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INTRODUCTION 

The current Threshc lue (TLV) for worker exposure to o 
mist recommended bv the American Conference of Governmental 
Industrial Hygienists (ACGIH) is an 8-hour time-weighted average 
(TWA) level of 5 mg/m3 (1). This figure has also been adopted by 
many countries in national lists of permissible exposure standards. 
The documentation supporting the ACGIH TLV (2) comments "The 
5 mg/m3 limit would appear to provide a considerable margin of 
safety agai.nst even relatively minor changes in the lungs, 
especially for the types of cutting and lubricating oils most 
frequently encountered, and where there has been no substantial 
altering of composition by heat and/or oxidation". It continues 
with the proviso: - "Certain oils, however, may contain t0xi.c and 
even carcinogenic components either natural or added, and in such 
cases there may be little or no safety factor in the 5 mg/m3 TLV". 

Despite this warning it has become quite common practice to apply 
the 5 mg/m3 TLV to all varieties of oil mist without regard to the 
make up of the oil from which the mist is generated. Therefore, as 
part of its continuing reviews of the health aspects of petroleum 
products, CONCAWE has considered it appropriate to assess, from 
available published information, the broad classes of oils for 
which the ACGIH oil mist TLV is applicable. The oil mists 
considered are those aerosols derived from the manufacture or use, 
excluding combustion, of petroleum-based products. 



2 .  MANUFACTURE AND COMPOSITION OF OIL PRODUCTS 

2 .1  OILS USED FOR APPLICATIONS ASSOCIATED WITH MIST GENERATION 

O i l  m i s t s  can a r i s e  i n  a  v a r i e t y  of mineral  o i l  app l i ca t ions .  
Table 1 l i s t s  t h e  p r i n c i p a l  a p p l i c a t i o n s  a s soc ia t ed  wi th  p o t e n t i a l  
generat ion of o i l  mists together  wi th  an ind ica t ion  of t h e  changes 
which have been made i n  t h e  types of base o i l s  used i n  t h e  l a s t  10 
t o  20 years .  It  should be noted t h a t  o i l s  used i n  t h e  a p p l i c a t i o n s  
l i s t e d  i n  Table 1 may be  formulated with a d d i t i v e s  of va r ious  types 
and a t  va r ious  l e v e l s  ( see  Sec t ion  2.3).  The t rend  t o  use more 
seve re ly  re f ined  base o i l s  has  r e s u l t e d  p a r t l y  from t h e  need t o  
provide improved performance c h a r a c t e r i s t i c s  and increased 
lub r i can t  l i f e ,  and p a r t l y  from recogni t ion  t h a t  l i g h t l y  r e f ined  
mineral base  o i l s  may present  a  carcinogenic r i s k  i n  a p p l i c a t i o n s  
where a  high degree of s k i n  contac t  may be d i f f i c u l t  t o  avoid. 
Those mineral  base  o i l s  used i n  meta lworking  app l i ca t ions  a r e  good 
examples of t h i s  t rend .  However, t echn ica l  a spec t s  r equ i re  t h e  
continued use of l e s s  severe ly  r e f ined  base  o i l s  f o r  some 
app l i ca t ions .  

MANUFACTURE AND COMPOSITION OF MINERAL BASE OILS 

The following i s  a b r i e f  o u t l i n e  of  the  r e f i n i n g  of mineral  base 
o i l s  and t h e  e f f e c t s  which d i f f e r e n t  r e f i n i n g  processes have on 
composition and c h a r a c t e r i s t i c s .  More d e t a i l e d  information can be 
found i n  Chapter 1 (Chemical and Physical  Data) and Chapter 2 
(Production, Use, Occurrence and Analysis)  of t h e  IARC Monograph 
on Mineral O i l s  (3 )  and i n  t h e  CONCAVE r epor t  on "Health Aspects of 
Lubricants" (4 ) .  

Mineral base o i l s  a r e  prepared from n a t u r a l l y  occurr ing  crude 
petroleum o i l s .  The crude o i l  i s  d i s t i l l e d ,  normally a t  atmospheric 
pressure ,  and then under high vacuum, t o  g ive  vacuum d i s t i l l a t e s  
and r e s i d u a l  f r a c t i o n s  which can be  f u r t h e r  re f ined  t o  mineral  base 
o i l s .  H i s t o r i c a l l y ,  t h e  a d d i t i o n a l  r e f i n i n g  processes included 
treatment  wi th  su lphur i c  ac id  and s p e c i a l  e a r t h s ,  but  t h e s e  have 
l a r g e l y  been superseded by s e l e c t i v e  so lven t  e x t r a c t i o n  ( t o  reduce 
aromatic  compounds, waxes o r  a s p h a l t i c  ma te r i a l s )  and, more 
r e c e n t l y ,  by hydrogenation processes  (hydrotreatment).  

The chemical composition of the  minera l  base o i l  produced depends 
both on the  o r i g i n a l  crude and on t h e  processes used during 
r e f in ing .  Crude o i l s  a r e  usua l ly  described a s  naphthenic o r  
p a r a f f i n i c  depending on t h e  preponderance of hydrocarbon types  
p resen t .  With the  s impler  r e f i n i n g  techniques the  composition of 
t h e  f in i shed  base o i l  r e f l e c t s  t h a t  of t h e  crude. Af ter  severe  
r e f i n i n g ,  v a r i a t i o n s  due t o  crude a r e  l e s s  apparent .  



Table 1: O i l s  f o r  a p p l i c a t i o n s  a s soc ia t ed  wi th  m i s t  genera t ion  

Applicat ion 

Metal Working 

T e x t i l e  
machinery 

Rock d r i l l s  

M i s t  l u b r i c a t i o n  

Agr i cu l tu ra l  
sprays  

Concrete moulds 

Corrosion 
prevent ives  

P r i n t i n g  inks  

Rubber ex tenders  

O i l s  used 

Acid-treated, 
Vacuum d i s t i l l a t e s .  
Some coal  and s h a l e  o i l s .  

H i s t o r i c a l  

Mildly r e f ined .  
Severely re f ined .  
Synthe t ics .  

Current 

Vacuum d i s t i l l a t e s ,  a c i d  t r e a t e d  
coa l  and s h a l e  o i l s ,  moving t o  
t echn ica l  white  o i l s .  

Acid-treated. 
Mildly re f ined .  

Mildly o r  severely 
r e f ined .  

Severely r e f ined .  

Mildly o r  s eve r ly  r e f ined .  

I 

Mild o r  severe ly  
r e f ined .  

Mildly o r  sever ly  r e f ined .  

Acid-treated, vacuum d i s t i l l a t e s ,  
middle d i s t i l l a t e s ,  mildly r e f i n e d ,  
re-ref ined.  

Severely r e f ined .  

Mildly r e f ined ,  cut-back bitumen, 
hydrocarbon so lven t s .  

Acid-treated 
vacuum d i s t i l l a t e s ,  
middle d i s t i l l a t e s  
mildly r e f ined ,  
re-ref ined.  

Grea ter  use  of 
severe ly  r e f ined  
o i l s .  

Aromatic e x t r a c t s .  Aromatic e x t r a c t s ,  
Vacuum d i s t i l l a t e s ,  
Severely r e f ined .  

Aromatic e x t r a c t s .  Aromatic e x t r a c t s  
and o the r  o i l s .  



Finished base  o i l s  a r e  predominantly hydrocarbons bu t  a l s o  conta in  
some sulphur,  oxygen and n i t rogen compounds and t r a c e s  of a  number 
of metals.  The hydrocarbons a r e  normally a  complex mixture of 
aromatics ,  naphthenes and p a r a f f i n s .  The propor t ions  of t h e  
d i f f e r e n t  spec ie s  a r e  respons ib le  f o r  t h e  d i f f e r e n t  c h a r a c t e r i s t i c s  
of t h e  base o i l s .  The h igher  t h e  molecular weights ,  t h e  more 
v iscous  a r e  t h e  o i l s .  

O i l s  conta in ing  predominantly aromatic  and naphthenic hydrocarbons 
a r e  normally termed Low Viscos i ty  Index (LVI) implying a  
comparatively r ap id  change of v i s c o s i t y  wi th  temperature. O i l s  
predominantly p a r a f f i n i c  i n  cha rac te r  have High Viscos i ty  Indices  
(HVI) and change v i s c o s i t y  l e s s  r ap id ly  with temperature. Medium 
Viscos i ty  Index (MVI) o i l s  a r e  in te rmedia te  i n  hydrocarbon type and 
may be  obtained from e i t h e r  naphthenic o r  p a r a f f i n i c  crudes. I n  
add i t ion  t o  the  e f f e c t  on v i s c o s i t y  index, hydrocarbon type 
d i f f e r e n c e s  a l s o  a l t e r  o t h e r  phys ica l  and chemical p r o p e r t i e s  of 
base o i l s .  For example, LVI o i l s  tend t o  be b e t t e r  so lven t s  f o r  
some a d d i t i v e s  and f o r  waste o r  degradat ion products  w h i l s t  H V I  
o i l s  a r e  o f t e n  more chemically s t a b l e  during use. 

A l l  crude o i l s  conta in  some polycycl ic  aromatic  hydrocarbons 
compounds (PAH) some of which (mainly 4 t o  6 condensed-ring 
compounds) a r e  known t o  be  carcinogenic.  Although t h e  contents  vary 
with crude sources ,  the  propor t ions  and types of such compounds i n  
f in i shed  base o i l s  a r e  mainly determined by t h e  r e f i n i n g  processes.  
Mild processing,  such a s  a c i d l e a r t h ,  reduces t h e  t o t a l  aromatics  
content  s l i g h t l y  but  does not  s i g n i f i c a n t l y  reduce t h e  amount of 
PAH. Mild hydrotreatment reduces t h e  PAH content  but  has  l i t t l e  
e f f e c t  on t h e  t o t a l  aromatic  content .  Severe so lven t  r e f i n i n g  
( ex t r ac t ion )  o r  hydrotreatment reduces s u b s t a n t i a l l y  both  t h e  PAH 
and t h e  t o t a l  aromatic content .  S u f f i c i e n t l y  severe t reatment  with 
fuming su lphur i c  ac id  (oleum) can remove aromatics  inc luding  PAH 
almost e n t i r e l y ,  f o r  example t o  produce whi te  o i l s  of medicinal 
q u a l i t y .  A s i m i l a r  e f f e c t  can a l s o  be achieved by deep e x t r a c t i o n  
and hydrof in ish ing .  

Aromatic e x t r a c t s ,  obtained a s  by-products i n  the  so lvent  r e f i n i n g  
of mineral  base  o i l s ,  have r e l a t i v e l y  high contents  of t o t a l  
aromatics  and PAHs.  Their  good so lven t  c h a r a c t e r i s t i c s  have been 
found va luab le  i n  s p e c i a l  a p p l i c a t i o n s  such a s  rubber ex tenders  and 
p r i n t i n g  inks  (al though i n  t h e  l a t t e r  case t h e r e  has  been a  t rend 
t o  replacement by well-ref ined mineral  base o i l s ) .  

Vacuum d i s t i l l a t e s  which have not  been f u r t h e r  r e f ined  have a l s o  
found some use i n  formulated products.  A s  i nd ica t ed  above, t h e i r  
chemical composition w i l l  r e f l e c t  t h a t  of t h e  o r i g i n a l  crude. They 
a r e  l i k e l y  t o  conta in  more aromatics  and PAHs  then well-ref ined 
mineral  o i l s .  A s  shown i n  Table 1, vacuum d i s t i l l a t e s  have been 
replaced i n  most of t h e  products f o r  a p p l i c a t i o n s  a s soc ia t ed  wi th  
o i l  m i s t  by more highly r e f ined  base  o i l s .  



COMPOSITION OF FORMULATED LUBRICANTS 

A wide range of a d d i t i v e s  i s  used a t  concent ra t ions  rangi.ng from a  
few p a r t s  pe r  mi l l i on  t o  about 20 per cent  t o  modify the  phys ica l  
and/or chemical c h a r a c t e r i s t i c s  of mineral  base  o i l s  i n  order  t o  
provide t h e  performance requirements of s p e c i f i c  app l i ca t ions .  

Addit ives a r e  usua l ly  p ropr i e t a ry  m a t e r i a l s  and composition d e t a i l s  
w i l l  t he re fo re  vary between ind iv idua l  s u p p l i e r s .  The genera l  
p r i n c i p l e s  of a d d i t i v e  funct ions  and the  groups of compounds used 
have been previously described by IARC (3 )  and CONCAVE ( 4 ) .  

An important group of  formulated products  i s  t h a t  known a s  so lub le  
o r  emuls i f i ab le  o i l s  cons i s t ing  of mineral  base o i l s  p l u s  
s i g n i f i c a n t  amounts of emulsifying agents  and o t h e r  add i t ives .  I n  
use ,  these  a r e  added t o  water  t o  form emulsions which conta in  
t y p i c a l l y  1 t o  10 per  cent  of t h e  nea t  so lub le  o i l .  



INDUSTRIAL HYGIENE ASPECTS 

A s  shown i n  Table 1 exposure t o  o i l  m i s t  and vapour may occur i n  a  
wide v a r i e t y  of s i t u a t i o n s .  Considerat ion of t h e  phys ica l  form, 
composition and concent ra t ion  i s  requi red  i f  exposure is  t o  be 
assessed and cont ro l led .  

GENERATION 

Applicat ion of energy t o  an o i l  may r e s u l t  i n  t h e  genera t ion  of 
l i q u i d  d r o p l e t s  d ispersed  i n  a i r ,  namely o i l  m i s t .  The physico- 
chemical p r o p e r t i e s  and concent ra t ions  of such m i s t  a r e  r e l a t e d  t o  
t h e  p r o p e r t i e s  and condi t ions  of use  of t h e  o i l  concerned. The term 
"fume" genera l ly  r e f e r s  t o  a i rborne  s o l i d  p a r t i c u l a t e  r e s u l t i n g  
from condensation of vapour o r  from gaseous chemical r e a c t i o n s  and 
hence should not  be used t o  desc r ibe  ae roso l s  of l i q u i d s  such a s  
o i l .  

I n  p r a c t i c e ,  o i l  m i s t s  may be generated by seve ra l  rou te s ,  such a s  
a e r a t i o n ,  contac t  with a  f a s t  moving su r face ,  o r  by hea t ing .  The 
p a r t i c l e  s i z e  is  l i k e l y  t o  d i f f e r  f o r  each of these  processes .  
Thermally derived o i l  m i s t s  a r e  produced by condensation subsequent 
t o  t h e  complete o r  p a r t i a l  vapor i sa t ion  of  t h e  o i l  and the p a r t i c l e  
s i z e  is t y p i c a l l y  very small  and r e l a t i v e l y  monodisperse i n  
d i s t r i b u t i o n  terms. M i s t  generated by mechanical means may vary 
widely i n  terms of p a r t i c l e  s i z e  and d i s t r i b u t i o n  depending upon 
t h e  s p e c i f i c  condi t ions  a t  source.  

The composition of o i l  m i s t  may d i f f e r  from t h a t  of t h e  o r i g i n a l  
o i l ,  f o r  example, because of p r e f e r e n t i a l  vapor i sa t ion  of lower 
b o i l i n g  components (12) o r  because of  thermal degradat ion r eac t ions  
(19).  A mixture of both o i l  m i s t  and vapour may be formed from 
products conta in ing  lower b o i l i n g  components. In a d d i t i o n  o i l  
d r o p l e t s  formed from such products  may be uns t ab le  a s  f u r t h e r  
vapor i sa t ion  occurs  (12).  These p o s s i b l e  v a r i a t i o n s  i n  composition 
of o i l  m i s t s  must be considered i n  a s ses s ing  both exposure 
measurements and h e a l t h  r i s k s .  

PARTICLE SIZE 

Once an o i l  m i s t  ha s  been generated,  p a r t i c l e s  may be inhaled.  The 
loca t ion  and l ike l ihood  of depos i t ion  of o i l  m i s t  i n  t h e  
r e s p i r a t o r y  t r a c t  depends pr imar i ly  on the p a r t i c l e  s i z e .  I n  
gene ra l  terms, p a r t i c l e s  above around 50 microns i n  diameter  a r e  
u n l i k e l y  t o  remain a i rbo rne  s u f f i c i e n t l y  long t o  be inhaled .  This 
i s  i n  c o n t r a s t  t o  p a r t i c l e s  of below about 5 microns i n  diameter 
which a r e  l i k e l y  t o  remain a i rbo rne  f o r  r e l a t i v e l y  long periods.  A s  
a  f u r t h e r  g e n e r a l i s a t i o n ,  p a r t i c l e s  above 5 microns w i l l  be l a r g e l y  
deposi ted i n  t h e  upper r e s p i r a t o r y  t r a c t  and n a s a l  passages whereas 
t h e  major i ty  of smal le r  ones may pene t r a t e  t o  t h e  deeper recesses  
of t h e  lungs. 



Once deposi ted,  o i l  p a r t i c l e s  may be  removed by c learance  
mechanisms o r  absorbed i n t o  body f l u i d s ,  and the re fo re  a r e  capable 
of causing both l o c a l  and systemic t o x i c  e f f e c t s .  

Re la t ive ly  l i t t l e  information has  been published i n  regard t o  
e i t h e r  t h e  p a r t i c l e  s i z e  o r  concent ra t ions  of o i l  mists 9ccurr ing  
i n  indus t ry .  P a r t i c l e  s i z e s  during s t e e l  r o l l i n g  (5) a r e  repor ted  
a s  70% i n  t h e  range 0.8-1.0 microns and i n  hot forging (6) 40-60% 
below 10 microns diameter. In meta l  working machine shops? where 
o i l  m i s t  may be  generated both thermally and mechanically during 
gr inding ,  turn ing ,  d r i l l i n g  e t c . ,  p a r t i c l e  s i z e s  have been repor ted  
i n  the  range 2.4-5.6 microns (7) and around 2  microns (8). With 
newspaper p r i n t i n g  inks conta in ing  high concent ra t ions  of mineral  
o i l ,  mechanically generated o i l  m i s t  has  been repor ted  t o  have 
diameters  of 14 microns (9)  and 15 microns (10). A s tudy of e i g h t  
p re s s  rooms (11) repor ted  t h a t  4-57% of t h e  ink  m i s t  p a r t i c l e s  were 
below 11.4 microns i n  diameter.  

VOLATILITY 

The base  o i l s  used i n  the  manufacture of l u b r i c a n t s  t y p i c a l l y  
contain hydrocarbons wi th  more than 20 carbon atoms and have f i n a l  
b o i l i n g  p o i n t s  i n  t h e  range 350 -550°C. A t  room temperature these  
o i l s  have a  very low v o l a t i l i t y ;  any m i s t  formed i s  r e l a t i v e l y  
s t a b l e  and not  normally a s soc ia t ed  wi th  s i g n i f i c a n t  l e v e l s  of 
hydrocarbon vapour. Even when t h e  o i l  m i s t  i s  thermally generated 
t h e r e  is  un l ike ly  t o  be any major inc rease  i n  t h e  l e v e l  of o i l  
vapour assoc ia ted  with t h e  ae roso l .  

However, t h e r e  a r e  some products  which conta in  more v o l a t i l e  
components such a s  keros ines .  Products of t h i s  type inc lude  some 
metal working o i l s  ( ro l l i ng  o i l s  and gr inding  f l u i d s )  and corros ion  
preventives.  O i l  m i s t  generated from such products may be  
accompanied by t h e  presence of s i g n i f i c a n t  q u a n t i t i e s  of o i l  
vapour. The m i s t  i s  a l s o  l i k e l y  t o  have a  r e l a t i v e l y  s h o r t  l i f e t i m e  
(12) a s  t h e  micron s i z e  p a r t i c l e s  w i l l  tend t o  evaporate  q u i t e  
r ap id ly .  This  i n s t a b i l i t y  has  impl i ca t ions  f o r  the  sampling and 
a n a l y t i c a l  methods a s  we l l  a s  f o r  exposure eva lua t ion  and t h e  
subsequent h e a l t h  r i s k  assessment.  Many publi.shed s t u d i e s  have 
f a i l e d  t o  take these  f a c t o r s  i n t o  cons idera t ion  with t h e  r e s u l t  
t h a t  o i l  m i s t  exposures have been overestimated where both m i s t  and 
vapour have been co l l ec t ed  and underestimated i n  cases  where 
d r o p l e t s  have vaporised during the  sampling procedure (6 ,  13, 14) .  

EXPOSURE HEASUREMENT 

A s  has  a l ready been ind ica t ed ,  t h e  l i k e l y  phys ica l  form of t h e  
a i rborne  contamination must f i r s t  be considered before a  sampling 
technique i s  se l ec t ed .  It  is  e s s e n t i a l  t o  d is t ingui . sh  between 



p a r t i c u l a t e  and vapour and t o  take  account of t h e  i n s t a b i l i t y  of 
a i rborne  p a r t i c l e s  from l i g h t e r  products  a s  wel l  a s  the  p o s s i b i l i t y  
of vapor i sa t ion  from f i l t e r s  during sampling. I n  view of t h e  
poss ib l e  l o c a l  e f f e c t s  of o i l  m i s t  on t h e  upper r e s p i r a t o r y  system, 
inc luding  t h e  n a s a l  passages, i t  i s  necessary t o  measure the  t o t a l  
i n h a l a b l e  p a r t i c u l a t e  i n  a l l  cases.  

CONCAVE Report No. 1 / 8 1  "Guidelines f o r  t h e  Determination of 
atmospheric concent ra t ions  of o i l  m i s t "  (15) ,  based on an e a r l i e r  
method published by t h e  UK I n s t i t u t e  of  Petroleum (16) ,  provides an 
adequate d iscuss ion  of exposure measurement recommendations. 
S imi lar  methodologies have been described by NlOSH (17).  

Emulsif iable  o r  so luble  o i l s  a l s o  present  a  s p e c i f i c  problem which 
is  worth h igh l igh t ing .  Such o i l s  a r e  very commonly encountered i n  
metal working opera t ions .  In-use, emulsions cons i s t  p r imar i ly  of 
water  w i th  l e s s  than 10% of mineral  o i l s  and a d d i t i v e s .  Use of t h e  
IP/CONCAWE standard methodology f o r  m i s t s  from such o i l s  p re sen t s  
assessment d i f f i c u l t i e s .  P r i o r  t o  weighing t h e  f i l t e r s ,  t h e  aqueous 
component w i l l  have evaporated and t h e  remaining ma te r i a l  w i l l  thus  
be mineral  o i l  and non-volat i le  a d d i t i v e s  i n  add i t ion  t o  metal 
p a r t i c l e s ,  e t c .  Therefore,  r e s u l t s  obtained from sampling mists of 
emulsions may not  r e f l e c t  t h e  a c t u a l  m i s t  and vapour complex t o  
which t h e  workers were exposed and comparison wi th  t h e  ACGIH TLV 
f o r  o i l  m i s t  of 5 mg/m3 may not  be appropr ia te .  The high a d d i t i v e  
con ten t s  of some so luble  o i l s  may also 'make t h i s  l i m i t  
inappropr ia te .  

CHEMICAL ADDITIVES 

A v a r i e t y  of types  of a d d i t i v e s  may be incorpora ted  a t  va r ious  
concent ra t ions  i n t o  o i l s  used i n  a p p l i c a t i o n s  assoc ia ted  with m i s t  
generat ion.  For many a d d i t i v e s ,  l i t t l e  a c t u a l  da t a  on p o t e n t i a l  
r e s p i r a t o r y  system e f f e c t s  w i l l  be ava i l ab le .  However, informed 
judgements may be f e a s i b l e  from a  knowledge of t h e  concent ra t ions  
p r e s e n t ,  the  chemical na tu re ,  p r a c t i c a l  experience and o the r  
tox ico log ica l  da t a  such a s  sk in  o r  eye i r r i t a n c y .  The p o t e n t i a l  
e f f e c t s  of a d d i t i v e s  should be borne i n  mind when measuring and 
a s s e s s i n g  m i s t  exposures. 

POLYCYCLIC AROMATIC HYDROCARBONS 

When organic  ma te r i a l s  a r e  heated o r  burned, small  q u a n t i t i e s  of a  
wide range of polycycl ic  aromatic  hydrocarbons (PAH) may he formed 
(18).  Inc reases  i n  t h e  PAH content  of  used o i l s  were reported (19) 
t o  be  usua l ly  l e s s  than 10-fold f o r  c u t t i n g  o i l  sump and m i s t  
samples bu t  up t o  100-fold f o r  quench o i l s .  Ce r t a in  mineral  o i l  
f r a c t i o n s ,  p a r t i c u l a r l y  those conta in ing  r e l a t i v e l y  high l e v e l s  



of 4-6 r i n g  PAHs, have been shown t o  be sk in  carcinogens. It is  
the re fo re  reasonable t o  ques t ion  t h e  a p p l i c a b i l i t y  of a  5 mg/m3 
exposure l i m i t  f o r  o i l  m i s t s  which may conta in  s i g n i f i c a n t  l e v e l s  
of PAHs. This  w i l l  a l s o  be  t h e  case  where t h e  f r e s h  o i l  conta ins  
r e l a t i v e l y  high PAH l e v e l s ,  f o r  example, d i s t i l l a t e  aromatic  
e x t r a c t  o i l s .  

INDUSTRIAL HYGIENE ASPECTS OF EPIDEMIOLOGICAL STUDIES 

Most epidemiological s t u d i e s  have been conducted r e t r o s p e c t i v e l y  
and consequently t h e  exposure l e v e l s  have almost i nva r i ab ly  been 
evaluated a f t e r  t h e  s tudy period.  Thus, t h e  da ta  may not  c o r r e c t l y  
represent  p a s t  exposures. I n  s t u d i e s  where p a s t  exposure d a t a  a r e  
a v a i l a b l e ,  t h e  type of sampling and a n a l y s i s  used and t h e  na tu re  of 
t h e  o i l s  involved a l s o  need c a r e f u l  s c r u t i n y  i n  view of t h e  
assessment d i f f i c u l t i e s  described under Sec t ions  3 . 3 - 3 . 5 .  

INDUSTRIAL HYGIENE CONCLUSIONS 

O i l  m i s t  may e x i s t  i n  a  wide range of p a r t i c l e  s i z e s ,  compositions 
and concent ra t ions  i n  indus t ry ,  depending on t h e  n a t u r e  of t h e  o i l ,  
t h e  process involved and con t ro l  measures employed. 

In  the  case of m i s t  o r i g i n a t i n g  from l i g h t e r  products ,  t h e r e  i s  
l i k e l y  t o  be o i l  vapour a s soc ia t ed  with t h e  p a r t i c u l a t e .  I n  
add i t ion ,  m i s t  p a r t i c l e s  from such products may a l s o  have a  f a i r l y  
s h o r t  l i f e t i m e ,  evaporat ing i n  seconds. 

With m i s t s  from emulsions, t h e  water  content evaporates  r ap id ly .  
With s tandard p a r t i c u l a t e  sampling techniques,  only t h e  mineral  
base o i l  and non-vola t i le  a d d i t i v e s  a r e  co l l ec t ed  and t h e s e  may not  
be r ep resen ta t ive  of a c t u a l  exposures. I n  a d d i t i o n ,  t h e  high 
amounts of a d d i t i v e s  o f t e n  present  i n  so luble  o i l s  f u r t h e r  
complicate t h e  assessment of  exposures. 

O i l s  sub jec t  t o  very heavy duty and a high thermal i n s u l t ,  may 
genera te  p o t e n t i a l l y  carcinogenic PAHs and these  may i n  tu rn  be 
present  i n  any o i l  m i s t .  Other o i l s  may, a s  suppl ied ,  conta in  
r e l a t i v e l y  high l e v e l s  of  such PAHs and mists from such products  
may be regarded a s  p re sen t ing  a  d i f f e r e n t  type and l e v e l  of r i s k  t o  
t h e  majori ty of mineral  o i l  products i n  genera l  use. 

Exposure da ta  a s soc ia t ed  with published epidemiological  s t u d i e s  a r e  
spa r se ,  o f t e n  a r e  of dubious q u a l i t y ,  o r  have-been co l l ec t ed  a f t e r  
the  study period and hence may not  r e f l e c t  h i s t o r i c a l  exposures. 
Improved c h a r a c t e r i s a t i o n  of exposures is e s s e n t i a l  f o r  f u t u r e  
inves t iga t ions .  



The combination of d i f f i c u l t i e s  presented by cons idera t ions  of 
p a r t i c l e  s i z e ,  v o l a t i l i t y ,  a d d i t i v e s  and t h e  poss ib l e  presence of 
c e r t a i n  PAHs, suggests  t h a t  one s i n g l e  exposure l i m i t  f o r  a l l  
mineral o i l  m i s t s  may not  be appropr ia te .  



ANIMAL TOXICITY STUDIES OF MINERAL OIL MISTS 

Animal t o x i c i t y  s t u d i e s  on mineral o i l  m i s t s  have involved 
exposure of mice, r a t s ,  guinea p igs ,  r a b b i t s ,  hamsters,  dogs and 
rhesus monkeys f o r  per iods  varying from one hour up t o  a s  long a s  
two years .  

ACUTE TOXICITY STUDIES ON MINERAL OIL MISTS 

In  short-term experiments c a r r i e d  out  by Shoshkes e t  a 1  (20) ,  male 
and female mice were exposed f o r  2 hours t o  l i q u i d  petrolatum 
and motor o i l  and a l s o  t o  e d i b l e  o i l s .  Groups of s i x  mice were 
exposed t o  very high concent ra t ions  (4500 mg/m3 and 4300 mg/m3 f o r  
l i q u i d  petrolatum and SAE No. 10 r e spec t ive ly ) .  The average d rop le t  
s i z e  of t h e  o i l  m i s t s  was 2.5 microns, and approximately 80% of the  
p a r t i c l e s  retai.ned i n  a l l  a r e a s  of t h e  lungs were 2.5 microns, o r  
l e s s  i n  diameter.  Phagocytosis of t h e  d r o p l e t s  was completed wi th in  
48 hours.  The i n i t i a l  concent ra t ion  of r e t a ined  o i l  d r o p l e t s  was 
s i m i l a r  f o r  a l l  t ypes  of o i l  m i s t s .  During a  90 hours  follow-up 
per iod ,  however, t h e  lung concent ra t ions  of e d i b l e  o i l  d r o p l e t s  
decreased progress ive ly  whereas mineral  o i l  d r o p l e t s  remained 
p r a c t i c a l l y  unchanged. 

I n  s tudi .es  c a r r i e d  out  by Costa and Admur (21),  r e s p i r a t o r y  
funct ion  was monitored while  guinea p igs  were exposed f o r  per iods  
up t o  one hour t o  a  v a r i e t y  of mineral  o i l s .  Below 200 mg/m3 the re  
were no s i g n i f i c a n t  e f f e c t s  on r e s p i r a t o r y  func t ion  f o r  any of t h e  
following o i l s :  Medicinal grade mineral  o i l ,  l abora to ry  grade 
p a r a f f i n ,  l i g h t  l u b r i c a t i n g  o i l ,  unused motor o i l  and used motor 
o i l .  A t  concent ra t ions  above 200 mg/m3 t h e r e  was evidence of 
s i g n i f i c a n t l y  reduced lung compliance. Fur ther  s t u d i e s  c a r r i e d  out  
by Costa and Amdur (22) indica ted  s i m i l a r  r e s u l t s  and a l s o  t h a t  
very high exposures t o  c e r t a i n  mineral  o i l s  confer red  p ro tec t ion  
aga ins t  t h e  i r r i t a n t  e f f e c t s  of sulphur dioxide.  

In  s t u d i e s  c a r r i e d  out  by Reen (23) ,  Wistar r a t s  were exposed t o  
ae roso l s  of d i e s e l  f u e l  and keros ine  a t  concent ra t ions  up t o  
10,000 mg/m3. Droplet s i z e  averaged l e s s  than 2 microns i n  
diameter.  There was no evidence of damage t o  the  pulmonary 
s u r f a c t a n t  layer .  ( I t  i s  l i k e l y  t h a t ,  c e r t a i n l y  i n  t h e  case  of  
keros ine ,  cons iderable  d r o p l e t  vapor i sa t ion  w i l l  have occurred 
r e s u l t i n g  i n  exposure t o  vapour a s  we l l  a s  m i s t ) .  

Wagner e t  a1  (24) exposed a lb ino  mice t o  mineral  o i l  ae roso l s  a t  
concent ra t ions  of about 200 mg/m3 f o r  four  hours.  The o i l s  used 
were "SAE No. 10-20" automotive l u b r i c a t i n g  o i l s  and "mineral o i l " .  
A mild inflammatory r eac t ion  was observed i n  t h e  lungs of animals 
k i l l e d  both immediately a f t e r  the  four  hour exposure and a t  per iods  
up t o  144 hours post  exposure, with a peak i n  t h e  response being 



reached a t  96 hours. It  was a l s o  found i n  these  s t u d i e s  t h a t  
i nha la t ion  of t h e  mineral o i l  p a r t i c l e s  reduced t h e  acu te  l e t h a l  
e f f e c t s  of r e sp i r ed  oxidants  such a s  ozone and n i t rogen dioxide.  
This  e f f e c t  was demonstrable only a f t e r  a  l a t e n t  per iod  of up t o  
8-9 days following o i l  m i s t  exposure and was thought t o  r e s u l t  from 
t h e  formation of a  t h i n  f i l m  of o i l  on the  a l v e o l a r  sur faces .  

I t  i s  noted t h a t  t h e  na tu re  and composition of o i l s  used i n  these  
short-term s t u d i e s  have genera l ly  n o t  been c l e a r l y  defined.  
However, t h e  observat ions of  only mild e f f e c t s ,  even a t  high 
exposures,  i n d i c a t e  t h a t  a  range of o i l s  ( inc luding  highly r e f ined  
mineral  base o i l s  and formulated products)  have low acu te  t o x i c i t y .  
No acu te  t o x i c i t y  s t u d i e s  have been published on so luble  o i l s ,  
unrefined d i s t i l l a t e s  o r  aromatic  e x t r a c t s .  

SUB-ACUTE TOXICITY STUDIES ON MINERAL OIL MISTS 

Sub-acute s t u d i e s  c a r r i e d  out  by Shoshkes e t  a1  (20) involved 
exposure of mice f o r  per iods  varying from 4 t o  8 hours  a  day, 5  
days a  week f o r  per iods  of 2 weeks f o r  one s e r i e s  of experiments t o  
approximately one month f o r  another  s e r i e s .  Concentrations used 
were 4500 and 4330 mg/m3 f o r  l i q u i d  petrolatum and SAE No. 10 motor 
o i l  r e spec t ive ly .  There was heavy r e t e n t i o n  of o i l  p a r t i c l e s  of  a l l  
s i z e  ranges i n  a l l  sub-divis ions of t h e  r e s p i r a t o r y  t r e e .  A l a r g e  
number of g i an t  d r o p l e t s  (30 microns and l a r g e r  i n  diameter) were 
seen,  probably formed by t h e  coalescence of many smal le r  d r o p l e t s .  
This  accumulation of d r o p l e t s  r e s u l t e d  i n  loca l i s ed  fo re ign  body 
r e a c t i o n s  of moderate s e v e r i t y  a s  we l l  a s  f requent ly  occurr ing 
pa tches  of l i p o i d  pneumonia. 

S tud ie s  c a r r i e d  out  by Wagner e t  a 1  (24) involving exposure of mice 
t o  200 mg/m3 of SAE No. 10-20 automotive l u b r i c a t i n g  o i l  o r  
11 mineral  o i l " ,  f o r  7 hourslday f o r  4 consecutive days, r e s u l t e d  i n  
no evidence of any pa thologica l  l e s i o n s  i n  t h e  animals '  lungs a t  
e i t h e r  24 o r  96 hours following t h e  l a s t  exposures. 

Eckert & Kandt (25) exposed 20 male Wistar  r a t s  t o  a  mineral o i l  
ae roso l  (described a s  "ura-m01 F25 Hydr iewerk  Zei tz")  f o r  6 hours 
a  day f o r  up t o  3 weeks. An extremely high ae roso l  concent ra t ion  of 
30,000 mg/m3 was repor ted ,  with d r o p l e t  diameters  of approximately 
0.3-0.5 microns. Changes cons i s t en t  wi th  c l a s s i c  l i p o i d  pneumonia 
and o i l  granuloma formation followed t h i s  exposure. Fur ther  s t u d i e s  
by Eckert e t  a1  (26) showed s i m i l a r  e f f e c t s  i n  female mice exposed 
6 hours  a  day f o r  6 days. 

Carpenter e t  a 1  (27) have repor ted  i n v e s t i g a t i o n s  i n t o  t h e  
sub-acute i n h a l a t i o n  t o x i c i t y  of a e r o s o l s  of deodorised keros ine .  
Two groups of 25 r a t s  were exposed t o  an a e r o s o l  concent ra t ion  of 
100 mg/m3 f o r  6 hours  a  day, 5  days pe r  week f o r  13 weeks. I t  was 
concluded t h a t  t he re  were no t reatment  r e l a t e d  adverse e f f e c t s .  It 
should be noted t h a t  i n  view of t h e  v o l a t i l i t y  of ke ros ine  i t  i s  



very l i k e l y  t h a t  animals i n  these  s t u d i e s  were exposed t o  vapour a s  
wel l  a s  m i s t .  100 mg/m3 i s  approximately equiva lent  t o  10 t o  15 ppm 
vapour; 20 mg/m3 is approximately equiva lent  t o  2  t o  3  ppm. 
Calcula t ions  have shown t h a t  a  10 micron keros ine  d r o p l e t  w i l l  
completely evaporate  i n  under one second a t  20"C (12). Because 
kerosine d rop le t  vapor i sa t ion  w i l l  decrease a s  t h e  surrounding a i r  
becomes s a t u r a t e d  wi th  vapour, both animal and human exposures a r e  
l i k e l y  t o  be  t o  a  mixture of m i s t  and vapour. Droplets  l a r g e r  than 
10 microns w i l l  have a  longer  l i f e  and the re fo re  any pa thologica l  
e f f e c t s  a s soc ia t ed  with keros ine  m i s t  may be more l i k e l y  t o  occur 
i n  t h e  upper r e s p i r a t o r y  t r a c t .  

Beagle dogs exposed t o  20 mg/m3 of deodorised kerosine ae roso l  6  
hours per day, 5  days a  week f o r  13 weeks showed a  b o r d e r l i n e  bu t  
s i g n i f i c a n t  mean weight i nc rease  a t  t h e  end of t h e  exposure per iod .  
There were no t reatment  r e l a t e d  h i s topa tho log ica l  f ind ings  
(Carpenter e t  a 1  (27 ) ) .  A s  noted above i t  i s  very  l i k e l y  t h a t  these  
animals were exposed t o  keros ine  vapour a s  we l l  a s  ae roso l .  

According t o  s t u d i e s  c a r r i e d  out  by Lutov (28) ,  r a t s  were exposed 
t o  a e r o s o l s  of l u b r i c a t i n g  o i l s  ( ax le  and machine) a t  concent ra t ions  
of 60, 30 and 13 mg/m3, 5  hours  pe r  day f o r  6  months. Revers ib le  
e f f e c t s  on immune r e a c t i v i t y ,  electrocardi.ograms, r e s p i r a t o r y  
funct ion ,  and a r t e r i a l  p re s su re  were found. These e f f e c t s  were 
reported t o  occur even a t  t h e  lowest exposure concent ra t ion .  Some 
evidence of l i v e r ,  kidney, adrenal  and myocardial degenerat ion was 
repor ted  i n  t h i s  study. Based on t h i s  and o t h e r  s i m i l a r  s t u d i e s  a  
maximum admissible  workplace concent ra t ion  of 5  mg/m3 was recommended 
a s  t h e  o f f i c i a l  U.S.S.R. exposure l i m i t .  

In  summary, sub-acute t o x i c i t y  s t u d i e s  have been repor ted  f o r  
l i q u i d  petrolatum, 4 formulated o i l s ,  1 undefined mineral  o i l  and 
deodorised kerosine.  Resu l t s  from these  s t u d i e s  i n d i c a t e  t h a t  
although most of the  ma te r i a l s  examined were not  we l l  def ined ,  they 
were of a  low order  of  sub-acute t o x i c i t y .  Inflammatory r e a c t i o n s  
of t h e  lung and l i p o i d  pneumonia were observed fol lowing repeated 
exposures t o  extremely high concent ra t ions .  S tudies  a t  
concent ra t ions  more re levant  t o  t h e  workplace ( l e s s  than 50 mg/m3) 
have f a i l e d  t o  e l i c i t  t ox ico log ica l  e f f e c t s .  

CWRONIC TOXICITY STUDIES ON MINERAL OIL MISTS 

I n  s t u d i e s  by Lushbaugh e t  a 1  (29) of t h e  e f f e c t s  of long-term 
i n h a l a t i o n  of  o i l  m i s t s ,  animals were exposed t o  mists of 
automobile l u b r i c a t i n g  o i l  (Penn o i l . ,  SAE No. 10) and d i e s e l  engine 
l u b r i c a t i n g  o i l  (SGF No. 1) a t  concent ra t ions  of 132 mg/m3 (average 
p a r t i c l e  diameter 0.58 microns) and 63 mg/m3 (average p a r t i c l e  
diameter of 0.45 microns) r e spec t ive ly .  Rats  and r a b b i t s  were 
exposed f o r  one yea r ,  wi th  no s i g n i f i c a n t  adverse e f f e c t s  being 
repor ted .  No s i g n i f i c a n t  i nc rease  i n  tumour incidence o r  reduct ion  
i n  t h e  l a t e n t  period f o r  spontaneous tumours were found i n  mice. 



Monkeys exposed f o r  100 days accumulated r e l a t i v e l y  l a rge  amounts 
of o i l  i n  the  lungs compared t o  mice. Although t h e r e  was no 
evidence of l i p o i d  pneumonia, t h e  incidence of i n f e c t i v e  pneumonia 
was g r e a t l y  increased.  The au thor s  noted t h e  known s u s c e p t i b i l i t y  
of t hese  monkeys t o  pneumonia but  concluded t h a t  t h e  inhaled o i l  
may have played a  r o l e  i n  t h e  inc rease  i n  i n f e c t i v e  pneumonia. 

Wagner e t  a 1  (30) reported s t u d i e s  involv ing  5  spec ie s  of 
labora tory  animals (dog, r a t  r a b b i t ,  hamster ,  mouse). Animals were 
exposed d a i l y  f o r  periods of from one yea r  t o  26 months t o  
petroleum based mineral o i l  m i s t  (described a s  a  white  mineral  o i l ,  
naphthenic,  molecular weight 350 t o  410, 25 t o  30 carbon atoms) a t  
c l o s e l y  con t ro l l ed  concent ra t ions  of 5  mg/m3 and 100 mg/m3. The 
r e s u l t s  suggest  t h a t  t h e  5  mg/m3 concent ra t ion  would present  no 
t o x i c  hazard upon prolonged exposure. Exposure of both dogs and 
r a t s  f o r  12 months a t  100 mg/m3 r e su l t ed  i n  pulmonary depos i t ion  of 
o i l  andlor  l i p o i d  granuloma formation. 

A p a r a l l e l ,  bu t  unpublished, s tudy (31) of  su lphur ised  
so lvent -ext rac ted  naphthenic base  o i l  t o  which animals were exposed 
d a i l y  a t  50 mg/m3 f o r  18 months, f a i l e d  t o  r evea l  a  s i n g l e  animal 
with d e l e t e r i o u s  e f f e c t s  from o i l  m i s t  i nha la t ion .  

The above s t u d i e s  form t h e  main b a s i s  of t h e  ACGIH TLV of 5  mg/m3. 

I n  a  NIOSH (32) sponsored s tudy,  monkeys and r a t s  were exposed t o  
" o i l  m i s t "  a t  a  concent ra t ion  of 50 mg/m3. Monkeys were exposed f o r  
a  period of 27 weeks t o  t h i s  concent ra t ion  and r a t s  f o r  13 months. 
In  summary, no c o n s i s t e n t ,  s i g n i f i c a n t  t reatment  r e l a t e d  e f f e c t s  
were ev ident  i n  e i t h e r  r a t s  o r  monkeys. D e t a i l s  of t h e  o i l  used i n  
these  t e s t s  a r e  not  ava i l ab le .  

S t u l a  and Kwon (33) exposed dogs, r a t s ,  g e r b i l s  and two s t r a i n s  of 
mice f o r  6 hours  a  day, 5 days a  week f o r  up t o  24 months t o  5 and 
100 mg/m3 of a  f i n i s h i n g  o i l  wi th  1000 ppm acetone vapour. The 
f i n i s h i n g  o i l  was described a s  a  70% p a r a f f i n i c  o i l  wi th  30% 
s u r f a c t a n t  b u f f e r s  and add i t ives .  Average p a r t i c l e  diameters  were 
0.93 microns a t  5 mg/m3 and 1.15 microns a t  100 mg/m3. O i l  
p a r t i c l e s  were de tec t ab le  wi th in  t h e  lung macrophages of a l l  
spec ie s  t e s t e d  and a t  both concent ra t ions .  However, only a t  t h e  
h igher  concent ra t ion  (100 mg/m3) and i n  dogs and r a t s  was the 
r e t e n t i o n  of o i l  of such a  magnitude a s  t o  r e s u l t  i n  t h e  
development of oil-granuloma. Rats  given a  10 month recovery period 
following t h e  12 months of exposure s t i l l  showed t h e  presence of 
the  oil-granuloma. I n  t h e  adenoma-sensitive s t r a i n  of mice 
(CAF/JAX) which was s tud ied ,  t h e r e  was no s i g n i f i c a n t  d i f f e rence  i n  
the  lung adenoma incidence i n  t h e  t e s t  o r  c o n t r o l  animals.  The 
r e s u l t s  of t h i s  s tudy a r e  s i m i l a r  t o  those  of Wagner e t  a1  (30) 
us ing  a comparable concent ra t ion  of pure white  mineral  o i l  of 
s i m i l a r  d r o p l e t  s i z e  and a l s o  i n d i c a t e  t h a t  acetone has  no e f f e c t  
on t h e  t o x i c i t y  of o i l  m i s t .  



Summarising these  ae roso l  s t u d i e s ,  t h e  l imi t ed  range of ma te r i a l s  
i nves t iga t ed  shows a low chronic t o x i c i t y  and a lack  of 
carcinogenic p o t e n t i a l .  Repeated prolonged exposure t o  r e l a t i v e l y  
high l e v e l s  (100 mg/m3) has been reported t o  r e s u l t  i n  accumulation 
of o i l  i n  the  lungs wi th  l i p o i d  granuloma formation. Primate 
s t u d i e s  have shown t h a t ,  compared wi th  o the r  s p e c i e s ,  pr imates may 
accumulate g r e a t e r  q u a n t i t i e s  of o i l  i n  the  lungs fol lowing m i s t  
exposures,  and t h a t  repeated prolonged exposure t o  high l e v e l s  of 
o i l  m i s t  may exacerbate an e x i s t i n g  p red i spos i t i on  t o  i n f e c t i v e  
pneumonia. Long-term i n h a l a t i o n  exposures a t  lower o i l  m i s t  
concent ra t ions  more s i m i l a r  t o  a c t u a l  workplace l e v e l s  have 
genera l ly  not  shown adverse e f f e c t s .  No s i g n i f i c a n t  carcinogenic 
e f f e c t s  have been repor ted  i n  any spec ie s  s tudied .  

THE TOXICITY OF OIL ADDITIVES 

I n  view of t h e  l a r g e  v a r i a t i o n  i n  types ,  l e v e l s  and t o x i c i t y  of 
a d d i t i v e s  which can be  present  i n  i n d u s t r i a l  o i l s ,  each formulated 
product should be t h e  sub jec t  of a  t ox ico log ica l  review. It  should 
be noted t h a t  f o r  many products i t  i s  l i k e l y  t h a t  t h e  l e v e l s  and 
t o x i c i t y  of t h e  a d d i t i v e s  a r e  such t h a t  the  ACGIH TLV of 5 mg/m3 
may s t i l l  be app1icabl.e t o  t h e  product.  Nevertheless ,  t h i s  should 
be checked by an appropr i a t e  review of t h e  t o x i c i t y  and composition 
of each product.  

COMMENT ON RELEVANCE OF ANIMAL MODELS FOR MAN 

Several  f a c t o r s  make t h e  ex t r apo la t ion  of animal a e r o s o l  inhalat i .on 
s t u d i e s  t o  man very d i f f i c u l t .  These h c l u d e :  r e s p i r a t o r y  r a t e ,  
diameter of the  airways ( p a r t i c u l a r l y  t h e  upper a i rway) ,  pulmonary 
defence mechanisms, background incidence of t h e  normally occurr ing 
d i seases ,  spec ie s  s u s c e p t i b i l i t y  t o  s p e c i f i c  d i s e a s e s  e t c .  For 
example, d i f f e r e n c e s  i n  depos i t ion  r a t e s  i n  t h e  airways have been 
demonstrated f o r  d i f f e r e n t  spec ie s  f o r  small  p a r t i c l e s  (Young e t  a1  
(34, Hatch and Gross 135)).  For l a r g e r  p a r t i c l e s  i t  has been 
demonstrated t h a t  they a l s o  e n t e r  the  g a s t r o - i n t e s t i n a l  t r a c t  
(Goldberg and Leif  (36) ,  Berteau and Bermann (37)) .  I t  i s  probable 
t h a t  t h e  f a t e  of inha led  p a r t i c l e s  may depend on t h e  s i z e  of t h e  
g l o t t i s  (Dimmick e t  a 1  ( 3 8 ) ,  Pappagianis 139)). 

Extreme ca re  must, t h e r e f o r e ,  be taken when i n t e r p r e t i n g  t h e  
r e s u l t s  of animal s t u d i e s  with o i l  m i s t .  



4.6 I A R C  EVALUATION OF THE CARCINOGENICITY OF MINERAL OILS 

IARC ( 3 )  hes  reviewed t h e  evidence i n  the  a v a i l a b l e  published 
l i t e r a t u r e  f o r  carc inogenic i ty  of mineral  o i l s  t o  animals and man. 
The IARC conclusions,  based on experimental animal s k i n  pa in t ing  
s t u d i e s ,  a r e  shown i n  Table 2 .  

Table 2 :  I A R C  eva lua t ion  of carcinogenic r i s k  of  mineral  o i l s  

Vacuum d i s t i l l a t e s  
Severely so lvent  r e f ined  
Mildly so lven t  r e f ined  
Severely hydrotreated 
Mildly hydrotreated 
Severely (oleum) ac id  t r e a t e d  
Mildly ac id  t r e a t e d  
Aromatic d i s t i l l a t e  e x t r a c t s  
White o i l s  

Type of o i l  

S u f f i c i e n t  evidence 
No evidence 
S u f f i c i e n t  evidence 
Inadequate evidence 
S u f f i c i e n t  evidence 
No evidence 
S u f f i c i e n t  evidence 
S u f f i c i e n t  evidence 
No evidence 

Carcinogenici ty t o  
experimental  animals 

For formulated products  IARC concluded t h a t  da t a  were inadequate t o  
eva lua te  the  carc inogenic i ty  a s  a  c l a s s  t o  experimental  animals 
s ince  the  poss ib l e  carcinogenic a c t i v i t y  of i nd iv idua l  products  i s  
dependent upon t h e  s e v e r i t y  of processing of t h e  base o i l s  and the  
na tu re  and concent ra t ions  of add i t ives .  A s i m i l a r  conclusion was 
reached f o r  used formulated products;  i n  t h i s  case a c t i v i t y  i s  a l s o  
dependent on t h e  na tu re  and concent ra t ion  of contaminants,  and the  
condi t ions  of use. IARC a l s o  concluded t h a t  t h e r e  i s  s u f f i c i e n t  
evidence from s t u d i e s  i n  humans t h a t  mineral  o i l s  (containing 
va r ious  a d d i t i v e s  and impur i t i e s )  t h a t  have been used i n  
occupations such a s  mulespinning, metal machining and j u t e  
processing have caused sk in  cancer i n  humans. 

I n  a s ses s ing  the  a p p l i c a b i l i t y  of exposure l i m i t s  t o  va r ious  types 
of o i l  m i s t s ,  t h e  I A R C  eva lua t ion  should be taken i n t o  account 
s i n c e  i t  i s  t h e  most recent  thorough published eva lua t ion  of 
mineral  o i l  carc inngenic i ty  ava i l ab le .  However, t h e  r e s u l t s  of sk in  
pa in t ing  t e s t s  may not  n e c e s s a r i l y  be d i r e c t l y  t r a n s l a t a b l e  i n t o  
i n h a l a t i o n  e f f e c t s .  



4.7 CONCLUSIONS FROM ANIMAL STUDIES ON TOXICITY OF MINERAL OIL MISTS 

The m a j o r i t y  of  t h e  p u b l i s h e d  o i l  m i s t  t o x i c o l o g y  s t u d i e s  which 
have been reviewed above have been d e f i c i e n t  i n  one o r  more 
a s p e c t s .  T y p i c a l  d e f i c i e n c i e s  i d e n t i f i e d  have been i m p r e c i s e  
d e f i n i t i o n s  of  t h e  o i l  e v a l u a t e d ,  incomple te  c h a r a c t e r i s a t i o n  of  
t h e  t e s t  a tmospheres ,  u s e  of  s m a l l  numbers o f  a n i m a l s ,  and 
i n a d e q u a t e  d e s c r i p t i o n  of t h e  e x p e r i m e n t a l  d e s i g n  and r e s u l t s .  
Fur thermore ,  many o f  t h e s e  s t u d i e s  were  c a r r i e d  o u t  a t  a  t ime when 
t e c h n i q u e s  and u n d e r s t a n d i n g  were  n o t  a s  w e l l  developed a s  a t  
p r e s e n t .  A number of  o t h e r  p u b l i s h e d  s t u d i e s  which were  reviewed 
have n o t  been  r e f e r r e d  t o  i n  t h i s  document because  they  were  
c o n s i d e r e d  t o  have more s e r i o u s  d e f i c i e n c i e s .  

There  a r e  two o v e r r i d i n g  concerns  o v e r  t h e  s t u d i e s  which have been 
reviewed. F i r s t l y ,  o n l y  a  narrow range  of  o i l s  h a s  been e v a l u a t e d  
i n  an imal  s t u d i e s  and,  second ly ,  due  t o  t h e  d i f f e r e n c e s  i n  
r e s p i r a t o r y  phys io logy  and anatomy, t h e  most commonly s t u d i e d  
s p e c i e s  may n o t  b e  t h e  most a p p r o p r i a t e  models f o r  a s s e s s i n g  human 
e f f e c t s .  

D e s p i t e  t h e s e  r e s e r v a t i o n s  and t h e  p o s s i b l e  c r i t i c i s m s  of  
i n d i v i d u a l  s t u d i e s ,  c o n s i d e r a t i o n  of  t h e  range  of  p u b l i s h e d  s t u d i e s  
a s  a  whole  s u g g e s t s  t h e  f o l l o w i n g  u s e f u l  c o n c l u s i o n s  on t h e  
t o x i c i t y  of  o i l  mists. 

M i n e r a l  o i l  m i s t s  d e r i v e d  from h i g h l y  r e f i n e d  o i l s  and s e v e r a l  
fo rmula ted  p r o d u c t s  appear  t o  have a  low a c u t e  and low sub-acute  
t o x i c i t y  i n  an imals .  S i n g l e  and s h o r t - t e r m  r e p e a t e d  exposures  (up 
t o  6 months) t o  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  ( w e l l  i n  e x c e s s  of  
100 mg/m3) have r e s u l t e d  i n  lung inf lammatory r e a c t i o n s ,  l i p o i d  
granuloma f o r m a t i o n ,  and l i p o i d  pneumonia. I n  a c u t e  and sub-acute  
s t u d i e s  i n v o l v i n g  exposures  more s i m i l a r  t o  a c t u a l  workplace  
l e v e l s ,  t h e r e  was,  i n  g e n e r a l ,  no e v i d e n c e  o f  t o x i c o l o g i c a l  e f f e c t s  
of  s i g n i f i c a n c e  t o  man. Only i n  two s t u d i e s  c a r r i e d  o u t  by Russ ian 
i n v e s t i g a t o r s  have r e v e r s i b l e  s y s t e m i c  t o x i c  e f f e c t s  been obse rved ,  
and from t h e s e  i t  was concluded t h a t  5 mg/m3 would b e  an  
a p p r o p r i a t e  exposure  l i m i t .  

Long-term i n h a l a t i o n  s t u d i e s  i n d i c a t e  t h a t  t h o s e  o i l s  w i t h i n  a  
l i m i t e d  r a n g e  which h a s  a c t u a l l y  been t e s t e d  have a  low c h r o n i c  
t o x i c i t y .  Repeated prolonged e x p o s u r e s  up t o  2 y e a r s  t o  v e r y  h i g h  
c o n c e n t r a t i o n s ,  (100 mg/m3 and above) have r e s u l t e d  i n  lung  
inf lammatory r e a c t i o n s  and l i p o i d  granuloma f o r m a t i o n .  No 
c a r c i n o g e n i c  e f f e c t s  have been r e p o r t e d  i n  any s p e c i e s  s t u d i e d ,  
i n c l u d i n g  s u s c e p t i b l e  s t r a i n s  o f  mice .  Adverse e f f e c t s  have n o t  
been found i n  long-term i n h a l a t i o n  s t u d i e s  a t  lower o i l  m i s t  
c o n c e n t r a t i . o n s  more s i m i l a r  t o  a c t u a l  workplace  l e v e l s .  



HUMAN HEALTH ASPECTS OF OIL MISTS 

5.1 SHORT-TERM STUDIES 

Var ious  p u b l i c a t i o n s  ( 4 ,  40,  41,  42,  43,  44) have shown t h a t  
workers  r e p e a t e d l y  and h e a v i l y  exposed t o  m i n e r a l  o i l  have 
developed s k i n  l e s i o n s  i n  t h e  form of  d e r m a t i t i s  and o i l  a c n e ,  b u t  
t h e r e  i s  no p u b l i s h e d  s t u d y  i n d i c a t i n g  t h a t  l e s i o n s  o f  t h i s  k ind  
can  b e  induced  by s k i n  exposure  t o  o i l  m i s t s  a l o n e .  

R e s p i r a t o r y  t r a c t  

The e f f e c t s  o f  a s p i r a t i n g  m i n e r a l  o i l  i n t o  t h e  lung  a r e  w e l l  
documented (40,  45,  46,  47,  48,  49) .  Large  amounts o f  o i l  e n t e r i n g  
t h e  l u n g  c a u s e  a  chemical  pneumoni t i s  which may o c c a s i o n a l l y  b e  
f a t a l  o r  l e a d  t o  c o m p l i c a t i o n s  such a s  pulmonary f i b r o s i s .  None of 
t h e s e  c o m p l i c a t i o n s  have been r e a s o n a b l y  s u b s t a n t i a t e d  from 
exposure  t o  o i l  m i s t  e x c e p t  where exposure  h a s  been mass ive;  l i p o i d  
pneumonia h a s  been r e p o r t e d  f o l l o w i n g  heavy exposure  t o  o i l  m i s t  i n  
t h e  absence  o f  a d e q u a t e  v e n t i l a t i o n  (50,  51,  5 2 ) .  A German s t u d y  
(53) was u n a b l e  t o  c o r r e l a t e  c o m p l a i n t s  of  r e s p i r a t o r y  i r r i t a t i o n  
w i t h  exposure  t o  c o n c e n t r a t i o n s  o f  o i l  m i s t  a s  h i g h  a s  80 mg/m3. 
However, t h i s  exposure  and c o n c e n t r a t i o n  may a l s o  have  i n c l u d e d  
some o i l  vapour .  

Workplaces where o i l  m i s t  was known t o  o c c u r  were i n v e s t i g a t e d  by 
NIOSH (54 ,  55,  56) i n  r e s p o n s e  t o  c o m p l a i n t s  from workers .  None of 
t h e  s t u d i e s  i d e n t i f i e d  ev idence  o f  s k i n  o r  r e s p i r a t o r y  t r a c t  
i r r i t a t i o n  from exposures  t o  o i l  m i s t  which were  a t  l e v e l s  below 
t h e  5  mg/m3 TWA-TLV. 

A s t u d y  on 19 v o l u n t e e r s  from w o r k e r s  i n  a  s t e e l  r o l l i n g  m i l l  (5)  
r e p o r t e d  12 w i t h  r a d i o l o g i c a l  e v i d e n c e  o f  i n c r e a s e d  l i n e a r  
s t r i a t i o n s  i n  t h e  l u n g s ,  b u t  t h e  changes  were  n o t  marked and t h e  
c a u s a t i o n  u n c e r t a i n .  I n  a  Norwegian s t u d y  (14)  of  workers  i n  a  
c a b l e  p l a n t ,  s l i g h t  b a s a l  lung f i b r o s i s  was r e p o r t e d .  Although o i l  
m i s t  l e v e l s  were  r e p o r t e d  i n  t h e  range  0 .15 t o  0.30 mg/m3, t h e  
a u t h o r s  s u g g e s t e d  t h a t  t h e  sampl ing methodology u n d e r e s t i m a t e d  t h e  
a c t u a l  exposures .  Fur the rmore ,  t h e  c o n t r i b u t i o n  o f  t h e  s u b s t a n t i a l  
shor t - t e rm vapour  e x p o s u r e s  ( r e p o r t e d  a s  up t o  4000 mg/m3) t o  lung  
f i b r o s i s  i s  u n c e r t a i n .  I n  a  s e r i e s  of  s t u d i e s  from Sweden (8 ,  5 7 ,  
581,  a  sample o f  164 workers  making b e a r i n g  r i n g s  were  examined f o r  
t h e  p r e v a l e n c e  of  r e s p i r a t o r y  symptoms ( u s i n g  a  mai led  
q u e s t i o n n a i r e )  and g iven  e x t e n s i v e  lung  f u n c t i o n  t e s t s .  No l u n g  
f u n c t i o n  o r  X-ray a b n o r m a l i t i e s  were  d e t e c t e d  though t h e  exposed 
workers  were a s s e s s e d  a s  complaining of  more r e s p i r a t o r y  symptoms, 
c o n s i s t e n t  w i t h  i r r i t a t i o n  and c h r o n i c  b r o n c h i t i s ,  than  a n  



unexposed c o n t r o l  group. I n  a follow-up o f  t h e  same workers  t h r e e  
y e a r s  l a t e r ,  t h e r e  was no s u b s t a n t i a l  change i n  t h e  a u t h o r ' s  
conc lus ions .  

Two o t h e r  e x t e n s i v e  rev iews  have n o t  i d e n t i f i e d  any s e r i o u s  h e a l t h  
h a z a r d s  i n  workers  exposed t o  o i l  mists (59,  40) .  

LONG--TERM EPIDEMIOLOGY STUDIES 

The p r i n c i p a l  concern abou t  m i n e r a l  o i l  m i s t s  s t ems  from t h e  
knowledge t h a t  some o i l s  (such a s  c u t t i n g  o i l s  developed from 
l i g h t l y  r e f i n e d  b a s e  o i l s ) ,  when i n  r e g u l a r  and f r e q u e n t  c o n t a c t  
w i t h  t h e  s k i n  ( e s p e c i a l l y  t h e  sc ro tum) ,  can cause  s k i n  cancer .  Many 
i n v e s t i g a t o r s  have t h u s  t r i e d  t o  de te rmine  i f  t h e r e  i s  a n  i n c r e a s e d  
c a n c e r  r i s k  a s s o c i a t e d  w i t h  exposure  t o  m i s t  g e n e r a t e d  from t h e  
same t y p e s  of o i l .  

A number o f  i n v e s t i g a t i o n s  on m e t a l  m a c h i n i s t s  (7,  60,  61,  62,  63) 
have un i fo rmly  f a i l e d  t o  conf i rm a p o t e n t i a l  r i s k  o f  lung cancer .  

Two s t u d i e s  (64,  65) have a n a l y s e d  t h e  d e a t h s  o f  news p r i n t  workers  
and b o t h  r e p o r t e d  a n  e x c e s s  of d e a t h s  from lung c a n c e r  o v e r  t h e  
numbers t o  b e  expected i n  t h e  g e n e r a l  p o p u l a t i o n .  However, because  
of confounding f a c t o r s  and l i m i t a t i o n s  i n  t h e  s t a t i s t i c a l  methods 
used ,  n e i t h e r  s t u d y  was a b l e  t o  c o n c l u s i v e l y  a s s o c i a t e  occupa t ion  
w i t h  t h e  e x c e s s  o f  lung c a n c e r  observed.  

Other  s t u d i e s  on p r i n t  workers  have been performed a l o n g  s i m i l a r  
l i n e s  (10,  66, 67, 68, 69) b u t  have n o t  found a n  i n c r e a s e d  
i n c i d e n c e  of lung cancer .  

P a r k e s  (70) r e p o r t e d  a s m a l l  e x c e s s  of lung c a n c e r  among workers  i n  
t h e  UK rubber  i n d u s t r y  i n  which a r o m a t i c  e x t r a c t s  a r e  used  a s  
e x t e n d e r s .  However, because  of t h e  d i v e r s i t y  and m u l t i p l i c i t y  of 
chemica l s  used o r  formed, and t h e  confounding f a c t o r s  such  a s  
smoking and d i e t  which have n o t  been taken i n t o  c o n s i d e r a t i o n ,  t h e  
e f f e c t  cannot  be a t t r i b u t e d  t o  any s p e c i f i c  agen t .  

G a s t r o - i n t e s t i n a l  c a n c e r  

Two s t u d i e s  i n  t h e  Uni.ted S t a t e s  on workers  employed i n  t h e  
p r i n t i n g  i n d u s t r y  (66, 67) have examined m o r t a l i t y  d a t a  which 
sugges ted  t h a t  a v a r i e t y  of g a s t r o - i n t e s t i n a l  c a n c e r s  ( rectum,  



colon, pancreas,  buccal  cav i ty  and pharynx) may be more prevalent  
i n  these  workers than i n  t h e  genera l  populat ion,  bu t  n e i t h e r  study 
was a b l e  t o  conclude t h a t  t h e  increased incidence of gas t ro-  
i n t e s t i n a l  cancers  repor ted  could be d i r e c t l y  l inked with 
occupation. 

I n  a  survey of cause s p e c i f i c  mor t a l i t y  r a t e s  of 5189 workers 
exposed t o  o i l  m i s t  and employed f o r  a t  l e a s t  one year  on metal 
machining i n  a  heavy indus t ry  p l an t  i n  the  United S t a t e s  (711, 
small  excesses of d i g e s t i v e  t r a c t  and r e s p i r a t o r y  t r a c t  cancers  
were reported but  t hese  excess l e v e l s  d id  not  reach s t a t i s t i c a l  
s ign i f i cance  o r  show a dose response r e l a t i o n s h i p .  

A second survey by the  same author  ( 7 )  on 2485 men who had been 
employed f o r  5 yea r s  o r  more i n  the  same p l a n t  included a sub-group 
of 1137 workers wi th  heavy exposure t o  o i l  m i s t .  While accept ing 
c e r t a i n  confounding v a r i a b l e s  had not  been allowed f o r ,  t h e  author  
concluded t h a t  occupat ional  exposure t o  so lub le  and non-soluble 
c u t t i n g  o i l  mists may be assoc ia ted  with c e r t a i n  forms of 
g a s t r o - i n t e s t i n a l  cancer .  

Other s t u d i e s  (10, 64, 65, 68, 69) involving p r i n t e r s  have not  
demonstrated an increased  incidence of g a s t r o - i n t e s t i n a l  cancer.  
S imi l a r ly ,  o t h e r  groups of machinists  who have been s tudied  (60, 
61) have not  shown an increased incidence of such cancer.  

Kidney and bladder  cancers  

An a n a l y s i s  of 344 death c e r t i f i c a t e s  from a cohort  of Los Angeles 
newspaper pressmen (68) revealed a  s t a t i s t i c a l l y  s i g n i f i c a n t  excess 
of dea ths  from kidney cancer  but  the  number of cases  was small  and 
a d d i t i o n a l  s t u d i e s  a r e  requi red  t o  v e r i f y  an a s s o c i a t i o n  wi th  
kidney cancer.  

By c o n t r a s t ,  s e v e r a l  s t u d i e s  (10, 64, 65, 67, 72) do not  i n d i c a t e  
t h a t  p r i n t e r s  a r e  a t  p a r t i c u l a r  r i s k  of developing kidney and 
bladder  cancers .  S tud ie s  amongst machinists  (7,  60, 61) a l s o  r epor t  
negat ive  f ind ings .  

Lymphatic and haematopoetic cancers  

Excess dea ths  from mul t ip l e  myeloma, Hodgkins d i sease  and leukaemia 
were reported amongst workers employed i n  a  U.S. Government 
P r i n t i n g  Off ice  (67) but  these  excesses occurred pr imar i ly  among 
compositors and b inders  r a t h e r  than t h e  pressmen who tend t o  be 
more exposed t o  o i l  mis ts .  Other s t u d i e s  of p r i n t e r s  (65, 66) have 
not  i d e n t i f i e d  a  p o t e n t i a l  problem of these  cancers ;  nor have 
s t u d i e s  among machinists  (7 ,  61) .  



5.2.5 S k i n  c a n c e r  

It i s  w e l l  r e c o g n i s e d  t h a t  p o o r l y  r e f i n e d  m i n e r a l  o i l  d e r i v e d  from 
pe t ro leum can  i n d u c e  s k i n  and s c r o t a l  c a n c e r s  a f t e r  prolonged,  
r e p e a t e d  and heavy d i r e c t  c o n t a c t  w i t h  t h e  s k i n ;  many s t u d i e s  
conf i rm t h i s  a s s o c i a t i o n  (73,  74, 75, 76, 77, 78) .  I n  one of  t h e s e  
s t u d i e s  ( 7 3 ) ,  on workers  s u f f e r i n g  from s c r o t a l  c a n c e r ,  a  
s t a t i s t i c a l l y  s i g n i f i c a n t  e x c e s s  of  c a s e s  of  second pr imary tumours 
of  t h e  lung  and s k i n  was r e p o r t e d .  The r e a s o n  f o r  t h e s e  e x c e s s e s  
cou ld  n o t  b e  c l e a r l y  e x p l a i n e d  though t h e  c a u s e  was s u s p e c t e d . t o  b e  
exposure  t o  o i l  i n  t h e  c o u r s e  of  t h e i r  o c c u p a t i o n .  I n  a  l a t e r  
review (80) o f  t h e s e  d a t a  f o r  t h e  same p o p u l a t i o n  b u t  c o v e r i n g  an 
e x t r a  5  y e a r s  o f  employment, t h e  number of  second p r imary  tumours 
d i d  n o t  a p p e a r  t o  d i f f e r  s i g n i f i c a n t l y  between t h e  g roups  w i t h  
exposure  t o  o c c u p a t i o n a l  c a r c i n o g e n s  and t h o s e  w i t h o u t .  

Other  r ev iews  of  t h e  s t a t u s  of  l u b r i c a t i n g  o i l s  and t h e  o c c u r r e n c e  
of s k i n  c a n c e r  have been p u b l i s h e d  ( 2 ,  3 ,  43, 76, 7 9 ) .  However, i t  
shou ld  be  n o t e d  t h a t  exposure  t o  o i l  m i s t  a l o n e  h a s  n o t  been shown 
t o  c a u s e  s k i n  c a n c e r s .  

CONCLUSION ON HUMAN HEALTH ASPECTS 

Each of  t h e  s t u d i e s  reviewed s u f f e r s  from one o r  more 
methodo log ica l  weaknesses  and none i s  c o n s i d e r e d  s t r o n g  enough t o  
s u p p o r t  a  cause  and e f f e c t  r e l a t i o n s h i p  between exposure  t o  lower 
l e v e l s  o f  o i l  mists and a d v e r s e  h e a l t h  e f f e c t s .  At tempts  t o  
demons t ra te  a n  a s s o c i a t i o n  have,  on b a l a n c e ,  n o t  i d e n t i f i e d  any 
ha rmfu l  b i o l o g i c a l  e f f e c t s .  Thus on t h e  b a s i s  of  a v a i l a b l e  s t u d i e s ,  
exposure  t o  o i l  m i s t  a l o n e  h a s  n o t  been demons t ra ted  t o  cause  
a d v e r s e  human h e a l t h  e f f e c t s  excep t  a t  l e v e l s  g r e a t l y  above 
5  mg/m3. However, i t  i s  n o t  p o s s i b l e  t o  conc lude  from t h e s e  l i m i t e d  
human s t u d i e s  t h a t  5 mg/m3 i s  a n  a c c e p t a b l e  e x p o s u r e  l i m i t  f o r  a11 
t y p e s  of  o i l s .  



DISCUSSION 

Central  t o  t h e  quest ion of whether t h e  ACGIH TLV of  5 mg/m3 i s  
app l i cab le  t o  a l l  c l a s s e s  of o i l  m i s t ,  i s  the  f a c t  t h a t  l u b r i c a t i n g  
o i l s  usua l ly  cons i s t  of a  base  mineral  o i l  t o  which a r e  added 
varying percentages of a d d i t i v e s .  The presence of a d d i t i v e s ,  some 
of which may not  have been adequately t e s t e d  f o r  t h e i r  b i o l o g i c a l  
e f f e c t ,  introduces u n c e r t a i n t i e s .  Thus i t  is not  advisable  t o  apply 
t h e  5 mg/m3 o i l  m i s t  TLV t o  o i l s  containing unknown concent ra t ions  
and types of add i t ive .  I f  a  manufacturer of l u b r i c a t i n g  o i l s  wishes 
t o  adopt t h e  5 mg/m3 exposure l i m i t  f o r  h i s  products ,  he must f i r s t  
s a t i s f y  himself ,  by appropr i a t e  review of the  amounts, na tu re  and 
tox ico log ica l  p r o p e r t i e s  of t h e  a d d i t i v e s  present  t h a t  o i l  m i s t  
exposures up t o  t h i s  l e v e l  w i l l  no t  present  any unacceptable r i s k  
t o  human hea l th .  In  t h e  absence of such a  conclusion,  a  lower 
exposure l i m i t  should be recommended. The advice t h a t  t h e  ACGIH TLV 
cannot be un ive r sa l ly  appl ied  t o  a l l  c l a s s e s  of o i l  m i s t  i s  h in ted  
a t  i n  the  ACGIH documentation which s t a t e s  "Certain o i l s ,  however, 
may conta in  tox ic  o r  even carcinogenic components e i t h e r  n a t u r a l  o r  
added, and i n  such cases  t h e r e  may be l i t t l e  o r  no s a f e t y  f a c t o r  i n  
the  S mg/m3 TLV" ( 2 ) .  

Severely so lvent  r e f ined  base o i l s  a r e  not  carcinogenic i n  mouse 
pa in t ing  s t u d i e s  ( 3 ) .  By c o n t r a s t ,  poorly re f ined  base  o i l s  and 
t h e i r  so lvent  e x t r a c t s  conta in ing  a  higher  propor t ion  of PAHs a r e  
carcinogenic i n  sk in  p a i n t i n g  s t u d i e s .  Although animal s t u d i e s  and 
human epidemiological  i n v e s t i g a t i o n s  provide no convincing evidence 
t o  show t h a t  m i s t s  of mineral  o i l s  formulated from poorly r e f ined  
base  o i l s  o r  aromatic  e x t r a c t s  have induced cancers  of the  s k i n ,  
r e s p i r a t o r y  system o r  g a s t r o - i n t e s t i n a l  t r a c t ,  i t  seems prudent t o  
advise  t h a t  the  5 mg/m3 o i l  m i s t  TLV should not  apply t o  o i l s  -6 
t hese  types.  



GENERAL SUMMARY AND CONCLUSIONS 

There a r e  no da te  t o  suggest t h a t  any s e r i o u s  adverse e f f e c t s  have 
been observed i n  animals a t  o i l  m i s t  l e v e l s  of up t o  about 5 mg/m3. 
However, i t  is recognised t h a t  only a  l imi t ed  range of product 
types has  been t e s t e d  and t h a t  many of t h e  repor ted  s t u d i e s  can be 
considered d e f i c i e n t  i n  one or  more a spec t s .  

Excessive sk in  contac t  of workers wi th  c e r t a i n  mineral  o i l s  has  
been shown t o  cause o i l  acne and d e r m a t i t i s  a s  wel l  a s  s k i n  cancer .  
A few human s t u d i e s  have repor ted  adverse lung e f f e c t s  a t  o i l  m i s t  
exposure l e v e l s  below t h e  A C G I H  TLV of 5 mg/m3. However, i n  a l l  of 
t hese  s t u d i e s  t h e  q u a l i t y  of t h e  exposure assessment can be 
s e r i o u s l y  questioned on t h e  grounds t h a t  t h e  exposure da ta  have 
been est imated r e t r o s p e c t i v e l y ,  because i .nappropriate  sampling 
methodology has  been used which would have g ross ly  underestimated 
t h e  a c t u a l  exposures,  o r  high concent ra t ions  of vapour have been 
p resen t .  Although no d e f i n i t i v e  s tudy has demonstrated t h a t  
exposure t o  o i l  m i s t  a lone  has caused any adverse human h e a l t h  
e f f e c t s  except a t  l e v e l s  g r e a t l y  above 5 mg/m3,  i t  cannot he 
concluded t h a t  t h i s  i s  an acceptable  exposure l i m i t  f o r  a l l  types 
of product.  

An a s s o c i a t i o n  between exposure of human populat ions t o  o i l  m i s t  
and cancer  of any p a r t i c u l a r  organ system has never been r e g u l a r l y  
and p red ic t ab ly  demonstrated. Although t h i s  suggests  t h a t  t h e r e  is 
un l ike ly  t o  he a  human r i s k  of developing cancer from o i l  m i s t  
exposure, i t  must be recognised t h a t  t h e  q u a l i t y  of epidemiological  
da t a  can be questioned 'n terms of d e f i n i t i o n  of exposures and t h e  
power t o  d e t e c t  e f f e c t s .  I n  p a r t i c u l a r ,  popula t ions  exposed t o  
a i rbo rne  m i s t s  from products conta in ing  recognised carcinogens,  
such a s  aromatic e x t r a c t s ,  have not  been adequately s tudied .  
Furthermore, t h e  small number of workers and the  confounding 
f a c t o r s  involved, such a s  mixed exposures,  a r e  such t h a t  an 
a u t h o r i t a t i v e  s tudy would be extremely d i f f i c u l t  t o  conduct. 
Therefore,  i t  would be prudent not  t o  apply the  ACGIH TLV of 
5 mg/m3 t o  o i l  m i s t s  from products  conta in ing  components which a r e  
recognised a s  potent i .a l  carcinogens u n l e s s  o b j e c t i v e  assessment of 
the  s p e c i f i c  formulation i n d i c a t e s  t h i s  would be acceptable .  

Some products  conta in  l i g h t e r  o i l s  such a s  keros ine  and i n  such 
cases  the  rap id  vapor i sa t ion  and s h o r t  l i f e  of m i s t  d r o p l e t s  may 
present  exposure assessment d i f f i c u l t i e s .  The ACGIH o i l  mist  TLV of 
5 mg/m3 may not  be appropr ia te  f o r  t hese  types of o i l s  and i t  may 
a l s o  be necessary t o  a s ses s  exposure t o  o i l  vapour. 

Some o i l s  may contain a  l a r g e r  propor t ion  of add i t ives .  I n  these  
cases ,  i t  may be  more appropr ia te  t o  monitor and con t ro l  exposure 
t o  the  a d d i t i v e s  r a t h e r  than t o  o i l  m i s t .  The cur rent  ACGIH TLV of 
5 mg/m3 may n o t ,  t he re fo re ,  be appropr i a t e  f o r  such o i l s .  



With so lub le  o i l  emulsions, t h e  water  component of m i s t  d r o p l e t s  
vapor i se s  r ap id ly .  Standard exposure sampling and measurement 
techniques the re fo re  only determine t h e  non-vola t i le  mineral  o i l  
and a d d i t i v e  components of t h e  m i s t  which may not  be  i n d i c a t i v e  of 
t h e  a c t u a l  exposures. For t h i s  reason,  a s  wel l  a s  because of the  
high l e v e l  of a d d i t i v e s  normally p resen t ,  t h e  ACGIH TLV of 5 mg/m3 
is un l ike ly  t o  be appropr i a t e  f o r  so lub le  o i l  emulsions. 

The evidence reviewed the re fo re  i n d i c a t e s  t h e  fol lowing 
conclusions:  

1. A s i n g l e  gener ic  exposure l i m i t  i s  not  app l i cab le  t o  a l l  
types of o i l  mists; 

2 .  The ACGIH TLV of 5 mg/m3 provides an adequate s a f e t y  margin 
fo r :  

a )  a  broad range of o i l s  recognised a s  non-carcinogenic, 
i . e . :  

- severe ly  so lvent  r e f ined  o i l s ;  
- seve r ly  hydrotreated o i l s ;  
- o i l s  s equen t i a l ly  processed by mild 

hydrot rea t ing  and mild so lven t  r e f in ing ;  
- white o i l s  and petrolatums of medicinal o r  

food grade q u a l i t y .  

b) products  formulated from t h e  above base o i l s  
and conta in ing  a d d i t i v e s  which, by v i r t u e  of 
t h e i r  na tu re  o r  the  smal l  amounts p re sen t ,  a r e  
of no tox ico log ica l  concern. 

3 .  The ACGIH of  5  mg/m3 may not  be app l i cab le  t o :  

- products containing l i g h t e r  o i l s  such a s  keros ine ;  
- products  f o r  which exposures t o  a d d i t i v e  components need 

t o  be con t ro l l ed  because of t h e i r  na tu re  o r  amounts 
present ;  

- products  used a s  emulsions. 

For these  types of products ,  acceptable  exposure l i m i t s  can 
be based on review of s p e c i f i c  formulat ions.  

4 .  For products  conta in ing  p o t e n t i a l l y  carc inogenic  o i l s ,  an 
exposure l i m i t  below 5 mg/m3 would be prudent.  Guidance 
provided i n  Appendix t o  CONCAVE Report No. 1/81 (15) i s  
s t i l l  considered app l i cab le  and is  repeated here:  

I ,  Where exposure t o  m i s t s  from o i l  conta in ing  s i g n i f i c a n t  
concent ra t ions  of po lycyc l i c  aromatic  hydrocarbons, such a s  
aromatic  e x t r a c t  o i l s ,  i s  l i k e l y  t o  occur,  some guidance can 
be gained from the  ACGIH TLV-TWA of 0.2 mg/m3 f o r  
p a r t i c u l a t e  polycycl ic  aromatic  hydrocarbons ( a s  benzene 
so lub le  m a t e r i a l ) .  This  TLV was t h e  b a s i s  f o r  the  s tandard 



f o r  employee exposure t o  coa l  t a r  p i t c h  v o l a t i l e s  (0.2 mg/m3 a s  
benzene so lubles)  adopted by t h e  USA Occupational Safe ty  and Health 
Administration (OSHA) i n  1971. Coal t a r  p i t c h  v o l a t i l e s  a r e  defined 
by OSHA a s  inc luding  t h e  fused po lycy l i c  hydrocarbons which 
v o l a t i l i s e  from t h e  d i s t i l l a t i o n  r e s idues  of coa l ,  petroleum, wood 
and o the r  organic mat te r .  I n  the  case  of aromatic  e x t r a c t  o i l s ,  t h e  
f a c t  t h a t  a  major p a r t  of t h e  benzene so lub le  m a t e r i a l  c o n s i s t s  of 
non-polycyclic aromatics  should be taken i n t o  account ,  i . e .  a  0.2 
mg/m3 exposure l i m i t  may be unnecessar i ly  r e s t r i c t i v e " .  

The preface  t o  t h e  ACGIH pub l i ca t ion  (1) "Threshold l i m i t  va lues  
f o r  chemical substances i.n the  work environment", i n  which is 
quoted the  5 mg/m3 o i l  m i s t  l i m i t ,  inc ludes  t h e  fol lowing 
statement:  

"In s p i t e  of the  f a c t  t h a t  s e r i o u s  in ju ry  is not  be l ieved  l i k e l y  a s  
a  r e s u l t  of exposure t o  t h e  threshold  l i m i t  concent ra t ions ,  t h e  
b e s t  p r a c t i c e  i s  t o  maintain concent ra t ions  of a l l  atmospheric 
contaminants a s  low a s  i s  p r a c t i c a l " .  

This  e s t ab l i shed  general  p r i n c i p l e  of good i n d u s t r i a l  hygiene 
p r a c t i c e  of reducing exposures t o  t h e  lowest reasonably achievable 
l e v e l  should be appl ied  t o  o i l  m i s t  a s  much a s  i t  i s  t o  any o t h e r  
a i rborne  contaminant. 
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