203
2305
23.5
Rbyol
25.5
26.5
27.2
28.0
29.2
294
29.4
29,8
J1.0
4601
47.2

Added Found
20.0 9.8
0.0  15.1
20.0  32.0
2.0 - 345
40,0 5407
20.0  37.0
0.0 28,7
20,0 4204
0.0  33.2
20,0 4345
20,0 44 sl
20,0 45,5
0.0 66,5
20,0 48,0
20,0 4840
40.0 69.0
10,0 39.4
40,0 70,0
0.0  39.6
20,0 5003
10,0 55,0
20.0 67,0

Average deviation

“1e

Difference
Dol
«001
«0,5

0,0
0.0
0.0
0.2
$0.1
=0,.3
0.0
+0.3
0.0
0.0
+0,.8
0.0
~0.2
0.0
¢0.6
=002
«0,7
=0.1
=0,2

20,20



I% is seen that the conceniraticns of mitrate obtained after
the additlon of kunomn amoumis agres very wall with the sum of tle added
and the actual nitrate contents in the samples. This not only indieates
that the proposed method accuretely delermines nitrate, but alse thab
the calibration curve obtained with synthetic zea water with a ohlorxivibty
of 19 %/oo is applicable equally well to the analyses of actual sea watee
samples over the chlerinity range of 14 to 19 /oo,

Several ssries of seca water samples were collecied from Easgh
Sound and San Juan Chammel in the San Juen Islands and also f£rom the
Pacific Ocean. Thoy were analyzed following the procedurs cutlined
previocusly, The staltlons selecied offered fov aralyeis waters of differ-
ent types and of the meximum range of nitraté conesntrailons which would
nomﬁally be encountered. The resulbs are shown in Table IV,

Eagt Sound iz essentially an enclosed basin with but 1itile
exchange of waters with the adjoining water bodies. The water in East®
Sourd is also stratified. At the season of the year when the samples
were collected, itm water supporied an abundant diatom population which
zapidly depleted the water of niirate.

The waters of San Juan Channel ave pather uniform in distributica
because of vertical mixing, The water iisolf shows the effect of dilution
by t‘.,he Fraser Biver.

The ocean staticn offered depth samples rich in nitrate and sur-

face samples with reduced nitrate concsniratlong.

alh=



TABLE IV,
Anaiyseg of Sea Vater Semples for Nitrats

East Sound, San Juan Islands, 48% 40.3" N, 122° 53.7' W,
July 11, 1952,

Depth, meters Nitrate Comc'n, mg-at./l.  Chlorinity, ©/oc

0 0.0 16.50
5 0.0 16.49
12 0.0 -
18 0,0 16.38
23 0.5 16.66

Sen Juan Chemnel, San Juan Islands, 48° 35' N, 123° 01° W,
July 119 1952.

0 9.6

5 11.7
19 145
20 1408
50 13.5
100 13:.4

Pacific Ocean, 48% 307 N, 136° 30" W, July 7, 1952.

0 6.5 17.99

5 505 17.99
10 | 5.5 17.99
20 . 7.8 17.99
30 3.2 18,01
50 5.3 18.05
100 502 18,06
200 | 22,0 18.65
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TABLE IV,

300
500
750
1000
1500
2000

(Continued)

30.5
38.2
41.5
466
2.2
47.2

w7

18.73
18.85
18.93
319,01
19.05
1908



L
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The results shown in Table IV for nitrate are in gemeral agx-eee
ment with the previously reported data for these waters (Phifer and
Thompson, 19373 Sverdrup, Johnson and Fleming, 1946). I may be conw
cluded from these results that the method yields satisfactory resulis

when applisd to the énalyaie of sea waters.

This methed may also be applied to the determination of nitrate
in fresh waters. Since no lmterfering ions are present in sufficlent
amount in fresh water, the determination of niirate may be performed
gimply by adding a supporting elsctrolyte, such as sodium chloride %o
mké a 0,1 ¥ solution, to the water samples and then following the same
procedure as outlined previously. It should also bs applicable to obher
saline waters similar to sea water,

918'0
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