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@STRWK

This investigation was undertaken to develop a new:1 rapid

and ~cC'U1"ate method tor the determination of ni"l;rate in sea water,
Ibaser upon the polarographic reduction of nitrate in the presence of

Im'an;yl 1onso
I
!
:

i It has been found that sulfate ions depress the reduction

cJent br e. dei'irlite pl."oportion depending on t.he cblorinity of the

water sampleo For cblor1nities in the range of 14 to 19 %0, this

effect is rather constanta Fluoride interferes strongq with the redueGil

tiJ of Ditrate, but the use of alumimmi en' z:1rcOll7l salta mq satisfac-
I
i

toril~ el1m:i.Jmte this eff'ecto other interfering ions and -bb.e selection

of preservative have also been discussed o A procedure for: the determ1e»

natiioD of Ditrate in sea water has been ~posed and its validity teatedQ

It has been concluded that this method can be used to determine

nitrate in sea'lbater of various typaso



PQLAROG§APBIC DETERMINATION OF NITRATE IN SEA?1p\TER

Hitrate plays an important role in sea water although present

in very small amounto It is considered .one ot the nutrient salts upon
j

which the biological activity in the sea dependso Ecological studies
I

iuto1ving the nutrient salts necessitate extensive surveys and nu:merou.a

am!lysesa Methods far obtaining BUelt data need 00. simple, rapid, senei­

ti~ and accurate. However, such a method tt:11! nitrate has been lackillg

anq ecological studies involving nitrate analyses ot sea water have been

diJconraged~ Previously reported data on nitrate have been obtained

mak by the colorimetric "reduced str,ychninell method of Harvey (1929) 0

I "
T~s method has been investigated and revised by Zwicker and Robinson

I
(1944) but at the bast it is not convenient and the reliability of the

I

refPllts may be questioned, though apparently they are reasonab4r accurateo
1

I In the present investigation, there bas been developed a new
I

me~hod of determination ot n1trate in sea water, based upon the polaroc

gniphic reduction of nitrate using uranyl ions as catalyato The catalytic

effect or uraD11 wa's first reported "by Kolthoff I) Ha%Tis and Matsuyama
!

(1~44) 0 The polarographio determination: or nitrate rith molybdate as
I

tba catalyst has also been reported by Johnson and Robinson (1952) but

lacked the sensitivity demanded for the determination of the small amOtU1ts

ofinitrats present in sea waterG



.~

f.fha polarographic data were obtained with a Heyrovsq Micro­

polarograph, Model X" calibrated by the method of K~lthoff and Lingane

(1946) t) An H-shaped electrolytic cell (Lingane and Laitinen, 1939) with

a saturated calomel reference electrode as one arm connected by a potas­

sium chloride bridge was used o The capillary (~haracteristic, m2/~ t 1/6f;

was' 1030 mg2/ 3 see-1/ 2 o The elec"trolytic cell was :immersed 131 a themoQ

stoat adjusted to 250 0 t 0 0 1°0 by a umercGftoomerc" thermO'~egulator and a

rfmeJ'cattolT1n9rC" relay box (Precision Scientific Coo) 4)

REAGENTS

All chemicals used in this investigation were of reagent

grade 0 The various solutions were prepared with distilled water 0

I" Uranyl Acetate Solution" O~8L,.s4 gram of uranyl acetate crystals,

U02(CH3COO)2~2H20, lias dissolved in water to oue literc The concentration

ot 't1r8~1 ion i!l this solution was 2 0 00 x 10...3 Me

20 Aluminum ChloridseHydrochlorio Acid Reagento 320 2 grams ot aluminum

chloride crystals, AlC13lt6H20, end 83D.3 mlo of 12 N lvdrochloric acid were

added to water and diluted to one litertl . This reagent was 1 Min hydrOU"

~bloric acid and 0 0 13 H in aluminum ehlorideo

3~ ·Fluorideefree Synthetic Sea Watero This was prepared aceardiDg to

Robinson and Spoor (19.36) beY dissolving per li1isr 23038 grams of sodium

chJ.or1de~ 309066 grams of anhydrous sodium sul.fate, 0 0 7455 g:ram of potasIP

aim chloride, 100 676 grams of MgC12Q6H20 and 1047,grams of CaC12c2H20o

'l'1ds s1Dthetic sea water had a ch.lorinity of 19 parts per mille (o/oo)



Kolthoff' at ale (1944) investigated the polarography qf uranium

an~ ~e concentrations of the various sa1"2;8 were a.s follows: 0 0 40 M in

aodiwn chloride, 0,,0273 Min sodium sulfate, 000525 Min ~gnesium eh1o~·

I

ride, 0.01 M in -potassium chloride and 0 0 01 M in calcium chloride" Syn-

thetic sea water with lesser chlorinitias was made by diluting this
J '

solution with appropriate amounts of distilled watero
1

4. I Synthetic Sea Water containing Fluorides 'lhis was made by diaeolv-
, .

ing in the above solution 000029 gram or sodium fluoride per litero The

reSulting concentratioD of f'luroida ion was 7 x 10-5 Me
r

50 i Standard Nitrate SolutioDo A 0 0 00200 i! sodium nitra"ha solu"G1on was

ust as the standard for nitrate0

I

Polarograma were obtained after the dissolved oxygen in the

various solutions had been driven off with nitrogen gaS'll The Clirrent
I '.

d1 to nitrate was obtained by measuring the Clll'Tent at -1.2 v. v~. S.C.E.

and subtracting the current of an uranium blankG All potentials reported

in ~s work bBve been referred to the saturated calemel electrode, S.C.E.
I

Ie Polarographic Reduotion of' :N!trate in FluorldelUfree S:mthe1;ic Sea

Wat~;;',in the Presence of Urawl Ionqo
I

and found two waves in acid solution indicating reductions of ~al'lium VI
I

to Uranium V and uranium V to uranium III G They also found that~ in the

presence of ura.nyl ions rJ nitrate was reduced to nitrogen gae at potentials

where the second uranium wave occu:rredo They offereel the explanation that

the: uranium III formed at the cathode acted as an "activator" for the
I
I
i
I ~~

I
I



reduction of rdtrateo A typical polarogram was shown in their papero

They also reported that there was a linear relationship between the reduc~

tion current and nitrate concentration when the uran;yl concentration was

above a certain limiting value which varied depending upon the nitrate

eonCG~tr8tiono

Since in sea water the nitrate content ranges !'rom zero to

about 70 }1g-atoms per liter, a uranyl concentration of 1 x 10-4 M would

be needed for application ot this method on the basis of the work of

Kolthoff at a10 The reduction current should then be directly proportional

to the nitrate concentration for the range iuvolvedo

Pre] im" nary investigations were made with solutions eontainiDg

various amounts of nitrate in Oa2 M sodium chloride and also in fluoridee

free synthetic sea watero To a 100 mlo portion ot each solution ware

added 5 mlG of uran;rl solution and loS ml. of 1 Ml\Ydrochloric acid and

the polarogram then takeno The results~ recorded in Tables I end II and

plotted in Figure 1, indicate that the current is proportional to the

nitrate concentration in either medium. The data obtained with nitrate

in 0 0 2 PJl sodium chloride solutions agree very well with those reported by

Kalthoff p Harris and Mat~o It should be noted that the current in

synthetic sea water is somewhat les8 than in the sodium chloride medium

due to the effect of sulfate. srhe hali'-wave potential or the second

uranium wave bS also found to be shifted from -0 0 95 v o to -10 04 Va VSo

SoCI)Ee in the presence of sulfateo The effect of sulfate on the reduction

currant of Ditrate was investigated fUrther in synthetic sea water media

of varying chlorinities., Since there is a definite ra"tio between the

chlorinity and sulfate concentration in sea water, the amount of auJ.rate
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Diffusion Current of Nitrate in Sodium Chloride Solutions

0 0 015 M hydrochl~o ac~d, 0 0 2 M sOtU,uin· oh1.oride, 1 x 10-4 JA
urs1V1 acetate, m2/3tl/6 a: 1030 mgfl3seo04/2fl residual current
at -10 2 Vo vao SoCoEo == 0 0 734 microamperes·o

Nitrate Cone'n Diffusion Current K9 :: 1/0 K =i/Cm2/ 3t 1/ 6
pgGt8to/lo tor Nitreta ~ p.a JJBlrxg--at./l.

(x 102)x 102)

200 00037 10 8; 1042

60 0 OollO 1 0 67' 1028

100 0. 00 17; 10'15 1 0 35

.20 0 0 00356 1678 1037

30 0 0 OQ527 10 76 1~3S

400 0 0 0 718 1079 1038

70'00 1 0 242 1 0 77 1'036

1006 0 10699 1G70 1'031
~

/ O_GlI~
-~

Average value 1076 1 0 35



TJlBLE II

Difiusion Cur-cent of' Nitrate 111 S-jnthetie faa Water Solutions

0$015 PA hydrochloric acid, a~thaJie sea water, Cl 0100 :9 19~
1 x 10-4 Muranyl acetate, m2 31;1 := 10 30 mg2":3sae-l/2,
residual current at -10 2 VI$ \fBo S~CClEo ;: 0 0 734 microampax~so

Nitl"ate Conc!n Diffusion C1L~nt K' :: i/C K :; i/Cm2/ 3t 1/ 6
.pgBS·(j"./10 for Nitrate, )2Q ..ua/)lg~atc/lo (x 102)

(x J.02)

:LBO 0 5 022 (2 Q 2) (lo(9)

20 0 O~O29 1~.4.5 1 0 12

400 0 0 060 1050 le15

SQO OoOSl 1062 1 0 25

6l»O 00093 105S 10 19

100 0 0:J154 lo5~. 1019

~ 20.,0 0 0 304 1052 1~17

301)0 Oo4SS 1~5.3 1 0 18

4000 OG602 l~;l 1u16

7O~O 10026 1 0 47 1013

100(.0 10495 10 50 1015

-9'lI$lO~Q .... _~"''lQlt=-CiD

Average valu.e 1 0 52 1 0 17
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FigUre 10 Calibration Curve tor Nitrate in Presence of
Ura~l in Sodium Chloride and in Synthetio Sea
Water Solutionso

.... Aa OoOlS M ~och1or1c acid, 002 M sodium
chloridejl 1 x 10-4 MuraJV'l acetateo

Curve Ba OoOlS Ii ~drochlor1c acid, 8lJ1thetic sea
water, C1 0/00 : 19, 1 x 10-4 Mur&D11
acetate.

, Current measured at -1.2 Vo VSo 80 Coio
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was varied aceord1ngly\l It was found that variations of chlorinity in

the range of 14 to 19 %0 had ve~y little effect on the eurrento When

the chlor1nity became less than 14 0/00, the current increased as the

ehlorinity decreasedo Since in Datural sea water the chlorinity is

normally within the range of 14 to 19 %0, it was considered feasible to

obtain calibration (lata using a 81Dthetic sea water of chloriDity of

19 0/000 The nitra-te concentration in actual sea water may be obtained

by using the cslibrution curve, the lower curve in Figure 1, or by using

the following Gquat:ton derived from the Ilkovie equation (Ilkovic, 1934):

i : (1.17 x 10e2)(m2/'Jt l/6)(C)p

where i is the obse~?Ved diffusion current due to nitrate in m1croamperesz

rJ?/3t l/6, the capi:Uary characteristics; and C, the concentration of

nitrate in the sample in microgram-atoms par litero The constant of

1011 x 1002 haa been obtained by tak1ng tha ratio of current in microe­

amperes to the prOduct of the capillary characteristics and the nitrate

concentration in mir3rogrem-atoms per liter as given in the last column

The etf'eC"~ ot hydrogen ion concentration on the current was

also studied. In neutral solutions neither the second uranium wave nor

the nitrate wave occurred. When the hydrogen ion concentration was too

high, the reduction of hydrogen tooIt. place at about -1e>2 v vSo SoCoEoJt

making the method itnpractical<t It was found that the hydrogen ion cone

centration range ot 00 005 to 0 0 02 Mgave the best results and the current

remained constant in this range tor a given amount of nitrateo One and

a half milliliters ot 1 11 hydrochloric acid per 100 ml o or sample gave

the desired hydrogeu ion conoentratioDo



IIo PolarRmlPhic Reductiop of Nitrate 'cn Synthetio Sea Waterc~

Fluqridio

When this method was first applied to actual sea water, onq

uraZWl and hydrochloric acid reagents were added. It was observed that

the nitrate wave was distorted in such a manner that the current could

not be measured due to the lack of the flat diffusion current regione

The haltGW'Visve potential was also shifted toward the more negative side,

being approximately -1 0 1 v o vSo S.C.E., while the f'irst uranium wave wae

not affected at allo The distortion of the nitrate wave was found to be

due to the presence of fluoride iona in the sea water 0 Since the first

uranium wave was not affected it would seem that the uranium In ione~

forming at the dropping mercury electrode, must have been reacting with

fluoride ionso The catalytic behavior or uranium upon the reduction of

nitrate, thus, was greatly reduced, causing the wave to become illadelined

and the wave height to ba much loweredo

If this method was to be applied succ'3sefully to sea water

8Dalysea it would seem necessary to first remov~ interference by fluoride

iODo Conversion of the fluoride to 8 atable cOalplex ion appeared to be

the simplest means although it seemed conceivable that precipitation

methods might be success~ used" The efficiencies of a number or
cations complexing with fluoride ware studied, using a f~uoride-containing

synthetic sea water mediumQ Ferric ions were first tried but were found

to be unsatisfactory0 When the concentration ot terric ion was small, the

effect of fluor-lds was not eliminated complete].;r 0 When concezrtration of

.ferric ion was more than needed for complaxing 'i;he fluoride ions, the leT""

ric ions themselves were reduced, thus masking ·~he nitrate wavao Aluminum
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and zirconium salts were next tried and found to give satisfactory resultc o

When the fluoride waa complexed with either aluminum or zirconium the

nitrate wave ViSS res'tored and the wave height became the same as in tho

abeancs of fluoride 13 The minimum amounts ot aluminum chloride and zir.... ·

conyl chloride requirad to prevent the interference of the fluoride in sea

water:t Cl :: 19 %0, were determined to be 8 x 10<:»4 Mand 4 .X 100:»5 M

respsctivelyg An excess of these reagents did not affect the reduction

current0 Aluminum chloride was selected for use with sea water becaua&

of its cost and easy 8vai1abilityo In prac~ice an elundnmn concentration

of 2 x 10-:3 M ViSS used to assure the complete comple:: rc.:.~tion of all t~

fluoride ions 0

1II9 ·PolaroRrAphic ,DeterminfLi;.-1on of Ni'tz;.U,__in Actual Sea" Wa.

A) Discu§s1on of InterterenC8n

Nitrite is reduced in the same manner as nitrate and consequently

interferes, but its ~"UITent is only about thresofUths of that due to

nitrate (Keil1n and otvos, 1946LlI In aea water the nitrite concentration

is usually less than 0 0 4 pg-atet/l. which is too small to exert an apprema.....

ble etfect. It and when the nitrite content in sea water is greater than

10 pg-ato/lo, though this 1s very rang a correction should be madeo The

concentration or nitrite can be readily determined by the usual colori­

metric method (Robinson and Thompson~ 1948) Q

Phosphate if present in sufficient amount interferes by preoipi~

tatiDg the uranyl ioD.So In sea water the amount of phosphate was so small

that no interference \laS observedo

Theoretically, ferric ions would interfere with this determ1na­

tion" since the)'" give a reduction current startiDg at zero applied

-lOco
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potential0 But in sea water no current due to ferric ions W8S observed,

apparent17 due to the tact that the1 were 131 some complexed formo

Sulfate decreases the nitrate current &s discussed previOl1sl7o

In the sulfate concentration range correspondiDg to ohloriniV values of

14 to 19 0/00, the current was decreased b1 a det1Dite proportion tar

the different nitrate concentrations observed_ beiDg approximately 86

per cent of that in the absence of eu1tate, as seen from Tables I and IIG

Within this chloriDity range, the calibration curve, the lower C!UrV8 in

Figure 1, or the equation given previousq -1 be used for the determiDaca

tion of nitrateo When the chlorirdty is less than 14 %0, different

calibration curves should be ueedo For 88a water with 8 low chloriDiV~

it is suggested that calibration curves at different chloriD1ties be

obtained tar use, or sulfate may be precipitated out with strontium saltso

In the latter case, the interference of sulfate is completely eliminated

and the concentration ot nitrate maT be obtained from the upper cnrw in

Figure 1, or by using the D.kovic equation which has been simp11£ied to

the following form:

i : (1035 x 1O-2)(m2/3t~6){C)8

where i is the observed diffusion current due to nitrate in microamperes;

m2/ 3tl/6 f} the capillary characteristics·; and 0, the concentration ot

Ditrate in the. sample in microgram-atoms per litero

In addition to the above interferences in sea water, it was

also found that water samples which had been stored in polyethylene plas­

tic bottles gave a rapidly increasing current at the potential ot about

-1 0 1 v o vS o S.C.E., thus masking the nitrate wave completelyo This was

poesibJ3' due to the fact that reducible substances in the plastic material
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bad been dissolved in sea water, resulting in 1ihe appearance ot this

current0 Thus plastic bottles could not be used to keep the water

samples 0 Glass bottles were found suitable tor this purpOS90

B) Pregenation S)g Water Sapml!£!

In the sess plankton utilizes nitrate as a nutrient and bacteria

may dseompose organic nitrogan compounds torming n1trate ions 0 In order

to obtain the amount of nitrate in sea water samples at the time they-

are collected 1t the analyses should be made as floon as possible4 But

sinee this method 10 impractical for V.Be aboard the ship, possible chsrlgs

in the nitrate content may- result from the errE}ots of plankton and bac­

teria during the time interval betvieen the oollection of the samples and

their daterminstioDo Consequently it is necesf1ary to add preservatives

to t·he samples to prevent tho 8 hove actions trclm taking plao8o

Mercuric c1i1orlde solution, though trElquently used fer preservsQ

tion ot sea water samples, is not considered dElsirable for use with

samples to be analyzed polarographically, becat~ae mareurlc salts give a

reduction current starting ai; zero applied pote,ntialo Although the curo

rents due to nitrate and mercuric ione are add1.tive and with addition ot

definite amounts ot mercuric salts it would be possible to apply a correc­

tion, the uee of mercuric salts greatl)" reducae: the sensitivity ot this

method making it unsuitabls o

Chloroform is olso used as a preservative for water aamples(I

It was found to be very oonvenient tor use in this determinatioDo Dis­

solved chloroform is driven off by nitrogen gaf when freeing the· water

aaruples trom dissolved oxygen., Any remaining chloroform in the solution
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does Dot iDtertere because it is not reduced at the dropping merCllr7

electrode 0 Determinations showed thet samples to which chloroform had

been added several days before gave the same nitrate resulte JlS JUG

before its additioDo The addition ot 1 to 2 ml~ of chloroform to each

300 mlD ot sample was found satistact0170

c) Proposed Procedure tar the Detmn1Mtiop of Nitrate in sea WatS

In view of the previous discussions, the fonowing procedure

for the polarographic determination ot nitrate in sea water is propos$dl

As soon as the water sample 1s brought aboard the ship, 2 mlo

ot chloroform are added to each 300 mlo ot sample and the samples. are

stored in glass bottles 1n 8 dark and cool plac80 They- should be

analyzed tor nitrate at the earliest possible timso

One hundred millilitara ot water sample are measured into the

electrolytic cell with a pipet, 5 mlo of uranyl acetate solution and

105 m1~ ot the aluminum chloride-hydrochlorio acid reagent are addedo

The dissolved oxygen is removed by' washing with nitrogen gsa aDd the

polarograms taken immediately" The currant at -1 0 2 To VSo SoC.E.. is

measured end the nitrate concentration is obta~ed from a previoue17

determined calibration curve or from the equations

i =(1017 x 1O-2)(m2/ 3tJ./6)(C)g

after correction tor the residual current ot uranium has been madeo

D) kliditx of the Methqd

The valid1V or this method was tested by determining the !1itrate

contents of sea water samples betore and after the addition ot known

amounts of Ditrateo The results are shown 1n Table IIIo

-].3-. •



TJ~BLE In0

Teet at the Validity at the method

0 Chl~1n1t7 Nitrate OO!lcentration~)tg..sto/lo
0/00 Originally P.resent Added Found D1tt8Z'SnC8

16040 060 10eO 9~ tD002

16020 '.2 lOGO 1;01 . -001

1',,47 1205 2000 3200 -00;

16047 1405 2000 34D; 0 0 0

1;Q9S 1407 4O~0 54Q7 0 0 0

14034 1700 2OaO 3700 0 00

16040 180S 1000 280 7 +0 0 2

16079 2203 2000 4204 40 01

16060 2305 1000 :3:302 -003

16048 2.305 200 0 4305 000

16071 2404 2000 4447 ..003

160 62 250)5 200 0 4505 000

16014 2605 JIj.O 660 5 000
• 16078 2702 20 00 48 00 +0 0 8

16069 2800 20 00 4800 0 0 0

16044 2902 4000 6900 -00 2

16089 2904 1000 3904 '0 0 0

160 75 2904 4OClO 7000 Gtoa 6

160 91 29 0 8 1000 39 0 6 -0 0 2.
160 74 310 0 20 00 500.3 .,.Q.;7

19005 4601 1000 56 0 0 -0 01

19008 4702 2000 670 0 11000 2
-------

Average deviation 100 20

..14....



It is seen that the concei;ltraticns of nitrate .obtained after

the addition of lmOWil amounts agree ve?y wa~1. with the a.um of the added

and the actual Dit:rate contents in the sampleset This not only inr;1:leatea

that the propoe~d method aecurataly determines nitrate, bnt also t~Qt

the calibration Ctlt--ve ob~ained with synthetic aea water wi·th a ablori'Jity

of 19 °/00 is applicable equally well to the analyses of actual SGa watL~

samples over the chlorinity range of 11:. to 19 °/00&

E) ~s.of the ·Ar08J..vses...i'9ry=Nit~fLtein Seq=Wa~r

Several sansa of eea water samples were collected from East

Sound and San Juan Channel in the san Juan Islands and also from the

Pacific Ocean~ They were analyzed following the procedure ou:tlined

previously. Tha stations selected offered for analysis vJstera or diffarca

ant: types and of the maximum range of nitra~cja concentrations which would
I

normally be ancoun·tsI-edll' The results are shown in Table IVo

East Sound is essentially an enclosed basin with but,little

exchange of waters with the adjoiiling water bodies", The water in East

SOUild is also st..-ratifiede At the season or the year when the samples

were collected, its water supported an abunda~t diatom population whioh

rapidly depleted the water of ~trate'l)

The waters of San Juan Che.nnel are ~athar umform in d1"stA?ibuticn

because of vertical mixingo The water i taelf shows tlte effect or dilution

The ooean station offered depth samplea rich in nitrate and sur....

face samples VJith reduced nitrate concentrat1ona~
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T1'.11LE IV t

JmalysS8 of' Setl Wa tier Samples for Nitra tti

East Sound} San Juan 161anda~ 48° 40~3? Ni 1220 53Q7~ W~
July lIs; 19520

12 O~O

18 0 0 0

23 O~5

Chlorinity" %0

16038

16$)66

San Juan Channel p San Juan Islande~ 1.$0 ;3,'1 N!\ 1230 Ol~ Vi,
July ll~ 1952.,;.

0 9(,6

5 11~7

10 14(;5

20 14 0 8

50 13.:5

100 13(.4

Pacific Ocean Ji 48° 30-; Nit 1360 30' Wp July 7:i 19521:\

o 6D5 17~99

c' 5 ;: 17n99,;) f,J ..I

10 50; 17(·99

20 'le8 17,,99

30 )02 18001

50 5c3 18005

100 502 18~O6

200 22 00 lSt",65

~

~~16C"

....



TABLE IVo (ContinUed)

.300 30·,5 18073

;00 .38 02 1808;

750 4105 18093

1000 4666 19001

1500 42G2 196 05

2000 4702 19008



The results shown in Table IV tor Ditl'llste are in general agreee

menii with the preViously reported data for theBe waters (Phifer and

Thompson, 19.37J Sverdrup, Johnson and Fleming, 1946) 0 It ma,. be conCl

eluded from these results that the method ;yields satisfactory results

·when applied to the analysis of sea waterso

IV0 AJmJ,1qationa

This method maY' also be applied to the determination of nitrate

in :fresh wsterso Since no interfering ions Bra present in sufficient

amoUnt in fresh water, the determination of nitrate mq be performed

simply bs adding a supporting electrolyte, such as sodium chloride to

make a 0 0 1 M solution, to the water samples and then following the same

procedure as outlined previous4"o It should aJ.so be applicable to other

saline waters simi Jar to sea wataro
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