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WTROIIUCTION 

Numerous tests have been run on various types of methods f o r  the past f i ve  
years t o  f ind  a rapid f i e l d  method fo r  the  d e t e n i n a t i o n  of fluorides as atmos- 
pheric contaminant, par t icu lar ly  as f luor ine  might be connected with welding. The 
method o f  Willard and Winter was used a considerable period of time but was not 
s a t i s f ac to ry  due in part t o  t h e  time involved i n  the  d i s t i l l a t i o n  to remove La- 
pur i t ies .  
conium n i t r a t e  method waa m l v e d  which, in our handa, uau scundaat more wt- 
fac tory  than the  published method, part icuhrly froa the crtandpaiqt of  speed, €km 
ever, t he  range of significance from the health standp6inf inrolves concentrationo 
from 1 t o  10 p.p.m, and requires a more repid detennfNtion b tbs u 6 ~  rbd;rcs oper 
a t ions  are being performed than can be obtainkd by 
ing solut ions b a ~ k  tci fhe llaboratory for  analysis aPtsr 

A satisfactory modification of the  a l i z a r i n  sodim sulphonate oad sir- 

2 hours in collecting air ample, 

Some inorganic capapounds of fl\porh~ are geseous and m i X U  mqukre m wtUw 
t i o n  of the concentration rrithin a itsr minutea M) that safaty snd health rapIra- 
ments might be met. 

U e c t i o n  of a sample and fhs eubsequsnt tretllr- 
por t  %+a a .Loboratory would not m e e t  t h i a  requirement methods collecting ths satpla 
i n  a liqar2UaaeQjupa with reagents present which would indicate the relative m~~utata 
of  f luor ide  imhediately were t r i ed .  While s t i l l  working on thi8 approach It maa 
d9cided tha t  the f a s t e s t  estimation would be through the  use of an Indicatbg paper. 
Such papers can often be made t o  give semi-quantitative .results 

Since methods involving 

pump- 
mounts of contanmated a i r  through the chemically t reated paper. bs 

Experiments were  conducted with papers t rea ted  with sodium aUzarin 8ulphom# 
and zirconium chloride but these were not as sa t i s fac tory  even under u l t m i o l e t  
l i g h t  as those papers treated w i t h  zirconium salts and azo-arsenic acids. The 
paper f i n a l l y  determined upon was one treated with pdinethylarmine-aso-phenyksenic 
acid and zirconium oxychloride2. 
conium azo-phenylarsenate, b r m  in color,  i s  deposited i n  the pores of 
The excess o f  pdimethylamino-azo-phenylarsenic acid is washed out with 
acid. When fluorides are drawn through t h e  prepared paper a color less  ( 
and the free azo-phenylarsenic acid which is red are formed, Thus we have a as- 
t i n c t  color  change from the brown zirconium compound t o  the red of the  free asa 
acid and t h i s  has been made t h e  basis f o r  a semi-quantitative f i e l d  method f o r  the 
determination of the f luoride ion. 

I n  very small quant i t ies ,  such as is dealt  n t h  i n  determining concentration8 

In  d i l u t e  acid solution an inioluble  salt of %lr 
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in jur ious  t o  health, f luorine itself is  hydrolyzed to  hydmfluoric acid and this 
i s  assisted by moistening the paper with hydrochloric acid. 
such as  sodium fluoride, react on the  hydrochloric acid moistened paper to  give an 
immediate f luoride ion reaction. 
cium fluoride,  are retained by the moist f i l t e r  paper and react t o  give the  typ ica l  
fluorxde reaction but not un t i l  a longer period of time has elapsed. The method is 
roughly qujintitative i n  tha t  values i n  the range from 6 t o  10 p.p.m. can be de- 
termined within 2f l p.p.n. and from 10 t o  40 p.p.m. with decreasing sens i t i v i ty  as 
the concentration o f  f luoride ations below 6 p.p.m. the  
method becollle increasingly les of the  pump and a t  2 p.p.n. 
may be estunated Pvlthin f .2 p ven concentrations i s  

Soluble fluorides, 

The insoluble inorganic fluorides, such as cal- 
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largely determined by the  l ib ra ted  punp. These concen- - -  
t r a t ions  were chosen because 'thei-were the nost inportant i n  regard t o  health and 
safe ty  . 
PRBPARATION OF C H E E I I C U Y  TR.ELTED PAPER 

The t reated paper is made according to  Fcigl and %@an$ except for the wash- 
ing o f  the paper which N ~ S  done without t he  use of ether. 
papers are a l ight canary yellow when dry. Prior t o  inser t ion in the plap attach- 
ment head they are wetted with 2bl IHc1. The color changes t o  a light brown. BFter 
exposure t o  the fluoride ion a f a t  -ink color appears. 

Properly prepared, these 

Those &OM interfors which @re W l u b l e  or s tab le  soluble mxr$h 
w i t h  sirconiumr 
sulphatas me included fn t&a p u p *  Wuever, under t he  aondi 
the rangea eet up, mlpbta ead ammatea do not interfere %a d#)ttBctQ W W  90 
p.p.m. Us- the c a l i b t b n  pmmedum to  be deacrf 
testing for fluoride ion in ~oLIC6ll;trBfloRd irolp 2 to 
amount of air taken tkough tho t e s t  paper wao noted 
the coneent ra tbn  of the fluoride waa intxwbed into the 
suzphates are present i n  higher conoentrations and no fluoride $on M,p.errrat there 
is a ivmetion but the reaultent -lor i s  a salnan pidc instesd of CI 
Under unusual conditions, suZphtea do not constitute a aerious interfemme burt 
phosphates nN1 Snterfere and w i l l  give approximately the same effect &b th8 
f luoride ion. 

orgarrio 3qa?o%y mi&, BTmILBtea, phosphates, 

PmP -- 
A pump of 50 ml. capacity was chosen AS this volume of  air on pre lhc iaq  urude 

ca l ibra t ion  tests apparently would a l l o w  tho greatest accuracy fo r  the  croWa&rti- 
t i ons  from 1 t o  40 p.p.n, of fluoride ion which was the  concentration of garrtest 
i n t e r e s t  from a health and safety viewpoint. A head t o  hold the  test papers me 
b u i l t  according t o  t he  attached drawing.* A plastacele insert holder 13 irrehea in 
diameter with a 3 inch s t r i p  across the center  provided an opening whiah permitted 
the  a i r  t o  flow through the paper a t  a rate which permitted stoMfariaatioa of the 
react ion o f  the f luoride ion with the t e a t  paper. 

A 46.2 l i t e r  b o t t l e  was coated with a fine film of paraffin and volustric 
measured axuounts of 4% hydrofluoric acid were introduced i n  a paraffin block 
placed on the bottom of the bottle. 
and 2 glass tubes connected t o  rubber tubing and a bulb completed 'tho closed 
system. 
sipated throughout the jar. There was evidence that the distribution was not good 
but several  t e s t s  were carr ied out which indicated that .O3 C.C. of .1 to 100 sol- 
ution of  48% hydrofluoric acid corresponding t o  3.3 p.p.m. would give a reaction 
with 17 strokes of the pump. 
with 10 strokes. 
evaporated a very s l i g h t  reaction was noted with 5 strokes of the pump. Xhen .01 
C.C. o r  1.1 p.p.n. evaporated, approxunately 50 strokes were required to give a 
s l i g h t  ca lora t ion .  

The bot t le  closed with a %hole rubber stopper 

A i r  was circulated over the  drop o f  hydrofluoric acid until it was dis- 

.03 C.C. or 5.6 p.p.m. fluoride gave a light pink 
When double this quantity of fluoride ion o r  U.2 p.p.m. was 

*I l lus t ra t ion  - made by Prod Cass Ave., Detroit, 
LIic higan. 



No quantitative signif i c - w e  caul 
equal i t ies  o f  d i s t r ibu t .  and do of the concentrated 
hydrofluoric acid i n  our possessi 

wits because of  the in- 

I n  order t o  more accurately determine the f luorine,  KF'02H20 was weighed on a 
micro-balance i n  calculated amounts t o  give values ranging from .5 t o  10 p.p.n. i n  
the  46.2 l i t e r  bot t le  enployed. This fluoride s a l t  was placed i n  the hollow of a 
paraff in  block and a drop of concentrated sulphuric acid dropped in to  the depres- 
lion i n  the block a f t e r  the bo t t l e  was closed up. 

was recucula ted  throughout the  bot t le  by means o f  a rubber bulb. 
determinations a t  3 p,p.m. resul ted i n  a very l i g h t  pink coloration a t  from 43 b 
5 stkokes of the pump in both instances. 
not uniform and that this method of ca l ibra t ion  would not give accurate rerrulkr. 
Part of the f luoride would rapidly be m v o d  on the w a l l  surfaces and WOUU 
form a complex ion. The following systan was then set up for the cal ibratfon of 
the t reated paper. 

To es tab l i sh  an atmosphere crontaining a definite value b part8 per d 3 , b a  
a, the dilute wid solution wtia ahmisod i n t o  a 46 liter bottle at a oolstanb mtS, 
The &acid mixture waa dram fmn this bttlcr into a 630 liter chanber 
electrically driven sir  pump cal ibrated a t  .85 a , h .  Two conbination 
Fritted @.8ss m i s t  colloctora were placed between the pump and l e g e  chanbtrl: 
a s e t  of ?-tube8 and pinch cocks. After pumping at a constant rate on om b&bl,m? 
Mtil the rate of  flow and the par ts  per ni l l ion HF becme eotUwt ,  tbe f h  Waill 
switched t o  the second bubbler and timed w i t h  a stop watch. ath We rate lmonr 
in c...f.m. snd with kmwn time, the  par t s  per mil l ion HI? wore eetablished by titre 
ting the acid solution in the  second bubbler. 

The evolved hydrogen fluoride 
Two separate 

Later t o s t s  showed t h a t  d i s t r ibu t ion  wan 

* 

Tbr, t i t r a t i o n  was  made uith standard aodirnn hydroxide and potaatriur5 nitrate 
according t o  Scot t ' s  Waxlard Methods of Chemical Lnalysis.* 3 
flueric acid the system shma a b 
lnth the thorium 

Boithout k@m- 
of 0.5 p.p.m. k comparison of tb iwthod 

shows a check within 0.5 p . p . ~ .  

To er tab l i sh  a value i n  terms of number of stmkes on the  above described 
hand pump, the sample was taken from a T-tube by-paas attached just above the 
bubbler intake. While the a r  was passing a t  a constant rate, su f f i c i en t  sample 
was drm t o  give the first perceptible pink on the standard paper. 
strokes required t o  do this is  established before the t i t r a t i o n  is made, t hw,  
there is a def in i te  re la t ion  between this number and the p.p.m. HF determined later. 

The n;uraber of 

6 series of 59 pointa were determined. Sone of these show considarab5s dis- 
However, it is def in i te ly  known that a portion of this is dw t r ibut ion (Chart). 

t o  failure t o  es tabl ieh a constant flow before switching t o  tht, second bubbler. 
Care m u s t  also be taken t o  avoid in te r fe r ing  gases in the laboratory such as 
ammoni~l hydroxide o r  hydrochloric acid. 

For the cal ibrat ion curve, a l l  values i n  parts per mill ion a t  a given nunber 
of strokes on the pump were averaged. Any valuc3s that varied 1 p.p.m. from this 
average were discarded and the  average of the rc3naining factors  used t o  es tabl ish 
the final curve. The cal ibrat ion curve represents 61.5% of all points dctennined. 

PRECXUTIOBS 

It has been observed i n  sane preliminary work that uniformity of treatment of 
We have found that a Whatman the paper employed is essent ia l  to  get good resul ts .  

W-H paper i s  most suitable f o r  the  test and the resu l t s  specified were obtained 



when t h i s  paper was used. It wa y o f  deposition o f  
chemicals upon the paper is important, and that i t  i s  essent ia l  to completely wash 
out a l l  the excess pdinethylamino-azo-phenylarsenic acid w i t h  great care before 
washing Hnth alcohol and e ther  and drylng i n  vacuo. 
vacuum chamber but there was apparently no great decomposition of our prepared 

9apers prepared three months previously show then to be as sens i t ive  as papers made 
the  same day. 
but s a fe ty  considerations d i c t a t e  their replacement a f t e r  t h s  time unt i l  f'urther 
t e s t  da ta  is available. Treated papers exposed t o  l i g h t  and oxidizing influence+ 
are not as sens i t ive  as papers not so exposed but w i l l  give indicat ions o f  concaw 
t r a t i o n s  of f luoride i n  the range of 6 p.p.m. but with great  loss in accursoy after 
one week's exposure. Such exposed papera cannot bo relied on. 

FIELD TEST PROCEDURE 

Our paper was kept i n  a sealed 

apers i f  theywere kept i n  sealed brown k t t l e s  when not i n  use. Tests made on 

It i s  not known how long these  papers w i l l  keep a t  the present time 

Prepared zirconium am-arsenate paper is placed in the special a%b#hed 
to a 50 cu. an. pump. 
before &acing i n  the apparatus o r  i n  ths f ie ld  the paper nay haw 
placed in the holdor dry and enough acid added with a dropper Jwt 
wet the paper. A i r  is slowly drawn through the filter paper for a given nulpbe 
strokes of  the pump, 
be taken 80 that quant i t ies  of f luor ide  nhich would bo immediately baa- 
be determined immediately. If examined after 3 etrokes of tha p l r ~ p  in 
of cantaninated a i r  has been drawn through tho paper and a reaotian of 
less in t ens i ty  has occurred, it will be known that dangerous Uol.1Eeatrat 
and immediate evacuation is indicated.  
w i l l  show two very f a i n t  l i p s  of pink co lora t ion  against the b m  background, It 
w i l l  show the concentration t o  be 11 p.p.m. 
brown background is  taken as the end point o f  the reactions. 
the sane paper may be replaced and another 5 strokes of the pump taken. 
these strokes i n  groups of f ive  it nay be roughly determined after 18 stmb 
no great danger oxis ts  as the  concentration w i l l  be less than tha 3 p.p.n+ 8 
t o  be safe by the U S. Public He,?lth Service. It is recommended that aftor thw 
f i r s t  examination of  3 strokes when i t  is determined that such danger does not exist# 
as would cause innnebate evacuation of the area, fresh papers should be used awi 
about 17 strokes taken t o  see whether the U. S. Public Health Standard is approatrhed, 
i-ay method useful in a par t icu lar  s i t m t i o n  m a y  be used with caUbration chart+ 

The papcr 5s dipped i n t o  2 N bydrochlorfo acid 

It is recommended that a given number of strokes of tbs p\ap 

If on removal f rom tho appsrcltus the paper 

The first appearance of pink on the 
Should M pink appoar 

$t ter#ng 
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