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S u m m a r y  

In 1978, changes in federal laws forbid the use of  freon ® propellants in aerosol spray 
cans. For  many products,  such as deodorants and household liquids, there were non- 
aerosol alternatives such as roll-on applicators and pump sprays. Manufacturers of prod- 
ucts used in the penetrant  system of non-destructive testing did not  have this opt ion 
because one of the products,  a developer, requires the fine spray of an aerosol in order 
to function efficiently. 

Faced with this, penetrant  material manufacturers split into two groups, one of  
which adopted carbon dioxide propellants and the other of which adopted hydrocarbon 
propellants. Since hydrocarbon propellants are flammable and carbon dioxide is not, some 
users formed opinions about  the relative safety of the two systems, and refused to use 
the hydrocarbon-propelled product.  

This paper discusses several safety aspects of  the two systems, and concludes that  
f lammabili ty problems are less than toxici ty problems, but that neither warrants other 
than normal precautions. 

I n t r o d u c t i o n  

In  1 9 7 8 ,  t h e  E n v i r o n m e n t a l  P r o t e c t i o n  A g e n c y  ( E P A )  t o o k  a c t i o n  t o  
b a n  t h e  use  o f  c h l o r o f l u o r o c a r b o n  ( C F C )  p r o p e l l a n t s  in a e r o s o l  s p r a y  cans  
[ 1 ] .  R e s p o n d i n g  t o  t h i s  r e g u l a t i o n ,  m a n u f a c t u r e r s  o f  p r o d u c t s  t h a t  w e r e  
p o p u l a r  in a e r o s o l  c a n s  s o u g h t  o u t  a l t e r n a t i v e  m e t h o d s  o f  d i s p e n s i n g  t h e m .  
T h o s e  w h o  e l e c t e d  t o  c o n t i n u e  m a r k e t i n g  a e r o s o l  c ans  h a d  t h e i r  c h o i c e  o f  
t w o  a l t e r n a t i v e  p r o p e l l a n t s ,  l i q u i d  h y d r o c a r b o n s  (HC)  a n d  h igh  p r e s s u r e  
gases ,  n o t a b l y  c a r b o n  d i o x i d e  (CO2).  M a n u f a c t u r e r s  o f  a n o n - d e s t r u c t i v e  
t e s t  m a t e r i a l  sp l i t  in t h e i r  c h o i c e ,  s o m e  m a n u f a c t u r e r s  c h o s i n g  HC a n d  
o t h e r s  CO2. Seve ra l  y e a r s  a f t e r  t h e s e  c h o i c e s  w e r e  m a d e ,  t h e r e  w e r e  a l lega-  
t i o n s  t h a t  t h e  H C - p r o p e l l e d  p r o d u c t s  w e r e  u n s a f e  b e c a u s e  o f  t h e  f l a m m a b l e  
n a t u r e  o f  t h e  p r o p e l l a n t .  Th i s  p a p e r  f i r s t  d e s c r i b e s  t h e  f a c t o r s  t h a t  e n t e r e d  
i n t o  t h e  c h o i c e  o f  p r o p e l l a n t  f o r  t h i s  p r o d u c t  a n d  t h e n  e x p l o r e s  t h e  f l am-  
m a b i l i t y  a n d  t o x i c o l o g i c a l  p r o p e r t i e s  o f  a e r o s o l  c a n s  o f  t h e  p r o d u c t  u s ing  
e a c h  p r o p e l l a n t .  
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T h e  p r o d u c t  

The  non-des t ruc t ive  tes t  mate r ia l  t ha t  is involved has cer ta in  p e r f o r m a n c e -  
charac ter i s t ic  r e q u i r e m e n t s  t ha t  are i m p o r t a n t  in the  discussion to  fol low.  
C o n s e q u e n t l y ,  a b r ie f  e x p l a n a t i o n  of  the  p r o d u c t  will he lp  to  set t he  stage. 

A p o p u l a r  m e t h o d  o f  locat ing  surface  cracks  and o t h e r  de fec t s  in meta l s  
is the  p e n e t r a n t  sys tem.  This  sys t em o f t en  uses aerosol  cans o f  these  ma-  
terials for  the  inspec t ion  process .  The  first  ma te r i a l  is the  pene t r an t .  This  
is a deep  red l iquid t ha t  is special ly f o r m u l a t e d  to  p e n e t r a t e  the  surface  
flaws,  no  m a t t e r  h o w  small  t hey  are. In pract ice ,  it is appl ied  to  the  me ta l  
to  be t e s t ed  so t ha t  it covers  the  ent i re  surface.  I f  the re  are surface  defec ts ,  
it en te rs  t h e m ,  as shown  in Fig. 1. 

Fig. 1. Application of penetrant. Penetrant soaks into flaws. 

The  second  mate r i a l  is a r emove r ,  which  is used to  r e m o v e  all o f  the  
p e n e t r a n t  t h a t  is on  the  surface  o f  the  me ta l  w i t h o u t  r emov ing  tha t  which  
has en te red  the  flaws. Figure  2 shows tha t ,  a f t e r  the  r e m o v e r  has been  
used,  the  p e n e t r a n t  r ema ins  in the  surface  flaws. 

Fig. 2. Penetrant is removed from the surface but remains in the flaw. 

The  thi rd  mate r ia l  is a deve loper .  This  is a f ine whi te  a b s o r b e n t  p o w d e r  
suspended  in a n o n - a q u e o u s  liquid carrier.  When the  deve lope r  is appl ied  
to  the  surface  in a th in  even coa t ,  it acts as a b lo t te r .  The  p e n e t r a n t  in the  
flaws is d rawn into  the  deve lope r  and rap id ly  spreads  away  f r o m  the  crack  
in all d i rec t ions .  This  resul ts  in a deep  red stain on  the  whi te  deve lope r  
b a c k g r o u n d  whereve r  the re  is a flaw. In o rde r  to  work  p rope r ly ,  the  devel- 
o p e r  m u s t  be  appl ied  in a very  thin,  even coat .  The  i m p o r t a n c e  o f  this can 
easily be visualized if one  th inks  a b o u t  the  a m o u n t  o f  p e n e t r a n t  t ha t  m a y  
be in a f law t h a t  m a y  be on ly  o n e - t h o u s a n d t h  o f  an inch across  and  several 
t h o u s a n d t h s  o f  an inch deep.  There  is so li t t le p e n e t r a n t  in a f law like this 
t ha t  if the  deve lope r  is appl ied  too  th ick ly ,  the  p e n e t r a n t  m igh t  never  
d i f fuse  to the  surface  and the  f law wou ld  r ema in  h idden.  The  t r ick  to  a 
p r o p e r  inspec t ion  is to  app ly  jus t  enough  p e n e t r a n t  to  f o r m  the  whi te  
b a c k g r o u n d  and act  as the  b lo t te r ,  bu t  no  more .  The  ideal way  to  do  this 
is wi th  an aerosol  can.  Figure  3 shows h o w  the  deve lope r  works .  
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Fig. 3. Application of developer. Developer "blots"  the penetrant to the surface. The 
defect shows up in bright red. 

For  penetrant  materials, there are o ther  advantages of  aerosol cans. 
These are: 

(a) The materials in the cans remain free of  contaminat ion.  This is par- 
ticularly impor tant  when specifications require low levels of  chlorides, 
sulfur, and low melting metals. 

(b) The containers are self-sealing after each use. This keeps the labels 
clean, as well as the inspectors'  hands and clothes. Penetrants can be very 
messy and they tend to work their way easily through screw caps that  have 
not  been vigorously tightened. 

(c) The materials retain their composit ion.  There is no evaporation from 
the aerosol can. 

(d) The excellent application control  results in economy of  use and 
minimum clean-up of  the surroundings. 

(e) Where there might be a safety problem because of  exposed flam- 
mable penetrant  liquids, the use of  aerosol cans minimizes the exposure 
by encapsulating the contents.  

(f) Developer application from an aerosol can is almost impossible to 
duplicate and is a vastly superior method  of  application. Aerosol spraying 
of the developer can insure the quality of the inspection. 

The alternative propellants 

Both liquid hydrocarbons  and carbon dioxide were well known as aerosol 
propellants at the time a choice had to be made. HC had been introduced 
in 1933 and, within a few years, various blends of HC were developed which 
could almost exactly duplicate the pressure characteristics of  CFC. The 
use of  HC remained relatively small until 1953 when an aerosol shaving 
cream was patented and the patent  specified CFC as the propellant.  In an 
a t tempt  to get around the patent,  HC gained favor. By 1974, more than 
55% of all aerosol packages were either partially or wholly propelled by 
HC [2] .  These products  included household items, personal care products,  
paints, and industrial products.  

HC are stable, non-corrosive compounds  and are essentially odorless 
liquefied gases. Their toxic i ty  is low and they are environmentally acceptable 
at the present time. They  cost far less than CFC, but more than COs. HC 
have good solvent properties,  which is an essential at tr ibute for aerosol 
products  in general and penet rant  materials in particular. In addition, since 
HC have lower molecular weights than CFC, and since the volume of  gas 
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p r o d u c e d  by  the  p rope l lan t  is d i rec t ly  p ropo r t i ona l  to  the  mola r  concent ra -  
t ion  o f  the  prope l lan t ,  less HC than  CFC is requi red  to  p ro d u ce  the  same 
spray characteris t ics .  This enhances  the  cos t  advantage,  since n o t  on ly  are 
HC less expensive than  CFC, bu t  less HC is requi red  to  p ro d u ce  the  same 
result.  

When all character is t ics  are cons idered ,  there  is a power fu l  incent ive to  
use HC in place o f  CFC, since the  subs t i tu t ion  is simple and results in lower  
costs. The  on ly  character is t ic  o f  HC tha t  might  be o f  conce rn  is f lammabil-  
i ty. 

Carbon  d iox ide  has long been  used as a prope l lan t ,  and is well k n o w n  
for  this use in selzer wate r  dispensers.  Until  r ecen t ly ,  however ,  it has been  
used on ly  to  a minor  e x t e n t  as an aerosol  propel lan t .  This is because  o f  
cer ta in  inheren t  disadvantages which coun te r ac t  its appeal  as a cheap,  
env i ronmenta l ly  acceptable  mater ia l  tha t  is also non- f lammable .  

Most  o f  the disadvantages o f  CO2 resul t  f rom the  fact  tha t  it is a com- 
pressed gas ra ther  than  a l iquef ied gas. When a l iquefied gas, such as HC 
or CFC is in mutua l  solut ion with the  p r o d u c t  to be dispensed,  it is main- 
ta ined unde r  pressure in the  can suff ic ient  to  keep the  p rope l l an t  l iquid. 
As the  aerosol  can con ten t s  are released th rough  the  nozzle  into a tmospher ic  
pressure,  the p rope l lan t  immed ia t e ly  boils and evaporates  into the  gas 
phase.  Since the  p rope l lan t  and the  p r o d u c t  are discharged f rom the nozzle  
in the mutua l  solut ion,  the  evapora t ion  o f  the  prope l lan t  breaks the  liquid 
p r o d u c t  up into t iny  droplets ,  or aerosols.  

A second advantage of  a l iquef ied p rope l lan t  is tha t  the pressure wi th in  
the  aerosol  can remains essentially cons t an t  f rom the  first use of  a full 
can to  the  last drops  sprayed.  This happens  because,  as the  con ten t s  are 
sprayed,  the  volume in the  can is refil led with p rope l lan t  vapor  tha t  evap- 
orates  f rom the  liquid propel lan t .  There  is more  than  suff ic ient  liquid 
p rope l lan t  fo r  this purpose ,  and the  equi l ibr ium pressure in the  can is essen- 
tially the same f rom start  to  finish. Thus  the  spray character is t ics  remain  
cons tan t ,  which is essential in cer ta in  p roduc ts ,  such as paints,  and desira- 
ble in all p roduc ts .  

A third advantage is tha t  the  adequa te  reserve of  p rope l lan t  allows the 
nozzle  and del ivery tube  to be c leaned w i t h o u t  any subsequen t  loss in 
pressure. The  can is inverted,  so tha t  the del ivery tube  opening  is now 
pro jec t ing  into the  p rope l lan t  gas phase,  and then  the  nozzle  is depressed.  
Whatever  liquid is in the tube  and nozzle  is sprayed,  fo l lowed by  a spray 
of  pure  p rope l l an t  gas tha t  cleans the  nozzle .  

Carbon  d iox ide  canno t  be l iquefied in an aerosol can, and thus  these  
advantages are lost. While HC and the  aerosol  p r o d u c t  are usually mu tua l ly  
soluble in all p ropor t ions ,  this is no t  t rue  o f  CO2 and the  p roduc t .  CO2 
is soluble in mos t  liquids, with the  degree of  solubil i ty being expressed as 
the  Ostwald coeff ic ient ,  which is the  rat io o f  the  vo lume o f  dissolved gas 
per  vo lume  o f  liquid. Fur the r ,  as the  gas pressure is increased,  the  a m o u n t  
of  gas tha t  is dissolved also increases. Aerosol  cans are designed for  a maxi-  
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mum internal pressure of  about  100 psi, and, at this pressure, a total of  
about  13 g of CO2 can be charged to the can. These 13 g will produce a 
maximum volume of  about  0.25 ft 3 of  gas to break up the product  into 
droplets. In contrast ,  the HC-propelled can produces about  six times as 
much gas and is far more  efficient at breaking the product  into droplets. 

Because there is no CO2 liquid in equilibrium with the CO2 gas in the 
aerosol can, the propellant pressure obeys the gas law. The pressure begins 
at about  100 psi, and when the can is almost empty  it has dropped to 
about  45 psi. This drop in pressure changes the spray characteristics from 
a high spray rate to a lower spray rate, and the droplet  size becomes coarser. 

Finally, if an a t tempt  is made to clear the valve by inverting a CO2 pro- 
pelled can, the results are invariably a complete loss of  pressure, since there 
is no liquid propellant  to replace that which has escaped. 

Carbon dioxide has advantages that  are quite attractive. It is the least 
expensive aerosol propellant.  It is odorless, colorless, low in toxici ty,  non- 
flammable and environmental ly acceptable. Also, extreme drops in tem- 
perature do not  affect the pressure of  a CO2-propelled aerosol as much as 
they  affect an HC-propelled aerosol. 

The choices made 

As ment ioned in the Introduct ion,  some manufacturers  of penetrant  
materials chose CO2 as a propellant and others chose HC. The reasons 
behind the choices may be complex and may have involved trade-offs of  
factors not  discussed in this paper. But certainly these trade-offs included 
balancing the superior performance of  HC propellants against their flam- 
mability, and the non-flammabili ty of CO2 propellants against their dis- 
advantages as a propellant.  For  whatever reasons, the industry divided 
into two camps. 

After a period of time, it became clear that  some users of  the developer 
rejected HC-propelled cans based on allegations that  they were dangerous 
to use because of  their flammable nature. As might be expected,  the manu- 
facturers of  CO2-propelled developer did nothing to dispel the allegation 
and may have even spread it further.  

Factors affecting safety 

The thrust  of  this paper is to put  the flammabili ty aspects of  the HC- 
propelled developer into contex t  with other  safety aspects of  the product  
in the can, and particularly to compare the overall safety of  the two dif- 
ferent  systems. To do this, we must examine the product  in more detail. 

A e r o s o l  can  c o n t e n t s  

Figure 4 illustrates what is in an aerosol can of  developer. The powder  
is inert, non-flammable,  and non-toxic. There is no essential difference 
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Fig.  4. A e r o s o l  c a n  c o n t e n t s .  

among various manufacturers '  products with regard to these characteristics. 
The solvent keeps the powder wet, helps the penetrant migrate from 

the flaws, and mixes uniformly with liquid propellants. 
The most common and popular aerosol developers use chlorinated hydro- 

carbons as the liquid solvent. These liquids are common industrial chemicals 
that  are inert to both the aerosol cans, the developer powder, and the parts 
to be inspected. They are good solvents and easily dissolve penetrants. 
The chlorinated hydrocarbons have relatively high evaporation rates, which 
also qualify them for the purpose. After the parts are sprayed, the coating 
remains wet for a sufficiently long period to insure a smooth even coat. 
While wet, the solvent properties dilute the penetrant so that  it migrates 
out of the cracks. Finally, the chlorinated hydrocarbon evaporates and 
the dry coating is left as a white powder which absorbs and magnifies the 
penetrant indications. 

Several types of chlorinated hydrocarbon have been used for developer 
solvents. Methyl chloroform (or 1,1,1-trichloroethane) is a popular liquid 
today,  and is used either wholly or partly by most developer manufacturers. 
When used with HC propellants, they are mutually soluble, and the spray 
from aerosol cans contains droplets that are initially part methyl  chloroform, 
part HC, and part developer powder. The HC almost instantly flashes from 
a liquid to a vapor and, in so doing, produces the very fine mist-like spray 
that  is desired in applying the developer. 

Methyl chloroform can be used with CO2 propellants, but it is more com- 
monly mixed with methylene chloride, another chlorinated hydrocarbon 
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industrial solvent. This is done because the compressed CO2 does not  have 
a liquid phase like the HC, and this lack of  the liquid contr ibutes to un- 
desirable performance characteristics such as poor  atomisation, chang- 
ing pressure over the life of  the can, and easy loss of  propellant  power before 
the can has been emptied. At tempts  to cope with these failings of the 
single-phase CO2 rely upon dissolving more of  the gaseous CO2 in the liquid 
carrier. Methylene chloride dissolves about  25% more CO2 [3] than does 
methyl  chloroform,  so it is used to augment the primary carrier solvent. 

Both methyl  chloroform and methylene chloride are toxic chemicals. 
They must be used with adequate ventilation and OSHA has established 
threshold limit values (TLV) for them. The TLV of methyl  chloroform is 
350 parts per million (ppm) of  air and the TLV of methylene  chloride 
is 500 ppm [3] .  

The propellant also serves several purposes. Primarily, it provides the 
pressure required to eject the developer from the can. But, as explained 
above, the propellant also acts to develop the fine mist-like spray that  is 
a basic characteristic of  aerosol cans. HC propellants are miscible with the 
carrier liquid in all proport ions  and are liquid when confined within the 
can at their equilibrium pressure of about  45 p.s.i. When sprayed, the HC 
flashes to a gas almost instantaneously to produce fine droplets and a 
smooth even coat of developer. 

HC are flammable gases, with a lower flammability limit of  20,000 ppm 
[ 2] or 2% in air. 

Carbon dioxide is not  present as a liquid in aerosol cans, and is not  misci- 
ble with the carrier liquid. It has some solubility and, as explained, this 
limited at tr ibute is exploited by using methylene chloride. While HC propel- 
lants serve the dual funct ion of  providing pressure and producing a fine 
spray, CO2 propellants mostly provide only the pressure. The spray charac- 
teristics of  CO2-propelled developers rely mainly upon the design of the 
valve that  is used. 

Carbon dioxide is not  flammable. It is present in normal air at about 
300 ppm concentrat ion.  It has adverse affects on breathing at higher con- 
centrations and has a TLV of 5000 ppm [4] .  

Table 1 summarizes the contents  of  both types of  aerosol can, together  

TABLE 1 

Aerosol can contents 

CO :-propelled HC-propelled 

Powder (inert) Powder (inert) 
Methyl chloroform (350 ppm) Methyl chloroform (350 ppm) 
Methylene chloride (500 ppm) HC {20,000 ppm) 
CO2 (5000 ppm) 
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with the  concen t ra t ions  o f  each ingredient  tha t  indicate ei ther  the  TLV 
or the lower  f lammabi l i ty  limit. 

Safety aspects 

Bo th  types  o f  developer  have the  potent ia l  for  a problem.  The CO2- 
propel led can could  cause tox ic i ty  problems with the m e t h y l  ch lo ro fo rm,  
the  me thy l ene  chloride,  or  the CO2. The HC-propel led can could  cause a 
f lammabi l i ty  p rob lem with the  HC or a tox ic i ty  p rob lem with the  m e t h y l  
ch lo ro fo rm.  Whether  any  o f  these problems would  occur ,  or  which would  
occur  first, depends  u p o n  how the  can is used. 

To illustrate this, let us suppose tha t  a full can o f  the  developer  is com- 
pletely sprayed into a closed space with no venti lat ion.  The vo lume of  the 
space will de te rmine  the concen t r a t i on  o f  the various ingredients and 
whe the r  a p rob lem occurs.  Table 2 lists these volumes,  expressed as the 
d imensions  o f  a r o o m  tha t  is 8 ft high. Note  tha t  the p r imary  danger  f rom 
either can is a tox ic i ty  p rob lem resulting f rom the solvent. No te  also tha t  
the  danger  of  HC f lammabi l i ty  is essentially no worse than  the tox ic i ty  
o f  the  CO2. 

TABLE 2 

Danger points when a complete can is expelled 

CO2-propelled HC-propelled 

Powder (none) 
Methyl chloroform (18 ft x 18 ft room) 
Methyl chloride (15 ft X 15 ft room) 
CO 2 (2.5 ft X 2.5 ft room) 

Powder (none) 
Methyl chloroform (14 ft x 14 ft room) 
HC (2.5 ft x 2.5 ft room) 

Table 3 rearranges this i n fo rma t ion  by describing what  kind of  a s i tuat ion 
would  exist if the f lammabi l i ty  po in t  o f  an HC-propel led can was reached.  
In summary ,  it conc ludes  tha t  the  user o f  the can would  have to expose 
himself  to  at least 26 t imes the  O S H A  allowable level o f  the solvent in 

TABLE 3 

Concentration of other ingredients at HC flammability limit 

CO:-propelled HC-propelled 

Powder (none) Powder (none) 
Methyl chloroform, 42 x OSHA limit Methyl chloroform, 26 x OSHA limit 
Methylene chloride, 31 x OSHA limit HC, flammable 
CO2, 91% of OSHA limit 



187 

o rde r  to  have  the  danger  of  fire. Using a CO2-propel led  can in the  same 
s i tua t ion  resul ts  in a dual  o v e r e x p o s u r e  o f  m e t h y l c h l o r o f o r m  and m e t h y l e n e  
ch lor ide ,  the  first  by  42 t imes  the  O S H A  limit ,  and  the  second  by  31 t imes  
t he  O S H A  limit.  

The re  are no pub l ic ized  acc idents  o f  e i ther  t o x i c i t y  or  f l a m m a b i l i t y  f r o m  
these  cans,  and  it is easy to  see why.  The  cond i t ions  t h a t  wou ld  have  to  
be  m e t  to  cause  such a p r o b l e m  are so r e m o t e  f r o m  the  usual  cond i t i ons  
o f  use o f  these  mate r ia l s  t ha t  we never  hear  o f  e i ther  a po i son ing  inc iden t  
or  a f l a m m a b i l i t y  inc iden t .  Howeve r ,  given the  fear  o f  f l a m m a b i l i t y ,  i t  shou ld  
be  n o t e d  t h a t  t ox i c i t y  p r o b l e m s  are far  m o r e  l ikely to  occur ,  par t i cu la r ly  
wi th  the  CO2-propel led  deve loper .  

One  m o r e  bi t  o f  c o n t e x t  is re levant .  The  m o s t  c o m m o n  p rope l l an t  in 
use in this c o u n t r y  is HC. Over  12 bi l l ion (12 × 109) o f  these  cans have  been  
sold since 1978,  and  they  con ta in  ha i r spray ,  d e o d o r a n t ,  pa in t ,  insect ic ide ,  
lub r i can t  and  the  like. Because some  o f  these  p r o d u c t s  con ta in  a lcohol  or  
p e t r o l e u m  solvents ,  t h e y  are far  m o r e  f l a m m a b l e  t han  the  deve lopers  in this 
discussion.  Ye t  these  have the  approva l  o f  EPA,  OSHA,  and  the  C o n s u m e r  
P r o d u c t  Sa fe ty  Commiss ion .  The  reason  is t h a t  t h e y  are safe, so safe t h a t  t h e y  
are used in vir tual ly  every  h o m e  and w o r k p l a c e  in A m e r i c a  w i t h o u t  hazard .  
With the  sa fe ty  r ecord  t ha t  exists,  one  can on ly  conc lude  t ha t  c laims o f  
danger  due  to  HC p rope l l an t s  are exagera ted ,  and  t ha t  the  p r o b a b i l i t y  o f  
an acc iden t  in o rd ina ry  use is very  low. In add i t ion ,  the  po ten t i a l  fo r  a 
p r o b l e m  is p r o b a b l y  n o t  s ignif icant ly  d i f f e ren t  t han  t h a t  associa ted  wi th  a 
CO2-propel led  can. 
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