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Module No: - . Module Title: S | _ SN
: - S . ) S T . .
t*‘ ‘Fluorjde Analysis N ).
Id - - - N
Topics: . .‘
: 1. Introductign . .
Approx. Time: 4 2. SPANDS Met od . . . ‘
' . Electrode Methoa e R
. 1 4. Summary" oo N , {
' Objectives: ~ ‘ °
QQQn complet1on of th1s ?Qdu1e the participant should be able to: -

1. Conduct a fluoride analysis using the SPANDS method on the glectrode method
and proper1y translate the raw data from the test ipfo proper units of_ - ,

expression.
. 2. Compare and contract the methogs fbr fluoride ana1y51s
. o : . C
A . L e .
by . n R * ‘ T 7
Instructional Aids:
. Handout . °- , ) T I S
- e . Overheads = '
3 EPA video tape: Determination ‘of Fluoride in-Water by J. Ptaft.
. ‘. o . « " e
- . [N - ‘_‘:»
. Instructional Approach: ™ _ . AR , o
I~ A s L 8. N . -
' Lecture ¢ : . ' : N o .
\ Lab . S
- ' 3 L . 2o °. Q/,.'.‘ v ,
4 . - . K AR
- - [ 7" A;‘ 3
L e References: U , ' SR
. , ’ j - - » o, o ... .
Standard Methods, 14th Edition _ B eT
- Fludride Determinations in Water, . = o SR Y
USEPA Water Supply PPograms Division A
- ° . . ! - . v - -
\’ l’ 3 . v Q.. " ', - ' ‘.
{ i) - — . g * N . R -
- 4Class Assignments: ) . L o ’
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.National Training Center :

|- use the overhead should be gonstricted using cotored, 1/4 inch dry transfer

Instructional Aids

EPA slide-tape is-available from:
Eileen Hopewell ~ < o o T "

watgi Programs Operation ' . ’
Vin€ & St. Claire St. N\ ‘ "
Cincinndti, Ohio 45268 K\ : oo
Overheads ' . . . A

Tfped’overheads are an exaﬁb]e of overhead layout and-content. For classroom-

letters, e X L.
Othe® overheads may be. copied“directly, . _ : AR
Handout; ‘s N

Handouts may be copied directly. Section 6 and Section_ 9, g

/ I
.0
.

Lab supp]ies;and apparatus
. “‘

¢
°

Supplies and apparatus should be’ supplied per handqutsﬁéo that pé}ticidants

may work in.groups of 2 or 3. - ) .
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Approx. Time:. - | . ¢ ' e : " -
- Topie: ’ - - A "
L - N . . ’ . ~
= | Introduction
Objectives: I C e ' n " '
Upon eomp1et1 on of th1s modu1e, the part1c1pant shou1d’b"e ab1e to:

1. Ident1 fy the standard methods for fluoride analyms

2. Indicate why.a visual comparator cannot be used in the SPANDS Methods.

3: L1st 1nterferences to the SPANDS Method ,and e1ectrode method .
{Instructional Aids: .

Handout Chemistry bf Fluoride- Analysfs - .

t\)’ . . ~~~
L} ’ /

N = .
- \ : - s 2
Instructional Apppoach: . / n .
Lé'cturq -0

A - T~ . .
- |References: - . , . L
® fa ~ '. ’ ' - s v
/ . l . - »
See Handout ™\ . \7
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- ‘ Introduction © . ) ’ '
{Instructor Notes: . - o Instructor Outiine: s
: f i ,
’ Handout Pages 13% 23 1., a. List the analytical methodssfor
' , fluoride s . ' ,
Note: . Scott Sanchis method b: Ind1 ate the standard methods )
‘ no 1onger a Standard Method . v
\ ’ SPADNS ¢ ’ s .
R Electrode
- . ,
. ' B 2. ,a. Discuss the color change from deep red. .
. L4 . to 11ght red ' .
\ b. Ind1cate that 1t is a sma11 change )
: c. Ind1cate that our eyes cannot detect the
- change o
: ) . 3. a. Discuss sources of error in_the SPANDS
- . M 4 method / )
1 L i b. v Discuss sources of error in the‘e1ectrode
! : method ;; . *
L. C. . Indi thods of contro] and
L 1! t1 Tati n procedure A
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Module Ho: Module Title:® '
) . , |: Fluoride-Analysis - o
Submodule Title: :
Approx. Time: - — —
) Toptc: " s )\ ] .
SPANDS Method . _ 1
, . . L
. {Objectives: " : ' s T ; ~§“ ' }
N .

1%
- 2.

3.

Upgn cbmp]etion of thig module, the.participant should be abl

e to:

Identify the proper apparatus and reagents needed for the SPANDS Method.
Conduct a fluoride analysis using the SPANDS Method given proper equipment
reagents and procedures sheet. : T '
Translate the raw results from the tes

. : /

3
t into proper units of expression.

.

(N

/

< )
Instructional Aidg: N
*1 Handout '

. ¥
- v - !-g
. Lab equipment per handout
- EPA video tape ’
( . ’L - .
. ‘. . < . '3 b ]
_. |Instructional Approach: ~
. Lab ) i ‘
: Ed ’
“{References: . 7 N
Fluoride Determination in Water - - s
Standard Methods, 14th Edition L A

/
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Module Ho:

. 4
» . . t

Topic:

SPAN?S Methog -

Instructor Notes: !

Instructor Outiine: - ' L.

o

4

Hahdout Phge; 29 - 32, «

J

. »

« ! Y
. List and identify the apparatus " fop
_ s+ the SPANDS Method.: N _

b. List amd\ identify the'reagents needed
- for the SPANDS Method . .

E. Indicat;‘source oflsupp]y ¥

. d. Demonstrate Fhé_m;Leub'o% thésfeaéents.
4Demonstraté the SPANDS Method

b." Have participants condﬁct a SPANDS

> fluoride analysis )
3. a.’ Demonstrate the 7ake of standard curves
* .and“the use bf vpem tp translate raw

data”into proper units of expression.

b. Have participants trans]ate‘their raw -
. data.into propeﬁ units of-exprsssion:

& . -
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¢ | Module Ho: - Module Title: ,
) Ffuoride Analysis ‘, y 4

Submodule Title: .~ - B

b3\

Approx. Time:" ' ‘ /."‘ : ® — 7
o Topic: \’ ‘

g | Electrode Method® . - - : )

.
e

ObJ ecti ves

1. ldentify the proper apparatus and reagents needed for the\dectrode method
2. Conduct a fluoride analysis-using the electrode’ method given proper °

. equipment and. reagents.and procedures sheet,
.- 3. Translate. the raw- resuH:s from the test into preper umts of expression.

- - .
S . P
. *
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Instructional Afds:. ., . SR

| S .andout‘ ' ) : f
' | Lab equipment per handout ,

. o ! . ; . ‘ P
-+
Instructional Approach: B , .
! . Co
-Lab

s . »
L
- ‘. \ . .

References:

BN _Fluo}‘ide_' Determination in Water . ' : .
Ftuoridé Electrode Instructions c . ..
N\ * . | Standard Methods, 14th Edition , - »
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ﬁodule_ No: [ Module Title: ‘
T “Fluoride Analysis,

L . | Submodule 'Title:

4 Approx. Time: - N
N . Topig:

Summia : ) )

»

Objectives: I . U

4

[
\. Compare and contrast the methods .for fluoride ana1_ys1s and select a method
"1 best suited for an individual p1ant )

Instructional Aids:
Handoyt
A

In§tf-uctional\hnprogch:

Discussion
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Compare and contrast the two méthods.

AR

- ) '
Discuss sources of érror, cost reagents, speed

~

s of‘apg]xSis‘controlwof in;erferringﬁions.gg
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A A evauarion - A N 2ol
B T The)y are two standard methods for f'luor1de the SPADNS method and }
‘. ' : e Electrode method. .o .
. T 'F A color compar1 sonnmay be used in p'lace of the photometric type -
~ ] , instrument in the SPADNS method. . .
& e T F o A normal pH meter can be used w1th the Flunrfde electrode.
3 - T F In the SPANDS method the hi gher the fluoride concentr/tion the
lTighter the red co]or becomes . .
T F There are many non- standard methods for fluoride. K
s s T F +Chlorine wﬂ'l mterfe're with the SPANDS fiethod an¢cause a posi t'i ve
S ) error.
, ” -, T R A ummum, hexametaphosphate cause significant errors 1n the SPADNS
,,f;é' - method. . . s
4 . \ . ‘
' T F, The e'lectrode ‘method has less 1nterference problems ‘than the SPADNS
_method.< ‘ : /j f
: Practical Evaluation , ‘,. L . K
\ ' Determine thmeve] in a ;1 ven water samp'!e with an

accuracy of + mg/1 given proper equipment and procedures sheet. Participant -
may use the SPADNS method or the e'lectrode method . -

’ v i o~ A

* - 1




FLUORIDE INTRODUCTION

ERviTonrental S1gn1ficance -

. . .
> - . R .

- s ) The‘e]ement ‘fluorine does‘not oceur free in:nature3 but exists

only as fluaride in compounds found in volcanic gases an¢ in cerﬁhin minera]s\

such‘as f]ubrspar, calcium fluoride, cryolite, and\sodi 1unnnum f1uor1de.

Fluorlde is not common in’ natura] waters but in some areas the f]uor1de

concentration of water may -be as high as 10 mg/]1ter due to the ]eachlng of
f]uor1de~conta1n1ng materials. Fluoride is toxtc to aquatic 11fe,

partlcu}ariy in- concentratlons over 1.5 mg/]1ter.

In suff1c1en¢]y high doses f]uoride is toxic to humans Doses

of 250 to 450 mg ‘may g1ve symptoms of p01son1ng, while doses of 2.5 g may

be fata] Pro1onged use of drinking water containing 4.0 to 5.0 mg f]uorlde/
]1ter will cause mottling of tooth ename] partgcu1ar]y-1n chi]dren, and

' pro]onged use of drinking water with higher f]uoride oncentrations may cause

increased bone density, lessening mot{lity. At- lower c$ncentratioq;!

. fluoride has the benef1c1a1 effect of ]essening the_ coccurrence of dental

[ 4

‘carles in chlldren. When the ;ﬁuoride concentration of drinking water is

maintained at 1.0 mg/]1ter, the occurrence of. denta] caries may be reduced -

“up to’SO% At this level, fluoride is not known to cause adverse '

psysﬁo]og1ca] effects. \\\\\‘ . N coe

Water Treatment

-

Add1t1on of f]uorlde to water is usua]]y necessary to obtain the

ideal fluoride concentration for prevention of dentat caries without eausing

adverse effects. IK some instances however f1uoride removal may be

necessary. F]uoridatlon of water requires careful contro] to 1nsure that,

o ) . 14 IR o
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the opt1mum level of f]uor1de 1s maintained so that the fluoridation,

p'rocedure is bot.hs.s,a,fe_.a.amsmwammmmmm

wood preservation.
[ f]uorspar is used as a flux in smelting and ceram1cs

-normally found in 1ndustria1 Wastes, bowever, except as the resu]t of egﬁ’

1ndustr1es because f]uor1de may concentrate in "the end product ~ For example,

~
AL

"1f corn is m111ed in water with a fluorlde concentrat1on of 1 mg/]iter,/tge

’1ndmtmaltmes e ' (.

. Methodologx <

. disulfonate (SPANDS) in an acid soTution allows the reaction between'fluorfde-'

"~ and zirconium to proceed very rapidly, eliminating the necessity of naitjng

" for color” change or for reading the loss %n‘color while-the.reaction is still

of fluor1de by percolation of water through activated aluminum or bone char,
or by the settling of fluor1de w1th magnes1um compounds in seftling basins

Industr1a14§ign1f1cance o

Fluoride is used inrbleaching, disinfecting, glass etching, and
Cryo]1te is used in the manufacture of alum1num and
F!uor1de is not
sp111age

Exce551ve fluoride concentrat1on in a water supply may be harmful -

to certa1n 1ndustries such as the food, beverage, and pharmaceutica]

corn syrup produced may have a fluoride concentration of up to 5 my/liter.

A fluoride concentrat1on of 1.0 mg/11ter is considered acceptab]e for most

The~co]orimetr1c method for the determination of f]uoride is an
1nverse spectrophotometr1c procedure involving the reaction of f1uor1de with |
z1rcbn1um in a z1rcon1um-dye lTake. As zirconiup is removed from the dye N

complex, a cb1or1ess complex (ArF5) forms ; resu1t1ng in a loss of co]or

2

Use of sodium 2-(parasu1fopheny1azo) =1, 8-dihydroxy-3, 6-napthalene

-

N . 15. . - L
N . > « '
. L . , ) . . .
Y
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proceeding. Increased transmittance of the samp]e is read at 580 nm.

If a reagent blank is used to.set the spectrophotometer\to 35% T, the !

~ fluoride concentrations of interest fall in a.convenient trarismittance range'

for construction of a standard curve.
'
The SPANDS method may be applied to most water samp]es Without
LT,
d1st111at1on However, certain interferences can on]y be removed by _—

d1st111at10n from an ac1d1c solution. TheSe 1nterferences 1nc}ude alkalinity

over §, 000 mg/liter, chloride in concentrations greater than 7,000 mg/liter, k,
7/
aluminum greater than 0.1 mg/liter, iron greater than 10 mg/11ter,
\ «
phosphate in concentratlons\over 16 mg/11ter. and su]fate in concentratlons

over 200 mg/]1ter Color and turb1d1ty a]so 1nterfere aCh]orlnevln a sample
> g

must be removed by sodium arsen1te prlor to ana]ys1s , . )

,Concentratlon Range “ S N

~

The U.S. Pub]lc Hea?th .Service dr1nk1ng water standards sp€c1fy :\
a f]uor1de concentrat1on basedfon the aVerage max1mum da11y temperature. - The
.theory Ts that in _warmer climates' children drlnk more water, and that
fluoride concentrat1on,1n water in’ warmer climates stiould, therefore, be
Tower. In a reg1oh' where the average maximUm dai ly temperature is 50.0 - 53, 7°
F the recommended opt1mum concentratlon is 1.2 mg F-/f:ter with a maximum -

concentration of 1.7 mg F'/]]ter. In regions where the’ average maximum

4

)
s v

temperature is 79.3 <90 .50 F the reconmended opt'imfm is 0.7 mg F-/liter -
* and the maximum 11mi is 0.8 mg F'/l]ter The WOrld Health Organizatlon N
reconnends f]uorlde drink1nngater standards of 1 §rmg/]1ter

Th1s SPANDS method is d1rect1y applicable E‘ﬁsamp]es in the range:

| of 0.05 to 2.0 mg F/Titer. "

|




CHEMI‘ST&Y 3 FLUORIDE ANALYSIS

Ana],ytu:a] Methods ‘ i

S

JA. Gravimetri'c'methods involve the precipitation of fluori de as part o{a

. -Because, of the quant1t1 es of fluoride nomwnd in dri nking
water are so sma]], the ana]yt1 ‘cal method must be adapted to the measurement

of these quantities. s R -

heavy complex, so that sufficient material can be obtained for accurate

weighing. ° . a ‘ T ’

B. Volumetric hwethods ﬁsua]h} entail concentration of the sahp'le.sd‘ that the i
volume of titrant, is large enough to be measured accurately. . In ad;d’itio}x,;
the color change of the indicator at the endpoint .is extremely difficult to
detect., ‘ -

C.. ‘Other methods are available, such as po'lamgraphic and potent'iometric, )

" but these mvo]ve expenswe\nd e'laborate equipment, and furthermore are
not well adapted to smalT quantities of fluoride. ) -

D) .' Until, recent]y, the best ana'lyt'ica'l/methods for determ'imng f'luor'ide in

) water were the colorimetric methods, and two of those in Standard Methods
be?ong to th'is category The co'lorime‘tric methods are sensitive to '
nnnute quantities of fluoride and are easﬂy performed with the simp]est
type of g'lass‘Ware and 1 nstruments ]

E. The development 'of an electrode which is almost i:om!)'letely specjfic

_for fluoride ions has.revolutionized the f'ie]d of fluoride ana'l_;;si’s.

The_electrode method is extremeyly sensitivé and requiyres, in addition

to the fluworide electrode itself, only anﬁgo?rdinary pH reference electrode

and an ordinary pH referehce e'l_ectrode and apexpanded—sca]e pH meter

’
.

17




e

_(or digital meter) for the analysis of waters containing any iikelv

* concentration of fluoride.

R

The Colorimetric Ré&ction‘ Y a

/

The basis for two. of the~f)uoride methods now listed in Standard
Methods -is the iireonium—dye reactjon. In this reaction, a red lake is
produced by the combination'of dye and 2irconium. Any fluoride present

in the water samp]e removes zirconium from the reaction. thus decreasing
l\-

the 1ntensity of color present - o T L . g

.

A. The ‘visual Scott—Sanchis method uses alizarin as the dye. In water ~ 5‘§Z<

samples which are high in fluoride, the only color apparent 1s the ye]]ow

7

".)color of the unreacted dye. Converse]y, in low’ f]uoride sanp]es the

‘ co]or approaches the deep red of the zirconium-alizarin ]ake. Inter-
nediate fluoride concentrations give colors which are intermediate
between the -two. The cihnrs are all relatively pa]e and are adaptable

’ for viewing through Rvng Neégigr tubes.- The reaction isanot.an immediate

one,-but progresses with time; - Afterfone hoUr the reaction rate is-

J

xextreme]y siow, and fdr this reasof the tine interva] between adding
.reagent and making thevmeasurement has b&en se]ected as 60 nnhutes. The“‘\
© reaction rate is affected by a number of factors, among them .the acidity

. and temperature of the reaction mixture.

*

B. The photometric pethod used SPADNS as the dye. (SPADNS is an o
abbreviation of sodium 2- (p-su]fophenylazo) 1 8- dihydroxy-3 6 -

naptha]ene disu]fonate) The color of the reaction nﬁxture (water

samp]e plus reagent) varnes from very deep red in ‘the absence of f1uoride -

to Tght red when the concgnfpgtion of fluoride is high. The change in
»

.~ i . 18 R Al-\‘ , ¢ T
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f o
color caused by small changes in fluoride concentration is indiscernible

by eye, but can be readily detected by a phot.gftric instrument. The

L
better the“tnst"ﬁment:*th“’b“tter thE"sensitivity“to*smaii“increnents—of~—~
fluoride. The ac1dwo§ncentration ‘of the reagent is much higher than that
o of the visual methds making the reaction v1rtua]1y instantaneous. n
o :%. ; . 0ther Colorimetric Methods |

ax . Besides these Standard Methods many other'corori jc’ f]uoride

© methods are available. Many of these-are de51gned to eliminateé the one-hour.
N\ : . N
. waiting period, or at least to.shorten it, since this is the principai draw-

'
\

back of the zirconjum-alizarin. method.
A. The Rubin method is a wvisual technique which utilizes permanent artificial
- standards. The color reaction is still that of he z1rconiumLa]izarin

method and aS§SUCh must be carefully timed.‘

o

. The ECR (Eriochrome Cyardine R) photometric method 1s similar to ths SPADNS

; - method in‘that it uses a high acid concentration causing the reaction to

be a]most 1nstantaneous. While the advantages of the reagentx such ‘as

speed sensit1v1ty and‘to]erance to many 1nterferences make it quite

' 7 C ' useful, it has two distinct disadvantages. These are its 1nto]erance '.
.\> for su]fate and the, requirenent for- spectrophotometric measurement The

~ su]fate can’be ana]yied for separate]y, and’ appropriate compensation made,

but the ‘extra ana]ytica] step greatly increases the possibiiity of error.

' The necessity for using a spectroph -peter ]imits use of the method to

£ - Ja
laboratories which are equipped with this' instrument.
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The Alizarine Comp]exone methods use a different color system.  Sincé the -,

co]or change is from blue to red with increasing dmounts of fluoride, the

“y

"o

\

u§%~of-aared—fr}ter~w$44—produce—a—ealibratiOn—eurve with posi tive s]ope

-‘The,reaction is not immediate, but slow enough 0] that f]uoiide can b% -

measured after a 15-m1nute wait1ng period Other disadvant ges are that

the reagent is .not-too. stable and to]erance to alumfnum is particularly

~

poor. ™

¢ . 5
s . B ‘ ¢

Photometr1c vs. Visual Methods /~

13

In general, “the photometric nethods are to be preferred over v1sua1

techniques, since their advantages far outweigh. the1r d1sadvantages

A.

ftself.

\ A

it
The ability to obtain more accurate analyses, and-the virtya] elimination

-

. . . R [ 4 ’ ' -
~of the human e]enent are-gualjtjés .inherent ﬁn‘an instrumental technique.
)

Furthermore, the reagents avéilable for photometr1c methods are more

sensitive and more stable. The infrequent preparation of a standard

curve is a more preferab]e.operation than the preparation of visual- E

. standards for each set of sanp]es. ewith a small amodzt of manipu]ation,' '

a_photometer can be- used to compensate for color and turbidity in the a

water sample, although distillation is usua]ly.preferred in such cases.

On the debit side of the ledger, a photometer is admitted]y more

£

expensive than is a set of£NEssler tubes, a]thdugh the expens;lcan often '
be Justif1ed by the multiple analyses for which the photometer can be,

used. Another disadvantage of a photonetric method sometimes app]icab]e

to visual methods'as well, is that glassware must be scrupu]ous]y c]ean
in order to avoid changes in the light transmittance of the\sample ce]l
. o

—~—
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Sources of Error in Colorimetric ‘Analysis

”

The analysis of water is a comparatively de]jcate ope‘ration'- the

’
P
"\

N

quantities ’invo'lved‘ are minute, and the greatest possible accuracj.is.desirable‘

* ~ g ’ ' v
For these reasons-, no possible source of error can be overlooked.’

A.

with aresnite.

- The reagent wh1ch con{ams “not on]y the components wh1ch form the v,

color 'Ialgz but a'lso the acid for ach1e.v1ng the desired pH, must e

accyrately measured

perfect]y ‘matched.

when treated water samples are being ana'lyzed the presence of ch'lor1 ne —

This, 1mp'lies the correct pipetting technique. / -

Pl

&'.

Gﬂsware, whether Nessler tubes or photometer ce'l'ls -must be %’Iee\n and

|

must always be suspected, and when necessary, the,ch'lorme e'l1lm1 nated
~ . e ‘ . s

r

The use of thiosulfate for this purpose should be~

discouraged since an-excess can produce turbidity' in'the‘sampJe

a'lways best to distill such saniﬂes

-

"~

. ‘A'Ithough color an'd turbidity can Re compensated for in some cases, it is

[
S
.
3 .o
¥
o
9'
.

Ana'lyt1ca'l resu'lts obtained with any of the colorimetric reagentﬁ.fre

limited tQ‘g very narrow range of f'l uoride’ va'lues, and ,s.amp'les wy ch ','

'_approach or exceed the Hmit of Q:he range must be appropriate]y dﬂuted

The dilution must be- made before adcﬁtion of reagy{ since subsequent

d1'lution will affect the concentratidn of dye, zorconium and acid. (

While exact timing is not .important in the visua'l, method, 1t is N

imperative that both standards and samp'les be treated with feagent as" -

|

near1y simu]taneouva as possib]e SO that the color development will

progress to the same d"ee ingeach

.21

-

In anx_@thod temperature -of sanp]e
must match st)ndards or the standard curve. -

>

¥
Pt
i
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G. Pérhaps the" rnost 1mportant source of error 1sﬂthe 'pcg§’ence of'1nterfer1 ng
-jons in the water mp 1‘s reach 1y conceﬂed that ngne of the
) co]or1metr1c meth}ods is- ent1re1y spec1f1o for fluor1de, and to vary1ng ’

degrees: many of the otj:er jons found 15\ water affect the f]uor1de analysis.

e

The reagents are designed to, provude as much’toTerance asfpossm]e for

. these 1nterfer1ng ions, but When the Hm%ts of to]erance are exceeded

~

"or when any doubt ex1sts as to <the f)resence or. quant'«}y of such ,
1nterference‘s the water samp]e nust be dj/uﬂled be’ff)re an ﬁccurate

«

s .

fluoride ana]ys1s can ‘be made. ’ ; - L ¢ 2
\ s L 2EN - i e '
' The Eleetrode Method’ 3 : el f'a Qo
- The basis for this fethod,is fn“the fluoride Bléctrode itself..

Most electrodes contain a f1 voride so1 ubion; at t'he tip, of the electrode is

- a crysta] doped with f]uoride 'ions The crysta] acts as an ion- exchange

membrane, S0 that when the f]uor1 de ooncentrat1on outs'ide 8f the /electrode

fs h1 gher than that insi de&ns move toward th 1;nside settfng up* 3" vo]tage
potent1a1 proportwna] to the di fference in, ﬂu\r;de concentratiqn.
‘Converse'ly, when the f'luoride concentrat'l/n on the outs1 de i,s’lower ,than that

' on the msule’%a proportwna] potential of qppos1te §i gn is set up. “In mos;

fluoride e]Kctrodes the internal so]utmn/is about 10'3 mol;r 1n ﬂuor1de, SO’
concentratmns below 19 ppm res/u]t in pos1 t1 ve - vo]tage readi ngs Sonw_e’
electrodes econtain no 1nterna1 solution, but the br1 nci p]e of operation is
similar. However, in the solid eleétrodés the potentia'l devé'loped by a-
particular f‘luor'ide so]ut1on is 1ndependent of a f*‘lHng so]ut1‘on but rather

depends entirely oq the gharacteﬂ st1 (o of Lhe Jparti cu]ar crystal used m the

- ~ . » . . - '
electrode manufacture. . , \ . N ,
3 "t * . ' N D .
oA : . . 4 N »,
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fw-“w4h;jjhE“‘léctrode‘neasures jon activity‘only, 50 that f]uo??de present in un-

.

. A system has been deve]oped whe by the e]ectrode .can be used 'to detect

’ References

- =

>

“jonized form will not be detectedo At 1ow pH s when an-ionized HF s

" present, and in the presence of conplexing agénts like a]um1num, for
example, 1ow read1ngs w111 result " The only known 1nterference is ’
hydrox1de ion, but for pract1ca1 purposes, alumi num and other comodex1ng
gents must also-be considered as 1nterferences since they affect the
formation of f]uoride ions. ’

rd

f]uoride concentrat1on 1nstea Of\fluor1de on act1v1ty. The’ system ,

utilizes a bufer mixture_w ich, when added to the sample ‘controls the -
pH, t1es up comp]exing agents and prov1des a-high 1on1c strangth

background so that ion activity rema1ns proport1onaﬂ$td‘concentrat1on

When t buffering system 1s used, most water samples can be read d1rect]y
witHout" di ut1on regard]ess of concentrat1on, and without regard tq color,.

.turdeity, etc. The on]y 11ke1y‘tnterﬁerence is alum1num in re]attw{t&

h1gh concentrat1on, and even this" can be overcone*by making a smaI]

adjustment to the buffer composit1on
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-

c.

- t .‘,\ . '
CONTROL OF INTER?ERING IONS

The pr1nc1pa1 source of error in fluor1de analysis is the presence’ of
1nterfer1ng jons. Th1s is particular]y truq in the colorimetric methods,

as can be seen from’Tab]e I wh1ch 11sts some jons connnn]y found in water

‘and the1r‘affect on. the Standard Methdds/fluor1de analyses : ¢

A.

In co]or1metr1c ana1ys1s, one of the mechanisms by which these 1ons .

. ' cause error is the chang1ng of the rgac¥ion rate.. S1nce the
determ1nat1on is based on color development, variations in reaction
rate cause variations in f1uor1de reading.

B. Some ions comp]ex with either fluoride, in all methods, or-with'

e ‘zirconium, in the colorimetric methods. When fluoride is conp]exed,

 low resujts are obtained, and when ztmconium is compTexed} the

intens1ty of - co]or is altered. . | K |

> Chlorine, b]eaChes out the colors of dyes, and must always be removed ‘

befare the sanple can be analyzed colorimetr1ca11y

Whenever the quantity of 1nterfering ions. in the- water is sufficient to

cause .an error of 0.1 ppm fluoride or more, or whenever the analysis-is

v

unknown, these interferences must be removed or their effects diminished:

-

s

by one of the fo]]cwing methods

\

A.

If the interferences are known to be caused by chenﬁcals added during '

treatment in the wa}gr plant, they may" some
prOpriate selection of a sampling poﬁnt W

interfering ion below- the critical point

N

“

25

tines be”avoided’ by
\ .

ithin the plant.

- This procedure is

<~

4

~

LI

.
.
! ./‘
s '
# v

“In some cases the water sample can be di]uted to brihg the 1eve1 of an

applicable only whien th( f]uoride 1eve1 is sufficientlyﬁhigh to permit
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~acculr‘ate ana1y51s on the dﬂuted sample. ‘ - AR
" . C. When the 1dent1ty of the 1nterfering 1<§n is. knOWn, it may/l')e poss1ble
. to select an ana]ytma] method wh1ch has adequate \t01erance for »t‘nat N g
- - S .
ion. / & ) \ R
. ‘ s b - : L e
v EARS TABLE.1 ,INIERFERENCES . s |
. o TABLE .1 (INTER .o
: .- Concentration of Substance,-in Mg/L, Required to. ., ~ X
LY S Al D : ’
. 2 Cause an Error of Plus or Minus 0.1 Mg/L at L
| & > -7 \ -1.0 Mg/L F. . o ;7
. . oL : : ¢ _/, ' IR
~  Scott-Sanchis  SPADNS’ . Electisde
Alkalinity - 200 (-) 5.00d0-) - 7,000 (4)
~ | Alupinum. 0,25 (-) 01 (-) ’\ 2.0 (- )
L Chloride 2,000 (~) 7,000 (+) 20,000 (%)
' Iron — /(+L’ 10 (-) 200 ()/\,.-
Hexametaphosphate . - 1.0 (4 up 1 0 (+) /\ 50,000
' . Phosphate 5 (+) ¥% (+) 50,000 .
: . Su]fateA A e,:. (+y RN 50,000 (-)
Chlorine . Must be completely removed with - 5,000 {
B ] Arsenite S
Co]o? & Turbidity . Must be removed or compensated forv---- ‘ '
. D. When the composition. of the unfluoridated'water is k%and con;;tant,,
equi va]ent/quh ties of 1nterfer1 ng ions can be added to ‘ﬂ"le f1 uoride
P standards, thereby neutrahz'ing fhe effect of those ions. .
k -
\ ? 4 v e Y x
26
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_A. The apparatus ueed is i]]dstrated in Figure 1.

4 Ao
Y

2 ,
E. "In all other cases the water sanﬁ]e must be distilled., As can be

,seen from Table I, distillation will seldom be necessary when the

-

electrode method is -used.

'S

The pr1nc1p1e ‘of the d1st111at1on prgcess is the conversion of f]uoride to .

N

’
a

the volatile dc1d HgS1F6, in the presence of sulfuric ac1d and silica

(g]ass beads) The fluosilicic acid distills over, leaving most of the

rinterfering ions behind.. . Lo

it consists .of a
.distillatioh flask, cennecting tube and condenser. Fo:éfgn:enjence,
apparatus with gropnd—g]ass joints is used, but a simpler arranéement

usjnb rqbber'stépbers is satisfactory (Figure 2). ’ -

B. The critical features of the apparatus areéthe diameter of the .

*  connecting tube, the 1mmersigh of the thermometer, and fit of stoppers

“

and/or ground-glass joints. " 2 '

1. The diameter of the connecting tube must be 1arge enough to

-
. ,e;.;,

precTude the carryover of bubbles. .

2. ‘The thermometer must be positioned 1ow‘enough se that it wi}f

always be 1mmersed

. :Stoppers and joints.must be ;nght enough to prevent the Toss of

fluoride-containing vapor.”

bl
%

C. The d1st111ation procedure 1s‘carried out as- fo]lows‘

_1: Prepare the sti]] by placing 400 ml disti]]ed water, some - glass
Add the

‘

Af er all the acid has been

" beads and then 200 ml c/pcentrated acid i the flask.
acid slowly and stir thorough]y,

—

J added, stir again until the mixture is homogeneous'.

27 -
~ . -
- 4
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2. Connect the apparatus\as shown in the drawing, s}art water through

the\condenser and begin heating slowly. If humping occurs, the
acid and_water have not been mixed sufficiently. When boiling-
starts, heating may be {ncreased. ' Lo

3. 7Continue heating until the temperature yreaches 180° C. Discard \
this distillate, since it contains}traces-of fluoride from the
acid and glassware. Th1s preliminary procedure also serves to
adjust the ac1d-water ratio for subsequent dist111ations

4. Allow the f'lask to cool until the temperature drops to 120°. c.

" 6r lowar.- Measure out a 300 ml sample and add it to the flask..

. _ Mix thorough1y._ ' , "

" 5. Distill_ as before until the tenperature reaches 180° C. Retain
, :

the d1st111ate (there should be 360 mi) -for co]orimetric

. determinatIOUS - . .
% ’ . ./ ° -

.«

D, The d1st111at10n process must be carried out very- carefu]]y?&since
there are severa] possible sounces of d1ff1cu1ty
1. The,f]dme under the disti]]ation f]ask must never touch the sides
of the flask” above the 1iqu1d lével. Superheating of the vapor
resu]ts in high.sulfate carryover which causes a suMfate

Ynterference. ot

. . At .
2. AN stopper and joints must fit tight]y to prevent 1oss of

e
[ -y

f'luor'ldea - p »

1

3." Flask contents must be thorough]y nﬁxed to prevent bumping ’
4. Disti]]ation must be stopped when the temperature reaches 180° c. '

' ”

Higher temperatures result’in excessjve su]fate carryover. .o

L

28 ; ~, . ) . .
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Silver sulfate, at the ratio of 5 mg/mg of CI, should be added

when high-chlbridg samples are distilled.  The presencé of silver

inhibits the vo]ati]ization of HC] which, in sufficient quantity,

could 1nterfere’w1th the fluoride determ1nat1on

. -When hfbh f]uor1de samples are dJst11]ed repeat fhe d1st111at1on
’ using 300 ml of distilled water. Anaiys1s of the d1st111ate will

indicate how complete the fluoride recovery was. If substantial

amounts of f]uo%ide‘appeariin the secoﬁ&—37§f?TT;;e, and ‘the .

of less than 0.1 ppm (F (0.03 mg) may be disregarded.

Becéuse!of the simplicity of apparatus and proce@ure, fhé f
distillation procedure can be readi]yvaufomated. hodificgtions _
fnc1ude magﬁétic stirring and 3 thermostat wh%ch turns'ogf a:_

quartz hégting mantle whén the correct temperature has been

a4

quantity to that obtained initially and” flush again. Quant%ties g
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" SPADNS METHOD ‘
Discussion ) ' O

<
il \
The reactlon rate between fluori de and zirconium 1ons is 1nf‘luenced

greatly by the acidity of the reaction mixture. By 1ncreasing the propottion

-of acid in the reagent the reactwn can be made practically 1nstantaneous

Under such conditions, however, the effect of varipus ions differs from that’
in the conventiona] alizarin methods. The se]ectwn of dye for this rap1d

fluoride method is goveri(ed largely by the resu]tmg to]erance to these ions

- \ el

Apparatus * . ~ Y

Co'lommetmc equi pment " One of the folowing is. requiréd'

o a. Spectrophotometer, for use at 570 nm., prov1d1ng a light path ofgat least

1 cm. ' . ) . o &
. ’ i R =8 \

. . ‘ W‘ . ,
by Filter photometer, providing a light path of at least 1 cm.” and equipped

with_a greenish yellow Filter ‘having maximum tr&nsmi ttance at 550 to
580 nm. A | :
. . . ‘\ .
Reagents . ' . t 'jl‘" e
a. Standard fluoride so]utwn Prepare as-directed in the electrode method,

{ R
Sectwn 4148. b, . °

. - .
. 1 a - s

b. SPADNS Solution: Dissol ve 958 mg . SPADNS, sodium 2- (para-su]fopheny] azo) 1
8—d1hydmxy-2 6-naphtha1ene d1su1fonate, also called 4, 5~ d1hydroxy-3-

-

(parasu]fopheny]azo)-z 7~ naphtha]enedisu]fonic acid tr1sodium sa]t dn
distiﬂed water and di]ute ‘to 500 m1. - Th'is solution is stab]e indeﬁn“tte]
if protected frow direct sun'li ght.

»
. \ . . oy
kY ‘-

. ' . .
. K
~ % - ‘ .
N . « ~ ~ :
. » ¢
. °
M M ' O" [ s ¢ '
"
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c. Zirctonyl-acigd-reagent: Dissolve 133 mg gircony] chloride octahydrat;T
ZYQC12x8H20a n about 25 ml distilled water. Add 350 ml conc HC1 and
dd]ute to 500 ml with distilled water. . - P

. .d.,‘Acid zircony1-SPADNS reagent: Mixagqual volumes of SPADNS so]ution and

zi;conyl-acjd reagent. The conbined reagent is stable for at least 2 ]
years. |

- e. Reference so]ution‘ Add 10 m] SPADNS so]ut1on to 100 ml distilled water.
‘a[hlute 7 m] conc HCT to 10 m] and add to the d11uted SPADNS so]ut1on

The resulting solution, used for sett1ng the reference point (zero) of the f

. § ‘ spectrophotometer or photometer, is stable and may be reused 1ndef1n1tely

“ A]ternat1ve1y, use one of the prepared standards as a referenee
*f. Sod1um arsenite so]ut1on Dissolve 5.0.g NaAs02 and dilute to 11. with |

- . © ~
v

- distilled water. (Caution; Toxic-zlake ¢are to avoid.ingestion.)

[

Procedure

a. Preparat1on of standard curve: epare fluoride standards 1n the range

“of 0 to 1.40 mg/1 by d11ut1ng apprppriate quantities of the standard . L
. T 4.§; f1uor1de so]ut1on to 50 ml with dist{lled water. Pipet 5.00 ml each of

T SPADNS Solution and z1rcony1 acid reagent or 10 00 ml of the mixed acid -
z1rcony1 SPADNS reagent to each standard and.mix- we]] Avoid contam1nat1on
o ‘ . | dur1ng the process. Set the photometer to zero absorbance with the |
reference so]ut1on and ,obtain the absorbance reading of the standards S
% 1nned1ate1y. P]ot a curve of the f]uor1de—absorbance re1at1onship

L] v

Piepare a new standard cur\e whenever a fresh reagent is made or a v

different, standard temperaﬁt;: \s desired. " If no reference so]ut1on is

‘,\ . ' used, set the photometer at Some convenient point\est]f*ﬁshed w{thla

-

hd )
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Calculation

‘mg/TF=__ A

.
r T -
- ~
b . I 't BN
. . ..

repared fluoride standard. :
prep Rl 1

b. Saine gnetreatment If the samp]e conta1ns residual chlorine, rehove
\i by adding { drop (0.05 m1) NaAs0, solutwn/O 1 mg c1 and mix. ‘
( odium arsen1te concentrat1ons of 1 300 mg/1 produce an error of 0.1

9/l 3t LOmg/IF) Q
Use a 50.0 ml samp]e or a portion d11ut:d to 50 ml.

c. Co1or deve1opment
. 'Adjust the tenperature of the sanp]e to that used for the standard curve.

_Add 5.00 ml each of the SPADNS so1ut1on-and zirconyl ac1d reagent, or .
10 00 ml of the acid zirconyl ac1d reagent, or 10.00"ml1 of the acid

zi rcony'l SPADNS reagent; m1x we'l'l and read the absorbance 1mned1ate'|y
or at any subsequent t1me, f1rst setting the reference poﬁnt of the

'photometer as above If the absorbance. falls beyond the range ¢f the _

' standard curve, repeat the procedure, using a smaller sanp1e. ‘

§
« ]

-

BT N

mi sample

. Where A = ug F determined - photometr1ca11y The rat1o B/C. app]ies on]y when

a samp]e,1s diIuted to a vo]ume B, and a port1on C taken from it for color '
. o

deve1opnent.

Precision and Accuracy ’ i R ' N

A syﬁ?hetic;samp]e cbnta1n1ng 830 ug/1 F and no 1nterferende in

‘“d1st111ed water was analyzed in 53 1aborator1es by the SPADNS method with a .

relative standard deviatfon of 8. 0% and a-relative error of 1. 2% After

direct disti]]atton of the sample, the relative standard deviation was 11. 0%

and the ‘re'l ative error 2.8%, : .

R
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\\ A synthét1c unknown sfmp]e conta1n1ng 570 ug/] F, 10 mg/1 Al, 200

V mg/1 sulfate, and 300 mg/] tota] a1ka11n1ty was analyzed in 53 Taboratories

by Ihe SPADNS ‘miethod wi thout d1st111at1on with a re]at1ve standard dev1at1on 0

16.2% and a relative-error of 7. 0% After direct d1st111at1on of the samp]e

\the re]at1ve standard dev1at1on wa§¥17 29 and the relative’ error- S 3%

A Y

Ry
A synthetic unknown sample conta1n1ng 680 ug/1 F, 2. mg/] Al, 2.5

mg/] sodium hexametaphosphate 200 mg/1 su]fate, and 300 mg/1 total alkalinity
Was analyzed in 53 1aborator1es by d1rect d1st111at1on and SPADNS methods with

a re]at1ve standard deviation of 2.8% and a relative error of 5. 9%

’
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. | : - FLUORIDE
| (E]ectrode) e ,
: _ STORET NO; Total 00951
™ S Dissp]ved%OQSO |
. v s
Scope”and App11cat1on ' o \

1.} This method is applicable to the measurement of fluoride in dr1nk1ng,

<

surface, and saline waters,—ddhest1c and 1ndustr1a1 wastes:

1.2 oConcentrat1on of f]uoride from 0. 1 up' to 1000 mg/]iter may be

L

meas ured. .

A}

1.3 For Total or Tota] D1ssolved F]uor1de, the Bel]ack dist111at1on must

be performed on the samp]es prior to e]ectrode ana]ysis

-Summary” of Method
. 2.1 The fluor1de is dgtermined potentiometr1ca11y using a se]ective jon”

’

f]uor1de e]ectrode in conjunct1on with a standard_\_pgle Junction

+

s]eeve-type reference e]éctrode and a pH meter having an EXpanded

nﬁj]ivo]t sca]e or a selective ion meter having a direct concentration
K o

scale for fluoride. -

A

2.2 The fluoride electrode consists of a lanthanum fluoride crystal
across which a potentiaf is develqﬁed.by.flﬁoride ions. The cell
ﬁay be represented by Ag/AgCl, €1~ (0.3), F~ (0:001 LaF/test solution/

. SCE/, . B 7 -
Interferences S ‘ ~ A

’
i

3. 1 Extremes of pH 1nterfere, sample pH shou]d be between 5 and 9.
‘ _Po]yva]ent cations of si+4, Fe*3 and AV*3 1nterfere by forming = O

.o _ |
34 ™
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6.

A

, complexes with fluoride.

room temperature.

The degree of interferencé depends upon the

P \ . -
cﬁhplexing cations, the concentration of fluoride and the pH of the .

4 (3

sanp]e. The addition of a pH 5.0 buffer (descr1bed be]ow) conta1n1nd”

a strong, chelating agent preferent1a11y comp]exes a]um1num (the

_most common interference), silicon, and iron and eliminates the pH |

e

_ _prob]em. w -

Sampling Handlfng and Preservation |

4.1 No spec1a1 reqU1rements ' T‘ ,

Apparatus < q . , L

5.1 E]ectrometer (pH meter), with expanded mv scaie, or a se]ectire jon
meter such. as the Orion 400 Serleé | ‘

5.2 F]uoride Ion Act1v1ty'E]ectrode, such as, 0r1on/ﬁc 94 09(1) '1

‘5.3 Reference e]ectrode, §1n91e Junction, sleeVe type such

No. 90-01, Beckman\No. 40454, or‘Corn1ng Np. 476010, .

. 5.4 Magnetic Mixer, Tef]on-coated‘stirring bar.
Reagents ) ! | . i
6.1 Buffer so]ut1on, pH 5. 0 5 5: To approximater 500 m] of disti]]ed

water in a 1l 11ter beaker add ‘57 ml of glac1a1 acetic acid, 58 g of
sodium chloride and 2 g of CDTA!Z) Stir to disso]ve anc>E001 to
Adjust pH of so]ution to between 5 0 and 5.5 with
5N sodium hyd?o!Yde (about 150 ml- will be requined)e “Transfer
so]ut1on‘to al 11ter vo]umetr1c flask and dilute to the mark wigh .
distilled water. For-work with brines, addit1ona1 NaG] should be _ ’
added to raise the cﬁ@pride level to twice the- highest expected 1eve1'

of chloride in the: sanp]e. L s -

o
“ "&lp x 7
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6.2 Sodwm fluoride, stock so]ution 1 0.ml = -0.1-mg. D1sso]ve 0.2210

g of sodium fluoride in distilled water and d1Jute to1l Hter ind . 1

volumetric flask.

{

Sodwm fluoride, standard so'lutmn.

Store 1n .chemi ca] res1stant g];ss}po‘lyethylene.

6.3 . o ml = o Q Dilute .
1oo oml .of sodium fluoride stock so'lut1on (,s/ 2) to 1ooo ml with
( distﬂ'led \(ater. - ]
7 > ‘ :

-

-

Calibration _
7.1 Prepare a series "of standards using the fluoride standard“‘solutieu ]

(6. 3) in the sange of 0 to 2.00 mg/] b’?y dﬂutmg appropmate VO]umes

to 50 0 ml.
M1hmeters of Standard
(1.0 ml = 0.01 mg/F) e

-

.-
.

The foﬂowing series may be* used

»

—

to 50 m] mg_/hter . '

Al

.

TR -
Concentratwn when Di Tuted 3

7 .

0.00 ”ﬁ:.' C 000 ‘ ‘
1.00° © 020, ¢ i
-2.00 B R SRR h
3.00 \ L 060, s
et - 0:80 , ] ..
5.00 ‘ Do YT e
0600 . 120 s
8.00 . aedgo.
| 10.00 ) 2.00 T ’
" 1.2 Cahbratwn of E]e%\‘rometer‘ Proceed %s described in (8. I) Using o
E semi'logam thmic graph paper, plot the cohcentration of" ﬂuoride 1n |
‘ - S ¢ A - mg/'hter on the 1og axis vs. the e1ectrode potentia] deve]oped 1n
‘ ‘_ .’ ' ' the standard on the Hnear’ axis, start1 ng Wi th the 1owest concentratid
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8.

9.

at&thé/gpttom of the scale. Calibration of alse]ective ion meter:
,IFoflou~the directions of the manufacturer‘ior the operation of«the ‘
instrument. N . |
Procedure - /
8.1 Place 50.0 m} of sample or standard solution and 50.0 ml of;buffer
(See Note) in a 150 ml beaker. Place on a‘nagnetic stirner.and mi x
\;t medi um Speed.g InEn_erse the electrodes in the solution fc;‘r at
east three minutes or until the reading has stabi]iied,“ At\
concentrations\under 0.5 mg/]iter F, it may require as«long as\five

minutes to reach a stab]e meter reading; higher concentrations

} stabilize more quickly. If a pH meter is used, record the potential

measurement for ea\h unknown sample and convert the potential reading
to the fluoride ion coneentration of‘the unknown using the standard
curve If a selective jon meter is used, read the f]uoride level
" in the unknown sample directly in mg/1 on the f]uoride scale I
‘NOTE: For industrial waste samp]es,/this amount of buf?er may not
be adequate Analyst should check pH first. If highly basic { 1),
(add 1N HC) to adjust A to 8.3, | -
Prec1sion and Accuracy ' ‘ . ,
9.1 A synthetic sample prepared' by the,Ana]ytica] Referencezéervice. PHS,
ﬁsw*contﬁining 6.85 mg/ ] fluoride‘and no interferences was angJyzed by "
- 111 analysts; a mean of 0.84 mg/] with a standard deviation of
;//% "1 0.03 was obtained T . 4{' '
7 9.? On the same study a synthetic sanp]e_contaiﬁing 0.75smg/1'f1uoride.v
2.5 mg/1 polyphosphate and 300 mg/1 alkalinity. was anggyzed by the .

R .
o -
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same 111 analyst$; a mean of 0.75 mg/1 fluoride with a standard
‘deviatipn of + 0.036 was obtained. S ‘ ‘ .o v
& . -
.. ) Bib]iogréphy - ‘ .
1. Patent No. 3,431,182 (March 4, 1969). .
2. CDTA is the abbreviated designation df/l 2- qyc1ohexy1ene dini%rilo S -
tetraacetic acid, (Mathieson, Coleman & Bell, Cat. No. P8661) o; """"""" ™~

| cyclohexane diamine tetraacetic acid (Mercl T1trip1éx IV or.Baker
~ Cat. No. 6083). S ' -
3. Standard Methods for the Examination of Water and wastewaters, p. 171,
M%;hod No._121ﬁ, Pre11nnnary Disti11ation Step (&g11ack) 13th Edition,

x~ 1971. N
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