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THE SPECTROPHOTOI~TRIC DETERlIDlATION OF FLUORIDE
IN SEA WATER

'rhe zirconium-alizarin sulfonate indicator of Lamar has

baen applied to the spectrophotometrio determination of fiuoride

in sea water and shcnm to be suitableo Calibration curves have

been prepared for dj..ff'erent chlorinitiesCl The variation of

apparent fluorido content with chlorinity is less than reported

by Thompson md T23"lor with their reagento Borate$ iron and phos­

ph2.te have been shown not to interfere at the concentrations found

in sea water9 while a method has been given to take care of varying

alkallnitieso The effects of time, .temperature and light upon the

color intensity have been dlscussedo Increased accuracy is attained

through the measurement ot the oolor intensity spectrophotometricaJl3'0

i
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THE SPECTROPHOT01mRIG .DETER1fiNATIO~T OF FLUORIDE
:m SEA l-lATER

INTRODUCTION

The fluoride content of sea wa.ter has been determined

calorimetrically by a method developed by Thompson and Taylor (6)

in whioh t.he reagent is a reddi.sh zirconium-alizarin sulfonate

lake formed by" the reaction of zirconium nitrate and alizarin

sulfonate" Fluoride, in the presence of acid, reaots 't-Jith and

destroys this reddish laJ.ce ~ forming colorless zirconium fluoride

and yellow alizarin sulfonate0 The fiuorida content is deter-

mined by measuring this bleaching of the lakeo

Since the work of Thompson and Taylor (6) in 1933 n~

work has been reported in the literature on the zirconiumc::oalizarin

sulfonate method of determivi ng the fluoride contellt in sea water tl

though raa.n;y modifications' of the method have been reported for

fresh waters!J starting with that of Sanehis (4) 0 Lamar (2) in his

work on fresh wa·t;ars used a reagent containing su.1:fUrio acid to

lessen the inteJ.·feranaa of suJ..fate in the water which is one of

the most active inter£ar-lng substances in the nuoride determinationo

In ooean waters -t.here is considerable sulfate and in coastal vaters

its ooncentration varies widely lfbi.ch makes difficult "1ihe comp&n$fat1on
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tor its interferencso It was thought that use of Lamar's indicator

might well rechtce the etrect ot sultate in marine waters. The

studT of the use ot this 1nd1cator was done spectrophotomstric~

to get greater aoouracy and to ellm1na.te the necessity for the

preparation of reference standards as is the case 1'1hen using

Nessler tubeso The results of this investigation are reported

in this paper..

SOLUTIONS AND CHEMICl~

All chemicals used in this investigation were Co Po gradeo

Indicator:;

distilled water and £llteredn

(B) 0 0 370 go of alizarin red S, C8I4(CO)2C6~(OH)2S0sNa

were dissolved in 250 mlo of 20 10 N HaS04,o

Twentl'cative mlo or solution A were dUuted with 100 mlo of

distilled water, 25000 mlp ot solution B were added with stirring,

followed bY' 500 mlo or 2010 N ~SO" and SU£ficient dist:Uled water to

make a litero This reagent vas permitted to age 24 hours before usingo

Standard Fluoride Solutions

A stock solution oontaining 100)Jg (00100 DJgo) F-/mlo was

prepared by" dissolving 222 IDgo of pure IiaF" dried at lOSOC" in water
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and. diluting to a Utero A solution containing 10 pg r/rolo was

prepared by 1;encatold dUution with vatero

Dilute Standard Fluoride Solutions

fluoride solutions ranging from 0 to 105 lllgo r /liter were

prepared in a synthetic sea water medium of chlorinity 17 °/00

unless otherwise specifiedo This is the chl.orinity appraximating the

waters or Paget Sound and the Strait of' Juan de FucaQ Synthetic

media of this concentration were prepared from stock solutions made

:rrom NaCl and MgSO40 7FI,po The sodium chloride solution was made to

contain 160 go per liter and the magnesium sulfate solution 3409 go

MgS04 o7HaO per liter0 These concentrations tierS verified through

analysis for 01g an.d 504~" One hundred ml" or each of these solutions$

when mixed and diluted to .500 mlo with distilled lord-tarot gave a

chloride and sulf'ate concentration corresponding to a saa water of

chlorinity 19 0/00; or 89047 mlo ot each of these solutionB$ when

mixed and diluted to 500 ml o 'With water, gave a chloride and sulfate

concentration corresponding to a chlorinity or 17 0/000

t-fETHOD OF ANALYSIS

Sea water samples ot 5'0 mlo volume were measured into 125

mlo Erlemneyer flasks 0 The alkaJ init,. of each vater sample was

neutralized through tha addition of a volume ot acid which had been
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determined by acid titration of a separate ~ mlo volume or sea

aatar to pH 4 using an appropriate acidabasa indicatoro Adjustment.

of the pH ot the sample could also be done 'through acid titration

us1Dg a glass electrode indicatoro Five mlo of the reagent

solu1;ion vere added. and the mixed solu'tion maintained at 28°0 in a

thermoS'tat for six hou-~o The optical density of the solu1iion uas

read in a Beckman DU spectrophotometer at a wave length ot Sl2 11fl

using a 10 cmo cello

The optioal density readings in this paper are reported

in respect to distilled water reference solut1ODSo Since greater

accuracy- could be attained ill the lower range at transmissions using

a reference standard approximating the unknoms in optical density»

a solution of cobaltous nitrate with an optical density- of 00 242 was

used for this purposeo Such a value is close to that given by' the

indicator in a solution of 17 °/00 chloriDity- containing no fluorideo

For routine anaJ.ysis of sea uater a solution of optical. densitY' 00 140,

near that obtained tor 00 9 IDgo yo'/11ter~ would be more oonvenient and

accurate0

EIPERD1ENTAL

pP1;ical Density Curves at Various '-lave Lengths

Absorption at various wave lengths as measured on synthetic

sea water santples~ the results ot which are shown in Figure 10 Max­

ima were observed in the curves at US llf1 and S12 JIflo The tormer is
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due to "free a] 1 sarin sultonate and the latter to the zil'coniume=

alizarin sultonate lakeo With the addition ot fluoride the abs~

tion at 418 ~ increased because of the displacement and liberation

ot alizarin sulfonate from the lake by the fluoride while at $l2 ~

the absorption dacreasad because of the dest1"uotion ot the lake b1'

the reaction of the fluoride with the zirconlumo With sufficient

fiuoride the maximum at 512 1lJl disappearado It 1s quite possible

to estimate the fluoride content of the sample at either vaft

length and in the exploratorjf'Vork readings were taken at both wave

lengths 0 ID.terf'er1Dg substances have the same relative effect at

either wave lengtho EnmtuaJ.:Qr the Sl2 ~ 'wave length was seleoted

as the more desirable for the~ because ot the greater sensi­

tivity to fluoride concentration at this wave lengtho

C~sition of the Zirconium=.A11zarin Sulfonate Reagent

The composition and structure of the z:l:rconium-alizar:1n

red S ~ent is not at all certaino h'om Do spectrophotometric stueV­

of' zirconium=aJizarin lakes, Flagg, Liebhafsq and \iinslow (.3) con-
,

eluded that the lakes are definite compounds, formed with a molar

ratio of zirconium/alizarin of 1/1 and with the structure shmm in

formula I~ regardless of whether they were formed from equivalent

amounts of sircODium and alizarin or with one in exoesso By analog"



the ziraon1umeoalisarin red S lake would have the formula shcnm. in

formula II.

I

If
o

II

o-- Zr:';O
/ I

o
,/

On the other b&."ld Weise~ and Porter (7) from their investigations

decided that lakes are not detinite Compou11&> at all but rather are

held together by adsorption f'orceso

The zirconium-alizarin red S 181."'88 to be used tor fluoride

reagents are prepared ldth the zirconium in large excesso In Lamar's

reagent zirconium is in excess with a zirconiumc:>al1zarin red S ratio

ot 603. Since this reagent is prapE,red in a 10 1 N sulfuric acid

solution, most or the zirconium excess would be complexed with sulfate

ion forming ZrS04++, Zr(S04.)2 and Zr{S04)~ (J.)o

The possibility ot improving the sensitivitY' of the Lamar

reagent through ohange in composition led to experiments with varying

ratios of zirconium/alizarin sulfonateu It was determined tha1# the



....

addition of 2$ per cent extra ZrO(NOa)a to Lamaras indicator

lessened the sensitivity" of the indicator to fluoride and resulted

in greater fluctuations nth sulfate. Ac1d1tion ot 2S per cent extra

ali arin red S to the normal indioator gave slightly greater sensi.=

tint," to fluoride at moderate sulfate concentrations but resulted

in considerable loss of linearity or fluorida responsso Consequently

LamAr 0s reagent 1'fa8 used unchanged in composit1ono

Effect of Tima on Color Developmen't

The development or color with time is shown in Figures II

and ill for the wave lengths 420 r.1J1 and 512 lIJ10 It can be seen that

no constant value is reached Within an::r reasonable t1meo However, the

variation after 4 or S hours is very' slight and a 6-hour time for

color development was selected as satisfactory from a standpoint ot

stabUity and convenienceo ..~ variation in the time of plus or minus

an hour gave an error considerably' less than the random error of the

determination0 At considerab:q greater time3,p such as 27 or 48 hours~

there was loss in precision, so that longer t,:iJnes seemed undesirablso

The time of aging the indicator before its use is likense

important0 Lamar recommended that the indioator stand at least an

hour after its preparation before baing used to 1nsure equal develop­

ment of standards ~d unkncnms., Spectrophotometric~~ since there

are no comparisons~ to compensate for changing sensitiv1:t1"
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of the reagent, it is necessary to have an indicator sensitivit)" that

is constant nth t1meo It was found that speotrophotomatrioall3 the

indicator attaU1ed a satisfactory coDStanq af'ter an aging period of

24 hourso Freah:b" prepared indicator gave less lake color which is

interpreted as an apparent fluoride content higher than the true

value 0 After the 24r:Qhour ag1ng period. the s8DSltiv1t7 changed but

slovl:3'!) giving a result cml7 about 1 per cent low even af'ter a

months 8 standing under room conditions (in the dark)o

Effect or Temperature on Color DeveJ.opnent

Variation in temperature great1;r changed the optical.

densities involved in this determinationo The incubation temperature

ot 28°0 tor this work l1aS selected because it was a convenient t~

erature slightly above room temperatureo Figure IV illustrates the

effect of a small inorease in the incubation temperatureo Reproduc­

ibility then demands a constancy in incubation temperature and sufticp

cient rapidity in mald.ng the speot:rophotometr1c measurements 80 that

no appreciable temperature change takes place either by exchange of

heat with the surround, nga or bY' absorption or ener&y .trom the light

paas:lng through the sample Cl

Effect of Light on Color IntensitY:

From prel1minary' investigations it was thought that 1llUBP

inat10n during incubation changed the optical denslt1eso This was
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disproved 'When samples were ·mcposed to 1) to 14 tootcoandles of

indirect illumination far the sixQhour incubation period and it was

found that the optical densities were unaffectedo Of course change

in temperature due to absorption of light during incubation or meas=

urement of the optical densit,ies would affect the results, as

mentioned previously 0

Effect ot Volume of Solution on Color Intansit-;r
:I

E2tPeriil1enta.U;r it was found that 300 mlo samples$ tor

examples did not develop exaotly the same optical densit,. as 50mlo

samples 0 This, possibly9 was a surface effect but lr1aS not investi­

gated at My' length'J It was avoided by taking the same volume and

the same size fla.slas for all sampleso

g:fect of gydrogsn-ion Concentration on Colc:no Intensitl

~ogen ion has considerable effect on the opticaJ. den­

sities observed, the effect being similar to that given by fluor1deo

For this reason the acid oonten't of the indicator should be main-

tained at a· constant level 3J.'ld the lvdroganoion con<:entration of the

samples adjustedo In detem:ining this effect samples of varying

fluoride content were made 0001 N in respect to hydrogen ion by the

addition of OnS milliequivalent H2S04 to 50 mlo of solution and

compared with a aeries of samples to llhich had been a.dded an equivalent
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amount of ~mgnesium sulfate to compensate for 'lihe sulfate'e.t£ecto

It oan be concluded from these results as shown in Figure V that

this concentration of J.vdrogen io~ gave an apparent, increase of

0021 mgo r per liter at a level of 1 0 2 1l!go r per utero An

iden·tical experment Witth ROl and NaCl gave essentiall;r the same

results ..

Present in sea water are a number of anions of veak acids

which react with ~ogan· ion and buffer the solutiono The ones in

largest quantities are HCOs-, COsm and H~s-o The et£ect of these

ions on the determinat5_on of fluoride is illustrated by the following

ax.periments with HO03.... (> Sodium bicarbonate was added to a series of

samples to give a concentration of 2$0 lUgo HOOs.... per liter which is

equal to twice the amount expected in sea. water (5) of 01 2iI 17 °/000

The fluoride rea.dings at 0 0 9 and 102 IDgo F- per liter were low b3"

0013 lllgo and at ltJ5 JDgc r per liter low by 0021 Dlgo per litero

These results would indicate -that the effect of the bydrogen

ion is neither constant ever a range of fluoride values nor linear

with rG5pect to the amount of' acid addedo Accord:l.ng4r a good proced­

ure. ral'll the determination ,of fluoride would avoid changes in aciditY'

ra.ther than attempt to apply a correction factor 0
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Effect of Sulfate Interference

Using Figure V the effect or sulfate J'DIq also be~

mined b7 a comparison or the magnesium sulfate curve with a curve

tor a stsndard cont.ain1ng a normal amount of sulfateo At a level

or 1 0 2 tngo ~ per liter this increase amounted to 0005 JDgo per

literc Since the SO -:;J/Cl"' ratjj) in sea water is nearly constantg

correction for varying sulfate concentration may be most conven1~

made 'b7 preparing calibration curves at dU'ferent chlorinitieso In

Table I and Figure VI are shown data tor chlorinities 1$s 17 j and

19 0/000 Below 009 mgo r per liter the s'l..l.l£ate effect~ between

chlorinities of 15 and 19 0/00, is less than the experimental erroro

At a fluoride level ot 105 mgo F per liter the ef'rect~ between chlo~

inities ot 15 and 19 o/oog amounts to OoOS JUgo r per Utero The

sulfate effect as determined here tor Lamar0s reagent is~ about

one~tifth that observed for Thompson and Taylorlrs rsagento In maI\V'

cases a single calibration ourve far 01 Ii] 17 0/00 would be sufficient

but for maximum accur8C"J it would be desirable to mati the chloriniV

of the water and to use the appropriate oalibration C'UrVeo

Effect ot Borate Interference

Borate is knotm to be present in sea water in considerable

quantities 0 It was thought possible that borate might interfere w:1.th



TABm I.

Calibration Data tor Varying Concentrations
of Fluor:i.de at Different CbloriDities
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the fluoride determination through the formation ot the tluoborate

ion» BF~C) 0 PreJJmin8X7 exper:lments with large amounts of bora1ie

indicated appreciable interterene80 With a borate concentration ot

100 mgo boric acid per liter lIhich is four times the amount occurriDg

in sea tmter a fluoride concentration low by abOlIt Oq03 mgo r per

liter was 'observedc This would mean ·that "lith a borate concentration

equal to that in sea water the error would be Within the experi­

mental error0

Etfect of l"erric Ion Interference

Similarly it was thought desirable to test for possible

interference of the ferne ion through the formation of the
~ +++

fluoferrate ion" FeF6-0 An iron concentration of 0.1 lDgo Fe per

liter which is five times that present in sea vater was used. to test

its etfecto No interference loms noted when the tluoride content was

1Q5 mg~ per liter but high f:Luoride values were noted for the lOt'"

concentrations and in the cnsa of the blank it amounted to 00 06 nlgo

If per utero This, of course, is just the opposite effect to that

oaused by the removal o£ fluoride through the formation of the flu~

ferrateo Since -the iron concentration in tho sea is onJ.;r on~fifth

that. used in this experiment.~ the interference would be within the

limits of measurement, even if' al.l the iron were available as ferric

ion which seems to be contrary to facto

=19-



kri'ect or Pho,!J~hate Interference

Lilcatdse using 504 JDgo NaeBPO.f;o12H20 per liter which is

five times tha maximum phosphate present in sea vater~ no effect ft8

noted at a level of 1 0 2 lUgo r per liter but the results were low by

0 0 02 mgo r per liter at 009 IDgQ F- per liter and 00C1 mgc r per

liter l'l1th no fluoride presen't.. At concentrations of phosphate

normally present in sea water the interference would be negligibleo

Repz:oducibili-t;l of Results

The precision or this determination~ be ascertained trom

the results listed in Table Io 'rhe average deviation» standard

deviation and probable deviation tor a single determination have been

caJ.culated tor the series 01 :a 17 0/00 and are shown in Table Ie

The probable deviation for a single determination corresponds to

000006 Ingo ff per litero

The deviation determined in Table I is quite a bit less than

the 0002 - 000, mgo Y" per liter variation in their observations

reported by Thompson and Taylor in their worko This emphasizes 'Ghe

greater accuracy of measuremant attained with the spectrophotometric

method0
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National. Resem...ch Oouncil
2101 Constitut:1.on Avenue
Washi.."I'lgton 2,.; DQ 0 0

Attn: COlimlo on Unde}."lsea lfar:;:are

Co;mnanda:n:t
tit> S~ Coast Gl!fD."'d

1300 Ell $trea1i l~ 0 tIJc

,"lashington, Dr. 04
Att,n: Ael~ologj" &. Oceanographic: 5ectioi.l

Room 7J.32

Illi.4 ec'tor
U0 Sa Goast and Geodetic Sur-vey'
Department of Oommerce
1-1aa1:rlllgton 25:J D~ C()

\~oods Hole OCcf'u.1ographie Institution
vloods Hole, 1-1afssachuset.ts

Scripps Inatitu'c,ion of Oceanography
La Jolia, Gal''; ':~ornia

DeUG"l!'tment of H.ngir£eering
University of Oalif'ornia
Berkeley, California.

California Aoademy of Sciences
Golden Gatf3 Ptu'k
S~~ Francisco;! California
Attn: Dr~ R~ C~ Hiller

Depa...-rtment, of Oceanogr~.phy

Texas A & l.f
College Station, Text...s

The Ohief'~ .Armed Forces Special 1tJeapon~',
:?roject ~

Chesapeake }J9,:r In~l.iitlmi.~

Johns Hopkins Univ€tTsity
1315 Sta Paul StJ:'eet
Baltimore 2, Ma..,-rylrmc1

-".i:·iO/J

GOpiEt0
&Ao1o .......... "'tII

].

1

A.dd.reSSSt~

Director
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Di~ec-c.Ol'

UrLiversity of Miami
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CoraJ.. a'ablea, Flol"ida

Departmont of" Oceanography
Urriversity of Ydami
1-I:larni.t li'lorida.
llt~\ins En Ge l:lalton Smit,h
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1 - Dr9 C. AtlJ Barnes
201 Oceanography

1 - Dr. Pa Eo Church
Meteorology
201 Thomson..He,ll

1 - Dr" Ao Co DeLacy
Fisheries Qeu'her

1 - Dro Ao We Martin
Zoology
140 Johnson Hall
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Microbiology
B307 Health Sciencse

1 - Dr. Maurice RattraYJ Jro

BydrodlnamicS
308 Oceanography

1 e Dre Dixy Ray
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Oceanography
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Footnote to Ita 7, Teclmic~ ~port; Number >g entitled "A Spactl-o-
photometriC hOd tor the ~t~t1on of PlaDld;on Pigments", prepared
by the Oceanographic Laboratories, University of Washington under
Office of Naval Research Contract N~~DroS20/III, Project 1m 083 0120

The concentratio~ ob~ned on the basis of a moan volUJJle 9t

the extract 8S outlined above ~an be co~ to conoentrations of

pigments in 'the original sea ~:I;~r bT maltip:q1ng by' the appropriate

factor depending upon the vol~ of sea water used, the f:Lnal extraction

volume, and the units in l!tdc~ 1;he concentrations, are expr8ssedo For

example, if' 10S0 liters o~ sea wa1;er were used and the final extracti~

volume of 1ma acetone solution prior to spectrophotometric~ were

SoO mlso ~ multi~ by' the t~tor ~~o/1oSo VOllld give the concentr~tion

in mgfM3 tor chloropb¥lls ! and ~ (or MSPU,fMS in the case of chloropb¥ll

,2.J astacin and non..,astacin carotenoids.)

The concen~ations of the pigments in the exhracts ana:qze~

above can be converted to concen~t1ons in sea water as followsl
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Dr. A. W. Martin
Zoology
140 Johnson Hall

Dear Sir:

OCeanographic Laboratories
University of W'ash:!ngton
Seattle SD Washington
1 Mq 19S1

Enclosed is an addemdum to Technical Report Number S

prepared under Office of Naval Research Contract NBonrc S20/III,

Project 1m 083 012 by the University- ot Washington OoeanogIaaphic

Laboratories 0 This addendum should appear as a footnote to the

calculations terminating on page 70

S1nc~ yours~

..

~a.~
Clifford Ao Barnes,
for The Director

(




