
SpeCtrophotometric Determination
of Atmospheric Fluorides

1, lNTRODUCTION

Fluorid< i. a .p.<i.1 Iu""d to .eg'lation whe.... littl... O.tppb may
aff.cl eerlOm ,peCl" ,ueh .. Chin....pricol and ",m • ..ari.ti.. of g1odiolu•.
Although mo,t planl' oon tol."I' mlny Hmes this conc.nlr1lion and
animal< are g.n.rally ulaff.",.d by two or thr•• ord.r< of m.gnilud. high.r
ooncentrotion> than Ihi., it i. imporl.nl llut Ih. an.lytlcal method used for
d.t.rmining fluo,id., b. capabl. of gr.Ol ..n!.iti"';IY and applicabl. 0....' •
wid. rllli' of cone<ntmion.. A criticll probl.m pr...nled in th.
d.l.rmin>tion of .tmo.ph.ric fluorid .. i' th.1 of ..mphng, Th. usu.1
..mplilli procedur•• ;nvoh.. trapping the fluoride in .n .qu.ous syU<m
wh.r.by not only fluoride but al'o other pollUI.ml'TO "plured. A1thoug./t
fluoride Ull co~xi.t ill dilute otmosph.,. with iron, aluminum, m.ngon....
c.lcium, mosnNium and l.ad, Iqu.ou, ",Mions of the ,..pet Ii .... ion, reaet
10 form insoluble ..Hs and st.bl. compl.x.,. Pa'lIcullrly In th. coso of Ih.
slightly di,sociat.d iron, aluminum and mangon.se compl.x.,••teps mtUI b<
!Ikon to i.olot. Ih. fluoride before fin.l .n.I}'Ii' b<eaus. d.t.rmin.1liv.
proc.dures are incapabl. of me.surlng undiuolved fluoride.

Many melhod. h..... bun evol.ed for Ih. det.rmin.tion offluOdde. Th.
fluoride elect,od. i. uc.n.nl fo' d.termillins tluorido acti".;ti.. in th.
mic'Oi"m per miUilner rllli' bul is nol .uffi<i.ntly ..mill.... for Ii'
polludon studi" e",epl where llrg. volume. of .i, ar. b<ing ..mpled Or
"'I)' high coocenll.li01l1 of fluoride or••nliclp'ted. Many .pecllopholo­
metrk melhod, h..e been p,opo,.d. mosl of which ar. bas.d 00 th.
bluching of • colored .peti.. of • ch.lal.d mel.l. Th. fluoride in .uch
procedur.s compl.x Ih. metal respon.ibl. for the color.d speci.., Ihus
d.moy,ng th. color, In 1959. Belcher .nd 1=nard introduced Ih. first
TO.g.nt for fluoride that produced. coior ",h.r thon d.."oylnS on, (11.1).
A modi/ie.lion of lhis ..n,iti.. and hiJhly ..1«11.. re.gent (11 ,1) is utilized
together with. unique .ampling t.chniqu. 10 provid., "n.iti,", rapid. Ind
.peci/ic rnOlhod for nuodde monitOring (11.4),

A number of .pp,oo,h.. ha.. b<.n used to r.moy. interf"'''''e$ or
Isol.l. nuorid. '0 that fin.1 Inal}'tic.1 measurement con b. mad~ ..Ii.bl.,
Ion .xch.nge has found rome u" bul most monito,.1 work h....lied on
di'till'lion. Th. cl...k W;Uard-Wimer di'tiIlation .ffeoti.. ly break. down
suble fluoride compounds .nd Iibeflt.. ,he fluoride from interfering
mot.rial,. l1le method i' laboriou" ho........' ••nd th. use of microdiffu'ion
provide< on .Urae'l.....It.mat, approach (11.1). Th. m.lhod of dyn.mic
""l"iliution h...dvantag., of fl.xibility .nd rapidity .nd i. described
l>elow,
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2. SCOPf AND FlEW OF APPLlCATlON

The Iln,hanide4li...rin complexan·fluofide ,..clion is Ihe ba,;" fo' the

sp«tropholOmenic detenninltion of atmosphcric fluorides. Optimum
,.action ooOOilion' ha,.. be.n est.tbUshed ond the ..mpling procedure
eUmina,es ,he interfer.nce ofdive... ions and molecules lha' are commonly
prcsetlt in the at"""phe",. The method has a serWli';,y of 0.001911:&
fluoride per 5q. cm. .nd ;" reprodt'dble wi'hin ±0.OO3."&, per mlat1he 95%
confidcnce level for known ooncen'Tltion, of fiuolidc of O.~g per mI,
Th. p,ocedure ;" unIquely sui'able fOI 'he detennina,lon of ac'ual fluolide
concenlTltlocu in .mbien' aunosphe,cs It plllS per billion !nels. 11 ;"_11
suited for use in mobil. bbo'ltories.nd n.ed bue moni,oring '!"Ions.

3. PRINCIPLE OF TIlE METHOD, REACTIOS. AI\D SPECIFICllY

The method involves the eUmination of in,.,fering .pecies by uoe of a
pre'scrub through hot (70"C) ouIfuric Idd. followed by ,h. 'TOpping of
U\><",ted HF In On aque<>us .yo"m with oubsequent .pectrophotometric
dctermination with lanthanum-aU...,in oomple..n. Th. final tTOpping
solu'ion conllim sulflmic Kid which '''Cll wilh lny nini.. that might be
preoent. oonverting i' '0 non·interfering nittogen gas. All interf..encesthlt
are Ukely to be presen! in thellmosphe,. Irt ,hus eliminl'ed. either by tho
inilial H,SO. triP 0' by ,he reaction in 'he finoJ abSOrbing .y""""

4. REAGE....·TS AND MATERIALS

4.1 Standard Jluoride I¥)lwkm (jlJt rxr ml)

Dissolve 0.221 grim of ru&ent pld. NaF in distilled w"er lnd dilutt '0
1 lite,. This soluli"" contlins IllOj.cg fluolide pe, mL Dilute I '0 20 '0
obtain the wo'kint solu'ion.

4.2 /ftlJf., ",lutjon

Combine 188 &Tl"" of anhydrous N.OA, "ith 336m1 ofglldtl HOM ond
dilute to 1 lilt< "ith dh'iIIed ...... teL When this solution is diluted to 1 to 10
"ith di1'illed ........r, the pH shoukl be 4.3.

4J AllzarincompJeun(IX/rT'M)

Di"oIve 0.385 iCam of ...gent in I minimum amount of dilult NaOH.
Dilu.. to I lilet with a buffer solution rontain'lli 34ml of 11""..1HOA< lnd
18.8 gram. or anhydrous NaOAc pe, Ii,.,.
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4.4 un/II/Inurn Jtil1'al~bl/rr6(]XHr' M)

Diwol.... 0.866 irams of La(NO,),· 6H,O ."" 102 grams of anhydroU'l
NIOAc in 4OOm! of diStilled H,O, Add 222m! of glldal HOAc and 890
mimequ;valtnlS of HO. Dilut. to Ilil.r, The pH of this solution, when
dUutod I to 10 Ind coo1>ining .cttonttO the txtent of 25%{v/v) should N
4.1-4.2.

5. APPARATUS

5,1 Spectrophotometer - Bockman DU, 0' equivalent,

5.2 He.tini mantel, with powe"ta..

S.3 Glm ",rubbers - Fritted gl... , 30m!.

6. SAMPLING

"''h.n fluorides lie scrubbed from the atmosphere prio' to lnolysl<, l
numbor of species containini i,on, aluminum. calcium magntsium, lnd le.d
or< also trapped .nd thus put into solution along with tho irolltod fluorides.
Th...sultlnt formation of insoluble sulnllncos such .. colcium fluoridt.
and Iud fluoride introduces potential intt,f"tn" and ce""inly the
formation of ext ...mely stobie complexes such IS the hex.fluorooluminate
.nd the hex.f1uoroforrate (1If) must nwk fluoridt' SO that subsequtnt
lnalyti.cal dett,min.tion gil''' vol".. "'pr<senling fl"oride Ictivities Ifter
sampling rather than tho significant fluoride concentrations of the
atmo.ph"t bofor< sampling. Tht fonowing anolybcal prOCtdur< tok.. these
and other potenti.1 interfer.nces into considera1ion.

The majori1y of the in,.rf"tnce. can bt elirninattd qui,. ....dily whilt
the .ir sample is being collected. This I> a""omplished by pl.dni a
pro-scrubber containing conc.ntrat.d .ulfuric Idd bot"'..n the <ample
SOU'Ct and th••bsorption solution, If the pr...c"'bber is h.ated to
Ipproxinuttly 70·C, the volatile acids will pm over into the .bsorbing
solution Itaving any int"f"ing corion in the .ulfuric .dd, It i••"umed that
particulates .nd aerosols lI. irntllOdi.tely di""l"ed in the hot acid, thus
liberating the F",

Samples should b. collect.d in a <ample tr.in con'l>ting of an inlet tub.
madt of st.inless 'teel or T~-gon tubing connected to a 30ml frilted gla...
bubbler conlainini .pproximattly 20mi. of conctntrottd H,SO. m>in·
lIined " 70'C by On oppropri.t. hoaring mantel. Th. scrubbed SImple i.
noxt led dir<ctly r"to ..."ond fri".d lila.. bubbler containing 30m! of
0.05% ,ulf.rnic aCid.
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SpKtrophoto~tric. Int~rmin~tion of

I 1,,-rROOUCTIOl<o

Sitric Icid UIoIll!Iitra'... ill air CU M m...wed COIlW1tImtIy by ...._ 0( t'"
dsiw"",rop;c add (9.1) or bru<:iI>t (9.1) _tltoIb. l..iI< mir.tweJ of
nitric .wdo, Ilisn::q lIthydrido _ ait..,.." teuo.Dd~ CU be nal 10

~t ll/Iratr ..d nl1ml,ed • JUdI (9.3). OIlx1l11Olhoc:b sucII • !he
phenoHlisulfonle sad procedlln....h.ct..... to ll/Iri,~ with subs<q ,
mn'Om..mt by __ of a lrOdifood Griess ruction or lho or
u1,,.oioltI .pectropbOIO"'''Uy ....... heeD propooed 10m are no! ,ecom­
mmded rOO' ttntral 11M be<:a_ of 1ad< of cp<'<:i(lcity 0' _thily 01 both.
The chroIlKlIIropic Icid ....rIood. is cboKrJ in p~feraocr 10 tM bruciM
procedure i>eeloust th. linn may ....rr~' rlOm iJ:1l"rf~nccs d"" '0 wridlflU,
Ill,,", thlfI lIi'lItt. 'hal ...y II< prettnl in tho au.

2. SCOPE A"'D FIELOOF APl'L1CATlOl<o

This is a ....th04 for d.'.rminirl, Illet quantilie. of nitll'. in th. 11,
"'hob\< rOf nllblishilllllli>imt al:r quality fo, .pol cho<:k •• monit0rin&. 0'
field ",eY'. R.liabl< rault. can b~ oblline<! over th. 111\1< of O. S.S!N, of
Nlrat In,.,f.,eners dou In sub.lIners such OS nmi' •• oxidizinc 11..,11.
cltI",;de and lIOn (Ill) which nnrm>ny in'.,f.", ;n nil"'l" d.t.,min.. ion.
ha~ been .Iiminlad.

). PRINCIPLE

Tht mtthe<l i. b..ed <>n ,h...aclion or niu". ""ilh ch,nmotropic acid, The
.b,n,bal\C" or 'he ,,,ul,ln, y.llow ",lu,;on i. p,oponin"al to ,h. niua..
ennCtnmtlnn. Pn""tial in,.rf.,."co. h•..., b..n .liminaltd. Addition of
exc.... sodlu", ,ulfite ,troovt, lh. inl.,f..enc. du. to nxi<liling ag.nll,lnd
l<Idhinn nr u,.I ..limin.... nitrit.I' ni'rog~n gu. Chlnrid. Is "'lSked by the
l<Idlllon 0( an,lmony (III).

4. REAGENTS

4.1 S,.1IdiJ;d "ltrol. JDluliDll

~... 1.371,0( ""FnI pille sodium n;t"''' in dlStUkd .... IOf """ dUUI.
10 ""e titer, This liftS I Diulle con<..nt'"li"" or 1"'IlI'm1. A ..na of
'IInd.1lls Cln II< pteporOl1 by ....itablt dUUI;"'....".



4.2 SwljUrk «ill

U... onoly,ic*l ,ugem g,*de concemJOled *cid which is free from nitrile.
(Re.dily checked by .dding 1m! ,e.gent 10 10m! sulfurk acid. No colo,
sltOllld be formed.)

4,3 PurifiM c!rromotropic acid

Pre....,e a ulu,.ted solution of lhe disodium ult of 1,8-dihydrox}"
3,6-nlphthalene disulfonk .cid. P,oce'" lwice using duoloriz.ing oha,co.!.
C,ystlllite the reagent from the mteml solulion by .dding sulfuric acid.
Filler; ""'sit "'e",1 limet with e,honol; lIld dry below 80·C. Prep.,el O. t%
soIulion of the ""ient in concentflled tulfuric .cid. The re.gent solution it
colorl... *nd it Il.ble fo' lwo "'eeks.

4.4 Sulfite - ur~ ",Julion

Di=l.e 5g of ""* .nd 48 of reagenl g"'de Inhydrous sodium wlfite and
dilute to 100m! Wilh distilled wore ..

45 Antimony ","'lion

Heal O.Sg of anti""ny mtt>1 'n 80m! of ooncenlrated sulfurio lcid until all
lhe metll is dlssol.ed, Cool the ""Iution .nd .dd to 20m! of ice wlter. lIIhen
kepI o....might. if .ny ..11 crysulhtes, redi...,l.e by he.ting.

5 APPARATUS

5.1 High l'O"'me ""'"PiN

Sre<'tropholomeler suit>ble for """,wtement of Ib""'bance at 4lOnm ond
eqtri~ with matched quart, cells,

6. SAMPLING

A high .oiume I.mplet i1 used fo, sample collect;on. Since nitroles *"
101ubie in wlter. lhey C'n be eluled from lhe m,,, pIpet by repeOled
wuhing with I smln .roounl of distilled wate,. Combine 'he ""'sltings .nd
mIke up 10 lOOmI with distilled water,

7. PROCEDURE

Pipet 2.5ml of e",h "mple Ot standard solution ;ntO dry 10ml .olumellie
nuks. To ..cb nuk Idd I drop of,u]fite,u,.. solution; place lhe fllsk' in I

'"



eo.polIlltlnll dorin& ..mpli,. IIId ;f fib<1 &Ius fiI'e.. ore used, the IOid is
pl(l1IIly <raliu<l hy oIbIIllO $I," ]>ment un the fiI,., ...rl«.

1be thod chosetl. for recommendotion he~ is ti•. ornsitifoe aDd
npid. It is Iwtd "" .lOidIIomellic ractiom of dlsIocio'ed prot mel
II'mpIoyo !he .... of In ",""pmsM me ....... ro, pl' .• !he ond
.-tIoa prod"".. (II ).

2. scon: """D FIELD OF APPUCATIO~

The rile 0¥e1I method for the determitul'iOIl of w1fUrll; ll:id .. rooul iI
IelISit;~. ,"pi<! ond e..y to pe.fo,m I, is hued on the ......u of
dillOcil.ed prot"'" Ind by 01"". oJ,e.,''''n in pnxedu". Cln t>e d nthe'
for de.emtitult;OI1 of to,lI non·wlltU. lad (H,SO.) 0' for 'ota! pro''''''
from di.socil,ed Idd...d from 'he hydroly.i. of ..h••""n .. lmmonium
",lflle. Immonium thlorid•. and tin<: 'Ulfll'. ",nlob ,.act with moillu" to
I'fod..u proton•. The .... thod" r."dily 'mployed for f\eld 11OOiel .......UI.
foo det.rmination. made 011 collect.d sampl" Ind ,<turne<! to 'h.
IIbontory.

). PRINCIPLE

This ....thod comb... !be ........ II1II det t_ or IIIlfunc IOid
Itt'OIlOl 00 lbo' !be~ lI_n.IaIIJ.-1DI!ysis ill A rell1lOdy MI1IIJ
.....pIe is coIIccted un q.....titllM IiIttf pipet I oecperllill 11p<

WDpIe-r 01 OIbn I>Iitlbk drtia thot will collect the xid on IIpOf 0 ... iIIdI
(or -.boIf !nob) ill. di r. The til ... ".If is tben lIMd as the mrctioo
medium foo the lI1IIytial '.melll "'hidt is 1>IMIIl on the lloidlio-
metnc r.l.... by ltid prot"", of bromine from I mix,ure of bromide In<!
bro...... The ~bnlted bromi iI IIlC1ed ...i!h n__<in to produce
un. the col'" of "'hidI Is llUred og>inl1 IlIndI'd colo.. II I di ....
det.rnnll;"" of proton COlloCefltrot;on_ The me..u"menl "epo Ire
pe,(ormed L1Sini I tinl ",""n.

If non·volllile 'dd (H,SO.) is to b. me.,ured 'he nher On whkh ,h.
sample hu b••n collec.ed should b. h...ed .. I()().IOS·C (or 4 Or more
hoo...0 .liminlt. lny voIa.ile Idd•.

4. RUCTIOSS

The 4<1<""'''"';00 .. bI-Jed on the Oloidliome'nc r...... by pro,OftI of
brunll< from I nx,ure of bromide md b_1e • deplc'ed by the
followial <qUIliono

58(+8IOj+611'-3B" +31-1,0



Th, lib..oted bromin' i' re.Cled wilh Ouo,""'in 10 prod""e lhe
te".bromoOuorescein (eosin) which hal • di.lineli.. o",ng. color.

•

","

-'-

y>;r T

•

• Br, -0

o """-./-"--''---/6"
9

Fl,.,,,,o<dn

The lnl<ruity of th. ,,,,in color is meosured og.inst colo' n.ndords '0

d.l.rmn.,h. omount of odd pr...nt in ,he ..mple,

5, REAGENTSANDSOWTlO~S

S.1 Sodium fluor.scein ~ O.oS'!t; slobl. for 10 doy•.

S.2 Poto..ium bromide - 4,0%,

S.3 Potawum bromale _ 4.Q'iI,

5.4 Stoodard 1lllCk sulfu,ic acid ~ 0.1 00 N (ll'i • 4.9 1'8 H, SO. ;dUut, os
d.sir.d 10 prep'''' .l.ndard working solulions).

6 APPARATUS

6.1 Sequential lape lamp/"

Bendix Un;"o P:tp'f T.pe $ampl.,; R...."'h Applian". Company. ASI
AUlomalic T.pe Sampler.

6.2 Ri/1l, o~" with acce"",i••

Trace ov.n, Anhuf H. Thoma., Co,

6.3 Mi",lkmeou, supp!i€f

Surfac. lh.rmometer (Specific nonsduc.r Corp" Mod.l 3 11 S): micropipe";
capiU~IY pipeU, uncalibrate<l: ll\((( Pipe! (O! (ape l.Imp\m (\\lmml.l\ 41).
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7. SAMPLING

Collect 0.1-2.Om' of lir ..mpl. (d.pending on an'i<ipat.d acid 1,,'.1,) with
a lequenlul tap< sampl.r providing .lther a on. inch spot Or a one.halrin<h
Slmpl••pot. Th...mpl••pot i. lfan.f.rI<'d in plare 00 the tap< to a ring
oven for analysi..

8, PROCEDURE

PIa.. lhe mttT 1Op< on ,h. ring Oven ..;th tile ..mpl. 'J'Ot cent.red exactly
""er the annular 'po•• of the h.at.d (9I)'C) .u,fac•. If a "".·inch ..mpl.
'pol i' taken. a ring oven wilh a 330101 di.m.t., opening mu.. I>e u..d. If
a OIlt-llalf inch ,","pl••pot is proce...d. ~ ring "".n with a 220101 diame1<r
ring .hould b. emplo}'ed. The following ".ps apply 10 the proc.ssinj; of tho
larg...mpl••pot.. If the haJf~nch Slmpl" ar. b.ing proc....d. th.n u..
only one-half the volume of "'as.nts and wlution. mentioned in the
following procedur.,

Add to the ..... , «nt.r of ,h. SImple .pot 3"'-1 of potusium bromide
and w..h to ,h. ring zone wilh dis'illed "1t... Allow th. ring to dry
rompl.t.ly and th.n .dd 6>11 of floor....in. W.UI the dye to th. ring zon.
with methanol. Remove the upe from the ,ing ooen .nd add polO1&um
bromate "'lution ..ound (from th. outsid.!) the ring zone usinla capillary
tUbe. Return lhe tap< to the hot ring O,-en ..-:ith ,h. spot «ntered .. before
and ....it thr.. minut •• for full C010f d.,.-.lopment. Compar. the color
iotel\$ity of tho ring with standard rinl'.

9. CALIBRATlONCURVE

Sfandard ring' are «"",eni...tly ","pored by u.;ng O. 2. 4. 6. 8, .nd lo,iI of
standard sulfuri< a.id solution. Aft., the addition of the known amount. of
..andan! acid, d.h .pot i. processed a. d... ribed ab""e. Th. ruulunt
standard rings are ..abl. rOf II l.u, on. mon'h.

10. SPECIAL CASES

10,1 Th. p,oredu," d•..,ibed antkip,," the coU."ion of ..mple, by
mealU of a paper tape ~uO"lioJ ..mpler. It is possible al", to roll""t
sampl.....illl high••olume ..mpl." by pJocnsi"-l only ,n aliquot of the
t01l1 ..mplo. Fo••xampl •. a one-hllf inch .pot .an b. stamped out of the
mt., IlSing a cork borer. II-ith the dust .pot down and cont.red "" a pie<:. of
Wh.1tman4l fIll.r paper (or $&5495) the r.gul.. proc«!u," dO$Cribed
abo•• c.n b. foll"""d. CakuJa1io", mould 1>ke into account the fra<!ion of
lhe 'otal Slmpl. b.inl processed.
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10.2 The pr<Xedur<, for .ulfu'ic ,cid .erosel can be modifoed .lIgh,ly '0
apply for the de'ermin";on of '0101 proto"". Thu,. not only are sulfu'ic
aci<b ""'asured. bur protons from ml.o'i1e .cids. s""h as h~'dro<hlork and
nilli, acids, and .cid ..Irs.•uoh as 'mmonium .ulf.te, .mmonium chloride
.nd z;no .ulf.... ,re indud.d. The procedure in 'hi' ,,« i, .. follow>: Add
to th. c.nt.r oflhe sampl. 'por 3{ljJl ofpo"",ium bromide .nd wash to ,h.
ring Zone wilh distilled w,t<l, Allow ,h. 'ing to dr~' completely .nd ,h.n
.dd 6><1 of fluore".in. Wash rho dye to ,h. ,ing zone .... with """hono!.
Remove the lSpe from the ring o.'en .nd add "".."ium bromate solution
around (from the ouuide) 'he ring zone u,ing • capm"y 'ub<. Return ,he
tape '0 'he ho' ';I\i oven 'nd w.i'th",e minute' for full color development.
Comp..e 'he color inten,i,y of ,h. ring wi'h slOnd'rd rings
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