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ABSTRACT 

This report presents data on 540 personal gasoline vapour exposure 
measurements collected in 13 European countries by an industrial 
hygiene task force during 1984 and 1985 and stored in a CONCAIE 
computer database. Gasoline vapour exposures are quantified and 
characterised for up to 150 individual components for workers in 15 
job groups involved in the manufacture and distribution of motor 
gasoline. A statistical analysis of exposures to total hydrocarbons 
is also presented. The report also discusses the assessment of 
exposure data against established limits for some individual 
components and gasoline or mixed hydrocarbon vapours. 

Dit rapport bevat meetgegevens betreffende de blootstelling aan 
benzinedampen van 540 personen, die gedurende 1984 en 1985 in 13 
Europese landen door een industrisle werkgroep op het gebied van de 
gezondheidszorg verzameld en opgeslagen zijn in een 
geautomatiseerde gegevensbank van CONCAWE. De blootstelling aan 
benzinedampen zijn gekwantificeerd en gespecificeerd voor maximaal 
150 verschillende bestanddelen voor werknemers in 15 functiegroepen 
die betrokken zijn bij de vervaardiging en distributie van 
motorbenzine. Tevens bevat het rapport een statistische analyse van 
blootstellingen aan totale koolwaterstoffen. Voorts worden de 
blootstellingsgegevens beoordeeld in het licht van de voorgeschreven 
limieten voor een aantal afzonderlijke componenten en benzine - of 
gemengde koolwaterstofdampen. 

Mit diesem Bericht werden Daten zu Messungen der Exposition von 540 
Personen gegeniiber Benzindiimpfen vorgelegt, die in 13 europBischen 
Liindern in den Jahren 1984 und 1985 von einer gewerbehygienischen 
Arbeitsgruppe gesammelt und von CONCAIJE in einer Dantenbank 
gespeicbert wurden. Die BenzindZmpfe werden anhand von bis zu 150 
Einzelkomponenten quantifiziert und charakterisiert, und zwar fiir 
Arbeitnehmer aus 15 Lohngruppen, die mit Herstellung und Umschlap 
von Motorenbenzin zu tun haben. Eine statistische Analyse der 
Exposition gegeniiber Gesamtkohlenwasserstoffen wird ebenfalls 
vorgelegt. Auch wird in dem Bericht die Beurteilung der 
Expositionsdaten im Vergleich zu bestehenden Grenzwerten fGr einige 
Komponenten sowie fGr BenzindBmpfe oder Diimpfe von 
Kohlenwasserstoffgemischen diskutiert. 

Le priisent rapport priiseute des donnges sur 540 mesurages 
d'expositions personnelles B la vapeur d'essence, recueillies dans 
13 pays europiiens par un groupe de travail d'hygihe industrielle 
en 1984 et en 1985, et mimorisEes dans une base de donniies 
informatiques de CONCAWE. Les expositions 5 la vapeur d'essence 
sont diiterminges quantitativement et caractGrisGes pour un nombre 
allant jusqu'z 150 composants diffiirents pour des ouvriers de 15 
catiigories de postes, travaillant dans la fabrication et la 
distribution de carburants-automobile. Une analyse statistique des 
expositions 3 l'ensemble des hydrocarbures est Ggalement prGsentGe. 
Le rapport traite aussi de 1'6valuation de donnGes concernant les 
expositions par rapport aux limites iitablies pour certains 
composants et les carburants ou les vapeurs d'hpdrocarbures 
miilangiies. 



Este informe presenta datos de medici6n relatives a la exposicidn 
de 540 personas a vapores de gasolina, que fueron reunidos durante 
10s afios 1984 y 1985 en 13 paises europeos por una comisi6n 
industrial sanitaria y almacenados en un banco electr6nico de datoa 
de CONCAVE. Las exposiciones a vapores de gasolina han sido 
cuantificadas y especificadas para un ma'ximo de 150 componentes 
individuales y se refieren a trabajadores clasificados en 15 
categorias de puestos, ocupados en la fabricaci6n y distribuci6n de 
gasolina para motores. El informe contiene tambi6n un ana'lisis de 
exposicidnes a hidrocarburos totales. Adema's se evalGan 10s datos de 
exposicidn a base de 10s limites establecidos para algunos 
componentes individuales y vapores de gasolina o hidrocarburos 
mixtos. 

I1 presente rapporto contiene 540 misure da adottarsi in caso di 
esposizioni personali ai vapori di benzina raccolte in 13 paesi 
europei da un gruppo incaricato dell'igiene industriale nel 1984 en 
1985 e memorizzate nel data base del cervello elettronico CONCAVE. 
Le esposizioni ai vapori di benzina sono state quantificate e 
caratterizzate per oltre 150 componenti individuali per lavoratori 
in 15 gruppo professionali addetti alla produzione e distribuzione 
di benzina per automobili. Si presenta inoltre un'analisi 
statistica sull'esposizione a tutti gli idrocarburi. I1 rapporto da 
anche il suo giudizio sulla valutazione dei dati d'esposizione in 
confronto dei limiti stabiliti per alcuni componenti individuali e 
vapori di benzina o miscele d'idrocarburi. 
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SUMMARY 

During 1984-85 a  GONCAWE i n d u s t r i a l .  hyg iene  t a s k  f o r c e  c o l l e c t e d  
540 p e r s o n a l  g a s o l i n e  exposure  measurements i n  13 European 
c o u n t r i e s  f o r  workers  invo lved  i n  t h e  manufac tu re  and d i s t r i b u t i o n  
of  g a s o l i n e .  A new method, developed by CONCAWE, f o r  m o n i t o r i n g  
exposure  t o  g a s o l i n e  vapour  i n  a i r  enab led  e x p o s u r e s  t o  b e  
q u a n t i f i e d  arid c h a r a c t e r i s e d  f o r  up t o  150 i n d i v i d u a l  components of 
gasol.3ne vapour  f o r  15 d i f f e r e n t  g roups  of  j o b s .  The r e p o r t  
d e s c r i b e s  t h e s e  d i f f e r e n t  j o b s  and t h e  way i n  which vapour  
exposures  can  o c c u r .  D i f f e r e n c e s  i n  compos i t ion  between l i q u i d  
g a s o l i n e  and vapour  a r e  h i g h l i g h t e d  and t h e  i m p l i c a t i o n s  of  t h e s e  
w i t h  r e s p e c t  t o  a  r e a l i s t i c  exposure  l i m i t  f o r  t o t a l  hydrocarbons  
i n  g a s o l i n e  vapour  a r e  d i s c u s s e d .  

Es tab l i shment  of  a  computer d a t a b a s e  of  t h e  measurements h a s  
a s s i s t e d  t h e  p r e p a r a t i o n  of  summaries of  e x p o s u r e s  t o  t o t a l  
hydrocarhons  and s e v e r a l  i n d i v i d u a l  components. The r e p o r t  r e v i e w s  
t h e  exposure  d a t a  f o r  t h e  v a r i o u s  j o b  groups  and shows t h a t ,  w i t h  
t h e  e x c e p t i o n  of  f j l l i n g  drums i n  t h e  absence  of  a d e q u a t e  l o c a l  
exhaus t  v e n t i l a t i o n  and p o s s i b l y  some mar ine  l o a d i n g  o p e r a t i o n s  
( f o r  which o n l y  l i m i t e d  d a t a  were  o b t a i n e d ) ,  &hour time-weighted 
average  p e r s o n a l  exposures  t o  t o t a l  hydrocarbons  a r e  w e l l  below a  
l i m i t  o f  1700 mg/m3 c a l c u l a t e d  from a n  a v e r a g e  g a s o l i n e  vapour  
composi t ion.  T h i s  c a l c u l a t e d  exposure  l i m i t  i s  c o n s i d e r e d  more 
a p p r o p r i a t e  t h a n  e s t a b l i s h e d  l j m i t s  of  900 mg/m3 (ACGIH, USA) and 
220 mg/m3 (Sweden); b o t h  of  t h e s e  a r e  based on t h e  compos i t ion  o f  
l i q u i d  g a s o l i n e s  which,  as t h i s  r e p o r t  c l e a r l y  shows, i s  v e r y  
d i f f e r e n t  from t h e  vapour  t o  which exposures  o c c u r  and t o  which 
p o t e n t i a l  h e a l t h  r i s k s  a r e  r e l a t e d .  

S i m i l a r  c o n c l u s i o n s  t o  t h o s e  f o r  t o t a l  hydrocarbons  appy t o  
assessment  of exposures  t o  benzene,  n-hexane and t r i m e t h y l b e n z e n e s  
a g a i n s t  e s t n h l i s h e d  i n d i v i d u a l  l i m i t s .  For t o l u e n e  and x y l e n e s ,  a l l  
exposures  a r e  w e l l  below e s t a b l i s h e d  l i m i t s .  



l. INTRODUCTION 

Because of the  high v o l a t i l i t y  of some components, gaso l ine  i s  
manufactured and d i s t r i b u t e d ,  a s  f a r  a s  is p r a c t i c a b l e ,  i n  enclosed 
systems i n  o rde r  t o  minimise evaporat ion which could lead t o  s a f e t y  
hazards,  environmental contamination, and product l o s s e s .  Such 
systems reduce t h e  p o s s i b i l i t i e s  of exposures t o  gasol ine  vapour 
but  do not  exclude them. I n  order  t o  provide information f o r  
a s ses s ing  poss ib l e  h e a l t h  concerns, CONCAWE's Health Management 
Group e s t ab l i shed  a  Special Task Force t o  quant i fy  exposure t o  a l l  
s i g n i f i c a n t  components of gasol ine  vapours. This r e p o r t  p re sen t s  
the  r e s u l t s  of a  survey c a r r i e d  c u t  i n  13 European c o u n t r i e s  during 
1984-85. 

Using the  new exposure monitoring method described i 1 1  CCKCAWE 
Report No. 8/86 (1) and n s tandardised  pro tocol  f o r  r epor t ing  
r e s u l t s  and a n c i l l a r y  i.nformation, a  CONCAWE computer database 
conta in ing  540 exposure meesiirements has been e s t ab l i shed .  
Summaries prepared from t h i s  database f o r  15 d i f f e r e n t  activities 
(joh groups) ir~vol.ved i n  t h e  manufacture and d i . s t r ibu t ion  of 
gasol lne  provide information cn exposures t o  t o t a l  hydrocarbon 
vapours,  t h e i r  mean compositions compared t o  l i q u i d  gasol ine ,  and 
the  exposure ranges f o r  up t o  150 ind iv idua l  vapour components. 
Assessment of these  da ta  a g a k s t  e s t ab l i shed  exposure l i m i t s  i s  
a l s o  discussed. 



ACTIVITIES AND J O B  GROUP CATEGORIES . .. - - - 

The manufacture  and d i s t r i b u t i o n  of  g a s o l i n e  i n v o l v e s  a  v a r i e t y  of 
work a c t i v i t i e s  and t y p e s  of  j o b  r a n g i n g  from p r o d u c t i o n  and 
a n c i l l a r y  o p e r a t i o n s  w i t h i n  t h e  r e f i n e r y  t o  l o a d i n g  o f  s h i p s ,  
r a i l c a r s  and road t a n k e r s ,  d e l i v e r y  t o  s e r v i c e  s t a t i o n s  and ,  
f inall . ) . ,  a t t e n d a n t  o r  s e l f - s e r v i c e  f i l l i n g  o f  cus tomers '  v e h i c l e s .  
Because o f  t h e  v a r i a b l e  p o t e n t i a l  f o r  exposure  t o  g a s o l i n e  vapour  
i n  t h e s e  d j f f e r e n t  a c t i v i t i e s ,  f j f t e e n  d i f f e r e n t  job g roups  were 
i d e n t i f i e d  a s  d e t a i l e d  below. I n  e l e v e n  of  t h e s e ,  p o t e n t i a l  f o r  
exposure  e > : i s t s  e s s e n t i a l l y  o v e r  t h e  whole working day o r  s h i f t  and 
d a t a  were c o l l e c t e d  t o  h e  r e p r e s e n t a t i v e  o f  R-hour time-weighted 
average  exposures .  I n  two j o b  g r o u p s ,  t h e  main p o t e n t i a l  f o r  
exposure  i s  o v e r  a  r e l a t i v e l y  s h o r t  p a r t  o t  t h e  working day.  
S e p a r a t e  d a t a  wer r  t h e r e f o r e  c o l l e c t e d  t o  q u a n t i f y  exposures  d u r i n g  
t h e s e  s h o r t - t e r m  o p e r a t i o n s .  Although n o t  s t r i c t l y  a  "job",  d a t a  
f o r  a  t h j r d  s h o r t - t e r m  o p e r a t i o n ,  i . e .  c a r  d r i v e r s  f i l l i n g  t h e i r  
own v e h i c l e s  a t  s e l f - s e r v i c e  s t a t i o n s ,  were c o l l e c t e d  under t h e  
" shor t - t e rm o p e r a t i o n s "  c a t e g o r y .  A f i n a l  a c t i v i t y  o r  joh  group f o r  
which s e p a r a t e  d a t a  werr  c o l l e c t e d  under  "long-term o p e r a t i o n s "  was 
f o r  road t a n k e r  d r i v e r s  d e l i v e r i n g  gasol . ine  t o  s e r v i c e  s t a t i o n s ,  
i . e .  d r i v i n g  and u n l o a d i n g .  It was c o n s i d e r e d  i t  would be u s e f u l  t o  
have d a t a  q u a n t i f y i n g  exposures  f o r  t h i s  i m p o r t a n t  component of  t h e  
road t a n k e r  d r i v e r ' s  j o b .  

Each job group was a l l o c a t e d  a  number and a  s h o r t  d e s c r i p t i v e  
t i t l e .  These a r e  i n d i c a t e d  i n  S e c t i o n s  2.1 and 2 .2  rvith s h o r t  
d e s c r i p t i o n s  o f  t h e  a c t i v i t i e s  i n v o l v e d  i n  e a c h  job group.  

SHORT-TERH OPERATION J O B  GROUPS 

Two of  t h e  j o b  groups  i n  t h i s  c a t e g o r y  c o v e r  an  i m p o r t a n t  component 
p a r t  o f  t h e  jobs  o f  road t a n k e r  d r i v e r s  who l o a d  t h e i r  own v e h i c l e s  
a t  b u l k  f u e l  terminals. Two groups  a r e  r e q u i r e d  t o  d i s t i n g u i s h  
between t o p  l o a d i n g  which h a s  been t h e  most commonly used method 
and bot tom l o a d i n g  which i s  coming i n t o  i n c r e a s i n g  u s e .  The t h i r d  
group i n c l u d e d  i n  t h e  shor t - t e rm o p e r a t i o n  c a t e g o r y  c o v e r s  t h e  
non-occupa t iona l  e x p o s u r e s  i n c u r r e d  by cus tomers  f i l l i n g  t h e i r  own 
v e h i c l e s  a t  s e l f - s e r v i c e  s t a t i o n s .  

Job  Group No. 1 - Road Top .- . <l  h r  

T h i s  c o v e r s  e x p o s u r e s  of  road t a n k e r  d r i v e r s  f j l l i n g  t h e i r  own 
v e h i c l e s  by t h e  t o p  l o a d i n g  p r o c e d u r e .  With t h i s  sys tem,  t h e  t a n k e r  
compartments a r e  f i l l e d  th rough  open h a t c h e s  on t o p  o f  t h e  v e h i c l e  
by t h e  d r i v e r  i n t r o d u c i n g  t h e  f i l l  p i p e  and l o w e r i n g  i t  t o  t h e  
bot tom o f  t h e  compartment. T h i s  t e c h n i q u e  o f  subnerged f i l l i n g ,  i n  
which g a s o l i n e  e n t e r s  t h e  compartment under  l i q u i d  f u e l  a l r e a d y  
p r e s e n t ,  h a s  g e n e r a l l y  r e p l a c e d  t h e  e a r l i e r  method o f  



"splash- loading"  i n  which o n l y  a s h o r t  f i l l  p i p e  was used and 
l i q u i d  g a s o l f n e  e n t e r e d  t h e  vapour  s p a c e  of  t h e  compartment. The 
submerged f i l l i n g  t e c h n i q u e  r e s u l t s  i n  l e s s  v a p o r i s a t i o n  of  t h e  
L iqu id  g a s o l i n e .  A s  each compartment i s  f i l l e d ,  t h e  d r i v e r  must 
remove t h e  f i l l  p i p e ,  d m i n  i t  and i n s e r t  i t  i n t o  t h e  n e x t  
compartment. 

During t h e s e  c p e r a t i o n s ,  t h e  d r i v e r  h a s  a  p o t e n t i a l  f o r  exposure  t o  
vapours  which a r e  d i s p l a c e d  th rough  t h e  open h a t c h  a s  l i q u i d  f i l l s  
t h e  compartment, from s p i l l a g e ,  and from e v a p o r a t i o n  o f  l i q u i d  from 
t h e  s u r f a c e  of  t h e  f i l l  p i p e  a s  i t  i s  removed from one compartment 
and i n s e r t e d  i n t o  t h e  n e x t .  There  i s  a  f u r t h e r  p o t e n t i a l .  f o r  
exposure  d u r i n g  t ank  d i p p i n g  and t h e  c l o s i n g  o f  h a t c h  c o v e r s .  
A c t u a l  exposures  may v a r y  c o n s i d e r a b l y  depending on t h e  d e s i g n  of  
t h e  equipment,  t h e  work p r a c t i c e s  of t h e  d r i v e r  and ambient  wea the r  
c o n d i t i o n s .  I n  some i n s t a l l a t i o n s ,  t h e  l o c a t i o n  o f  a  "dead-man's 
handle"  (which must be  depl-essed d u r i n g  f i l l i n g )  may r e q u i r e  t h e  
d r i v e r  t o  s t a n d  c l o s e  t o  t h e  open h a t c h .  I n  o t h e r  c a s e s  he may be  
a b l e  t o  s t a n d  w e l l  away from t h e  h a t c h  open ing  where metered 
k i l l i n g  o r  a  remote "dead-man's handle"  a r e  i n s t a l l e d .  High 
ambien t /p roduc t  t e m p e r a t u r e s  and absence  o f  wind c a n  b e  expec ted  t o  
l e a d  t o  h i g h e r  vapour  c o n c e n t r a t i o n s .  I f  t h e  d r i v e r  can s t a n d  
"up-wind" o f  t h e  open h a t c h  h i s  exposure  i s  l i k e l y  t o  h e  lower .  
Exposures may a l s o  be  a f f e c t e d  by t h e  vapour  c o n t e n t  of  t h e  empty 
compartments,  by  s i m u l t a n e o u s  f i l l . i n g  of o t h e r  t a n k e r s  i n  a d j a c e n t  
l o a d i n g  b a y s ,  and by f i l l i n g  r a t e s  a s  w e l l  a s  by t a n k e r  o r  
compartment s i x e s .  

Vapour c o n t r o l  o r  r e c o v e r y  sys tems  have been i n s t a l l e d  i n  some 
f a c i l i t i e s ;  reduced exposures  would be expec ted  i n  such  c a s e s .  
F o ~ e v e r ,  t h e s e  t y p e s  of  r a c i l i t y  were n o t  i n c l u d e d  i n  t h i s  s u r v e y .  

I n  most c a s e s ,  l o a d i n g  of  a  road t a n k e r  i s  completed w i t h i n  
30 minu tes ;  t h i s  i s  conf i rmed by t h e  mean sampl ing p e r i o d  of  24  
minu tes .  However, d e l a y s  wi l l .  i n e v i t a b l y  occur  o c c a s i o n a l l y  through 
t e c l m i c a l ,  o p e r a t i n g  o r  o t h e r  problems. T h i s  i s  r e f l e c t e d  i n  t h e  
i.ncLusion of d a t a  f o r  sampl ing p e r i o d s  of  up t o  one hour .  

Job Group No. 2 - Road Bottom <:l h r  - 

T h i s  c o v e r s  e x p o s u r e s  of  road  t a n k e r  d r i v e r s  f i l l i n g  t h e i ~  own 
v e h i c l e s  by t h e  bot tom l o a d i n g  p rocedure .  With t h i s  sys tem,  t h e  
t anker  compartments a r e  f i l i e d  through h o s e  c o n n e c t i o n s  made by t h e  
d r i v e r  t o  manifo3.d~ on t h e  v e h i c l e  n e a r  ground l e v e l .  The main 
s o u r c e s  of exposure  p o t e n t i a l  a r e  d u r i n g  t h e  h o s e  c o u p l i n g  and 
uncoupl ing p r o c e d u r e s ,  and from vapour  which may d r i f t  t t w a r d s  
ground l e v e l  from high-].eve1 v e n t s .  A s  w i t h  t o p  l o a d i n g ,  a c t u a l  
exposures  wi l l .  b e  s u b j e c t  t o  a  number of  v a r i a b l e s  such  as wea the r  
c o n d i t i o n s ,  s i m u l t a n e o u s  l o a d i n g  of  o t h e r  t a n k e r s  i n  a d j a c e n t  b a y s ,  
o c c a s i o n a l  s p i l l a g e s  e t c .  Although vapour c o n t r o l  s y s t e m s  a r e  
i n s t a l l e d  a t  some f a r i l i t i e s  t h e s e  were n o t  jnc luded  i n  t h i s  
su rvey .  Loading is normal ly  completed w i t h i n  30 m i n u t e s  as shown by 
t h e  mean szmpl ing p e r i o d  of 27 minu tes .  O c c a s i o n a l  l o n g e r  l o a d i n g  
t i m e s  a r e  I - e f l e c t e d  i n  t h e  i n c l u s i o n  of  d a t a  f o r  sampl ing  p e r i o d s  
up t o  one hour .  



Job Group No. 3 - S e r v i c e  S t a t i o n ,  S e l f - f i l l  -. .. ... - 

T h i s  group c o v e r s  t.he o c c a s i o n a l  b r i e f  exposures ,  t y p i c a l l y  over  
p e r i o d s  o f  a b o u t  two m i n u t e s ,  o f  cus tomers  f i l l i n g  t h e i r  own 
v e h i c l e s  a t  s e l f - s e r v i c e  s t a t i o n s .  

LONG-TERM OPERATION J O B  GROUPS 

These a r e  o p e r a t i o n s  o r  combina t ions  g e n e r a l l y  l a s t i n g  between 
one hour  and a  f u l l  working s h i f t .  Except f o r  Job  Group No. 6 which 
comprises  t h e  road d e l i v e r y  component of  t h e  d a i l y  e x p o s u r e s  of  
road t a n k e r  d r i v e r s ,  exposure  measurements were  e i t h e r  o h t a i n e d  
o v e r  a  f u l l  work-sh i f t  p e r i o d  o r  were r e p r e s e n t a t i v e  o f  i t  s o  t h a t  
they  can  be  considere<l  a s  i n d i c a t i n g  S-hour t ime-weighted average  
exposures .  Vapour c o n t r o l  o r  r ecovery  o r  remote  v e u t i n g  sys tems  
were n o t  i n  u s e  f o r  any of  t h e  sampled o p e r a t i o n s  i n v o l v i n g  road 
t a n k e r s ,  r a i l . r a r s ,  open- loading of  s h i p s ,  f i l l i n g  of  drums o r  
s e r v i c e  s t a t i o n s .  

Job Group No. 4 - Road Top > l  h r  - - 
This  c o v e r s  r e p r e s e n t a t i v e  f u l l  work-sh i f t  exposures  of road t a n k e r  
d r i v e r s  d u r i n g  top- load ing  anG d e l i v e r y  of  g a s o l i n e .  The p o t e n t i a l  
f o r  exposure  i s  d i s c u s s e d  i n  d e t a i l  under  Job Groups No. l. and No. 6. 
T y p i c a l l y ,  a d r i v e r  w i l l  complete  two t o  t h r e e  l o a d i n g s  and 
d e l i v e r i e s  each  day w i t h  o c c w s i o n a l l y  more where s h o r t  d e l i v e r y  
d i s t a n c e s  2 r e  i n v o l v e d .  

Job  Group No. 5 - Road Bottom >l  h r  .. 

This  c o v e r s  t h e  same a s  J o b  Group No. 4 e x c e p t  t h a t  bottom f i l l i n g  
of  road  t a n k e r s  i s  used .  P o t e n t i a l  f o r  exposure  is d i s c u s s e d  i n  
d e t a i l  under  J o b  Groups No. 2 and No. h .  A s  w i t h  .Job Group No. 4 ,  
2 t o  3 l o a d i n g s  and  d e l i v e r i e s  p e r  day a r e  t y p i c a l .  

Job  Group No. 6 - Road D e l i v 3  -- - 

T h i s  c o v e r s  t h e  i m p o r t a n t  component: uf t h e  road  t a n k e r  d r i v e r ' s  
t a s k  o f  d r i v i n g  from t h e  l o a d i n g  1.ocation t o  t h e  d e l i v e r y  p o i n t  and 
t r a n s f e r r i n g  p roduc t  t o  a  s t o r a g e  t ank .  During d r i v i n g ,  t h e r e  
s h o u l d  normal ly  be  l i t t l e  o r  no exposure  t o  g a s o l i ~ t e  vapour .  
However, e x p o s u r e s  cou ld  r e s u l t  i f  o v e r a l l s ,  s h o e s  o r  g l o v e s  have 
been con tamina ted  by s p i l l a g e s .  Exposures  d u r i n g  t r a n s f e r  of  
p roduc t  t o  s t o r a g e  t a n k s  may o c r u r  w h i l s t  c o n n e c t i n g  and 
d i s c o n n e c t i n g  h o s e s ,  o r  from o c c a s i o n a l  small. s p i l l a g e s .  Depending 
on t h e  r e l a t i v e  l o c a t i o n  of s t o r a g e  t a n k  v e n t s ,  t h e r e  may be a  
p o t e n t i a l  f o r  exposure  t o  d i s p l a c e d  g a s o l i n e  vapours .  A t  s e r v i c e  
s t a t i o n s ,  low l e v e l s  o f  g a s o l i n e  vapour may a l s o  be  p r e s e n t  from 
t h e  normal th roughput  of  cus tomer  v e h i c l e s  w h i l s t  t h e  d e l i v e r y  i s  
b e i n g  made. 



Job  Group No. .. . 7 - S e r v i c e  S t a t i o n  -- A t t e n d a n t s  

S e r v j c e  s t a t i o n  a t t e n d a n t s  may be  exposed t o  g a s o l i n e  vapour  d u r i n g  
t h e  f i l l i n g  of  cus tomers '  v e h i c 1 . e ~  and w h i l s t  handl.ing payments o r  
conduc t ing  o t h e r  genei-a1 d u t i e s  such a s  c l e a n i n g .  Exposures  can be 
expec ted  t o  v a r y  depending on f a c t o r s  such a s  th roughput  of  
v e h i c l e s ,  ambien t /p roduc t  t e m p e r a t u r e s ,  wind c o n d i t i o n s ,  t h e  degree  
t o  which t h e  s t a t i o n  may be e n c l o s e d ,  and t h e  e x t e n t  of  any 
s p i l l a g e s  which o c c u r .  

Job  Group No. 8 - S h i p s  -.-.. Closed 

T h i s  c o v e r s  e x p o s u r e s  of  deck c r e w  d u r i n g  l o a d i n g  of  s h i p s  where 
a u t o m a t j c  u l l a g e  measurement i s  i n s t a l l e d ,  u l l a g e  p o r t s  and h a t c h e s  
a r e  k e p t  c losecl ,  and d i s p l a c e d  vapours  o r e  v e n t e d  a t  a  remote 
p o i n t .  Exposures  c a n  be  expec ted  t o  v a r y  depending on wind 
c o n d i t i o n s ,  ambien t /p roduc t  t e m p e r a t u r e s ,  v e n t  l o c a t i o n s  i r ~  
r e l a t i o n  t o  p e r s o n n e l ,  and t h e  r e l i a b i l i t y  of  a u t o m a t i c  u l l a g e  
measrtrements. Manual u l l a g r  checks  s t i l l  a p p e a r  t n  h e  q u i t e  common 
p r a c t j c e  because  of  a  l a c k  of conf idence  t h a t  au tomat ic  gauging 
w i l l  avo id  o v e r f i l l i n g  of  t a n k s .  Exposures  may a l s o  o c c u r  d u r i n g  
connec t ion  and d i s c o n n w t i o n  of  c a r g o  l i n e s .  

Job  Group No. 9 - - .  S h i p s  Open 

T h i s  c o v e r s  e x p o s u r e s  d u r i n g  open l o a d i n g  of  s h i p s  where t ank  t o p s ,  
u l l a g e  p o r t s  o r  d i p  h a t c h e s  a r e  l e f t  open and d i s p l a c e d  vapours  may 
b e  v e n t e d  c l o s e  t o  deck l e v e l .  Crew can  be exposed d u r i n g  
connec t ion  and d i s c o n n e c t i o n  of c a r g o  l i n e s ,  w h i l s t  l e a n i n g  over  
open h a t c h e s  t o  r l ~ e c k  f i l l  l e v e l s ,  and d u r i n g  t a n k  d i p p i n g .  

Job  Group No. 10 - Rarges  Closed -- - - 

T h i s  c o v e r s  s i m i l a r  o p e r a t i o n s  t o  .Job Group No. 8 .  Decks of  b a r g e s  
:?c g e n e r a l l y  f l a t t e r  than  f o r  s h i p s  and vapour  .?ents may be  a t  a  
lower l eve l . .  

Job Group No. 11 - Je t tymen  

T h i s  c o v e r s  j e t t y  s t a f f  who a r e  invo lved  i n  s u p e r v i s i o n  of  l o a d i n g  
o p e r a t i o n s .  There  i s  a  p o t e n t i a l  f o r  exposure  from d i s p l a c e d  
vapours  and w h i l s t  c a r r y l n g  o u t  o p e r a t i o n s  such a s  sampl ing and 
t a n k  d i p p i n g  and t h e  t e n d l i n g  of  hoses .  The p o s i t i o n  of  v e n t s ,  wind 
speed and d i r e c t i o n ,  and ambien t lp roduc t  t e m p e r a t u r e s  a r e  i m p o r t a n t  
v a r i a b l e s  l i k e l y  t o  a f f e c t  t h e  l e v e l  of  e x p o s u r e s  o f  j e t tymen .  

Job Group No. 12  - R a i l c a r  Top -- -- 

This  c o v e r s  o p e r a t o r s  invo lved  i n  t o p  l o a d i n g  of  r a i l c a r s .  
Exposures can  o c c u r  d u r i n g  o p e r a t i o n s  such a s  o p e n i n g f c l o s i n g  of  
h a t c h e s  and check ing  f i l l  l e v e l s  and d u r i n g  a n c i l l a r y  a c t i v i t i e s  
such a s  c o n t r o l l i n g  movement of c a r s  w h i l s t  a t  t r a c k  level . .  
Exposures w i l l  v a r y  depending on t h e  n a t u r e  of  t h e  i n s t a l l a t i o n ,  
f o r  example,  t h e  degree  of  e n c l o s u r e  and a u t o m a t i o n ,  t h e  th roughput  



of  r a i l c a r s ,  ambient wea the r  c o n d i t i o n s  and p roduc t  t < a n p e r a t u r e ,  
t h e  l o c a t i o n  of  o t h e r  vapour  c o u r c e s  i n  t h e  v i c i n i t y ,  and p o s s i b l y  
by o c c a s i o n a l  s p i l l a g e s .  Although d a i l y  s c h e d u l e s  f o r  r a i l c a r  
l o a d i n g  a r e  l i k e l y  t o  v a r y  c o n s i d e r a b l y ,  o p e r a t o r s  g e n e r a l l y  c a r r y  
o u t  t h i s  t a s k  f o r  s e v e r a l  h o u r s  p e r  day.  

There  is n t endency  t o  adop t  bottom l o a d i n g  ( w i t h  vapour  r e c o v e r y )  
i n  p l a c e  o f  t o p  l o a d i n g  of  r a i l c a r s .  Exposures  would be  expec ted  t o  
b e  lower  w i t h  t h i s  sys tem.  However, o n l y  t o p  l o a d i n g  o p e r a t i o n s  
w i t h o u t  vapour  c o n t r o l / r e c o v e r y  were covered  i n  t h i s  s u r v e y .  

J o b  Group - No. 13 - Drumming 

T h i s  c o v e r s  o p e r a t o r s  f i l l i n g  drums w i t h  abou t  ?00 l i t r e s  of  
g a s o l i n e .  In t h e  absence  o f  good l o c a l  e x h a u s t  v e n t i l a t i o n  ( a s  was 
t h e  c a s e  w i t h  t h e  l i m i t e d  number of  drum f i l l i n g  o p e r a t i o n s  sampl.ed 
i n  t h i s  s u r v e y ) ,  t h e  o p e r a t o r  i s  exposed t o  vapours  d i s p l a c e d  from 
t h e  drum by t h e  l i q u i d .  

Job  Group No. 1 4  - P r o d u c t i o n  - O n s i t e  

T h i s  c o v e r s  ref : inery  o p e r a t o r s  who c a r r y  o u t  t h e  v a r i o u s  t a s k s  
invo lved  i n  c o n t r o l l i n g  p l a n t s  such  a s  d i s t i l l a t i o n  u n i t s ,  c r a c k e r n  
and r e f o r m e r s  which p r o c e s s  hydrocarbon stream:: t o  produce g a s o l i n e  
components. P a r t  o f  t h e  o p e r a t o r ' s  work s h i f t  i s  s p e n t  i n s i d e  t h e  
c o n t r o l  room which,  f o r  s a f e t y  r e a s o n s ,  i s  normal ly  s l i g h t l y  
p r e s s u r i s e d ;  t h e r e f o r e ,  d u r i n g  t h e s e  p e r i o d s  t h e r e  i s  no  
s i g n i f f c a n t  exposure  t o  hydrocarbon vapours .  Other  t a s k s  i n v o l v e  
a c t i v i t i e s  on t h e  p r o c e s s  u n i t s  themse lves ,  s u c h  as open ing  and 
c l o s i n g  v a l v e s ,  c o l l e c t i n g  of  samples ,  hlowing down gauges  e t c .  
where t h e r e  may be p o t e n t i a l  f o r  exposure ,  p a r t i c u l a r l y  i f  t h e r e  
a r e  any  l e a k s  o f  l i q u i d  o r  vapour .  The d i v i s j o n  o f  t h e  o p e r a t o r ' s  
t ime between t h e  c o n t r o l  room and t h e  u n i t s  wi l l .  v a r y  between 
p l a n t s  and s p e c i f i c  j o b  r e s p o n s i b i l i t i e s .  

Job  Grocp No. 15 - P r o d u c t i o n  - O f f s i t e  -. - .  

T h i s  c o v e r s  a n c i l l a r y  o p e r a t i o n s  c a w i e d  o u t  by r e f i n e r y  w o r k e r s ,  
such a s  l a b o r a t o r y  t e c h n i c i a n s ,  employees i n v o l v e d  i n  t h e  c o n t r o l  
of  b u l k  s t o r a g e  ( t a n k  farm) f a c i l i t i e s  and c a r r y i n g  o u t  t a s k s  such 
a s  t a n k  d i p p i n g  and sampl ing ,  and t h o s e  i n v o l v e d  i n  w a t e r  e f f l u e n t  
t r e a t m e n t  such  a s  skimming open o i l y  w a t e r  s e p a r a t o r s ,  e .g .  API 
s e p a r a t o r s .  P o t e n t i a l  f o r  exposure  w i l l  v a r y  w i t h  t h e  t y p e  o f  job 
and t h e  e x t e n t  t o  which i t  i n v o l v e s  h a n d l i n g  o f  g a s o l i n e  o r  l i g h t  
hydrocarbon r e f i n e r y  s t r e a m s  where t h e y  a r e  n o t  e n t i r e l y  contained 
w i t h i n  p r o c e s s  u n i t s ,  pipework o r  s t o r a g e  t a n k s .  



CONCAiJE GASOLINE VAPOUR .. . - . ., EXPOSURE SURVEY AND . .. DATABASE 

The CONCAWE g a s o l i n e  vapour exposure  s u r v e y  t a s k  f o r c e  c o l l e c t e d  a  
t o t a l  of  510 p e r s o n a l  exposure  measurements d u r i n g  1984-85 f o r  
personnel.  i.nvolved i n  t h e  manufac tu re ,  d i s t r i b u t i o n  and h a n d l i n g  o f  
g a s o l i n e  i n  1 3  European c o u n t r j e s .  Measurements were o b t a i n e d  u s i n g  
t h e  new exposure  moni to r ing  method d e s c r i b e d  i n  CONCAWE Repor t  No. 
8 /86  ( l ) ,  developed by an  a n a l y t i c a l  subgroup of  t h e  t a s k  f o r c e  
from r e s e a r c h  t echno logy  a v a i l a b l e  from some member companies.  I n  
t h i s  method,  a  s m a l l  low f low r a t e  p e r s o n a l  sampl ing  pump is used 
t o  draw a i r  frnm a  worker ' s  b r e a t h i n g  zone th rough  a  sampler  
c o n t a i n i n g  two beds  o f  s o l i d  s o r b e n t s  s p e c i f i c a l l y  s e l e c t e d  t o  t r a p  
and r e t a i n  e s s e n t i a l l y  a l l .  components of  g a s o l i n e  vapour .  Trapped 
components a r e  s u b s e q u e n t l y  t h e r m a l l y  desorbed  and a n a l y s e d  by 
c a p i l l a r y  g a s  chromatography u s i n g  a  f lame i o n i s a t i o n  d e t e c t o r .  I n  
a d d i t i o n  t o  d e t e r m i n a t i o n  of  e x p o s u r e s  t o  t o t a l  g a s o l i n e  
hydrocarbon vapours ,  t h i s  methud a l s o  p e r m i t s  s p e c i f i c  
i d e n t i f  i c a t i u n  and measurement of  up t o  150 i n d i v i d u a l  major  
components. Although l i q u i d  gaso l i .ne  c o n t a i n s  many more components,  
t h o s e  n o t  i n c l u d e d  i n  t h e  150 whi.ch imve been i d e n t i f i e d  a r e  e i t h e r  
l i k e l y  t o  be  p r e s e n t  a t  v e r y  low c o n c e n t r a t i o n s  o r  a r e  h i g h e r  
b o i l i n g  p o i n t  compounds which a r e  n o t  normal ly  p r e s e n t  i n  t h e  
vapour .  b. f u r t h e r  i m p o r t a n t  f e a t u r e  of  t h i s  new moni tor l r ig  method, 
i n  c o n t r a s t  t o  p r e v i o u s l y  u s e d  p r o c e d u r e s ,  i s  t h e  u s e  o f  t echno logy  
t o  e n s u r e  t h a t  t h e  most v o l a t i l e  vapour components a r e  c o l l e c t e d  
and r e t a i n e d  d u r i n g  sampl ing.  

Fo l lowine  a n a l y s i s  of  samples  a t  cne  of  f o u r  l a b o r a t o r i e s  o f  
CONCAWE member companies,  exposure  r e s u l t s  and a n c i l l a r y  
i n f  ormat io11 such  a s  j o b  d e t a i l s ,  sampl ing times and amhient: wea the r  
c o n d i t i o n s ,  were r e p o r t e d  a c c o r d i n g  t o  a s t a n d a r d i s e d  p r o t o c o l .  
l h i s  i n f o r m a t i o n  was t h e n  used t o  e s t a b l l s l ~  s computer ised d a t a h a s e  
t o  e n a b l e  exposure  d a t a  t o  h e  summarised i n  v a r i o u s  ways,  f o r  
examp1.e h p  t h e  Job Groups d e s c r i h f d  i n  S e c t i o n  2 and f o r  e x p o s u r e s  . - 
t o  t o t a l  hydrocarbons  o r  i n d i v i d u a l .  components of  t h e  vapour .  
S t a t i s t j c a l  t r e a t m e n t  of  exposure  d a t a  i s  a l s o  p o s s i b l e ,  a s  
d e s c r i b e d  i n  Appendix 1, f o r  example,  t o  p redLc t  t h e  p r o b a b i l i t y  of  
a  s p e c i f i e d  l e v e l  of  exposure  b e i n g  exceeded i n  a  p a r t i c u l a r  t y p e  
of  j o b .  

A summary of  t l te  exposure  i n f o r m a t j o n  i n  t h e  computer d a t a b a s e  on 
which t k t i s  r e p o r t  i s  based i s  g i v e n  i n  Tab le  1. 



COMPOSITlON OF GASOLINE LIQUID -. AND VAPOUR 

I n  c o n s i d e r i n g  t h e  composi t ion of  vapours  t o  which exposures  may 
o c c u r  d u r i n g  t h e  mnnufacture  and d i s t r i b u t i o n  of  g a s o l i n e ,  i t  i s  
i m p o r t a n t  t o  a p p r e c i a t e  t h a t  c o n c m t r a t i o n s  of  i n d i v i Z c a l  
components w i l l  d i f f e r  from t h o s e  i n  t h e  l i q u i d .  The compos!tion of  
l i q u i d  gaso l - ines  can  v a r y  q u i t e  w i d e l y  depending on t h e  r e q u i r e d  
performance c h a r a c l : e r i s t i c s  and p r o d u c t  s p r c i f i c a t i o n s ,  t h e  c r u d r  
o i l s  u s e d ,  t h e  r e f i n e r y  p r o c e s s e s  a v a i l a b l e  and t h e  o v e r a l , l  ba lance  
of  pzoduct  demand. However, a l l  g a s o l i n e s  c o n s i s t  of  a  complex 
m i x t u r e  of  p a r a f f i n i c ,  o l e f i n i c ,  n a p h t h e n i c  and aromat ic .  
hydrocarbons ,  mainly  v f t h i n  t h e  c a r b o n  atom per. molecu le  range  of  
3 t o  10. For  example,  p a r a f f i n i c  compouents r ange  from propane v i t h  
a  b o i l i n g  p o i n t  o f  -42°C t o  decanes  w i t h  b o i l i n g  p o i n t s  around 
100°C. Some c u r r e n t l y  marketed g a s o l i n e s  a l s o  c o n t a i n  oxygenated 
s u b s t a n c e s  such a s  me thano l ,  e t h a n o l ,  t e r t i a r y - b u t y l  a l c o h o l  (TBN 
and methy l  t e r i a r p - b u t y l  e t h e r  (MTBE). 

GTneri L iqu id  g a s o l i n e ,  which h a s  a  normal b o i l i n g  r a n g e  o f  abou t  
2 5  t o  2 2 0 ° C ,  is exposed t o  a i r ,  t h e  more v o l a t i l e  components 
v a p o u r i s e  f i r s t .  T h e r e f o r e ,  t h e  vapours  t o  which exposures  a r e  
l i k e l y  t o  o c c u r  d i f f e r  i n  composir ion from t h e  l i q u i d  and c o n s i s t  
ma in ly  of  t h e  more v o l a t i l e ,  lower  b o j l i n g  p o i n t ,  components. T h i s  
i s  i l l u s t r a t e d  i n  Tab le  2 which summarise3 l i q u i d  and vapour  - 
compos i t ion  r a n g e s  and mean v a l u e s  f o r  t e n  Fkropean premium 
g a s o l i n e s  c o v e r i n g  w i n t e r  and summer g r a d e s  from Denmark, F rance ,  
West-Germany, Greece ,  I t a l y ,  Norway, Sweden and t h e  1JK. Thus, 
vapour  typica1. ly  c o n t a i n s  around 802 by volume of  C t o  C5 

3 
non-aromatic hydrocarbons  and l e s s  t h a n  f i v e  p e r c e n t  a r o m a t i c s  
compared t o  cor respond ing  3-iquid c o n t e n t s  o f  around 26 and 4 5 %  by 
v e i g h t  r e s p e c t i v e l y .  

Tab le  2 a l s o  shows t h a t  t h e  compos i t ion  o f  g a s o l i n e  vapour  call v a r y  
q u i t e  wjde ly .  One r e a s o n  f o r  t h i s  i s  t h a t  g a s o l i n e  v o l a t i l i t y  i s  
a d j u s t e d  t o  meet performance r e q u i r e m e n t s  a c c o r d i n g  t o  l o c a t i o n  and 
s e a s o n .  I n  Europe t h e  ex t remes  a r e  r e p r e s e n t e d  by low vapour  
p r e s s u r e  r e q u i r e d  i n  h o t  Sou the rn  c o u n t r i e s  i n  summer and h i e h  
vapour  p r e s s u r e  f o r  Nor the rn  c o u n t r i e s  i n  w i n t e r .  



EXPOSURE, I.I.l.iiTS FOR GASOLINE -- AND I?S COMPONENTS 

Because of  t h e  complex and v a r i a b l e  composi t ion o f  g a s o l i n e  t h e r e  
i s  no wide ly  a c c e p t e d  exposure  l i m i t  which i s  g e n e r a l l y  a p p l i c a b l e .  
L i m i t s  which have been s e t  a r e :  

l .  I n  t h e  USA, t h e  American Conference o f  Governmental 
I n d u s t r i a l  H y g i e n i s t s  (ACGIH) h a s  s o t  a n  R-hour 
time-weighted a v e r a g e  Threshold  Limit  Value (TLV-TWA) of 
900 mg/m3 (300 ppm) and a S h o r t  Term Exposure L i m i t  
(TLV-STEL) o v e r  a 15 minu tes  p e r i o d  o f  1500 mg/mg (500 ppm) 
(2 ) .  These l i m i t s  a r e  based on t h e  compos i t ion  o f  l i q u i d  
g a s o l i n e  i n  t h e  USA which g e n e r a l l y  h a s  a lower  a r o m a t i c  
c o n t e n t  t h a n  European g a s o l i n e s ;  

2. I n  Sweden a n  &hour time-weighted a v e r a g e  exposure  l i m i t  of 
220 mg/m"about 70 ppm) and a n  STEI, of  300 mg/m3 (about  
100 ppm) have been s e t .  T h i s  is  based on a t y p i c a l  l i q u i d  
compos i t ion  w i t h  a n  assumed a r o m a t i c  c o n t e n t  of  L6Z.  

Ruth t h e s e  l i m i t s  a r e  based  on t h e  compos i t ion  of l i q u i d  g a s o l i n e s  
which, a s  h a s  been shown i n  S e c t i o n  4 ,  i s  v e r y  d i f f e r e n t  from t h e  
vapour  t o  which exposures  o c c u r .  P o t e n t i a l  h e a l t h  r i s k s  a r e  r e l a t e d  
t o  t h e  composi t ion o f  i n h a l e d  vapour ;  t h e r e f o r e ,  t h e  v a l i d i t y  of  
exposure  l j n l t s  based  on l i q u i d  compos i t ion  is q u e s t i o n a b l e .  

When t h e  compositi.oii o f  t h e  vapour  t o  which exposure  o c c u r s  is 
known, a r e a l i s t i c  exposure  l i m i t  c a n  be d e r i v e d :  

a by assuming t h a t  t h e  t o x i c  e f f e c t s  of  i n d i v i d u a l  vapour  
components a r e  a d d i t i v e ,  i . e .  a c t  upon t h e  same o r g a n  sys tem 
such a s  t h e  c e n t r a l  ne rvous  systenl e f f e c t s  o f  hydrocarbons ,  
c a l c u l a t e  a g e n e r a l  exposure  l i m i t  u s i n g  t h e  a d d i t i v e  
formrtla recommended by A C G I N  ( 2 ) .  Th i s  g i v e s  t h e  exposure  
l i m i t  f o r  a m i x t u r e  a s  t h e  t o t a l  vapour  c o n c e n t r a t i o n  which 
r e s u 1 . t ~  i n  

where C i s  t h e  vapour  c o n c e n t r a t i o n  o f  a n  i n d i v i d u a l  
n 

component and T i t s  c o r r e s p o n d i n g  exposure  l i m i t  v a l u e .  The 
exposure  l i m i t  For  t h e  m i x t u r e  i s  exceeded i f  t h e  sum of  
t h e s e  f r a c t i o n s  exceeds  u n i t y .  'The compos i t e  exposure  l i m i t  
f o r  t h e  m i x t u r e  i s  g i v e n  by t h e  Eollo.vring, d e r i v e d  d i r e c t l y  
from t h e  A C G I H  a d d i t i v e  formula:  

-. 
Composite Exposure L imi t  = 

F1 F ?  F j  Fn + " +  + 



where F i s  t h e  f r a c t i o n  o f  a n  i n d i v i d u a l  component. in a 
n vapour  m i x t u r e  and Tn i t s  c o r r e s p o n d i n g  exposure  l i m i t  

v a l u e .  

b )  by check ing  t h a t  i n d i v i d u a l  exposure  l i m i t s  f o r  componeuts 
which have independen t  t o x i c  e f f e c t s ,  such  a s  benzene and 
n-hexane, a r e  n o t  exceeded.  I f  n e c e s s a r y ,  t h e  g e n e r a l  l i m i t  
c a l c u l a t e d  i n  a )  must be reduced u n t i l  l i m i t s  f o r  
i n d e p e n d e n t l y  t o x i c  components a r e  a l s o  met. 

I n  o r d e r  t o  u s e  t h e  ACGIH a d d i t i v e  fo rmula  t o  c a l c u l a t e  a n  exposure  
l i m i t  f o r  t h e  mean European vapour  compos i t ion  g i v e n  i n  Tab1.e 2 i t  
i s  n e c e s s a r y  t o  a s s i g n  expcsure  l i m i t s  t o  each  component group.  
Exposure l i m i t s  e s t a b l i s h e d  i n  t h e  USA and Europe f o r  g a s o l i n e  
components a r e  summarised i n  Tab le  3 .  

Although exposure  l i m i t s  have n o t  been e s t a b l i s h e d  f o r  a l l  
components o f  g a s o l i n e ,  h o t h  non-aromatic and a r o m a t i c  t y p e s  of  
compound i n  each ca rbon  number group a r e  r e p r e s e n t e d  i n  me-,.?. By 
assuming t h a t  i t  i s  r e a s o n a b l e  t o  u s e  t h e  same exposure  l i m i t s  f o r  
s j ~ i l a r  t y p e s  of  compounds w i t h  t h e  same ca rbon  numbers, a n  
exposure  l i m i t  o f  1700 mg/m3 (about  h00 ppm) i s  o b t a i n e d  f o r  t h e  
mean vapour  composition i n  Tab le  2 .  T h i s  i s  c o n s i d e r a b l y  h i g h e r  
than  t h e  USA o r  Swedish l i m i t s ,  i l l u s t r a t i n g  t h e  d i f f e r e n c e  between 
u s i n g  t h e  composi t ion of  t h e  vapour  i n s t e a d  of  t h e  l i q u i d .  I f  t h e  
same c a l c u l a t i o n  i s  made. u s i n g  t h e  mean l i q u i d  g a s o l i n e  composi t ion 
g i v e n  i n  Tab le  2 ,  t h e  exposure  l i m i t  is reduced t o  500 mg/m3 ( abou t  
!311 ppm). 

I n  summary, i t  i s  c o n s i d e r e d  t h a t  t h e  most a p p r o p r i a t e  g u i d e l i n e s  
a g a i n s t  which t o  compare exposure  d a t a  o b t a i n e d  i n  t h i s  s u r v e y  a r e  
t h e  c a l c u l a t e d  1700 mg/m3 l i m i t  f o r  t o t a l  hydrocarbons  and 
e s t a b l i s h e d  i n d i v i d u a l  l i m i t s  f o r  components which may have 
independent  t o x i c  e f f e c t s .  



6 .  GASOLINE VAPOUR .- EXPOSURE - SURVEY RESULTS -. - 

6 . 1  COMPOSITION OF GASO1,ZNE VAPOUR EXTOSURE5 

The mean compos j t jon ,  i n  volume p e r  c e n t  n o r m a l i s e d  t o  LOO%,  of  t h e  
g a s o l i n e  vapour  e x p o s u r e s  measured f o r  t h e  15 job groups  i s  shown i n  
Tab le  4 .  These  a r e  summarised by ca rbon  number g roups  f o r  -- 
non-aromatic and e r o m a t i c  compounds, p1.w oxygena tes  and components 
not s p e c i f i c a L l y  i d e n t i f i e d .  The o v e r a l l  mean g i v e s  t h e  a r i t h m e t i c  
mean o f  t h e  15 .job groups .  

Although t h e r e  a r e  v a r i a t i o n s ,  Table  4 shows c l e a r l y  t h a t  exposures  
a r e  p redominan t ly  t o  Lower carbon nr~mber non-aromatic components. A 
number o f  f a r t o r s  can  be  expec ted  t o  cause  v a r i a t i o n s  i n  t h e  
compos i t ions  o f  vapour  exposures ,  such a s  t h e  t ime  p e r i o d s  over  
which v a p o r i s a t i o n  and exposures  o c c u r ,  t h e  p r o x i m i t y  of t h e  
exposed p e r s o n  t o  t h e  s o u r c e  o f  t h e  vapour ,  ambient  wea the r  
cond i t io r i s  and exposures  t o  o t h e r  pe t ro leum p r o d u c t s ,  p r o c e s s  
s t r eams  o r  s o l v e n t s .  The h i g h e r  p e r c e n t a g e s  o f  u n i d e n t i f i e d  
components which a r e  a s s o c i a t e d  w i t h  reduced  p r o p o r t i o n s  o f  lower  
carbon number non-aromatics i n  some j o b  g r o u p s  a r e  p robab ly  r e l a t e d  
t o  h a n d l i n g  of  o t h e r  p r o d u c t s  such a s  k e r o s i n e s  and s o l v e n t s  d u r i n g  
t h e  m o n i t o r i n g  p e r i o d .  

LEVELS OF EXPOSURES 

Data on l e v e l s  of  exposures  ( i n  mg/m3) a r e  summarised by j o b  groups  
i n  t h e  f o l l o w i n g  t a b l e s :  

Tab le  5  p r e s e n t s  a  summary 01 exposures  t o  t o t a l  hydrocarbons ,  -- 
i n c l u d i n g  s t a t i s t i c a l  a n a l y s e s ;  

T a b l e s  6.1 t o  6.6 show minim~m, maximum and a r i t h m e t i c  mean 
exposures  t o  each of  t h e  150 i d e n t i f i e d  components and t o t a l  
hydrocarbons;  

Tab le  7 g i v e s  minimum, maximun and a r i t h m e t i c  mean e x p o s u r e s  t o  t h e  
main groups  o f  components, t o  i n d i v i d u a l  compounds which have 
independent  t o x i c  e f f e c t s ,  and t o  t o t a l  hydrocarbons .  

6 .2 .1  T o t a l  hydrocarbon e x p o s u r e s  

The summary i n  Tab le  5 i n c l u d e s  d a t a  o b t a i n e d  from s t a t i s t i c a l  
a n a l y s e s  made by computer u s i n g  t h e  t e c h n i q u e s  o u t l i n e d  i n  
Appendix 1 .  Pa ramete r s  c a l c u l a t e d  were: 

- a r i t h m e t i c  and geomet r i c  means; 
- s t a n d a r d  and  geomet r i c  d e v i a t i o n s ;  



- b e s t  f i t  l i n e s  and f i t  f a c t o r s  f o r  n o ~ m a i  and log-normal 
d i s t r i b u t i o n  p l o t s  o f  exposure  s p i n s t  cumul.al:ive f requency  
of  o c c u r r e n c e ,  

I n  most c a s e s  t h e  t y p i c a l  b e t t e r  f i t  of  exponurc d a t a  w i t h  a  
lognormal d i s t r i b u t i o ~ i  was found.  These p l o t s  v e r e  used t c  
de te rmine  t h e  exposure  l e v e l s  exceeded ( o r  p r e d i c t e d  t o  be 
exceeded)  i n  10,  5 and 1% of c a s e s  and t h e  p e r c e n t a g e ,  o r  p r e d i c t e d  
p e r c e n t a g e ,  o f  e x p o s u r e s  exceeding 100, 300, 500, l000 and 
3000 nle/m3. 

There  a r e  s e v e r a l  3 n p o r t a n t  poi .n ts  i n  r e l a t i o n  t o  t h e  d a t a  
p r e s e n t e d  i n  Tab le  5: 

t h e  A r i t h m e t i c  Mean i s  t h e  average  of t h e  exposure  
measuremects f o r  t h e  group and i s  us~~a! . ly  c o n s i d e r e d  (whe-e 
t h e  d a t a  c o v e t  a  t u l l  work s h i f t )  t n  h e  a n  i n d i c a t o r  of  t h e  
most l i k e l y  average  long-term exposure ,  i . e .  o v e r  more than  
one week. Howevcr, i t  should  be  no ted  a t ,  p a r t i c u l a r l y  
where t h e  number of  samples  i s  s m a l l ,  t h e  a r i t h m e t i c  mean 
can  be s u b j e c t  t o  a p p r e c i a b l e  d i s t o r t i . o n  if  u n u s u a l l y  1.ow o r  
h i g h  measur tments  happen t o  be i n c l n d e d ;  

2 .  t h e  Geometric - Mean - .- i s  t h e  v a l u e  above and below which 50% of  
t h e  d a t a  l i e  and is t h e  most l i k e l y  l e v e l  of  auy s i n g l e  
exposure  measurement. T t  i s  lower than  t h e  a r i t h m e t i c  mean 
by an amount which r ~ c l u c e s  a s  t h e  v a r i a b i l i t y  of  t h e  d a t a  
d e c r e a s e s ;  

3 .  t h e  Geometric S tandard  D e v i a t i o n  (GSU) g i v e s  a n  i n d i c a t i o n  
of t h e  v a r i a b i l - i t y  of  t h e  d a t a ,  r a n g i n g  from 1 (when a l l  
d a t a  v a l u e s  a r e  t h e  same) upwards a s  v a r i a b i l i t y  i n c r e a s e s .  
For ou tdoor  o p e r a t i n n s ,  i n  which many f a c t o r s  c o n t r i b u t e  t o  
v a r i a b i l i t y  o f  exposure  d a t a ,  USDs o f  up t o  5  a r e  comrwn. 

For t h e  long-tern;  o p e r a t i o n  Job  Groups K O .  4 t o  No. 15.  t h e  d a t a  i n  
Tab le  5 show t h a t :  

o  t h e  a r i t h m e t i c  mean e x p o s u r e s  a r e  w e l l  b e 1 . o ~  t h e  t o t a l  
g a s o l i n e  vapour  R-hour TI4A exposure  i j m i t  of 1700 mg/m3 
c a l c u l a t e d  i n  S e c t i o n  - 5 u s i n g  t h e  mean g a s o l l n e  vapour  
compnsi t ion g i v e n  i n  S e c t i o n  4 ;  

o t h e  h i g h e s t  a r i t h u i e t i c  mean o f  858 m g l m 3  is f o r  drumming 
(Job Croup No. 1 3 ) .  However, t h e s e  measurements a r e  
c o n s i d e r e d  n o t  t o  be  t y p i c a l  o f  p r o p e r l y  equipped drum 
f i l l i n g  p l a n t  because  t h e y  were a l l  o b t a i n e d  d u r i n g  
o p e r a t i o n s  w i t h o u t  p r o p e r  vapour  c o n t r o l  sys tems .  L imi ted  
measur.ements, n o t  y e t  includecl i n  t h e  d a t a b a s e ,  i n d i c a t e  
t h a t  exposures  a r e  much lower  i n  p r o p e r l y  equipped pl .ant;  



o The a r i t h m e t i c  exposure  f o r  J o b  Group No. h ( road  d e l i v e r y )  
i s  unexpec ted ly  h i g h e r  t h a n  f o r  Job Groups 4 and 5  ( road  t o p  
and bot tom > l  h r )  which cover  tl:e same o p e r a t i o n s  b u t  w i t h  
t h e  a d d i t i o n a l  p o t e n t i a l  e x p o s u r e s  d u r i n g  v e h i c l e  l o a d i n g .  
T h i s  anomaly a p p e a r s  t o  h e  l a r g e l y  d u e  t o  one  e x t r e m e l y  h i g h  
road d e l i v e r y  expcsure  measurement of  361 5 mg/m3. T h i s  i s  
t h e  h i g h e s t  s i n g l e  exposure  r e c o r d e d  i n  t h e  complete  s u r v e y  
and .suggests t h a t  an i inusual  e v e n t ,  such  a s  a  s p i l l a g e ,  may 
have o c c u r r e d ;  

o  t h e  a r i t h m e t i c  mean e x p o s u r e s  o f  J o b  Groups Nos. 8  ( s h i p s  
c l o s e d )  and 10 ( b a r g e s  c l o s e d )  a r e  unexpec ted ly  h i g h e r  t h a n  
t h a t  f u r  Job Gmup No. 9 ( s h i p s  open) .  However, t h e  number 
of measurements i s  s m a l l  ( 9 ,  I 1  and 8  r e s p e c t i v e l y )  and t h e  
anomaly may be  due t o  some u n t y p i c a l l y  h i g h  r e s u l t s  f o r  
c l o s e d  l o a d i n g  and,'or u n u s u a l l y  low r e s u l t s  f o r  open 
l o a d i n g  o r  con t inued  use  o f  manual u l l a g i n g  even where 
a u t o m a t i c  gauging i s  i n s t a l l e d ,  a s  d i s c u s s e d  under  Job  Group 
No. 8  i n  S e c t i o n  *,..; 

o s t a t i s t i c a l  a n a l y s e s  i n d i c a t e  t h a t  95% of e x p o s u r e s  ( a  
c o m o n  p r o f e s s i o n a l  i n d u s t r i a l  hyg iene  approach t o  a s s e s s i n g  
compl iance  w i t h  an exposure  l i m i t ,  d i s c u s s e d  i n  Appendix .- 1 )  
a r e  w e l l  below t h e  1700 mg/m3 l i m i t  excep t  f o r  drumming 
( c o n s i d e r e d  non- typical  o f  p r o p e r l y  equipped p l a n t ,  a s  
d i s c u s s e d  above) and f o r  J o b  Group No. 10 ( b a r g e s  c l o s e d ) .  
For t h e  l a t t e r  i t  i s  p r e d i c t e d  t h a t  5% of  exposures  could  be  
expec ted  t o  exceed 2100 mg/m'; however, t h i s  p r e d i c t i o n  i s  
based on e x t r a p o l a t i o n  from o n l y  11 measurements and i t s  
r e l i a b i l i t y  i s  t h e r e f o r e  questiouab1.e.  

For  t h e  shor t - - t e rm o p e r a t i o n  J o b  Groups No. 1 ,  2 and 3 ,  t h e  d a t a  i n  
Tab le  . - 5 show t h a t :  

o  t h e  a r i t h m e t i r  mean e x p o s u r e s  a r e  we l l  below t h e  t o t a l  
g a s o l i n e  vapour  8-hour TIJA exposure  l i m i t  o f  1700 mg/m3 
c a l c u l a t e d  i n  S e c t i o n  5 ;  

o  s t a t i s t j c a l  a n a l y s e s  i n d i c a t e d  t h a t  95% of  e x p o s u r e s  a r e  
w e l l  below t h e  8-hour TWA l i m i t .  For t h e  h i g h e s t  exposure  
group (Job Croup No. 1 ,  road t o p  < I h r )  952 o f  e x p o s u r e s  were 
below 1100 mg/m3.  I t  shou ld  be no ted  t h a t  f o r  a n  8-hour TWA 
exposure  l i m i t  of t h e  o r d e r  of  1700 mg/mg a  s h o r t - t e r m  l i m i t  
would t y p i c a l l y  be  s e t  by ACGIH a t  a  l e v e l  of  25 t o  50% 
h i g h e r .  

6 . 2 . 2  Exposures  t o  components - .  w i t h  independen t  -. t o x i c  e f f e c t s  

C a s o l i n e  vapour  components which a r e  c o n s i d e r e d  t o  have independen t  
t o x i c  e f f e c t s  a r e  benzene and n-hexane. Summarised exposure  d a t a  on 
t h e s e  components f o r  each job g roup ,  i n c l u d e d  i n  Tab le  7 ,  a r e  -- 
d i s c u s s e d  below. 



Benzene ------- 

Benzene exposure d a t a ,  inc luding  infonvat ion  obtained from 
s t a t i s t i c a l  a n a l y s i s ,  a r e  summarised i n  Table 8. These da ta  have 
previous ly  been included i n  a  comprehensive review by CONCAWE of 
European o i l  i ndus t ry  benzene exposure da ta  ( 3 ) .  The da ta  i n  
Table 8  gene ra l ly  support the  conclusions reached from the  more 
compreh'ensive review. These can be summarised b r i e f l y  a s :  

o  8-hour TWA exposures should not  normally exceed t h e  
proposed EEC Di rec t ive  " L i m i t  Value" of 5  ppm (16 mg/m3) 
although drum f i l l i n g  and marine loading may requ i re  f u r t h e r  
a t t e n t i o n ;  

o  8-hour TTJA exposures of s e r v i c e  s t a t i o n  a t t e n d a n t s  a r e  
c l e a r l y  normally below the  proposed EEC "Action Level" of 
1 ppm ( 3  mg/m3); 

o road tanker  d r i v e r s  and r e f i n e r y  ope ra to r s  a l e  un l ike ly  t o  
exceed an 8-hour TWA exposure of 1  ppm; 

o  under some condi t ions ,  an 8-hour TWA exposure of 1 ppm i s  
l i k e l y  t o  be exceeded i n  marine and r a i l c a r  loading ,  and i n  
drum f i l l i n g  without e f f i c i e n t  l o c a l  exhaust v e n t i l a t i o n .  

8-hour TllA exposure l i m i t s  f o r  n-hexane (see Table 3) range from 
176 t o  360 mg/m3. Data i n  Table 7 i n d i c a t e  t h a t ,  f o r  long-term 
ope ra t jons ,  t h e  h ighes t  a r i t h m e t i c  mean exposure ( apa r t  from drum 
f i l l i n g )  was 6.3 mg/m3 f o r  Jol, Group No. 10 (barges c losed)  and the  
h ighes t  maximum exposure recorded was 154.3 mg/m"n Job Group 14 
(production o n - s i t e ) .  Therefore, i n  a l l  normal opera t ions ,  
exposures t o  n-hexane a r e  we l l  helow es t ab l i shed  l i m i t s .  I n  t h e  
non-typical drum f i l l i n g  opera t ions ,  the  a r i t h m e t j c  mean exposure 
was 51.8 mp/m3 wi th  a  maximum measured of 297  mg/m3. 

Exposures t o  . toluene,  xylenes and -~ trimethylbenzenes 

Although t h e r e  i s  no evidence t h a t  to luene ,  xylenes and 
trimetliylbenzenes have independent t ox ic  e f f e c t s  s i m i l a r  t o  
benzene, t h e  f a c t  t h a t  they a r e  higher  molecular weight homologues 
conta in ing ,  r e spec t ive ly ,  one, two and t h r e e  methyl groups, has  
r e s u l t e d  i n  i n t e r e s t  jn exposure l e v e l s .  



6 .2 .3 .1  Toluene -- 

Table  3 shows t h a t  e s t a b l i s h e d  R-hour Tl%4 exposure  l i . m i t s  f o r  
t o l u e n e  range from 300 t o  375 mg/m3. The h i g h e s t  a r i t h m e t i c  mean 
exposure  shown i n  Tab le  .. . 7 o f  41.3 mg/m3 and t h e  h i g h e s t  maximum 
exposure  of  194.8  mg/mg (bo th  f o r  J o b  Group No. 13 ,  drumming) 
c l e a r l y  show t h a t  exposures  a r e  w e l l  below t h e s e  l i m i t s .  

E s t a b l i s h e d  S-hour TWA exposure  l i m i t s  shown i n  Tab le  3 f o r  x y l e n e s  
a r e  from 350 t o  440 mg/m3.  The maximum exposure  t o  x y l e n e s  shown i n  
Tab le  7 ,  17.6 mg/m3 f o r  Job Group No. 12 ( r a i l c a r  t o p ) ,  c l e a r l y  
shows thaL exposures  a r e  w e l l  below t h e s e  l i m i t s .  

6 .2 .2 .3  Tr imethy lbenzenes  - - - - -. - ---W 

Table  3 i n d i c a t e s  e s t a b l ~ i s h e d  8-hour TWA exposure  l i m i t s  f o r  
t r i m e t h y l b e n ~ e n e  a s  120 o r  125 mg/m3. From Tab le  7 ,  t h e  h i g h e s t  
a r i t h m e t i c  mean exposure  f o r  long-term o p e r a t i o n s  ( a p a r t  from drum 
f i l l i n g )  was 7.8 mg/m3 f o r  Job  Group No. 6 ( road  d e l i v e r y )  f o r  
which t h e  h i g h e s t  maximum exposure  of 176.8  mg/m3 was a l s o  
r e c c r d e d .  I n  drum f i l l i n g  t h e  a r i t h m e t i c  mean exposure  was 24.25 
mg/m3 and t h e  maximum 131.7 mg/m3.  These d a t a  show t h a t  e x p o s u r e s  
t o  t r i m e t h y l b e u z e n e s  a r e  we1.l below e s t a b l i s h e d  exposure  l i m i t s .  
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Table  1 Exposure i n f o r m a t i o n  i n  t h e  computer d a t a b a s e  

- 

J O B  GROUP 

A:  S h o r t  Term O p e r a t i o n s  

1. Road Top <l h r  
2 .  Road B t m  < I  h r  
3 .  S e r v i c e  S t n .  S e l f - f i l l  

B: Long Term O p e r a t i o n s  

4. Road Top >l  h r  
5. Road B t m  >l  h r  
6. Road D e l i v e r y  
7.  S e r v i c e  S t n .  A t t e n d a n t  
8. S h i p s  Closed 
9 .  S h i p s  Open 

10. Barges  Closed 
11. .Jettymen 
12 .  R a i l c a r  Top 
13.  Drumming 
14. p r o d u c t i o n  - O n s i t e  
15.  P r o d u c t i o n  - O f f s i t e  

No. o f  
Rxposure 

Measurements 

Mean Sampling 
D u r a t i o n  

(Mins) 

Range o f  
Sampling 
Durat  i o n s  

(Mins) 



Table 2 Summarised liqujd and vapour compositions for European 
gasolines 

Component 
Group 

Aromatics 

MTBE 

Notes: 

(a) Mean for samples which contain the component. 
(b)  For six of the ten samples vapour compositions were measured. 

For the other four samples they were predicted using Raoult's 
Law for evaporation from a bulk liquid surface in a closed 
system under equilibrium conditions. 
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S6 
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S8 
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142 

ill 

Table 3 National  exposure l i m i t s  f o r  gasol jne  components 

COMPONENT OR 
GROUP 

BUTANES 

PENIANES 

HEXANES 

OCTANES 

NONANES 

OECANES 
AND ABOVE 

CYCLOPENIANE 

CYC1,OIIEXANE 

CYCI.0lIEXENE 

n-IIEXANE 

BENZENE 

TOLUENE 
XYIENES 

ISOPROPYLDENZENE 
(CLNENE) 
TRIEIETIIYI BENZENES 

NAPHTHALENE 

GASOLINE 

TWA 
STEL 
TWA 
STEI 
TWA 
STET 

TWA 
5TEI 

TWA 
STEl 
TWA 
STEl 
TWA 
STEI 

TWA 
STEl 
TWA 
STEL 
TWA 
STEL 
TWA 
STEL 
TUA 
STEL 
TWA 
TWA 
STEL 
TWA 
SILL 
TWA 
STCI 
TWA 

( a )  Compmcni numbcia i c i c r  t o  t h o s e  used i n  Tnblan 6.1 t o  6 .6  f o r  150 g n s o l i n c  components 

(b)  US = American Conferonce or Governmenrul l n d u s t r i o l  i lyg ien i s ro .  Tliroshold l i m i t  Values.  1985186, 
UI - l ln i t cd  Kingdom i l e o l c l  and s n f a t y  Execut ive  Guidnnca. Guidance Note E1140 l985  Occupof ionol  Exposure l i m i t s  
FR = Franco .  1985 Enposura I i m i r s .  
SW Svcdcn. ArbcrurakddssLyrc lacna  ord inonce  AFS 1984185. 
NI. = Nall ,erlnnds Labour I n s p e c t o r a t e .  1985 M C  voluec. 
EEC - Proposed n i r a c t i v e  f or  hormonisnr ion  ol exposure  l i m i t s ,  Amendment CO 80IIIO7IEEC dnfcd 3015186. 
WG = W .  ~ c r m a n y .  1985 EWK values .  

( c )  W .  G c m m y  1985 I R K  voluc 

Note:  Tli ir  t a b l e  is n o t  i n t e n d e d  t o  be compiallenrive bur o n l y  o g u i d e  - 



Table 4 Mean vapour compositions of exposures in volume % 
(normalised to 100%) by Job Groups 



Table 5 Summary of total hydrocarbon exposure data (mg/m3) --- 
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Table 6 ,  1 - 6 Minimum, maximum and mean exposures of the  15 job 
groups f o r  the  150 i d e n t i f i e d  components and t o t a l  
hydrocarbons 

A l l  va lues  i n  mg/m3 



Table 6 - 1 

COHPO1IEIlT I Group l: RORO TOP (l Hour / Group 2: RORD BOTTOH (l Hour / Group 3: S. STH. SELF-FILL i 
GROUP I M i n  nax Mean I M i n  Hax Hean , M io  H a r  Mean I --- - - - - - - - - - -- -- - - - - - - - - - -. - - - - - - - - - - - - - -- - - - - -- - - -- -- -- - - - - -. --- - - -- -- - -- - - - - - - - - - - - - - -- - -. - - - - - W-. - - - - -. - - - - - --. - - -. . . . . - .. . -. . . 

ii 3 HETHYL llEXRllE 
45  2 2 4 TRIHEIHYL PENTAHE 
46  4 NETHYL HEXEIIE-I 
47 TRRHS 1 3 DlMEl l lYL CYCL0PEIITRIIE 
48 CIS l 3 OlnE lHYL CYCL0PEIITAIIE 
49 TRRHS I 2 DII IEIHYL CYCLOPEHIAIIE 
5 6  CYCLOHEXEIIE 
5 1  2 IIEIHYL HEXEl l i - I  
5 2  2 3 0IMETIIYL PENTEIIE-2 
5 3  W HEPTAHE 
54 3 NETHYL I IEIEI IE- l  
5 5  3 MElllYL IIEXEIIE-3 
56 C IS  l 2 DliiETHYL CYCLOYEIITRIIE 
57 HLPIEWE-3 
5 8  0EIIZElIE 
5 9  2 HETHYL HEXEHE-2 
6 0  HEPIEIIE-2 
61  3 HETHYL HEXEIIE 2 
6 2  C7 OLEFIIIE 
6 3  HETHYL CYCLOHEXRIIE 
64 2 5 DlnETl lYL HEXRNE 
6 5  2 4 D I W H Y L  HEXRIIE 
6 6  ETHYL CYCLOPE1lTAllE 
6 7  1 2 4 lRlnE7HYL CYCLOPEllTAliE 
6 0  2 3 4 TRIHETHYL PEIIIRIIE 
6 9  2 3 3 lRIHE7l lYL PEllTAWE 
7 0  2 3 DIHETIIYL IlEXAllE 
7 1  2 METHYL HEPTRUE 
72 4 HETHYL IIEPTANE 
7 3  3 4 DIHEIHYL HEXRIIE 
74 3 iiETHYL HEPTRIIE 
7 5  TRRllS l 3 DII IEIHYL CYCLOHEXRIIE 





Table  6 - 2 

4 i  3 HETHIL HEXRIIE 
45 2 2 4 i R i n i w L  PENTRWE 
4b 4 HETHYL HEYEIIE-I 
47  IHANS l 3 OIHEIHYL CYCLOPEIIIRIIE 
40  C l 5  1 3 OIHEl l lYL CYCLOPENIANE 
49  IHRIIS l 2 OlHElHYL CYCLOPENTRIIE 
5 0  CYCLOIIEXEIIE 
5 1  2 HEIHYL HEXEIIE-I 
5 2  2 3 OliiETHYL PEIIIEIIE-2 
5 3  W HEPIRIIE 
54 3 HETHYL IIEYEIIE-I 
5 5  3 HETHYL HEXEIIE-3 
Sb C15 I 2 OIWETHYL CYCLOPEIIIRIIE 
5 7  HEPIENE-3 
5 8  OEIIIEIIE 
5 9  2 i iElHYL HEYEHE-2 
b 0  HEPTEIIE-2 
b I  3 HEi l lYL IIEXENE 2 
62 C7 OLEFINE 
b 3  HEIIIYL CYCLGHEYRWE 
b 4  2 5 OIHETHYL HEXtiIIE 
b 5  2 4 OliiETlIYL IIEXRIIE 
b b  E l l l Y L  CYCLOPEIIIRIIE 
b 7  l 2 4 THIIIETHYL CYCLOPENIANE 
6 8  2 3 4 TR lHE l lNL  PEI i iRl lE 
b 9  2 3 3 TRIHETHYL PENTRNE 
70 2 3 OlHETllYL HEXANE 
7 1  2 WETHIL HEPTRWE 
7 2  4 HEIHYL HEPTAIIE 
73 2 4 OIHETHYL IHEXRIIE 
74 3 HEIHYL HEPTRNE 
75 IHRIIS 1 3 OI i iEIHYL CYCLOHEXIIIIE 





Table 6 - 3 

COHPOIIENT I Group l:  S. S IN .  RTlEllORNT j Group 8: SHIPS CLOSED I Group 9: SHIPS OPEH 
GROUP I H i n  Hax ilean n i n  H a i  Hean I H i n  H a t  &an I ---- ---- ------------ - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ ~ ~ - ~ - - ~ ~ ~ - - ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . - ~ - ~ ~ ~ ~ ~ ~ ~ ~ - ~ - ~ ~ ~ . - - ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ .  

l PROPRIIE 
2 ISOBUTIOIE 
3 W BUIRNE 
4 BUTEIIE-I 
5 ISOOUTEllE 
6 TRRNS OUTEIIE-2 
7 C l 5  BUIEIIE-2 
8 3 HETHYL DUTElIE I 
9 ISOPENTRItE 

l 6  H PENIRIIE 
I I PFHIFIIF-I 

54 3 E I H Y L  I IEXEII I - I  
5 5  3 HEIHYL HEXEItE-3 
5 6  C l 5  1 2 OlllETllYL CYCLOPENTRNE 



Table  6 - 3 cont'd 

C01IYOWEiIT I Group 7: S. S in .  RITEIIOAWT / Group B: SHIPS CLOSED I Group V: SHIPS OPEN 
GROUP I n i n  Hax Hean , N i o  nax Hcan I t i n  Hax Hean i .-.--.-.-----.----.------------.------..---.---...----.-.-- " ---.-----.-.-----------..-.-.-..------------.----.------.---------------------. 



Table 6 - 4 

ii 3 HETHYL HEXME 
45  2 2 4 TRlHElHYL PEHIRNE 
46  4 WETHYL HEXEIIE-I 
47 THAIIS l 3 DIHEIHYL CYCLOPENTME 
48  C IS  1 3 OlHElHYL CYCLOPEIIIANE 
49 THRllS I 2 OIWEIHYL CYCLOPEIITRHE 
S0  CYCLOHEXEIIE 
5 1  2 nETHYL HEXEIIE-I 
5 2  2 3 OIWEIHYL PEIITEIIE-2 
5 3  W IIEPIRHE 
54 3 WETHYL IIEXENE-I 
5 5  3 nETHYL HEXEHE-3 
5 6  C IS  1 2 DIWETHYL CYCLDPENIAIIE 
5 7  IIEPTEWEJ 
5 8  DEIIIEIIE 
5 9  2 HETHYL HEXEIIE-2 
b 0  HEPTEIIE-2 
61  3 WETHYL IIEXEIIE 2 
6 2  C7 OLEFIIIE 
63 WETHYL CYCLPEXRIiE 
b4 2 5 DlHETliYL HEXRilE 
6 5  2 4 DIIIETHYL HEXRIiE 
b b  ETHYL CYCLDPEIITRIIE 
b 7  1 2 4 TRlnETHYL CYCLDPENTRHE 
b 8  2 3 4 TRIHETIIYL PEIIIRliE 
69 2 3 3 TRIiiETHYL PEIlTRilE 
7 0  2 3 DI1(ETHYL IIEXRIIE 
7 1  2 HETHYL HEPTRIIE 
72 4 HETHYL HEPTANE 
7 3  3 4 D lWElH lL  HEXRllE 
74 3 #ETHYL HEPTRIIE 
7 5  IRAHS 1 3 DIWEIHYL EYCLOHEXAlIE 





Table 6 - 5 

CO~POIIEI I I  
GROUP 

/ g r o u p  13: BRUlinlNG I Group 14: PROOUCTIOH-OIISITE / Group  15: PRODUCTION-OFFSITE I 
8 l i i n  n i x  Xean I Him l iax Xean I Him Nax nean  I . - - - - - - -- ---- - - -- - - - - - - - - -- - . -- - - - - - - - -- - -- - - - - . - - - - - - - -- -- - - -. -. - . --. - -- -- - .. . - - - - - -- - - -. -. . . . -. 

44 3 nETHYL HEXRIIE 
45  2 2 4 IR I l iE IHYL PENIRNE 
46  4 XETl l lL HEYEIIE-I 
47 TMUS 1 3 O l H E l l l i L  CYCLOPENIRIIE 
48  C IS  1 3 OlHETIlYL CYCLOPEUTRllE 
49  IHRIIS 1 2 OIHETIIYL CYCLOPENT~NE 
50 CYCLOHEXEltE 
5 1  2 n i T n Y L  HEXEIIE-I 
52 2 3 OlliETHYL PEIITEIIE-2 
5 3  I t  HEPlRllE 
54 3 W H Y L  IIIXEIIE-l 
5 5  3 WEIIIYL HEXENE-3 
5 6  C1S 1 2 OlXEIHYL CYCI OPElllUWE 
57 HEPTEIIE-3 
5 8  OEIIZEIIE 
59 2 HETHYL IIEXEIIE-2 
b 0  IIEPTENE-2 
b l  3 l iETIlYL HEXEIIE 2 
b 2  C 7  OLEFlNE 
63 WEIHlL CYCLOHEXRIIE 
b4 2 5 OlliETHYL HEXRltE 
b 5  2 4 Oll iETl lYL IIEXRIIE 
bb ETHYL CYCLOPEIIIRIIE 
67 1 2 4 TRlWElHYL CYCLOPEllTRlli 
b 8  2 3 4 1RiWElHYL PElIIRlIE 
b 9  2 3 ? lR lnE1HYL PEIIIUIIE 
7 0  2 3 OlWETHlL IIEXRIIE 
71 2 HETIIYL HEPTRIIE 
72 4 E T I I Y L  IIEPIRIIE 
7; 3 4 OlliETllYL HEXRIIE 
74 3 l iETHlL I IEURNE 
75 IRUIIS I OIHEIHYL CYCLOHEYRNE 



Table 6 - 5  cnnt'd 



Table h - 6 

I PAOPRHE 
2 ISOBUTRHE 
3 H BUTRRE 
4 OUTENE-I 
5 ISOOUTEHE 
b TRRHS OUIEHE-2 
7 E I S  OUTEWE-2 
0 3 HETHYL BUTEllE I 
9 ISOPEHTANE 

l 0  H PEHTRNE 
11  PEHIEHE-I 
1 2  1 3 8UIROIENE 
1 3  2 METHYL OUTENE-I 
I 4  TRRHS PEHIENE-2 
15  C IS  PENTEHE-2 
1 6  2 METHYL BUIEHE-2 
1 7  2 2 OIMETHYL 8UTAHE 
l 8  CYCLOPENTEHE 
I 9  2 3 O l f lE l l tYL  BUTRHE 
2 0  2 HETHYL PEHTRNE 
2 1  CYCLOPEHIRHE 
2 2  2 3 DIMETHYL DUIEIIE-I 
23  4 HETHYL PEHTENE-2 
2 4  3 HElHYL PENTRHE 
25  n HEXRIIE 
26  2 HETHYL PEHTENE-I 
2 1  IRRHS HEIEHE-3 
28  C IS  HEXENEJ 
29  TRRHS HEXEHE-2 
3 0  2 METHYL PENIEHE-2 
3 1  C15 3 NETHYL PEHIEHE-2 
3 2  TRANS 4 METHYL CYCLOPEHTEHE 
3 3  TRRHS 3 METHYL PEHIEHE-2 
34 C IS  HEXENEd 
3 5  2 4 OIMETHYLPEHTAHE 
3 6  UETHYL CYCLOPEHTRHE 
3 7  2 3 OIHETHYL OUTEHE-2 
3 8  2 HETHYL HEIRHE 
3 7  C IS  4 HElHYL CVCLOPEHTEIIE 
40  CYCLOHElllHE 
41 2 3 DIMETHYL PEHTRNE 
1 2  4 METHYL HEXEHE-2 





Table  7 Minimum, maximum and a r i t h m e t i c  mean e x p o s u r e s  (mg/m3) t o  
i n d i v i d u a l  compounds, groups  o f  components and t o t a l  
hydrocarbons  by j o b  groups  

PROPAIIE 
OUIRllES 
PEIIIRIIES 
IIEXRNES 
HEPTRIIES 
OCIRIIES 
IIOIIRIIES 
CYCLOPEIITRIIE 
11-HEXRNE 
CYCLOHEXRIIE 
CYCLOHEXEIIE 
BEIllEIIE 
IOLUEIIE 
XYLEWES 
TRII1ETHYLOEIIIENES 
CUnElIE 
HRPHTHRLEWE 
TOIkL HYOROCRRB0NS 

PRBYRIIE I 0.000 15.800 1.592 / 0.000 11.560 0 422 / 0.000 50.200 2.263 j 
a u r m  
PElllRHES 

I 0.000 459.030 7 0.000 352.030 20.595 0.100 937.b90 66.931 , 
HEXRNES 

I 0.000 507.276 32.915 I 0.100 310.330 15.980 I 0.500 320.850 30.506 I 
I 0.000 226.640 12.445 / 0.000 86.b50 5.627 1 0.000 477.900 26.730 I 

IIEPTRNES I 0.800 46.570 2.800 8 0.000 34.640 1,812 / 0.000 101.100 5.081 I 
OCIRWES I 0.000 22.010 1.082 1 0.000 25.780 1.001 6.000 17.900 0.75b / 
NONRNES I 0.000 46.570 2.800 1 0.000 34.640 1.812 / 0.000 101.100 5.081 : 
CVCLOPENIRHE 1 0.000 8.700 0.bOB / 0.000 5.720 3 ; 0.000 20.700 1.166 
W-IIEIRHE 1 0.000 58.600 2.914 o 0.000 17.750 1.284 0.000 37.700 3.121 1 
CYCLOIIEXRHE I 0.000 10.900 0.582 1 0.000 1.600 0.169 I 0.000 13.200 2.268 I 
CYCLOIIEIENE I 0.000 0.170 6.006 I 0.000 0.000 0.000 / 0.000 0.000 0.000 / 
DENlEHE I 0.000 30.700 1.734 I 0.000 12.000 1.212 , 0.000 101.900 5.066 I 
TOLUENE I 0.000 6 3 0  3.856 I 0.000 13.000 1.507 / 0.500 189.200 10.255 1 
XYLEHES I 0.000 2.780 0.170 I 0.000 2.520 0.095 0.000 0.700 0.024 I 
IRIBETHVL6EHIENES I 0.000 31.000 1.865 1 0.000 13.310 1.519 j 0.000 176.600 7.790 I 
CUWEIIE I 0.000 4.500 0.241 / 0.000 7.120 0.400 : 0.000 1.600 0.072 I 
IIRPIIIHALEIIE 1 0.000 0.510 0.008 ; 0.000 0.000 0.000 a 0.000 0.000 0.000 / 
TOIAL HY0ROCRRBOlIS 1 4.140 1229.400 117.560 8 0.500 720.300 65.614 I 3.200 3614.900 218.051 , --- ---- -------- ............................................................................................................................ 

COIiTOlIEIlI I Group 7: S. 5111. RITEIIORWT 1 Group 8: SNIPS CLOSE0 I Group 9: SlllPS OPEN GROUP : Nin flax ncan I !+in i i a i  Hean : nin nax K m  : .......................... ----- -------- ------- -- ........................................................................................... 
PB0PRlIE : 0.000 1.700 0.445 I 0.000 10.780 2.936 I 0.000 2.230 0.479 / 
BUTRIIES i 2.120 40.710 iO.bl0 / 0.340 711.930 188.084 I 0.110 101.150 26.840 , 
PEIITRNES 
HEXRNES 

1 0.600 28.710 9.787 8 1.020 295.260 85.578 I 0.160 149.390 38.429 I 
I 0.200 0.360 2.191 I 0.100 81.930 25.893 I 0.000 52.240 l4.9lb i 

HEPIRIIES 
OCTRNES 

I 0.000 5.450 0.556 I 0.000 41.390 6 0 6 1  / 0.080 9.700 3 . 7 2 5 ,  

IIOIIRIIES 
I 0.000 1.060 O.Ib9 I 0.000 10.460 1.032 ; 0.000 7.360 1.957 I 
I 0.000 5.450 0.556 I 0.000 41.390 6.861 a 0.080 9.700 3.725 j 

CYCLOPEWTRNE I 6.000 0.570 0.064 / 0.000 4.070 1,031 I 0.000 3.960 1.151 , 
11-IIEXRIIE 1 0.060 2.950 0.432 8 0.000 10.050 4.151 / 0.000 4.660 1.759 I 
CYCLOHEIRlli I 0.000 0.000 0.000 I 0.000 1.020 0.113 0.000 0.000 0.000 I 
CYCLOHEXEIIE I O ~ U  0.000 0.000 I 0.000 o.080 0.060 I 6.600 0.050 0.013 I 
BEIIIEIIE 1 0.000 1.280 0.352 / 0.000 21.890 4.644 I 0.090 4.620 1,470 I 
10LUEliE 
XYLEIIES 

I (8.160 1.900 0.583 8 0.100 17.910 4.202 I 0.110 12.940 3.050 I 
I 0.000 0.380 0.042 j 0.000 1,630 0.243 : 0.000 1.910 0.936 / 

TKIHE7HYLH#?€hS : 6.600 6 . W  U.lI7 c 0.000 11.050 ? l 3 3  I 0 0  16.450 3.394 , 
CUiiEllE I 0.U00 0.100 0.008 1 0.000 0.000 0.000 1 0.000 0.000 0.000 j 
IIRPHTIIRLEUE I 0.000 0.000 6.000 / 0.000 0.000 0.Ol10 / 0.000 0,000 0.000 , 
TOlRL IHIOROCRRBOIIS I 7.890 101.340 29.271 2.380 l08P.400 339737  . 2.440 322.010 118.023 : ------------------------------.--------- -.----- -- .......................................................................................... 



Table 7 cont'd 

CW(PUNLII1 i Group 10: GRRGES CLOSE8 1 Group !l: lEIIYMEN : Group 12: RRILCRR 18P 
GRGUP i Min nax Neao i Nin Max Mean 1 t l in  Nax nean 

___..__.__________ --- 

CONYOWEI(1 : Group 13: DRUNMIIIO 1 Group 14: PRGDUCTI8ll-0IlSIIE j Gtoup 15: PRODUCTIGII-OFFSIIE I 
GROUP : i n  Nax Nean I n i n  Mal; nean Min nax Mean I 

- -. - - - - -. . . . - - - - - -. - - - - - -- -- __._____________.__ .......................................................... <----------------------. ---------- 

PHOPA11E I 0.000 11.300 1.511 1 0.000 41.060 2.042 / 0.000 2.800 0.583 1 
BUIRNES i 0.000 600.400 227.067 / 0.000 808.420 11.718 1 0.000 309.610 16.591 1 
PENIRNES i 24.100 405.000 193.155 , 0.000 455.5hO i l .816 i 0.000 I41.380 l0.32I / 
1IEXR1IES i 2.400 916.300 107.8?4 j 0.000 542.160 lO.698 1 0.000 117,,500 9.645 I 

HEPIRIIES I 0.006 172.800 39.332 0.000 11.690 1.351 / 0.000 10.530 3.755 i 

GCTRNES I 0.000 23.100 4.079 0.000 5.660 0.202 o 0.000 39.120 2.216 I 
IIOIIRIIES : (1.000 I12 .80~  39.332 1 0.000 41.690 1.357 / 0.000 70.530 5.955 i 

CYCLGPENTRWE i 0.000 12.800 4.689 / 0 0 0 0  0.730 0.023 I 0.000 5.800 0.232 / 
N-IIEIRIIE i 2.400 297.300 51.822 , 0.000 154.270 2,961 1 0.000 13.490 2.751 m 

CYCLOHEIRIIE i 0.000 56.500 14.000 j 0.000 1.700 0,160 k 0.000 0.000 0.000 1 
CYCLGHEYEIIE 1 0.000 0.000 0.000 ; 0.000 0.000 0.0(10 1 0.000 0.000 0.000 i 

BEIIIEIIE 1 0.000 116.300 21.222 , 0.000 23.800 0.078 i 0.000 14.100 0.967 I 
TOLUENE 1 3.100 194.000 41.289 1 0,000 67.100 2 8  i 0.000 19.600 2.193 I 

KYLEIIES 1 0.000 0,000 0.000 1 0,000 4.860 0.121 / 0.000 0.190 0.072 1 
IR1HETHYLBEllZENES i 0.000 131.700 24.255 1 0.000 32.830 0.933 c 0.000 21.630 2.459 I 

CUNEllE i 0.000 6.400 1.422 / 0.000 1.130 0.195 / 0.000 12.630 1.264 / 
IlRPIIIWRLEIIE 1 0.000 0.BO0 0.000 , 0.000 0.180 0.011 0.000 0.010 0.005 : 
IOIRL HYGRGCRRDONS 1 61.100 1147.800 858.356 1 0.610 1819.000 52.833 1 3.710 922.000 66.001 a 

..._________._.__ ...................................................................................................................... ---- 
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APPENDIX I 

APPENDIX - I - EXPOSURE STATISTICS AND STATISTICAL -. ANALYSIS OF DATA 

I n  most coun t r i e s  t h e  concept of "compliance" wi th  exposure l i m i t s  
is not  defined r igorous ly .  For example. i n  the  U K ,  exposure l i m i t s  
a r e  defined a s  " l eve l s  which should not normally he exceeded". A 
s e t  of exposure measurements f o r  a s p e c i f i c  opera t ion  w i l l  
t y p i c a l l y  con ta in  va lues  covering a  wide range from zero ,  i.s. 
below t h e  l i m i t  of de t ec t ion ,  t o  poss ib ly  above t h e  exposure l i m i t .  
S t a t i s t i c a l  a n a l y s i s  and p ro fes s iona l  hygiene judgement can a s s i s t  
i n  the  assessment of such a  s e t  of da t a  f o r  compliance. 

An approach which i s  commonly followed by p ro fes s iona l  hyg ien i s t s  
is t o  accept  t h a t  d a t a  a r e  i n  compliance when not  l e s s  than 95% of 
the  measurements a r e  below the  exposure l i m i t .  I n  s implest  terms 
t h i s  can be taken a s  no more than one i n  twenty va lues  exceeding 
the  l i m i t .  However t h i s  simple approach can g ive  r i s e  t o  problems, 
f o r  example: 

- i t  may not  be poss ib l e  t o  c o l l e c t  twenty samples; 
- i n t e r p r e t a t i o n  may be d i f f i c u l t  i f  t h e r e  a r e  spur ious  va lues  

i n  the  sample s e t  due t o  contaminated sampl-ers, samples t h a t  
have been tampered wi th ,  samples taken during a  s p i l l a g e  o r  
o t h e r  a t y p i c a l  event ,  samples taken when wrong opera t ing  
procedures have been followed, e t c .  

A b e t t e r  approach i s  t o  use a  s t a t i s t i c a l  a n a l y s i s  of the  da ta  such 
a s  p r o b a b i l i t y  ( o r  cumulative frequency) p'l-otting. This  involves 
p l o t t i n g ,  on s p e c i a l  graph paper,  t h e  exposure d a t a  va lues  arranged 
i n  ascending order  aga ins t  t h e i r  frequency of occurrence (expressed 
a s  a  cumulative percentage) .  This  cumulative percentage i s  not  
based on simple propor t ion  i . e .  1 va lue  = 5% of 20 va lues ,  but  on a  
s t a t i s t i c a l l y  derived weighting. 

In  p r a c t i c e  i t  is general-ly found t h a t  p l o t t i n g  the  log  va lues  of 
t h e  exposures aga ins t  the  cumulative frequency percentages g ives  
t h e  s t r a i g h t e s t  l i n e  p l o t ,  which implies  t h a t  t h e  d i s t r i b u t i o n  of 
the  da ta  i s  lognormal r a t h e r  than normal. Normal. d i s t r i b u t i o n s  
( t h e o r e t i c a l l y )  con ta in  negative va lues  whereas exposures can 
obviously only be zero o r  p o s i t i v e .  Lognormal d i s t r i b u t i o n s  a r e  
t runca ted  above zero (as  t h e r e  i s  no log  of zero)  and tend t o  t a i l  
o f f  toward higher  concentrat ion more than normal d i s t r i b u t i o n s .  

A lognormal d i s t r i b u t i o n  can be cha rac te r i sed  by two s t a t i s t i c a l  
parameters ,  t h e  geometric mean ( t h e  va lue  above and below which 50% 
O F  t h e  d a t a  l i e s )  and the geometric s tandard  dev ia t ion  ( t h e  s lope  
of t h e  cumulative frequency p l o t )  which is a measure of  t h e  
v a r i a b i l i t y  of the  da ta .  From these tr.~o va lues  the  b e s t  f i t  > i n &  
( t h e o r e t i c a l  d i s t r i b u t i o n )  can be drawn. It should be noted however 
t h a t  the  va lue  of the  geometric s tandard  dev ia t ion  (GSD) is not 
very r e l i a b l e  when da ta  conta in  a  s i g n i f i c a n t  percentage of zero  
va lues .  Because t h e r e  is no log  of zero ,  some p o s i t i v e  va lue  must 
be assigned t o  zero r e s u l t s ,  i . e .  exposures below the  l i m i t  of 



de tec t ion  of the  method, i n  order  t o  c a l c u l a t e  t h e  GSD. A va lue  of 
ha l f  the  d e t e c t i o n  l i m i t  is commonly used. Whatever va lue  is  chosen 
a f f e c t s  the  G S D ;  t h e  lower the  chosen value t h e  g r e a t e r  i s  the  GSD. 

These p l o t s  can be used t o  p r e d i c t  t h e  p r o b a b i l i t y  of exposures 
exceeding any l i m i t  va lue ,  e i t h e r  from the  p l o t t e d  da ta  l i n e s ,  
where t h e r e  a r e  s u f f i c i e n t  d a t a ,  o r  by ex t r apo la t ing  from e i t h e r  
the  p lo t t ed  da ta  l i n e  o r  t h e  "best  f i t "  l i n e .  

In p r a c t i c e  the  95% "compliance" poin t  i s  b e s t  assessed  from the  
concent ra t ion  a t  which t h e  p l o t t e d  da ta  l i n e  ( r a t h e r  than the  "best  
f i t "  l i n e )  c rosses  the  95th p e r c e n t i l e .  I f  t h e  d a t a  a r e  
i n s u f f i c i e n t  t o  reach t h e  95th p e r c e n t i l e  then e i t h e r  t h e  p l o t t e d  
da ta  l i n e  o r  the  "best f i t "  l i n e  can be ex t r apo la t ed  t o  i t ,  
exe rc i s ing  judgement on which appears t o  be l i k e l y  t o  give the  most 
probable value.  I t  is imprudent t o  ex t r apo la t e  these  l i n e s  too  f a r .  

The cumulative frequency p l o t  can be used t o  determine compliance 
a t  o t h e r  percentages o r ,  conversely i t  can a l s o  he used t o  
determine t h e  percentage of exposure va lues  i n  excess of any 
p a r t i c u l a r  va lue .  




