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FOREWORD - 

I .  

Thi s  document r e p o r t s  t h e  conclus icns  of a  s tudy  group organized t o  

a s s e s s  t h e  need f o r  r e sea rch  and development of ins t rumenta t ion  f o r  monitor ing , . 

occupat iona l  exposures i n  t h e  coa l  conversion and o i l  s h a l e  i n d u s t r i e s .  Following 

t h e  t r a d i t i o n s  e s t a b l i s h e d  dur ing  t h e  development of nuc lea r  energy, t h e  Department 

of Energy (DOE) formed the  working group a s  p a r t  of i t s  o v e r a l l  e f f o r t s  t o  

recognize and eva lua t e  hazards t o  h e a l t h  concurrent  wi th  t h e  development of new . 
. . 

-energy technologies .  The Department of Energy is  committed t o  t h e  p r o t e c t i u n  , 

of t h e  work f o r c e  wi th  t h e  same degree of ded ica t ion  as i t  devotes  to ,developing 

a l t e r n a t i v e  energy systems and supp l i e s .  It is hoped t h a t  e a r l y  e f f o r t s  t o  

i d e n t i f y  and monitor h i za rds  t o  h e a l t h  w i l l  improve t h e  d a t a  base f o r  epidemiolbgical  
I 

s t u d i e s  and prevent  such s i t u a t i o n s  a s  t h e  c u r r e n t  one b i l l i o n  d o l l a r  annual 

compensation payments t o  v i c t ims  of b lack  lung d i sease .  

The members of t h e  s tudy group designated t o  a s s e s s  t h e  i n d u s t r i a l  hygiene 
I 

monitor ing needs f o r  t h e  coa l  conversion and o i l  s h a l e  i n d u s t r i e s  a r e :  
, 

A f f i l i a t i o n  

Ot to  White, Jr; ,  Co-Chairman Brookhaven Nat iona l  Laboratory 

Samuel Morris,  Co-Chairman Brookhaven Nat iona l  Laboratory 

Thomas R. Cessar io ,  Sec re t a ry  Brookhaven Nat iona l  Laboratory 

Edward Baier* Nat iona l  I n s t i t u t e  f o r  ~ c c u ~ a t i o n a l  
Sa fe ty  and Heal th 

Richard Br ie f  Exxon Corporation 

Morton Corn 

Harry.  Et  t inger  

David F rase r  

Mo'rton Lippman ' 

Andrew Sharkey 

Univers i ty  of P i t t s b u r g h  . 

Los Alamos s c i e n t i f i c  Laboratory 

Un ive r s i t y  of North Carol ina 

New York Univers i ty  

P i t t s b u r g h  Energy Technology Center 
. . 

* Presen t  a f f i l i a t i o n  is  Diamond Shamrock Corporat ion.  



This  group m e t  f o r  t h e  f i r s t  t i m e  during t h e  annual  American I n d u s t r i a l  

Hygiene Assoc ia t ion  Conference i n  Los Angeles, C a l i f o r n i a ,  on May 9 ,  1978. A 

second meeting took p l a c e  dur ing  a  two-day v i s i t  t o  t h e  P i t t s b u r g h  Energy 

Technology Center ,  where t h e  group improved i t s  understanding of i n d u s t r i a l  

hygiene problems i n  c o a l  conversion by i n s p e c t i n g  s p e c i f i c  p rocesses  and work 

p r a c t i c e s .  

The t h i r d  meeting of t h e  group was he ld  at.Brookhaven Nat iona l  Laboratory (BNL) 

i n  conjunc t ion  wi th  a  two-day symposium on " ~ s s e s s i n g  t h e  I n d u s t r i a l  Hygiene 

Monitoring Needs f o r  t h e  Coal Conversion and O i l  Sha le  ~ n d u s t r i e s . "  The symposium 

program (Appendix) included p r e s e n t a t i o n s  cen t e r ing  around t h e  themes: "Recognition 

of Occupat ional  Hea l th  Monitoring Requirements f o r  t h e  Coal Conversion and O i l  

Sha le  I n d u s t r i e s "  (November 6 ,  1978) and "S ta tu s  of Dosimetry Technology f o r  

Occupat ional  Hea l th  Monitoring f o r  t h e  Coal Conversion and O i l  Sha le  Indus t r ies ' !  

(November 7 ,  1978).  This  information proveh t o  be  i nva luab lewhen  t h e  s tudy  

group m e t  fol lowing t h e  symposium f o r  a  t h i r d  day (November 8 ,  1978) t o  d r a f t  

i t s  r e p o r t  t o  DOE. 

The Of f i ce  of Hea l th  and Environmental ~ e s e a r c h / ~ ~ E  is  g r a t e f u l  t o  t h e  

Chairmen and members of t h e  s tudy  group f o r  t h e i r  c o n t r i b u t i o n s  bo th  i n  t ime and 

e f f o r t  t o  t h e  product ion .of  t h i s  document. Any ques t i ons  o r  comments w i th  r e s p e c t  

t o  t h e  r e p o r t  should be addressed t o  D r .  Daniel  L i l l i a n ,  Of f i ce  of Hea l th  and 

Environmental Research. The proceedings of t h e  BNL Symposium a r e  a v a i l a b l e  

through t h e  Nat iona l  Technical  Information Center (BNL Report 51002, March 1979).  

iii 



Proccdures iuvolved i n  conver t ing  s o l i d  c o a l  and o i l  s h a l e  i n t o  more usable  

l i q u i d  o r  gaseous £ u e l  r e s u l t  i n  t h e  u t i l i z a t i o n  and 'genera t ion  of many hazardous 

substances wi th  p o t e n t i a l  emissibn i n t o  t h e  environment and t h e  workplace. 

These subs tances  range from simple inorganic  compounds, such a s  carbon monoxide, 

t o  complex organic  compounds, such a s  7,12-dimenthylbenz(a)anthracene. The 
. . 

h e a l t h  e f f e c t s  r e s u l t i n g .  from exposure t o  t h e s e  compounds.'range i n  s e v e r i t y  

from nuisance and mild i r r i t a t i o n  t o  cancer  and dea th ,  whi le  t h e  response 

i n t e r v a l  can range from immediate t o  25 and 30 yea r s .  To add t o  t h e  complexity 

of t h e  problem, many of t h e s e  compounds enhance o r  a c c e l e r a t e ' t h e  a c t i o n  of 

o t h e r  compounds when p re sen t  toge ther .  The Department of Energy formed t h i s  

s tudy  group t o  a s s e s s  i n s t w m e n t a t i o n  needs t o  a s s u r e  t h e  work f o r c e  of t h e s e  

emerging i n d u s t r i e s  a  s a f e  and h e a l t h f u l  working environment. 

The.primary purpose of environmental monitoring i n  t h e  workplace is  t o  

eva lua t e  exposures s o  t h a t  c o n t r o l s  can be i n s t i t u t e d  t o  p r o t e c t  t h e  h e a l t h  
) 

of t he  worker. There a r e  a  number of s p e c i f i c  ways monitoring is  used,  and 

ins t rumenta t ion  needs o f t e n  depend on a  s p e c i f i c  purpose. Examp.les of ways 

. i n  which environmental monitoring is  used inc lude :  

Evalua t ing .hazards  t o  h e a l t h  

Monitoring t h e  performance of engineer ing  c o n t r o l s  

Monitoring t r ends  i n  engineering c o n t r o l s  

Developing des ign  requirements f o r  new engineering c o n t r o l s  

Documenting exposure l e v e l s  

Tes t ing  f o r  compliance purposes 

Measuring process  l o s s e s  t o  t h e  environment 

S e l e c t i n g  s u i t a b l e  r e s p i r a t o r y  p r o t e c t i o n  devices  

I d e n t i f y i n g  contamination sources 

Assessing emergency condi t ions  



A more in-depth eva lua t ion  of f u t u r e  i n s t rumen ta t i on  requirements  can be 

made by concen t r a t i ng  s p e c i f i c a l l y  on monitor ing needs f o r  eva lua t ing  hazards  

t o  h e a l t h .  For example, a t  l e a s t  f o u r  d i f f e r e n t  c r i t e r i a ' c a n , b e  used i n  eva lua t ing  

h e a l t h  hazards .  These i nc lude  cond i t i ons  t h a t  a r e  : 

1. Immediately hazardous t o  l i f e  and h e a l t h  

2.  High r i s k ,  but  no t  immediately hazardous 

3 .  Moderate r i s k  and no t  immediately hazardous 

4.  ,Short-term, nonrout ine  h igh  hazards  

For each  of t h e s e  cond i t i ons ,  t h e  fo l lowing  ques t i ons  must be answered 

b e f o r e  a  p r i o r i t y  can -be  a f f i x e d :  

1. What compounds a r e  represen ted  i n  t h i s  c l a s s ?  

2.  Is monitor ing technology a v a i l a b l e  f o r  p r e sen t  needs? 

3 .  Is c u r r e n t  technology compatible w i th  f u t u r e  needs? 

4 .  I f  n o t ,  i s  technology being developed t o  meet t h e  p ro j ec t ed  needs? . 

5.  When w i l l  t h e  technology be  needed? 

6.  When w i l l  t h a t  technology be  a v a i l a b l e ?  

11. TECHNOLOGY REVIEW 

The increased  emphasis on occupat iona l  s a f e t y  and h e a l t h  i n i t i a t e d  by 

l e g i s l a t i v e  a c t i o n  i n  t h e  e a r l y  1970's  has  r e s u l t e d  i n  some s i g n i f i c a n t  ga in s  

i n  t h e  development of monitor ing t o o l s  f o r  occupat iona l  h e a l t h  s u r v e i l l a n c e .  

Requirements f o r  more p r e c i s e  and a c c u r a t e  eva lua t ion  of workplace exposures 

have l ed  t o  t h e  product ion  of no i se  dos imeters ,  pa s s ive  dosimeters  f o r  c e r t a i n  

gases  and vapors ,  p o r t a b l e  rea l - t ime  monitors  f o r  o rganic  vapors ,  new low 

f low r a t e  pumps, more s e n s i t i v e  and accu ra t e  d e t e c t o r  tubes ,  more s p e c i f i c  

a n a l y t i c a l  methods, h e a t  s t r e s s  moni tors ,  and d i r e c t - r e a d i n g  d u s t  moni tors .  



These improvements i n  moni to r ing  technology have s i m p l i f i e d  t h e  t a s k  of t h o s e  

invo lved  i n  ululliLuring employee exposures .  These i n s t r u m e n t s  have met t h a t  

need r a t h e r  w e l l .  U n f o r t u n a t e l y ,  most advances  have been made i n  a r e a s  where 

t r a d i t i o n a l  moni to r ing  t e c h n i q u e s  a l r e a d y  e x i s t e d ,  r a t h e r  t h a n  i n  a r e a s  r e c e n t l y  

i d e n t i f i e d  a s  p o t e n t i a l  h e a l t h  h a z a r d s .  The emerging f o s s i l  convers ion  i n d u s t r i e s  

r e p r e s e n t  such a n  a r e a  s i n c e  t h e  b a s e  m a t e r i a l s  may c o n t a i n  most of t h e  e lements  

found i n  t h e  p e r i o d i c  t a b l e  and t h e  p r o c e s s e s  and c o n d i t i o n s  r e q u i r e d  t o  produce 

t h e  c rude  m a t e r i a l  can c o n c u r r e n t l y  s y n t h e s i z e  a h o s t  of h i g h l y  t o x i c  by-product 

chemicals .  Although t h e s e  i n d u s t r i e s  have been shown t o  be  s i m i l a r  t o  t h e  

pet roleum i n d u s t r y ,  s t u d i e s  have shown t h a t  some of t h e  p r o d u c t s ,  depending on 

t h e  p r o c e s s ,  a r e  p o t e n t i a l l y  more t o x i c  t h a n  t h e i r  pet roleum c o u n t e r p a r t s .  

Avoidance of exposures  t o  vapors ,  l i q u i d s  and a i r b o r n e  p a r t i c u l a t e s  i s  t h e  d e s i r e d  

goal-even f o r  t h o s e  compounds e x h i b i t i n g  s i m i l a r  t o x i c i t y  t o  t h e i r  pet roleum 

c o u n t e r p a r t s .  

A review of i n d u s t r i a l  hygiene e f f o r t s  a t  t h e  p i l o t  and demons t ra t ion  p l a n t  

l e v e l s  i n d i c a t e s  t h a t  c u r r e n t  a c t i v i t i e s  are main ly  focused  on m o n i t o r i n g  

t r a d i t i o n a l  c o n t a m i n a n t s - s i l i c a  d u s t ,  carbon monoxide, o x i d e s  of n i t r o g e n ,  

c o a l  d u s t ,  hydrogen s u l f i d e ,  and s u l f u r  o x i d e s .  Contaminants which a r e  somewhat 

unique f o r  t h e s e  i n d u s t r i e s  and which pose  a  h i g h  po t . en t i a1  long-term r i s k  a r e  

n o t  be ing  moni tored t o  t h e  exten' t  d e s i r a b l e  because  of l a c k  of t echnology ,  h i g h  

c o s t s ,  l o n g  a n a l y t i c a l  p rocedures ,  l a c k  of s p e c i f i c i t y ,  i n a d e q u a t e  sampling methods,  

and i n e f f i c i e n t  r ecovery  p rocedures .  A d d i t i o n a l l y ,  many c r i t i c s  of d e t a i l e d  

i n d u s t r i a l  hyg iene  involvement a t  t h e  p i l o t  and demons t ra t ion  p l a n t  l e v e l s  

s u g g e s t  t h a t ,  because  of s c a l i n g  problems a s s o c i a t e d  w i t h  upgrading p i l o t  and 

d e ? o n s t r a t i o n ' u n i t s  t o  t h e  commercial p l a n t s ,  t h e  contaminants  of concern may d i f f e r .  

The s t u d y  group b e l i e v e s  t h a t  e f f o r t s  t o  l e a r n  a s  much a s  p o s s i b l e  abou t  t h e  h a z a r d s  



as soc ia t ed  wi th  these  emerging i n d u s t r i e s . s h o u l d  grow concurren t ly  wi th  t h e  

developing technology. Although cu r ren t  occupat iona l  h e a l t h  monitor ing is 

locked i n t o  us ing  technology and t o o l s  t h a t  a r e  p r e s e n t l y  ava i lab l ,e ,  f u t u r e  

assessments  of occupat iona l  h e a l t h  problems i n  commercial f o s s i l  f u e l  conversion 

p l a n t s  w i l l  r e q u i r e  a d d i t i o n a l ,  more s o p h i s t i c a t e d  .monitoring t o o l s .  

Future  t r ends  i n  occupat iona l  h e a l t h  monitor ing w i l l  r e q u i r e  more accu ra t e  

assessment of k d i v i d u a l  dose t o  adequately p r e d i c t  h e a l t h  response.  Accurate 
, 

dose assessment w i l l  no t  only r e q u i r e  personnel  monitor ing,  bu t  a l s o  a de te rmina t ion  , 

of i n d i v i d u a l  exposure r a t e .  A review of a n a l y t i c a l  techniques adap tab le  t o  

personnel  monitor ing was r epo r t ed  by Morgan and Morris i n  1976. Although 

t h e  au tho r s  were concerned almost ' exc lus ive ly  wi th  a i r  p o l l u t a n t s  'such a s  SO2, 

NOx, COY 0 3  and p a r t i c u l a t e s ,  t h e i r  ranking of techniques i n  o r d e r  of payoff 

p r o b a b i l i t i e s  i s  appropr i a t e  f o r  t h i s  r e p o r t  (Tables 1 and 2) .  

It was aga ins t  t h i s  background t h a t  t h e  s tudy  group embarked upon i ts 
, 

t a s k  of a s se s s ing  t h e  occupat iona l  h e a l t h  monitor ing needs f o r  t h e  c o a l  conversion 

and o i l  s h a l e  i n d u s t r i e s ,  wi th  p a r t i c u l a r  a t t e n t i o n  given t o  exposures t o  

f u g i t i v e  t o x i c  m a t e r i a l s .  

111. RESEARCH AND DEVELOPMENT REQUIEMENTS FOR 
ASSESSING POTENTIALLY HAZARDOUS EXP,OSURES 

A. Immediately Hazardous t o  L i f e  and Heal th 

This  category includes,  those  m a t e r i a l s  which a r e  p re sen t  i n  s u f f i c i e n t  

q u a n t i t i e s  such t h a t  acu te  exposure could occur and t h e  a s soc i a t ed  h e a l t h  

and/or  s a f e t y  e f f e c t s  could r e s u l t .  i n  immediate and s e r i o u s  impairment t o  l i f e  

and h e a l t h .  



S i x  compounds have been i d e n t i f i e d  a s  r e p r e s e n t a t i v e s  of t h i s  c l a s s :  

1. H2S - a c u t e  poison ( r e s p i r a t o r y  f a i l u r e )  

2. CO - acu te  chemica l .asphyxian t  

3 .  NOx-NO2 - delayed pulmonary edema 

4. 02 de f i c i ency  

5. Coal and s h a l e  dus t  - explos ion  hazard 

6.  H2 - explos ion  hazard . 

The s tudy  group b e l i e v e s  t h a t  technology is  a v a i l a b l e  t o  provide equipment 

which can be  used a s  'personal  and a r e a  monitors  wi th  cont inuous d i r e c t  read ing  

and/or  a larm c a p a b i l i t i e s  f o r  H2S, CO', 02,  and H2.  Technology is  p r e s e n t l y  
-i 

l a ck ing  f o r  monitor ing exp los ive  l e v e l s  of c o a l  and s h a l e  d u s t  and f o r  NOx-NO2 

pe r sona l  a larming devices .  

FutGre needs may r e q u i r e  pe r sona l  monitors  capable  of t r a n s m i t t i n g  a s i g n a l  

t o  b r i n g  o u t s i d e  a s s i s t a n c e  i n  emergencies.  

Phenols ,  hydrogen cyanide,  me ta l  ca;bonyls and carbon d i s u l f i d e  would 

a l s o  be  included i n  t h i s  ca tegory  i f  p o t e n t i a l  concen t r a t i ons  i n  t h e  work- 

. p lace  were s u f f i c i e n t l y  high.  

I n  most ca se s ,  exposure t o  l i f e - t h r e a t e n i n g  concen t r a t i ons  shou ld ' occu r  

on ly  a s  t h e  r e s u l t  of a leak'. Rather  than r e l y i n g  on i n d i v i d u a l  monitor ing 

of s e v e r a l  hazardous mater ia l s ' ,  a s i n g l e  i n d i c a t o r  might be  monitored t o  g ive  

warning of a l e ak .  I n  g a s i f i c a t i o n  p l a n t s  where t h e  process  s t ream inc ludes  

h igh  concent ra t ions  of CO, t h i s  gas  has  been sugges t ed . a s  an i n d i c a t o r .  The 

i n d i c a t o r  must be p re sen t  i n  s u f f i c i e n t  . concen t r a t i on  t o  g ive  warning i n  a l l  

process  s t reams ca r ry ing  immediately hazardous subs tances .  CO may n o t  be  

s u i t a b l e  a s  an i n d i c a t o r  i n  c e r t a i n  processes  u t i l i z e d  i n  l i q u e f a c t i o n  and 

' s h a l e  p l a a t s .  



For each type of p l a n t ,  i t  w i l l  b e  necessary t o  determine w h i c h . i n d i c a t o r s  
I 

are a p p r o p r i a t e  f o r  l e a k  d e t e c t i o n  f o r  each work a rea .  Fixed alarm monitors 

a r e  most app ropr i a t e  t oge the r  w i th  survey meters .  

B. High Risk,  bu t  no t  Immediately Hazardous 
L 

Thi s  category is  reserved  f o r  substances which may cause i r r e v e r s i b l e  e f f e c t s  

t o  body organs o r  systems, bu t  which a r e  no t  p re sen t  i n  s u f f i c i e n t  q u a n t i t i e s  

t o  produce acu te  t o x i c o l o g i c a l  e f f e c t s .  Carcinogenic,  mutagenic and t e r a t o g e n i c  

o rgan ic  compounds a r e  included . i n  t h i s  ca tegory ,  a s  w e l l  a s  t r a c e  me ta l s ,  s i l i c a  

dus t  and a sbes tos  f i b e r s .  

There is the  p o t e n t i a l  fo rLexposu re  t o  s o  many of t h e s e  subs tances  t h a t  

t h e  s tudy  group b e l i e v e s  i t  t o  be imprac t i cab le  t o  monitor them r o u t i n e l y  

except  when d i c t a t e d  by r egu la to ry  requirements .  The eva lua t ion  of one o r  

more i n d i c a t o r  compounds is  a  l o g i c a l  approach. Unfortunately,  there ,  is  gene ra l  

agreement t h a t  i n d i c a t o r s  now f r equen t ly  used,  such a s  benz (a)pyrene and/or  

t h e  benzene o r  cyclohexane s o l u b l e  f r a c t i o n .  a r e  of marginal  o r  l i t t l e  va lue  i n  

many cases .  No s i n g l e  i n d i c a t o r  may be  adequate  and c e r t a i n l y  d i f f e r e n t  . . 

i n d i c a t o r s  o r  groups of i n d i c a t o r s  may b e  needed i n  d i f f e r e n t  s i t u a t i o n s .  

Fu r the r  r e sea rch  is  needed t o  s tudy  u n i t  ope ra t ions  and process  s t reams from 

both  t h e  chemical and b i o l o g i c a l  s t andpo in t s  and t o  i d e n t i f y  i n d i c a t o r s  t h a t  

a r e  r e p r e s e n t a t i v e  of t h e  b i o l o g i c a l  e f f e c t  from t h e  expected exposure. The 

1 

s t r a t e g y  recommended is  t o  i d e n t i f y  a  v a r i e t y  of p o t e n t i a l  i n d i c a t o r s  (perhaps 

s i x  o r  e i g h t )  and t h e  p l ace  where each is  l i k e l y  t o  be u s e f u l  and t h e  kind 

of monitor ing requi red .  I n  gene ra l ,  personal  o r  survey instruments  w i l l  b e  

app ropr i a t e .  The s ta te -of - the-ar t  f o r  monito'ring each compound by t h e  methods 

needed should be  assessed  and f i n a l l y ,  i f  necessary ,  new instruments  should 

be developed. S ince  t h e  f i n a l  s e l e c t i o n  and eva lua t ion  of s p e c i f i c  i n d i c a t o r s  



can not be made until commercial plants are b,uilt, it is necessary to have 

available, at that ttme, a number of indicators to choose from, for which 

instrumentation. is available. Since this instrumentation will probably be 

group selective, a common line of development will lead to instruments 

capable of measuring several indicator compounds. 

The instruments needed now are portable monitors-survey instruments 

and personal exposure monitors. It is desirable that these instruments be 

inexpensive. 

Further research is needed on direct biological indicators of hazard 

such as the Ames Salmonella Typhimurium test and the ~radescantia test system. 

There is a need to refine protocols and to develop standard biological test 

systems. These test systems must be compared with chemical indicators; they 

have the potential of being used as one means of evaluating chemical indicators. 

It is not possible to judge t.he value of biological tests as direct indicators 

of the level of risk of occupational exposures. The study group recognizes 

the problems'associated with nonprofessional interpretation of results from such 
. . 

tests and recommends that consideration be given to develop endpoints which 

minimize the potential for misinterpretations. 

C. Moderate Risk and not 1mmediately.Hazardous ' 

The study group anticipates 'increasing demands to provide a comprehensive 

rec.ord of all hazardous compounds to which a worker is exposed; this will require 

increased use of personal monitors, automated chemical analyses and computerized 

data-handling systems. The appropriateness of using area monitors to assess 

potential health hazards of individual workers should be evaluated since mo.st 



operations will occur out-of-doors. Contaminant releases are likely to be 

localized, suggesting possib1.e limited use of area monitors to measure exposures 

to individuals. 

D. Short-Term, Nonroutine High Hazards 

The availability of portable survey instruments for evaluating hazards 

to health during emergencies involving Condition A (immediately hazardous to 

life and health) compounds appears to be adequate for present and future 

needs. Unfortunately, much R&D effort is required to reach this status for 

Condition B (high risk, but not immediately hazardous) compounds and potential 

\ Condition A compounds (e.g., hydrogen cyanide, carbon disulfide, metal 

carbonyls, and phenols).. . 

IV. SPECIFIC RESEARCH. SUGGESTIONS 

A. Personal Monitors for Gases 

1. Current Instrumentation 

a. The study group encourages additional evaluation of current 

instrumentation under various conditions of interferences, 

temperatures, pressures, humidity, and related variables to 

ascertain their appropriafeness for future needs. 

b. It ,is likely that passive monitors. will become a primary 

monitoring tool. An improv,ement needed is the development of 

new substrates to expand the diversity of.measurable compounds 

and to allow for greater sensitivity. This area of investigation 

is likely to provide high payoff within a few years. 



c. Current.persona1 sampling.pump flow rates need to be improved 

to provide higher collection capahiliti-ea (5 to 10 lpm). 

2. Second Generation Instrumentation 

The study group encourages the development of new sampling 
I 

instruments which will facilitate automated analysis and data 

recording to permit handling large amounts of data generated 

during routine monitoring, e.g., personal gas chromatography units 

capable of multiple compound analysis, miniaturization of existing 

devices, and simplified analytical procedures. 

"Real-time" data reporting is necessary only for Condition A 
. . 

(immediately hazardous) exposures. In other cases, the most 

attractive apprdach seems to be through personal samplers which 

either internally record the results of real-time analysis over 

the course of the day, or collect an integrated sample over a day. 

The latter sampler could be inserted into' a device at the end of the 

day, which analyzes and records the exposure automatically. 

DOE should support the development and application of personal gas 

chromatography devices for monitoring vapor-phase polycyclic hydrocarbons. 

Potential problems such as condenqation in the sampler and long retention 

time on gas chromatograph columns need to be . investigated. . 

B . ~ i t r o ~ e n  Compounds 

There is a need to develop reliable and rapid readout'sampling techniques 

for NH3, HCN, and nitrogen heterocyclic compounds. 



C. Aerosols  

Th i s  i s  an a rea  where t h e r e  a r e  many needs. For example, t h e r e  i s  

a need t o  do i n  s i t u  c h a r a c t e r i z a t i o n ,  bu t  no immediately promising 

avenues f o r  research  i n  t h i s  a r e a  a r e  ev iden t .  

S ince  ta raand  o i l '  p a r t i c u l a t e s  which c o l l e c t  i n  t h e  nasopharyngeal 

r eg ion  may provide a s i g n i f i c a n t  exposure, a s i z e  c u t  of p a r t i c u l a t e s  known 

a s  i n h a l a b l e  may be' u s e f u l  i n  c h a r a c t e r i z i n g  a e r o s o l s  conta in ing  

polynuclear  m a t e r i a l .  For comparf son purposes,  s i z e  c u t s  of 15  u m  and ' 

2 . 5  pm c o n s i s t e n t  wfth r e c e n t  EPA dichotomous sampler performance i n  

sampling of outdoor suspended p a r t i c u l a t e  ma t t e r  should be explored.  Current 

technology appears  t o  be adequate  f o r  sampling wi th  a v a r i e t y . o f  p a r t i c l e  

s i z e  ~ & ~ a r a t o r s ,  and development of more s o p h i s t i c a t e d  devices  is  not  

recommended a t  t h i s  t ime. 

Research support would be product ive  i f  d i r e c t e d  

toward: 

1. Improving e x t r a c t i o n  e f f i c i e n c y  and sepa ra t ion  techniques f o r  

organic  components absorbed o r  adsorbed by p a r t i c u l a t e s .  

2. Chemical s p e c i f i c a t i o n  by compound, r a t h e r  than  by anion and c a t i o n ,  

as a f u n c t i o n ' o f  p a r t i c l e  s i z e .  

3 .  I n  s i t u  s e p a r a t i o n  of s o l u b l e  and i n s o l u b l e  p a r t i c u l a t e s .  

4 .  Improving c o l l e c t i o n  capac i ty  of pumps used wi th  personal  p a r t i c u l a t e  

samplers .  



D. Metals 

Five metals were identified for which exposure in coal conversion 

plants may be a problem. These are: 

1. Arsenic 

2. Beryllium 

3. Cadmium 

4. Chromium 

5. Nickel 

+3 
The toxicity of metals seems to vary with valence (e.g., ~ r + ~  vs Cr ) 

and with chemical compound (e.g., CoC03 vs CoS04). Current analytical 

technology generally does not provide insight into these factors. Research 

is needed to provide this additional information. In addition, organometallics 

are a potential hazard in fossil fuel conversion for which improved 

instrumentation is necessary. 

E. Fibers and Dust 

Although exposures to fibers (e.g., asbestos) and dusts (e.g., silica) 

are not unique to the fossil conversion industry, the need to develop an 

inexpensive, in situ method for assessment of fibers was apparent to the 

study group; 

F. Surface Contamination 

Worker contact with contaminated surfaces appears to be a very important 

mode of exposure. The need to develop reproducible, simple, and significant 

means for measuring surface contamination was quite ev.ident to Ehe study 

group. Research in this area should be encouraged. 



G. Skin Contamination . . 

Research should be directed toward developing tools which evaluate 

, 
skin contamination. Furthermore, research is 'required to determine whether 

I. .. . 
the carcinogenic hazard is enhanced by 'the use of LW as a s.creening tool 

. . .  , , . , 8 . .  

for skin contaminat ion' 
. . .  : .. 

H. Analytical Development 

The study group encourages the refinement and development of analytical 

tools and techniques for materials which are identified via characterization 

studies a d  are directly amenable to industrial hygiene applications. 

I. Industrial Hy~iene Surveys/~esearch 

The pilot plant and the demonstration plants represent excellent 

opportunities to dharacterize the work atmosphere Sor the various processes, 

evaluate the appropriateness and durability of various indicators and 

sampling tools, define appropriate sampling strategies and techniques, 

and evaluate the stability of collected contaminants. In-depth industrial 

hygiene surveys for monitoring the pilot and demonstration plant worker 

exposure should provide invaluable information even if many processes and 

procedures are not scalable. 

J. Bioassays 

The study group expresses the desirability of developing and evaluating 

a) bioassay tests which are sensitive to chemical/physical features 

associated with hazardous effects from toxic agents, i.e., determining 

and characterizing alkylating activity with a colorimetric test, and 

b) bioassay procedures to identify body burden resulting from several 

routes of exposure. 



V. THE FUTURE 

F o s s i l  f u e l  conversion technology and knowledge of a s soc i a t ed  hazards t o  

h e a l t h  a r e  both advancing r ap id ly .  The working group recommends t h a t  i t  

reconvene f o r  a s h o r t  s i n g l e  s e s s i o n  i n  approximately one year  t o  re -eva lua te  

t h e  s i t u a t i o n  wi th  r e spec t  t o  instrumenta ' t ion needs and i d e n t i f i e d  p o t e n t i a l  

. h e a l t h  hazards.  



- - - - - - - - 

Table 1 

Gas-Sensitive Instrumentation Techniques 

Outstanding Sorption methods 
probability Gel-tape colorimetry 
of payoff Electrochemical cells ' 

Coulometric and 
amperometric devices 

Nondispersive 
spectroscopy (CO) 

Fluorescence devices (S02) 
Chemiluminescence (03,~O,) 

Sorption methods 
Colorimetry (tape based) 
Electrochemical cells 
Coulometric and 
amperometric devices 

Fluorescence devices (S02) 
Nondispersive 
spectroscopy (CO) 

.Chemiluminescence (03 ,NO,) 

Good 
' probability 
of payoff Microwave devices (CO) Electronic solid state devices 

~ondis~ersive spectroscopy 
(gases other than CO) 

Piezoelectric gas sensors 
Microwave devices (CO) 
Gas chromatography'. 

Fair to Poor 
probability 
of payoff 

Gas chromatography Cryogenic sampling 
Cryogenic sampling Bioluminescent methods 
Electronic solid-state Optoacoustic methods 
devices .. Microwave devices 

Nondispersive spectroscopy (gases other than COX 
(gases other than, C0) 

Piezoelectric gas sensors 
Microwave devices 

(gases other than CO) 

Adapted from: Morgan, M.G. and Morris, S.C., Individual Air Pollution 
Monitors; An Assessment of National Research Needs, BNL 50482, January 
1976. 



Table 2 

Par t ic le -Sens ing  Ins t rumenta t ion  Techniques 

Outstanding V i r t u a l  impactor (M,ZD,C) V i r t u a l  impactor (M,2D,C) 
p r o b a b i l i t y  F i l t e r s  (M,-N,-D,C). F i l t e r s  (M,-PI,-D,C) 
of payoff D i f fu s ion  b a t t e r i e s  w i t h  D i f fu s ion  b a t t e r i e s  w i th  

f i l t e r s  .[C(D) I f i l t e r s  [C(D) I 
B meter (M) Opt i ca l  S c a t t e r i n g  (N ,D) 

' 6  meter (M) 

Good Di f fus ion  b a t t e r y  V i r t u a l  impactor (M,2>2D,C) 
p r o b a b i l i t y  wi th  condensation Di f fus ion  b a t t e r y  wi th  
of payoff n u c l e i  counter  (N,D) condensation n u c l e i .  counter  

(N, D) 
p i e z o e l e c t r i c  mass balance 

(M,-N,-D) . 

  air to poor P i e z o e l e c t r i c m a s s  
p r o b a b i l i t y  ba lance  (M) 
f o r  payoff O p t i c a l  s c a t t e r i n g  (-N,D) 

M - dev ice  a p p r o p r i a t e  f o r  measurement of t o t a l  suspended p a r t i c u l a t e  mass 
N - device  a p p r o p r i a t e  f o r  measurement of t o t a l  number of p a r t i c l e s  
D . -  dev ice  a p p r o p r i a t e  f o r  measurement of p a r t i c 1 e ' " s i z e "  d i s t r i b u t i o n .  The 

no ta t i on .2D i n d i c a t e s  t h a t  s i z i n g  i n t o  two c a t e g o r i e s  such a s . > 3 v m  - and 
< 3  m is  poss ib l e .  . - 

C - device  app rop r i a t e  f o r  c o l l e c t i n g  samples of p a r t i c l e s  f o r  chemical a n a l y s i s .  
The n o t a t i o n  C(D) i n d i c a t e s  t h a t  chemical composition can be  es t imated  f o r  
two o r  more s e p a r a t e  ranges of p a r t i c l e  s i z e .  

Other candida te  technologies  t h a t  were cons idered  b u t  viewed as u n s a t i s f a c t o r y  
o r  i n a p p r o p r i a t e  f o r  use  i n  i n d i v i d u a l  a i r  p o l l u t i o n  monitors  inc luded:  

- l i q u i d  impingers 
- c e n t r i f u g a l  s e p a r a t i o n  
- convent ional  impactors  
- thermal  p r e c i p i t a t i o n  
- e l e c t r i c a l  mob i l i t y  
- microwave 

Adapted from: Morgan, M.G. and Morr i s ,  S.C., I n d i v i d u a l  A i r  P o l l u t i o n  Monitors:  
An Assessment of Nat iona l  Research Needs, BNL-50482, January 1976. 
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SYMPOSIUM 

ASSESSING THE INDUSTRIAL EIYGIENE MONITORING NEEDS 

FOR THE 

COAL CONVERSION AND OIL SHALE INDUSTRIES 

BERKNER HALL 
Brookhaven National Laboratory 

Upton, New York 11973 

November 6, 1978 

THEME: "Recognition of Occupational ~ealth Monitoring Requirements for the 
Coal Conversion and Oil Shale Industries" 

Agenda 

9:OO Opening Ceremonies 

Introductory Remarks - 0. White - Brookhaven National Laboratory 
C. B. Meinhold - Brookhaven National Laboratory 

Welcome Address - V. P. Bond, Brookhaven National Laboratory 

Session Chairman: A. Sharkey - Pittsburgh Energy Technology Center 

9:lO Overview from Fossil Energy - J. Abrahams - U.S. Department of Energy, 
FE/ET 

9:30 Significance of Trace Constituents in Coal - R. Ruch - Illinois State 
Geological Survey 

9 : 55 Coal Gasification: Process Description and Effluent Characterization 
. J. C. Craun - Environmental Research and Technology,'Inc. 

10: 20 Coal Liquefaction: Process Description and Effluent Characterization 
F. K. Schweighardt - Pittsburgh Energy Technology Center 

10:45 Coffee Break 

11:lO . Oil Shale: Process Description ,and Effluent Characterization 
R. Merril Coomes - Tosco Corporation 

11:35 Relative Chemical Composition of Selected Synthetic Crudes - W. H. Griest, 
M. R. Guerin, B. R. Clark, C. -h. Ho, I. B. Rubin, and A. R. Jones - Oak 
Ridge National Laboratory 

12 : 00 Lunch 



Agenda (Continued) 

4 Session Chairman: N.  Bolton - Union Carbide 

1:30 Toxicology and Carcinogenici ty  of O i l  Shale  Products  - W. Barkley, 
D.  Warshawsky, and N .  Radike - .Un ive r s i t y  of C inc inna t i  

1 : 55. LASL I n d u s t r i a l  Hygiene Experiences i n  t h e  O i l  Sha le  Indus t ry  
L. L. Garcia  - Los Alarnos S c i e n t i f i c  Laboratory 

2:20 I n d u s t r i a l  Hygiene Experience i n  Coal Liquefac t ion  (.An Overview) 
H. E.  Runion - Gulf O i l  Corporation 

2 : 45 Occupational Sa fe ty  and Heal th i n  Coal G a s i f i c a t i o n  - J.  Evans 
Enviro Control ,  Inc.  

3 : 10 Coffee Break 

3:30 Panel  Dis'cussion - A l l  Speakers 



November 7 ,  1978 

'I'heme: "Sta tus  of Dosimetry Technology f o r  Occupational Heal th 
Monitoring Requirements f o r  t h e  Coal.Conversion and O i l  

Sha le  Indus t r i e s "  

Agenda 

Sess ion  Chairman: D. F ra se r  - Univers i ty  of North Caro l ina  

9 : 00 Adequacy of Current Dosimetry Tools f o r  t h e  Coal Conversion and O i l  
Shale  I n d u s t r i e s  - J .  Campbell and W. P o r t e r  - Oak Ridge Nat iona l  
Laboratory 

9:25 C r i t e r i a  f o r  Occupational Heal th Monitoring i n  t h e  F o s s i l  Fuel  
Conversion I n d u s t r i e s  - 0.  White - Brookhaven National  Laboratory 

9: 50 Pre l iminary  Thoughts on Proxy PNA Compounds i n  t h e  Vapor and So l id  
Phase - R. B. Gammage - Oak Ridge National  Laboratory 

10 : 15 DWAS: A F i e l d  Po r t ab le  Second-Derivative W-Absorption Spectrometer 
f o r  monitoring PNA Vapors - A.  Hawthorne - Oak Ridge Nat iona l  Laboratory 

10 : 40 Coffee Break 

11 : 10 Pass ive  Dosimeters f o r  Gases - E. .D. Palmes - N,Y. Univers i ty  Medical 
Center 

11: 35 A Por t ab le  Fluorometr ic  Monitor t o  Detect  PNA Contamination of Work 
Area Surfaces  - D. D. Schuresko and G .  Jones ,  Jr. ,  - Oak Ridge.  
Nat iona l  Laboratory 

12 : 00 Lunch 

Sess ion  Chairman: S. Morris -,Brookhaven Nat iona l  Laboratory 

1 : 1 5  A Pocket-Sized Personal  A i r  Contaminant Monitor - H. Jerman and 
S. Terry - Stanford E l e c t r o n i c s  Labora tor ies  

1: 40 Recent Advances - So l id  S t a t e  Gas Detect ion:  Recent Advances i n  Thin 
So l id  Films f o r  So l id  S t a t e  Gas Detect ion - D. J. Leary and A.  G. Jordan 
and Por t ab le  Gas Detect ion:  Enhancement df Semiconductor Sensor 
C a p a b i l i t i e s  by Microcomputer Control  and S igna l  Processing - D. T. Tuma 
and P. K. C l i f f o r d  - Carnegie-Mellon Univers i ty  

' 2:05 Rapid Analysis  of Complex PNA Compounds i n  Complex Samples by Room 
T e m ~ e r a t u r e  Phosphorimetry - T .  Vo-Dinh - Oak Ridge Nat iona l  Laboratory.  



Agenda (Continued) 

2:30 Screening Techniques f o r  Biologica l  Ac t iv i ty  - J. M. Daisey and 
I?. Mukai - New York Universi ty Medical Center 

2:55 Coffee Break 

3:lO Por table  Opt ica l  P a r t i c l e  Counters - V.  Marple, Universi ty of 
. Minnesota 

3:35 Surface Analysis Techniques and Their  Use i n  Po l lu t ion  Detec t ion  and 
I Measurement - M. N. Varma and J .  W .  Baum - Brookhaven ~ a k i o n a l  

Laboratory 

4:OO Open Discussion 

Sponsored by t h e  Department of Energy and 

Brookhaven National  Laboratory 

.r.S. GOVERNMENT PRINTING OFFICE : 1979 0-f10-912/141 




