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FOREWORD 

I n  h i s  1977 Environmental Message, Pres ident  Car ter  d i rec ted  t h e  
Administrator  of the  Energy Research and Development Administrafion, 
t h e  Secre tary  of Health, Education, and Welfare, and the  Administrator 
of t h e  Environmental P ro tec t ion  Agency t o  e s t a b l i s h  a j o i n t  program t o  
i d e n t i f y  t h e  hea l th  and etlvironmental problems associa ted  with advanced 
energy technologies and t o  review t h e  adequacy of present  research  
programs. I n  response t o  t h e  p r e s i d e n t ' s  d i r e c t i v e ,  r ep resen ta t ives  
of t h e  t h r e e  agencies formed t h e  Federal  Interagency Committee on t h e  
Health and Environmental E f f e c t s  of Energy Technologies. A s  -a r e s u l t  
o f .  reorganiza t ions ,  the  Committee cu r ren t ly  i s  composed of representa-  
t i v e s  of t h e  Department of Energy, t h e  Department of Health and Human 
Services ,  and the  Environmental P ro tec t ion  Agency. The MITRE Corporation, 
Metrek Division,  i s  the  Executive S e c r e t a r i a t  f o r  t h e  Committee. 

The goa l s  of t h i s  Committee a r e  t o  review and i d e n t i f y  s p e c i f i c  
h e a l t h  and Environmental i s s u e s  and p o t e n t i a l  problems associa ted  wi th  
t h e  development and comrner c i a l i z a t  ion  of conventional  and advanced 
energy technologies,  t o  i d e n t i f y  the  information required t o  r e so lve  
t h e  u n c e r t a i n t i e s  of r e l evan t  impacts, t o  speci fy  research  p r o j e c t s  t o  
.provide such information, and t o  review the  adequacy of cu r ren t  Federal  
research  with r e s p e c t . t o  these  p ro jec t s .  To a t t a i n  these  goals ,  t h e  
Committee is sponsoring a s e r i e s  of workshops, e s t ab l i sh ing  working 
groups, and i n i t i a t i n g  o the r  approaches t o  address t h e  hea l th  and 
environmental consequences of energy technologies. 

This  r e p o r t  was prepared by t h e  Health E f f e c t s  Working Group on 
Coal Technologies f o r  the  Committee. I n  t h i s  r e p o r t ,  t he  major heal th-  
r e l a t e d  problems associa ted  with conventional coa l  mining, s torage ,  
t r anspor ta t ion ,  and combustion, and wi th  chemical c o a l  cleaning,  i n  s i t u  
g a s i f i c a t i o n ,  f lu id ized  bed combustion, 'magnetohydrodynamic combustion, - 
cocombustion of 'coal-oi l  mixtures, and cocombustion of c o a l  wi th  municipal 
s o l i d  waste a r e  i d e n t i f i e d .  The repor t  a l s o  con ta ins  recommended research  
required t o  address  t h e  i d e n t i f i e d  problems. 

Background information on t h e  technologies addressed i n  t h i s  r e p o r t  
a s  w e l l  a s  those of coa l  g a s i f i c a t i o n  and l i q u e f a c t i o n  may be found In 
documents previously re leased by t h e  Committee and l i s t e d  on t h e  last 
page of t h i s  r epor t .  I n  t h e  near  f u t u r e ,  t h e  Committee in tends  t o  release 
a d d i t i o n a l  advisory r e p o r t s  r e l a t i n g  t o  ecologica l  e f f e c t s  and t r anspor t  
and transformation research  needs associa ted  wi th  c o a l  technologies. The 
r e s u l t s  of these  and o the r  a c t i v i t i e s  sponsored by t h e  Committee should 
provide a b a s i s  f o r  s trengthening t h e  Federal  Program f o r  ensuring s a f e  
and timely development of our energy resources.  

THE FEDERAL INTERAGENCY COMMITTEE 
ON THE HEALTH AND ENVIRONMENTAL 
EFFECTS OF ENERGY TECHNOLOGIES 
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1.0 EXECUTIVE SUMMARY . .. , . . .  , 
, . . .  . , 

1.1 I n t r o d u c t i o n  . ~ 

. ., . . .. . . _ .  . .' /~ . ". ' . .  

With increased  emphasis being p l aced ,on  coa l  a s  a source  of 
, . . , . ;, 

f ' . ... . , 

energy,  t h e  concern over p o t e n t i a l  impacts on human h e a l t h  from . . t h i s  
. .r. ' . . - 

, 

technology has increased  a s  wel l .  The Federal  agencies  r e spons ib l e  
. . .  

f o r  funding energy-related h e a l t h  r e sea rch  a r e  aware of t h i s  in -  

c reased  l e v e l  of concern and a r e  improving and updat.ing t h e i r  
. . , . . . . , . . .  . 

' .. .. '. 

programs t o  a s s u r e  t h e  t imely  and s a f e  development and expansion of 

coa l - r e l a t ed  technologies .  To t h i s  end, and i n  response t o  t he  1977 

P r e s i d e n t i a l  mandate, t h e  Department of Energy, t h e  Department of 
. . . . . , .  

Heal th  and Human Se rv ices ,  t h e  Environmental P r o t e c t i o n  Agency have 
. . . . . 

formed t h e  Federa l  Interagency Committee on t h e  Heal th and 
. , . . .. . . . . ., .. . . . , .  . .  , . ' ._. ' 

Environmental E f f e c t s  of Energy Technologies. The r e p o r t  t h a t  
..,,,. ' t .  

. . 
, . . . ' ' 

, . . . .  
.. . 

fo l lows  has  been prepared by t h e  Heal th E f f e c t s  Working Group on Coal 
. _  ' .  . .  . 

Technologies,  a s  advisory  body t o  t h e  Committee. The o b j e c t i v e s . o f  
. . . .  . $ '  . .  . . . . , .. . 

. . : --.., 
t h e  Working Group a r e  t o  i d e n t i f y  t h e  p o t e n t i a l  human h e a l t h  e f f e c t s  

. . 

a s s o c i a t e d  wi th  t h e  convent ional  coa l  cyc l e  and advanced c o a l  

process ing  and combustion technologies  and t o  sugges t  r e l e v a n t  

r e s e a r c h  needs. The technologies  considered i n  t h i s  r e p o r t  include:  

convent iona l  c o a l  (mining, t r a n s p o r t ,  s t o r a g e ,  combustion) 

chemical c o a l  c l ean ing  

i n  s i t u  c o a l  g a s i f i c a t i o n  ( a  r eeva lua t ion  of previous work) 

f l u i d i z e d  bed combustion 



magnetohydrodynamic combustion 

combustion of  coa l -o i l  mixtures  

cocombustion of c o a l  with municipal  s o l i d  waste  

1.2 Approach 

The Federal  In te ragency  Committee on the  Heal th  and Environmen- 

t a l  E f f e c t s  of Energy Technologies s e l e c t e d  the  fol lowing approach t o  

f a c i l i t a t e  i d e n t i f i c a t i o n  o f , h e a l t h  e f f e c t s  and r e l a t e d  r e sea rch  

needs f o r  t he  convent iona l  c o a l  cyc l e  and f o r  advanced c o a l  proces- 

s e s .  A working group of e x p e r t s  i n  v a r i o u s  hea l th - r e l a t ed  f i e l d s  was 

i d e n t i f i e d  by the  cochairmen who had prev ious ly  been s e l e c t e d  by t h e  

Committee. This  group was g iven  a  day-long p r e s e n t a t i o n  on the  

energy technologies  themselves. This  background information i s  a l s o  

presented i n  a  companion r e p o r t  e n t i t l e d  Heal th  and Environmental 

E f f e c t s  of  Coal Technologies - Background Information on Processes  

and P o l l u t a n t s  (DOE/HEW/EPA-04). Following t h e s e  p r e s e n t a t i o n s ,  t h e  

group met t o  d e f i n e  t h e  scope and o rgan iza t ion  of t h e  product they 

would produce and t o  a s s ign  t h e  primary au tho r sh ip  of  v a r i o u s  sec- 
. . 

t i o n s .  The panel  members then reconvened . severa l  months l a t e r  a f t e r  

f i r s t  d r a f t s  had been .prepared and c i r c u l a t e d .  These were read ,  

r e v i s e d ,  and combined a s  necessary.  A t  t h i s  po in t  t h e  r e p o r t  was 

submit ted t o  a  r i go rous  e d i t i n g  and was then r e c i r c u l a t e d  f o r  com- 

ments. The r e s u l t  of t h i s  group 's  e f f o r t  is  t h e  fol lowing r epo r t .  

The Health E f f e c t s  Working Group was asked by t h e  Committee t o  

ana lyze  t he  c o a l  f u e l  c y c l e  and, i n  l i g h t  of t he  c u r r e n t  s t a t e  of 

2 



knowledge, t o  i n d i c a t e  p o t e n t i a l  problems t h a t  should be s t u d i e d  i n  

g r e a t e r  d e t a i l  t o  i d e n t i f y  and a s s e s s  h e a l t h  impacts which may,be 

a s s o c i a t e d  w i th  use  of t h i s  n a t u r a l  resource .  This  charge  included 

i d e n t i f y i n g  s a f e t y  hazards  a s  w e l l  a s  t h e  b i o l o g i c a l  e f f e c t s  of pol- 

l u t a n t  exposure.  The fo l lowing  a r e  cavea t s :  ' l )  E f f e c t s  i n  t h e s e  

a r e a s  were cons idered  f o r  both t h e  gene ra l  and occupa t iona l  popula- 

t i o n s ,  bu t  emphasis was placed on d e t e c t i o n  of p o s s i b l e  occupa t iona l  

e f f e c t s  s i n c e  t hey  may s e r v e  as i n d i c a t o r s  of more s u b t l e  e f f e c t s  i n  
. . 

t h e  g e n e r a l  popula t ion .  '2) I n  t h e  assessment  of t h e  p o t e n t i a l  h e a l t h  

e f f e c t s  and de t e rmina t i on  of r e s e a r c h  needs conta ined  w i t h i n  ' t h i s  
. , .  

r e p o r t ,  i t  was assumed t h a t  B e s t  Ava i l ab l e  Control  Technology as 

de f ined  under t h e  1977' Amendmelits t o  t h e  Clean A i r  Act would be i n  

I n  1977 a  Committee on Hea l th  and Environmental  E f f e c t s  of 

~ n c r e a s e d  Coal Use headed by Dr.. David R a l l  ' ( D i r e c t o r ,  Nat iona l  

I n s t i t u t e  of ~ n v i r o n d n t a l  Hea l th  Sc iences)  submi t ted  a  r e p o r t  t o  t h e  " 

S e c r e t a r y  of Hea l th ,  Educat ion,  and Welfare ( R a l l  1977). ' That com- 

m i t t e e  d e a l t  p r i m a r i l y  w i th .b road  problems r e l a t i n g  t o  conven t iona l  

c o a l  combustion. Some.of t h e  a r e a s  suggested by t h e ' R a l 1  Committee 

as r e q u i r i n g  f e sea rch  have n o t  y e t  been adequa t e ly  addressed ;  t he r e -  

f o r e  t h e s e  were r ea f f i rmed  by t h e  ~ e a l t h  E f f e c t s  working Group and ' 

appear  among t h e i r  recommendations. The In te ragency  Hkal th  'E f f ec t s  

Working ~ r o u ~ ' h a s  a l s o  t r i e d  t d  focus  on d e t a i l s  of the '  c o a l  tech- 

no log i e s  t o  i d e n t i f y  p a r t i c u l a r  u n i t  p rocesses ,  p o l l u t a n t s ,  and 

e f f e c t s  l i k e l y  t o  be of concern r a t h e r  t han  on broad problems. 



Based on a . p r e l i m i n a r y  i d e n t i f i c a . t i o n  of problem a r e a s ,  need f o r  t h e  

fo l lowing  types of r e s e a r c h  was expressed:  

Pulmonary E f f e c t s  

Skin E f f e c t s  

G a s t r o i n t e s t i n a l  E f f e c t s  

Behavioral  and Neurotoxic E f f e c t s  

Other Systemic E f f e c t s  

Carcinogenic ,  Mutagenic and Reproductive e f f e c t s  

I n  a d d i t i o n ,  t h e  Heal th  Panel  f e l t  t h a t  t he  whole a r e a  of exposure 

assessment should be addressed both i n  gene ra l  and f o r  t h e  i n d i v i d u a l  

t echnologies .  One means of  a s se s s ing  exposure,  epidemiological  

s t u d i e s ,  could be used t o  a s s e s s  many of t h e  types  of e f f e c t s  l i s t e d  

above. 

Of t h e  technologies  being considered by t h e  Health E f f e c t s  Work- 

ing  Group, some a r e  commercially a v a i l a b l e  whi le  o t h e r s  a r e  e n t i r e l y  . 

developmental. This  g r e a t l y  a f f e c t s  t h e  amount of  d a t a  a v a i l a b l e  and 

hence the  n a t u r e  of t he  r e sea rch  requirements.  More bas i c  r e sea rch  

is  needed f o r  t h e  newer technologies  t o  i d e n t i f y  p o t e n t i a l  problem 

a r e a s  whi le  f o r  coa l  mining o r  combustion research  .should be focused 
, 

. 

on i d e n t i f y i n g  dose response  r e l a t i o n s h i p s ,  p o l l u t a n t  i n t e r a c t i o n s ,  

and reasons f o r  s u s c e p t i b i l i t y  t o  i d e n t i f i e d  p o l l u t a n t s .  P a r t i c u l a r  
, , . . 

emphasis i s  placed on those  technologies  expected t o  reach  commer- 

c i a l i z a t i o n  i n  t h e  next  5-10 years .  



The Working Group recognized the existence of generic problems 

that.relate to many aspects of coal technology as well as technology 

specific problems. For example, coal dust exposure occurs during 

mining and is also associated with those combustion technologies that 

require preliminary crushing and grinding of the coal. Chapter 3.of 

this report focuses on these more generic exposure issues while Chap- 

ter 4 addresses the.coa1 sub-technologies individually and defines 

the health hazards unique to each sub-technology. This same dual 

concern is existent in the organization of Chapter 6 which focuses on 

particular types of effects both generically and then as a function 

of the sub-technologies. The Working Group felt that,this organiza- 

.-. 
tion would facilitate research planning. It permits identification 

of the specific sub-technology research needs that can be emphasized 

or de-emphasized in parallel with national and agency priorities 

while permitting identification of generic research that should be. 

allowed to proceed unaffected by these minor shifts in program 

The Working Group also strongly recommends that there be a long- 

term commitment to characterization of the chemicals and mixtures 

associated with coal utilization technologies. This characterization 

should be.an iterative process from bench scale to commercial-sized 

plants. In a coordinated effort, the health and safety effects of 

these characterized materials.should be identified. This will re- 

quire continued close interaction between health scientists and those 
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r e spons ib l e  f o r  process  des ign  t o  a s s u r e  t h a t  h e a l t h  e f f e c t s  of tech- 

nology developments w i l l  be addressed i n  a  t imely  manner. 

The Heal th E f f e c t s  Working Group has included i n  t h i s  r e p o r t  a t  

t h e  ends of t h e  r e l evan t  t e x t u a l  s e c t i o n s  over 160 recommendations 

f o r  c o a l  technology-related research .  

The fol lowing l i s t  r ep re sen t s  a  summary of some of t h e  high 

p r i o r i t y  r e sea rch  a r e a s  recognized by t h e  Heal th Panel. 

0 The e f f e c t  on worker 's h e a l t h  from t h e  inc reas ing  use  of 
d i e s e l  powered machinery i n  mines should be inves t iga t ed .  

0 .  Tes t s  need t o  be developed t o  more r ap id ly  pred, ic t  p l a c e n t a l  
t r a n s p o r t  of p o l l u t a n t s  and subsequent reproduct ive  dysf unc- 
t i o n ,  e s p e c i a l l y  f o r  meta l lo ids .  

Because increased  coa l  combustion w i l l  r e s u l t  i n  h igher  
l e v e l s  of v o l a t i z e d  t r a c e  meta ls  and carbon monoxide, t h e  
p o t e n t i a l  f o r  low l e v e l ,  long-term exposure t o  r e s u l t  i n  
behaviora l  e f f e c t s  should be i n v e s t i g a t e d .  

Epidemiological s t u d i e s  of both workers and popula t ions  l i v -  
ing near  v a r i o u s  coa l  combustion f a c i l i t i e s . a r e  needed t o  
d e f i n e  t h e  impact on human h e a l t h ,  e s p e c i a l l y  regard ing  
cancer  and lung d i sease ,  from t h e  use of coa l  a s  a  fue l .  

Research i s  needed t o  i d e n t i f y  i n d i c a t o r  compounds t o  be used 
f o r  exposure assessment and a s  p r e d i c t o r s  of h e a l t h  e f f e c t s  
inc luding  cancer.  

Coal workers' pneumoconiosis remains a  s i g n i f i c a n t  h e a l t h  
problem a s s o c i a t e d  wi th  c o a l  mining. Research i s  needed t o  
i nc rease  understanding of t h e  d i s e a s e  process  and t o  dev i se  
means of minimizing i t s  e f f e c t s .  . . 

The magnitude of t h e  impact o n . t h e  h e a l t h  of t h e  gene ra l  pop- 
u l a t i o n  from rad ionuc l ides  r e l ea sed  as a r e s u l t  of c o a l  com- 
bus t ion  is  not  known and should be more thoroughly i n v e s t i -  
gated . 
The e f f e c t s  of t h e  fol lowing technology-specif i c  po l lu t an t s / ,  
agents  need t o  be i n v e s t i g a t e d :  



- microwaves from the  G.E. c o a l  c lean ing  process  

- metal  carbonyls  from the  Mag.nex coa l  c lean ing  process  

- a c i d  mists from the  PETC and J P L  c o a l  c lean ing  processes  

- magnetic f i e l d s  from magnetohydrodynamic combustion 

- c h l o r i n e  and cadmium from cocombustion of c o a l  and r e f u s e  
der ived  f u e l .  

Cha rac t e r i za t i on  of a i r  emissions,  water  e f f l u e n t s ,  and s o l i d  
wastes  from t h e  convent ional  coa l  c y c l e  and from advanced 
c o a l  combustion technologies  i s  needed t o  s e r v e  a s  i npu t  t o  
exposure and t o x i c o l o g i c a l  assessments.  

Monitoring can  be used t o  determine exposure t o  coa l - r e l a t ed  
p o l l u t a n t s ;  but  a d d i t i o n a l  development. of persona l  samplers  
and a r e a  monitors  i s  r equ i r ed ,  e s p e c i a l l y  f o r  organometal- 
l i c s .  

Because c o a l  combustion r e s u l t s  i n  t h e  gene ra t i on  of l a r g e  
amounts of s o l i d  waste ,  monitor ing should be  i n s t i t u t e d  t o  
ensu re  t h a t  t o x i c  subs tances  do no t  l e a c h  from t h e  d i s p o s a l  
s i t e s  i n t o  groundwater,  a p o t e n t i a l  source  of d r ink ing  water .  

Mining and t r a n s p o r t a t i o n  a c c i d e n t s  a s s o c i a t e d  wi th  , u t i l i z a -  
t i o n  of t h e  c o a l  r e sou rce  a r e  s i g n i f i c a n t  and means must be  
sought t o  e l i m i n a t e  t h e  causes  of t he se  acc idents .  

General r e sea rch  i s  needed t o ' d e f i n e  t h e  b i o l o g i c a l  mecha- 
nisms and t h e  d i s e a s e  processes  a s s o c i a t e d  wi th  e f f e c t s  t o  
t h e  s k i n ,  g a s t r o i n t e s t i n a l  t r a c t  and o t h e r  organ systems 
(e.g., l i v e r ,  kidney, h e a r t )  fo l lowing  exposure t o  coa l -  
r e l a t e d  p o l l u t a n t s .  

a Techniques a r e  needed t o  more r a p i d l y  a s s e s s  t h e  carcino-  
gen ic ,  cocarc inogenic ,  and p r o m o t o r ' a c t i v i t i e s  of complex 
p o l l u t a n t  mix tures  a s soc i a t ed  w i th  c o a l  combustion technolo- 
g i e s .  

a High n o i s e  l e v e l s  a r e  a s s o c i a t e d  w i th  many of t h e  c o a l  tech- 
no log ie s  and means of prevent ing o t o l o g i c a l  damage need t o  be 
developed. 



2.0 BACKGROUND 

2.1 Overview Information on U.S. Coal U t i l i z a t i o n  

A l l  phases of t h e  c o a l  cyc l e ,  from e x t r a c t i o n ,  through proces- 

s i n g ,  convers ion ,  and power . gene ra t i on ,  . t o  f i n a l  d i s p o s i t i o n , . o f  re-  

s i d u a l  wastes ,  produce environmental/occupational impacts t h a t  could 

l i m i t  t h e  u t i l i t y  of domestic c o a l  resources . '  'These problems can be 

c o n t r o l l e d ,  bu t  a t  a cos t .  Ta'ble I i n d i c a t e s  some of t h e  
. . . . 

environmental/occupational problems a s s o c i a t e d  w i th  t h e  major phases 

of t h e  e x t r a c t i o n ,  processing and u t i l i z a t i o n  of c o a l  considered i n  

t h i s  r e p o r t .  

Es t imat ion  of t h e  h e a l t h  e f f e c t s  r e s u l t i n g  from t h e  d i f f e r e n t  

phases of t h e  c o a l  cyc l e  w i l l  depend upon the 'amount  and type of c o a l  

processed,  t h e  uncont ro l led  r a t e  of emission; t h e  .process used and 

t h e  c o n t r o l  technology adopted. The p ro j ec t ed  i n c r e a s e  i n  c o a l  con- 

sumption during t h e  per iod 1975 t o  1985 i s  summarized i n  Table  11. 

The ma jo r i t y  of t h e  c o a l  i s  used by t h e  u t i l i t y  i n d u s t r y , . a  s . i t u a t i o n  

-which i s  expected t o  cont inue  a t  l e a s t  through t h e  year  2000 (F igure  

1)  

Most of t h e  c o a l  used by t h e  u t i l i t y  i n d u s t r y  w i l l  be burned i n  

convent iona l  pu lver ized  c o a l  b o i l e r s  modified t o  i nco rpo ra t e  advanced 

p o l l u t ~ o n . c o n t r o l  dev i ce s  t o  reduce t h e  emissions of n i t r o g e n  oxides  
. . 

(NO,), s u l f u r  ox ides  (SO,), and p a r t i c u l a t e s .  Severa l -advanced  

energy conversion technologies  a r e  c u r r e n t l y  a t  t h e  bench o r  p i l o t -  

s c a l e  s t a g e  of development. Es t imates  (Cain e t  a l .  1979) of p o s s i b l e  

r a t e s  of commercial izat ion f o r  t h e s e  technologies  a r e  shown i n  F igure  
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SARLE I 

W O R  POLLUTANTS. DISNRRANCES. Ahll CONTROL TECHNOLCCIES 

. . ASSOCIATED WllH THE CON. ESERCY CYCLE 

-- 
EXTRACTION/TRANSPO~ATION/STOR~E PROCESSING COWERSION ~,EI,EWVION AND WASTE DISPOSALICONTROL 

Underground Uining 

Air Particles 
NoiselVibration Control/Ventilation. 

- ' Diesel Exhaust 

Acid ~rainade------~ontainl~eutralize 
Solid Wsste~-------Well-Uanaged Landfill 

Surface Uining 

Runoff Solids ' 

Acid Drainage----~ontroll~reatment of Runoff S P ~  iments 
Air Parricles Well tianaged Mine 
solid waste Restoration and Revegetation 

Coal Refuse Piles 

Particulates. CO 
NOx. SOx. HC's 

Storage 

Run-off-------neutrelirationlsedimentation 

Transportation 

Fugitive dust , 
Engine exhaust emissions (truck, train) 
Spills (barge. pipeline) 
Water Contamination (pipeline) 

Physical Coal Cleaning Canbustion (Conventional. UND. Fluidized 
Air Particles------------Dust Control Bed. Coal-Oil Uixture) 
High sulfur Solid Waste--Recover Sulfur Sulfur Oxides--------Scrubbers.'in-situ 
Runoff Solids------------Contain . Capture 
AcLd Drainage-----------ContainINeutralize . Cleaned Coal 
solvents Nitrosen Oxides----- Scrubbers Comtustion 

Uodification. Flue 
Chemical Coal Cleaninu 

Uagnex. Syracuse. Heyers. PEIC. CE. 
' Battelle, JPL. KVB. Amers. Arco ..... 

biasions and control strategy 
m e  specific to the individual 
processes 

Underground Casification 

FugitivelAccidental 
Release of Toxins 
Carcinogens 
Runoff and Leaching 

Gas Treatment. 
Flyash ind Smoke 

Particles--------- Cyclones. Ra~houses. 
Electrostatic 
Precipators Scrubbers 

Solid Waste(Ash)---- Well-Hansged Landfill 
Spent sc.rbent------- Yell-tianaged Landfill, 

Regenerate 
Trace Tcxlc Metals - Baghouse. Scrubbers 
Organic Compounds - Baghouse. Scrubbers. 

Cleaned Coal 
Radioact ive Compounds 

Cocombustion with Uuniciwl Solid Wastes 

Trace metals, pathogens. HC1. additional 
coal to the pollutants expected Erom 
coal combustion 

Underground Gasification represent6 components of both the extraction 
and processing steps of an energy technology sequence 



TABLE 11. COAL CONSUMPTION FORECASTS** 
(million tons) 

Utility Industrial Metallurgical . Export Other Total 

1976' Base. Case 444 6 5 8 5 6 5 6 665 

1985 Estimates 

Eusiness as Usual 

NEP '( 1977 National Energy P1.an) 779 

kuse/Senate Conference 779 198 

National Coal Association 

American Gas Association 680-705 170-375* - - 850-1080 

Sources: *Combines industrial and metallurgical consumption. 
. . 

Business as usual and NEP, official DOE estimates; House/~enate Conference is an information gues- 
stimateby DOE staff; NCA most current staff estimate; and AGA based on very restrictive inter- 
pretations of Clean Air Act Amendments (PL 95-95). 

Source: Rall 



COAL 
NUCLEAR BY 
DIFFERENCE 

REFERENCES 

RITTEN- 
HOUSE 

100 

YEAR 

I - - NUCLEAR -10 - - - - - 
- i 

0. - L 
- 

""\. - 
NEW COMMITMENTS 

(ALL TYPES) 

SOURCE: CaPn, et a1 1979 

FIGURE 1 
ELECTRIC GENERATING CAPACITY PROJECTED FOR U.S. . 
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2. Based on t h e s e  p r o j e c t i o n s ,  e m i s s i o n s  through 1990 w i l l  be  pri- .  

m a r i l y  from p u l v e r i z e d  c o a l  f i r e d  b o i l e r s ;  a tmospher ic  p r e s s u r i z e d  

f l u i d i z e d  bed combust ion i s  t h e  o n l y  advanced t echno logy  t h a t  may 

have a n  impact on n a t i o n a l  e m i s s i o n s  p r i o r  t o  2000 ( s e e  Tab le  111). , 

The growth i n , c o a l  u s e  by t h e  i n d u s t r i a l  s e c t o r  i s  much l e s s  

c e r t a i n  and i s  s t r o n g l y  d.ependent upon t h e  implementa t ion of t h e  

p r o v i s i o n s  i n  t h e  N a t i o n a l  Energy Act aimed a t  promoting t h e  

i n d u s t r i a l  r ep lacement  of imported o i l  by c o a l . .  Shipments o f  c o a l  t o  

i n d u ' k t r i a l  .. . u s e r s  were de .creas ing up' t o  1975 ( f rom .97x106 t o n s / y e a r  

i n ,  1969 t o  52x106 t o n s l y e a r  i n  1975).  Most of t h i s  c o a l  was used 
. . 

i n  s toker- f  i r e d  b o i l e r s  w i t h  t h e  b a l a n c e  used i n  l a r g e r  pu lv ' e r i zed  

c o a l - f i r e d  u n i t s .  The t r e n d , i n  c o a l  u s e  by i n d u s t r y  h a s  been 
,' ,. 

. . 
. r e v e r s e d ,  and one e s t i m a t e  ( W a t e r l a n d e t  a l .  1 9 7 9 ) ' s h o w s a n  

approximate  d o u b l i n g  of t h e ' u s e  o f  c o a l  i n  package b o i l e r s  from 1978 

t o  2000 ( s e e  F i g u r e  3 ) .  Atmospheric p r e s s u r e  f l u i d i z e d  beds have a  

major p o t e n t i a l  f o r  d i s p l a c i n g  s t o k e r - f i r e d  b o i l e r s  i n  t h e  i n d u s t r i a l  

s e c t o r  i f  d e m o n s t r a t i o n  p l a n t s  c u r r e n t l y  under  c o n s i d e r a t i o n  o r  

' c o n s t r u c t i o n  prove t h e  t echno logy  t o  b e  economica l ly  v i a b l e .  It i s  

. e s t i m a t e d  (Daman 1979) t h a t  a tmospher ic  p r e s s u r e  f l u i d i z e d  beds w i l l  

be b u r n i n g  t h e  e q u i v a l e n t  o f  0.99 q u a d s l y e a r  (=125x106 t o n s / y e a r )  

by t h e  y e a r  2000 ( s e e  F i g u r e  4 ) .  
. . 

The i n c r e a s e  i n  c o a l  u t i l i z a t i o n  p r o j e c t e d  above i s  a  conse- 

quence of a  normal growth i n  c o a l  u t i l i z a t i o n  i n  r e g i o n s  of  t h e  U.S. 

t h a t  have t r a d i t i o n a l l y  r e l i e d  on c o a l  a s  a  f u e l  and by major 
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SOURCE:. Cain et. al., 1979 

FIGURE 2 
PROJECTED COAL-BASED ELECTRICAL GENERATING 

CAPACITY TIGHTER STANDARDS 



INDUSTRIAL COAL UTILIZATION 

Cumulative Number ' 1000 ' bbllday 
Year of Industrial FBC Quads/Yr of Oil 
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6 1ET = 1018 J/Year = 40 x 10 tons isullyear 

NOTE: Only coa.1 consumptionis shown by equipment types. The 
values of the energy consunption in this Figure have been 
revised but the predicted trend toward increased coal 
consumption by the industrial sector remains unchanged. 
(H.B. Mason,/personal communication, March 1980). 

Source: Waterland et al. 1979 

FIGURE 3 
NATIONAL ENERGY CONSUMPTIO~~ AND EQUIPMENTTRENDS 

FOR PACKAGED BOILERS* 
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FIGURE 4 
INDUSTRIAL ATMOSPHERIC FBC MARKET FOR 

LARGE STEAM GENERATORS 



i nc reases  i n  u t i l i z a t i o n  of coa l  i n  c e r t a i n  reg ions ,  p r imar i ly  t he  

West and South; where l i t t l e  use of coa l  has been made i n  t he  pas t .  

2.2 Coal Resource Descr ip t ion  

The p o t e n t i a l  emissions from coa l  a r e  s t rong ly  r e l a t e d  t o  t he  

concen t r a t ion  of t r a c e  spec i e s  present  i n  the carbonaceous mat r ix  

which c o n s t i t u t e s  t he  bulk of the  coa l .  The elements of major con- 

c e r n  a r e  s u l f u r  which i s  respons ib le  f o r  the emissions of SOx, 

n i t r o g e n  which c o n t r i b u t e s  a  major f r a c t i o n  of t he  NOx emis- 

s i o n s ,  and o t h e r  inorganic c o n s t i t u e n t s ,  e s p e c i a l l y  t r a c e  metals .  

The organic  carbon (C) and hydrogen (HI con ten t s  of c o a l  a r e  

predominantly i n  the  form of aromatic and hydroaromatic groups and t o  

a  l e s s e r  ex t en t  i n  a l i p h a t i c  s idechains .  The a roma t i c i ty  of a  coal '  

i nc reases  wi th  rank. The oxygen (01, s u l f u r  ( S ) ,  and n i t rogen  (N) 

a r e  present  i n  both h e t e r o c y c l i c  groups and i n  func t iona l  groups such 

a s  -OH, -COOH, -0-, -SH, -S-, -NH, -NH2, -N=. The compounds formed 

during the cleavage of l i nkages  during thermal processes  w i l l  bear  a  

s t r o n g  r e l a t i o n  t o  the  s t r u c t u r e  of t he  parent  coa l .  

Most of t he  inorganic  coa l  components were deposi ted e i t h e r  a s  

sediments i n  t he  o r i g i n a l  bed o r  a s  secondary m a t e r i a l s  dur ing  t h e  

formation of the  c o a l ;  however, some of t he  t r a c e  o r  minor elements 

i n  coa l s  were probably p re sen t  o r i g i n a l l y  i n  t he  p l a n t  m a t e r i a l  from 

which the  c o a l  was o r i g i n a l l y  formed. The most abundant inorganic  

elements  i n  .coals (excluding S, N ,  and 0) a r e  l i s t e d  i n  Table I V .  

These a r e  t he  elements t h a t ,  f o r  t h e  most p a r t ,  form t h e  major 



TABLE IV 

MAJOR ' INORGANIC ELEMENTS, IN COALS 

. . 

. ELEMENT RANGE (WX) 

) : SILICON 0.6 - 6.1 
IRON 0.3 - 4 .3  

' . ALUMINUM 0.4 - 3.1 
CALCIUM 0.1 - 2.7 
POTASSIUM 0.1 - 0.4 

. . MAGNESIUM 0.1 - 0 . 3 '  
TITANIUM 0.0 - 0 .3  
SODIUM ' 0.0 - 0.2 

. . . ~ 6 u r c e :  Wewe~ka e t  a l .  1976 . . 



minera l s  found i n  coa ls .  These minera l s  f a l l  i n t o  t h e  four  main 

c l a s s e s  l i s t e d  i n  Table  V. They a r e  t he  a l u m i n o s i l i c a t e s  (sodium 

(Na), potassium (K), aluminum ( A l l ,  s i l i c a  ( ~ i )  ), t h e  s u l f i d e s  ( I r o n  

( F e ) ) ,  and t h e  carbonates  (calcium (Ca),  magnesium (Mg), and i r o n  

(Fe)  , and s i l i c a ) .  Genera l ly ,  t h e  aluminos i l i c a t e s  ( c l a y  m a t e r i a l s )  

and qua r t z  tend t o  be chemical ly  s t a b l e .  Nei ther  i s  v o l a t i l e  o r  

l i k e l y  t o  be leached from t h e  coa l .  During combustion, t h e s e  

minera l s  w i l l  fragment and fuse  t o  form small  p a r t i c l e s  ( f l y a s h )  t h a t  

mix with t he  s t a c k  gases .  The carbonates  a l s o  form a s h  during 

combustion. In  a d d i t i o n ,  they a r e  $ a i t i a l l y  water so lub l e  and may be 

leached out  of c o a l s  o r  wastes .  These m a t e r i a l s  can a l s o  c o n t r i b u t e  

s i g n i f i c a n t l y  t o  t he  p a r t i c u l a t e  occupat iona l  exposure.  Underground 

c o a l  mining may gene ra t e  very high l e v e l s  of a i rbo rne  dus t  un l e s s  

adequate c o n t r o l s  a r e  i n s t i t u t e d .  There can a l s o  be cons ide rab l e  

n o i s e  and v i b r a t i o n  and t h e  exhaust  from d i e s e l  engines  can 

a d d i t i o n a l l y  c o n t r i b u t e  t o  t h e  occupat iona l  exposure i n  t h e  few mines 

i n  which they a r e  used. 

Among a l l  of t h e  c o a l  c o n s t i t u e n t s ,  environmental contaminat ion 

caused by p y r i t i c  m a t e r i a l s  i s  t h e  most severe.  A t  o rd ina ry  tempera- 

t u r e s ,  t h e  s u l f i d e s  a r e  no t  p a r t i c u l a r l y  so lub le  o r  v o l a t i l e ,  'but 

when p y r i t e  ( o r  marcas i t e )  i s  exposed t o  atmospheric cond i t i ons ,  i t  

can i n t e r a c t  with a i r  and water  a t  ambient temperatures  t o  produce 

s o l u b l e  i r o n  s u l f a t e  and s u l f u r i c  ac id  (Wewerka e t  a l .  1976). This  

r e a c t i o n  of t h e  i r o n  s u l f i d e s  i n  c o a l s  i s ,  i n  f a c t ,  r e spons ib l e  f o r  



TABLE V , . 

MAJOR MINERALS IN COALS' 

ALUMINOSILICATES SULFIDES (0-40%) 
' ( 1 0 - 8 0  .WT%) 

PYRITE 
MARCASITE 

I L L I T E  
KAOLINITE 
MIXED LAYER' CLAYS 

S I L I C A  (0-20 WT%) CARBONATES (0-10 WT%) 

QUARTZ . . CALCITE 
DOLOMITE 
SIDERITE . . 

S o u r c e . :  , Wewerka  e t  a l .  1976 



t h e  formation of ac id  mine dra inage ,  a most s e r i o u s  water -pol lu t ion  

problem. Also, a t  combustion'temperatures, t h e  s u l f u r  i n  t h e  i r o n  

s u l f i d e s  (along wi th  added amounts of organic  s u l f u r )  i s  oxidized t o  

s u l f u r  d ioxide  (SO2), a s i g n i f i c a n t  a i r  contaminant a s s o c i a t e d  wi th  

t h e  burning of coa l .  

I n  a d d i t i o n  t o  t h e s e  major i no rgan ic  elements,  c o a l s  a l s o  con- 

t a i n  a wide v a r i e t y  of t r a c e  o r  minor elements. A n  i n d i c a t i o n  of t h e  

concen t r a t ion  l eve l s .  of t r a c e  meta ls  and v a r i a t i o n  i n  composition 

between coa l s  i s  provided by t h e  ana lyses  repor ted  f o r  101 c o a l s  by 

t h e  I l l i n o i s  S t a t e  Geological  survey (Ruch e t  a l .  1973) and summa- 

r i z e d  i n  Table V I .  More r e f ined  ana lyses  of density-graded c o a l  

f r a c t i o n s  (Zubovic 1975; ~ l u s k o t e r ,  1975) i n d i c a t e  t h a t  c e r t a i n  e,le- 

ments (barium ( B ) ,  germanium (Ge), bery l l ium (Be),  t i t an ium ( T i ) )  

t end  t o  concen t r a t e  i n  t h e  l i g h t e r  o r  organic  phase and o t h e r s  

(mercury (Hg), manganese ()In), chromium ( ~ r ) ,  cadmium (Cd), l e a d  

(Pb) ,  z i n c  (Zn),  a r s e n i c  (As)) i n  t h e  heav ie r  o r  inorganic  phase. 

The meta ls  conta ined  i n  t h e  organic  p a r t  of c o a l  probably occur 

as che la t ed  complexes (Zubovic 1975). The t r a c e  meta ls  i n  t h e  ino r -  

gan ic  po r t ion  of t h e  minera l  ma t t e r  probably s u b s t i t u t e  f o r  meta l  

i o n s  of similar s i z e  and valence s t a t e  i n  t h e  l a t t i c e  of t h e  dominant 

m i n e r a l s . c o n s i s t i n g  mostly of a l u m i n o s i l i c a t e s ,  s u l f i d e s ,  s u l f a t e s ,  

and carbonates .  

I n  coa l ,  t h e  t r a c e  r a d i o a c t i v e  elements of concern inc lude  

2 3 5 ~ ,  238u, and 2 3 2 ~ h  and t h e i r  a s s o c i a t e d  daughter  products.  



. . 

MEAN ANALYTICAL VALUES FOR 101 COALS 

Standard 
Constituent Mean deviat ion Min Max 

- - - --- --- 

.Arsenic, ppm 
Boron, ppm 
Beryl 1 i um , ppnl . . 
Bromine, ppm 
Cadmium, ppin 
Cobalt, ppm 
Chromium, ppm 
Copper, P P ~  
Fluorine, ppm 

'Gallium, ppm 
Germanium, ppm 
Mercury, ppm 
Ilanganese, ppm 
Molybdenum, ppm 
Nickel, ppm . :  
Phosphorus, ppm 
Lead, ppm , . 
Antimony, ppm 

' Selenium, ppm 
Tin, ppm 
Vanadium, ppm 
Zinc, ppm 
Zircon~um, ppm 
A1 uminum,: %. 
Calcium, % 
Chlorine, % 
Iron,' % . . 

Potassium, 4 
Magnesium, % 
Sodium, % 
Si l icon,  % . 
Titanium, X 
Organic su l fu r ,  % 
P y r i t i c  su l fu r ,  2 
Sul fate su l fu r ,  % 
Total sulfur,. X '  , , 

. Sul fur  by X-ray 
f 1 uoi-escence ,' % 

Air-dry loss, S . . 
P&isturc, % 
V o l a t i l e  matter, S. 
Fixed carbon, S . '  

Ash, % . ' 

B t u l l  b 
Carbon, % 
Hydrogen, % 
Nitrogen, .% 

, Oxygen, % .  .. , 
High-tenlpcrature ash, 9: 
Lo\+ temperature ash. S 

SOURCE: Ruch et a1 1973 



The concent ra t ions  of t r a c e  r ad ioac t ives  i n  coal  vary l e s s  than  those  

of o ther  t r a c e  elements.  The n a t i o n a l  average concent ra t ions  of 

uranium and thorium i n  coa l  a r e  1 ppm and 2 ppm r e s p e c t i v e l y  

Major d i f f e r e n c e s  e x i s t  between the  compositions of coa l  from 

d i f f e r e n t  mines, and even, i n  a  given mine, between seams. ' W i t h '  

c u r r en t  i n t e r e s t  i n  g r e a t e r  u t i l i z a t i o n  of Western Coals,  i t  should 

be noted t h a t  t hese  gene ra l ly  have a  h igher  a l k a l i  metal con ten t ,  

lower s u l f u r  conten t ,  and h ighe r  ash content  than Eas te rn  coa ls .  Any 

assessment of h e a l t h  hazards  must obviously take i n t o  account t he  

wide v a r i a t i o n  i n  amount and chemical composition of t he  mineral  

ma t t e r  between coa l s .  

In summary, most of t he  major environmental p o l l u t a n t s  from 

coa l s  o r i g i n a t e  a s  impur i t i e s  i n  t he  coa l  s t r u c t u r e .  These inc lude  

' va r ious  organic  compounds, minera ls ,  inorganic  r ad ionuc l ides ,  and 

t r a c e  elements t h a t  may be r e l ea sed  i n t o  the  a i r  and water when c o a l  

i s  mined, processed,  and u t i l i z e d .  .These substances can e n t e r  t he  

environment e i t h e r  a s  a i rbo rne  o r  waterborne po l lu t an t s .  In  t h e  

occupat iona l  environment i t  i s  the  coa l  dus t  and a s soc i a t ed  inorganic  

d u s t s  t h a t  make up t h e  major exposure. 

Recommendations 

1.. I n  o rde r  t o  ensure  t h a t  t he  high l e v e l s  of c o n t r o l  mandated 
by t h e  Clean A i r  Act Amendments .of 1977 w i l l  be a t t a i n e d  and 
maintained,  t h e r e  i s  need f o r  a  v igorous ,  continued research  
and development of t h e  p e r t i n e n t  c o n t r o l  technologies .  A l -  
though t h i s  r e p o r t  has  not .focused s p e c i f i c a l l y  on c o n t r o l  



technologies, it has been assumed that adequate control 
technologies would be available. The interdependency of 
control technologies should be recognized in designing 
measurement programs. For example, staged combustion for 
NO, control may result in changes in emissions of carbon 
monoxide and hydrocarbons, in the, formation of submicro'n 
inorganic particu.lates, and in the alteration of the 
sulfite/sulfate ratio in combustion products with a possible 
consequence change in the collection efficiency.of electro- 
static precipitators. Specifically, research is needed on: 

improved flue gas desulfurization (FGD) processes 

improved utilization of acceptor stone (limestone or 
dolomite) for SO2 adsorption in fluidized bed com- 
bus tors 

regenerable processes for both FGD and FBC units 

control of NOx emissions from conventiona.1, magneto- 
hydrodynamic (MHD), and atmospheric pressure fluidized 
bed combustors 

understanding of the production of submicron inor- 
ganic particulates and the development of methods of 
reduction of particulates in the respirable size range by 
both combustion modification and development of improved 
particulate collectors 

regeneration of potassium sulfate produced in MHD power 
cycles and disposal of sulfur' residue during potassium 
regeneration 

control of hydrocarbons and CO from small industrial 
coal-fired combustors. 

2. To characterize emissions, assessment of emission indices 
for the different categories of pollutants and the different 
processes are required. Certain problems in the characteri- 
zation of emissions should be recognized. The emissions 
statistics from conventional technology need to be constant- 

, ly updated to reflect changes in fuel, in operating condi- 
tions, and in control technology. Inasmuch as certain 
pollutants, e.g., hydrocarbons, are emitted primarily during 
periods of operation. at transient, nondesign,' operating 
condit'ions, it is imperative that measurements be made over 
periods that will produce statistically reliable estimations 



:I 
of emiss ion  f a c t o r s .  For  p r o c e s s e s  a t  t h e  bench- o r  p i l o t -  

. s c a l e  s t a t e  of development ,  i t  should  be recogn ized  t h a t  
s i g n i f i c a n t  changes i n  emiss ions  may r e s u l t  w i t h  scale-up.  
Another problem i n  t h e  c o s t  of complete  c h a r a c t e r i z a t i o n  of 
t h e  o r g a n i c  and i n o r g a n i c  a e r o s o l s  i s  such t h a t  complete  
c h a r a c t e r i z a t i o n  cannot  be r e q u i r e d  on a  r o u t i n e  b a s i s .  4 
S p e c i f i c  r e s e a r c h  needs i n c l u d e  : 

4 

C h a r a c t e r i z a t i o n  of t h e  composi t ion and p r o j e c t e d  r a t e s  
of  emiss ion ,  from underground c o a l  g a s i f i c a t i o n .  Measure- 
ment of emiss ions  from c o a l  seams burn ing  o u t  of c o n t r o l  
might p rov ide  i n t e r i m  e s t i m a t e s  u n t i l  d a t a  a r e  o b t a i n e d  
from £ i e l d  demons t ra t ions .  

C h a r a c t e r i z a t i o n , o f  t h e  emiss ions  of  t o t a l  hydrocarbons  
from c o a l  combustors  u f  d i f f e r e n t  d e s i g n  and s c a l e .  
Measurement programs shou ld  be des igned t o  r e c o g n i z e  t h e  
r o l e  of u p s e t s  o r  d e v i a t i o n s  i n  t h e  o p e r a t i n g  c o n d i t i o n s  
o n  e m i s s i o n s  and t h e  h i g h e r  p o t e n t i a l  e m i s s i o n s  from 

. smal l - sca le  i n d u s t r i a l  combustors.  

E x t e n s i v e  c h a r a c t e r i z a t i o n  of t h e  .o rgan ic  e m i s s i o n s  by 
chemical  type  and d i s t r i b u t i o n  between g a s  phase ,  con- 
d e n s a t i o n  p r o d u c t s ,  and adsorbed phases  on a s h  and s o o t  

. shou ld  be c a r r i e d  o u t  f o r  s e l e c t e d  c a s e s .  The d i s t r i b u -  
t i o n  of t h e  condensed and adsorbed s p e c i e s  between d i f -  
f e r e n t  s i z e  f r a c t i o n s  needs t o  be de te rmined .  The 
d e t a i l e d  i n f o r m a t i o n  shou ld  b e  used t o  ( i )  narrow down 
t h e  compounds and s i z e  f r a c t i o n s  t h a t  need t o  be measured 
on a  r o u t i n e  b a s i s  ( i i )  de te rmine  i n d i c a t o r  compounds, 
e.g.., me t h y l a t e d  polynuc l e a r  a r o m a t i c s ,  which may b e  used  
t o  d i s t i n g u i s h  coa l -de r ived  o r g a n i c s  from t h o s e  from 
o t h e r  combustion s o u r c e s  i n  ambient a e r o s o l s .  

Measurement o f  emiss ions  of i n o r g a n i c  p a r t i c u l a t e s  from 
c o a l  u t i l i z a t i o n  f a c i l i t i e s  i n  t h e  r e s p i r a b l e  s i z e  range  
having p o t e n t i a l  human h e a l t h  e f f e c t s .  

D e t a i l e d  c h a r a c t e r i z a t i o n  of t h e  combust ion-generated,  
i n o r g a n i c  a e r o s o l s  t o  p rov ide  guidance t o  p o t e n t i a l  
h e a l t h  e f f e c t s .  The d e t a i l e d  c h a r a c t e r i z a t i o n  p r e f e r a b l y  
should  be  focused on t h o s e  a e r o s o l s  i n  t h e  s m a l l e r  
s i z e / s u r f a c e  a r e a  ranges .  For t o x i c  t r a c e  m e t a l s ,  t h e  
chemical  and v a l e n c e  s t a t e  of  c a t i o n  and a n i o n ,  c r y s t a l -  
l i n i t y ,  and p h y s i c a l  form of  t h e  p a r t i c u l a t e  shou ld  be 
determined.  The d i f f e r e n c e  i n  combustion t e m p e r a t u r e  and 



h i s t o r y  o f  p a r t i c l e s  produced i n  f l u i d i z e d  bed com- 
b u s t o r s ,  s t o k e r s ,  c o n v e n t i o n a l  p u l v e r i z e d ,  and MHD com- 
b u s t o r s  shou ld  be noted i n  t h e  d e s i g n  of t h e  measurement 
program. The d a t a  shou ld  be used t o  i d e n t i f y  t h e  need t o  
p r o v i d e ,  on a  r o u t i n e  b a s i s ,  d e t a i l e d  c h a r a c t e r i z a t i o n  of 
t h e  a e r o s o l s  produced by combustors.  

8 The p o s s i b i l i t y  f o r  a d v e r s e  s y n e r g i s t i c  e f f e c t s  .of co- 
combustion of c o a l  w i t h  o i l  o r  r e fuse -de r ived  f u e l s  
shou ld  be examined. Three  p o s s i b l e  e f f e c t s  a r e  ( a )  t h e  
c a t a l y t i c  c o n v e r s i o n  of coa l -genera ted  SO2 t o  SO3 by 
vanadium i n  f u e l  o i l ;  ('b) i n c r e a s e d  v a p o r i z a t i o n  of  t h e  ' 

t r a c e  m e t a l s  i n  r e f u s e - d e r i v e d  f u e l s  due t o  exposure  t o  
h i g h e r  t empera tu re .when  cocombusted wi th  c o a l  than  t h o s e  
encoun te red  i n  i n c i n e r a t o r s ,  and ( c )  t h e  impact of t h e  
c h l o r i n e  i n  r e f u s e - d e r i v e d  f u e l s  on t h e  compos i t ion  of  
c o a l  combust ion p r o d u c t s .  

The r a t e s  of l e a c h i n g  from s t o r a g e  p i l e s  of a s h  and s o l i d  
was tes  shou ld  be  moni tored f o r  d i f f e r e n t  methods of i m -  
poundment. Because of t h e  dependence of t h e  p h y s i c a l  
s t a t e  of a s h '  and was te  on combust i o n  c o n d i t i o n s ,  measure- 
ment of t h e  l e a c h i n g  p o t e n t i a l  of a s h e s  produced by d i f -  
' f e r e n t  c o n v e n t i o n a l  and advanced t e c h n o l o g i e s  i s  needed. 



3 . 0  EVALUATION OF 'EXPOSURE TO COAL-DERIVED POLLUTANTS 

The h e a l t h  and env i ronmenta l  e f f e c t s  r e s u l t i n g  from t h e  expan- 

s i o n  of e x i s t i n g  . c o a l  u t i l i z a t i o n  t e c h n o l o g i e s  and from t h e  i n t r o -  

d u c t i o n  of new t e c h n o l o g i e s ,  w i l l  be dependent upon t h e  p h y s i c a l  

and chemical  c h a r a c t e r i s t i c s  of t h e  e f f l u e n t s  and on t h e i r  s o u r c e  

s t r e n g t h s  and d i s t r i b u t i o n  p a t t e r n s  i n  space  and t ime.  E f f e c t s  o n  

h e a l t h  w i l l  a l s o  be i n f l u e n c e d  by t h e  amounts of t ime t h a t  t h e  i n d i -  

v i d u a l s  a r e  exposed t o  t h e  v a r i o u s  e f f l u e n t s ,  t h e i r  l e v e l s  of  

a c t i v i t y  w h i l e  exposed,  and t h e i r  i n d i v i d u a l  s u s c e p t i b i l i t i e s  t o  t h e  

v a r i o u s  b i o l o g i c a l  e f f e c t s .  It i s  u s u a l l y  d i f f i c u l t  t o  c h a r a c ' t e r i z e  

t h e  b i o l o g i c a l  r e s p o n s e s  t o  exposures  t o  t h e  v a r i o u s  c o a l  u t i l i z a t i o n  

t e c h n o l o g i e s '  e f f l u e n t s  because  t h e y  i n v o l v e  complex m i x t u r e s  o f  

wide ly  d i f f e r e n t  m a t e r i a l s .  The e f f e c t s  produced may a l s o  n o t  be  

s p e c i f i c  t o  one kind of  exposure  and may have a  background i n c i d e n c e .  

Q u a n t i t a t i v e  e v a l u a t i o n s  of exposure  a r e  impor tan t  i n  any char -  

a c t e r i z a t i o n  of h e a l t h  o r  env i ronmenta l  e f f e c t s .  Where dose-response  

r e l a t i o n s h i p s  a r e  a l r e a d y  e s t a b l i s h e d  and env i ronmenta l  s t a n d a r d s  ex- 

i s t ,  measurements of exposure  p rov ide  a  b a s i s  f o r  d e c i s i o n  making 

concern ing  c o n t r o l  e f f e c t i v e n e s s  and performance.  Where c a u s a l  r e l a -  

t ionsh ips '  a r e  known o r  s u s p e c t e d ,  b u t  q u a n t i t a t i v e  exposure  s t a n d a r d s  

have no t  been e s t a b l i s h e d ,  t h e  d e t e c t i o n  of c o n t a m i n a t i o n  l e v e l s  

h i g h e r  t h a n  background i n d i c a t e s  t h a t  g r e a t e r  a t t e n t i o n  t o  t h e  con- 

t r o l  of emiss ion  s b u r c e s  i s  war ran ted .  I n  such c a s e s ,  i f  i s  a l s o ' d e -  

s i r a b l e  t o  keep a  c l o s e  watch on bo th  l e v e l s  of exposure  and h e a l t h  



i n d i c e s  i n  t h e  exposed popula t ions  i n  o rde r  t o  e s t a b l i s h  dose- 
. . 

response r e l a t i o n s h i p s  which can be used . to provide a  b a s i s  f o r  

b e t t e r  c o n t r o l s  i n  f u t u r e  ope ra t i ons  and t o  s t i m u l a t e  t h e  develop- 

ment o f  more s e n s i t i v e  i nd i ce s  of exposure and e f f e c t s .  

Kesearch needs concerning exposure eva lua t ions  can be i d e n t i -  

f i e d  i n  s e v e r a l  s p e c i f i c  a r e a s  inc lud ing  sampling s t r a t e g i e s ,  sam- 

p l i n g  techniques ,  equipment development , and techniques f o r  phys ica l  

and chemical s e p a r a t i o n s  and ana lyses .  Within t h e s e  gene ra l  t o p i c s ,  

t h e  needs w i l l  va ry  depending o n  t h e  r ecep to r s  of i n t e r e s t ,  i .e . ,  

occupa t iona l ly  e x p o s e d ~ p o p u l a t i o n s ,  popula t ions  exposed t o  e f f l u e n t  

streams from t h e  p l a n t ,  and- environmental r e c e p t o r s  ( v e g e t a t i o n ,  

l i v e s t o c k ,  a q u a t i c  l i f e ,  e t c . ) .  

Fur ther  breakdown i s  needed by c o a l  u t i l i z a t i o n  technology, 

s i n c e  t h e  technologies  a r e  s o  d ive r se .  On t h e  o t h e r  hand, t h e r e  a r e  

some gene r i c  elements involved,  and t h e s e  w i l l  be d i scussed  f i r s t  i n  

o r d e r  t o  minimize t h e  n e c e s s i t y  f o r  r e p e t i t i v e  d i s cus s ions  under each 

i n d i v i d u a l  u t i l i z a t i o n  technology. 

3.1 Generic Exposure Cons idera t ions  

Among the  process  steps'common t o  almost a l l  of t h e  technologies  

a r e  c o a l  mining, t r a n s p o r t ,  and comminution ( s ize- reduc t ion)  . I n  a l l  

of t h e s e ,  t h e r e  i s  a  s i g n i f i c a n t  amount of d u s t  gene ra t i on  and 

r e l e a s e  and it may be necessary t o  perform phys i ca l  and chemical 
- 

c h a r a c t e r i z a t i o n  of t h e  d u s t s  and t h e i r  temporal and s p a t i a l  d i s t r i -  

b u t i o n s  by c o n c e n t r a t i o n  and s i z e  d i s t r i b u t i o n .  



S i m i l a r l . ~ ,  c o a l  combustion is  a pr;,cess common t o  many o'f t h e  

technologies  under cons ide ra t  ibn. The amounts and compositions of 

t h e  combustion e f f l u e n t s  w i l l  depend on t h e  temperatures and r e s i -  

dence t imes i n  t h e  combustisn zones. Even with r e l a t i v e l y  complete . 

combustion, t h e r e  w i l l  s t i l l  be s i g n i f i c a n t  amounts of s u l f u r  oxides,  

n i t r o g e n  oxides ,  minera l  a sh ,  and v o l a t i l e  metals .  With l e s s  com- 

p l e t e  combustion, t h e r e  w i l l  a l s o  be a l a r g e  number of organics ,  

inc luding  p y r ~ i y ~ i s  products  and t h e  products  of pyrosynthes is  w i th in  

t h e  fue l - r i ch  flame. Such mixtures  may 'be expected t o  i nc lude  carbon 

monoxide (CO) ,  polynuclear  aromatics  (PNAs), aldehydes, ketones,  and 

epoxides.  

I n  s i t u  c o a l  g a s i f i c a t i o n  r e p r e s e n t s  a s p e c i a l  ca se ,  a s  t h e  com- . 
bus t ion  occurs  a t  a lower temperature underground and is  i n t e n t i o n a l -  

l y  oxygen d e f i c i e n t .  The mixture of products  of t h e  p a r t i a l  combus- 

t i o n  which occurs  w i l l  t h e r e f o r e  be very  d i f f e r e n t  from those  i n  t h e  

. . o t h e r  proc.esses and w i l l  inc lude  much h ighe r  propor t ions  of a romat ics  

and oxidized..hydrocarbons a s  w e l l  a s  s u b s t a n t i a l  amounts of.  hydrogen 

s u l f i d e  (H2S), carbonyl  s u l f i d e  (COS) , mercaptans, and t h i o l s  

(Brauns te in  e t  al .  1977). Such poten t  mixtures  a r e ,  o f  course,' 

expected t o  be c o l l e c t e d  and processed a t  a n  above ground p l a n t  and 
. . 

not  r e l ea sed  t o  t h e  environment. Some r e l e a s e s  a r e ,  however, i n e v i t -  

a b l e  through ven t s  i n ' t h e  underground rock s t r a t a  which cannot be 

con t ro l l ed .  



In o r d e r  t o  develop a  pe r spec t ive  on the  e x t e n t  of community 

exposures t o  p o l l u t a n t s  genera ted  by the  c o a l  u t i l i z a t i o n  technolo- 

g i e s ,  i t  i s  necessary  t o  cons ider  t h e  bes t  a v a i l a b l e  p r o j e c t i o n s  on 

t o t a l  c o a l  usage,  t h e  a n t i c i p a t e d  a p p l i c a t i o n s  of t h e  a v a i l a b l e  coa l  

u t i l i z a t i o n  t echno log ie s ,  and t h e  c o l l e c t i o n  e f f i c i e n c i e s  of t h e  b e s t  

a v a i l a b l e  c o n t r o l  technologies .  I n  terms of a i r  p o l l u t i o n  by t h e  so- 

c a l l e d  c r i t e r i a  p o l l u t a n t s ,  p r o j e c t i o n s  by MITRE (1977) of emissions 

of SO,, NO,, and p a r t i c u l a t e s  f o r  1985 and 2000 a r e  shown i n  

F igure  5.  Included a r e  s cena r ios  of pro jec ted  coa l  u t i l i z a t i o n  f o r  

pre-National ~ n e r g y .  P lan  (NEP) wi th  bus iness  a s  u sua l  f o r  NEi! and f o r  

pre-NEP w i t h  b e s t  a v a i l a b l e  c o n t r o l  technology (BACT) corresponding 

t o  81 percent  scrubber  e f f i c i e n c y  f o r  S02, 0.05 lbs /106  Btu f o r  

p a r t i c u l a t e s ,  and 0.7 lbs /106  Btu f o r  NO,. These p r o j e c t i o n s  

sugges t  t h a t  t h e  major impact of increased  c o a l  ' u t i l i z a t i o n  through 

2000 w i l l  be a  moderate i nc rease  i n  SO, emissions and a  s i g n i f i c a n t  

i n c r e a s e  i n  NO, emissions. The problems a n t i c i p a t e d  from increased  

c o a l  u t i l i z a t i o n  a r e  l o c a l i z e d ,  g e n e r a l l y  occurr ing  i n  t h e  indus- 

t r i a l ' i z e d  a r e a s  where ambient l e v e l s  of p o l l u t a n t s  a r e  h igh  o r  i n  t h e  

South and West where t h e  inc rease  i n  c o a l  u t i l i z a t i o n  w i l l  be l a rge .  

A major s h i f t  i s  expected t o  occur  i n  t h e  f r a c t i o n s  of t h e  t o t a l  c o a l  . 

mined and used west of t h e  Miss i s s ipp i .  It is  pro jec ted  t h a t  i n  t h e  

per iod  1975 t o  2000, t h e  f r a c t i o n  of t h e  c o a l  mined i n  t h e  Western 

s t a t e s  w i l l  i n c r e a s e  from 0.14 t o  0.44 and the  f r a c t i o n  of c o a l  used 
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i n  indus t r ia l  and u t i l i t y  bo i le r s  west of the Mississippi w i l l  in- 

crease from 0.11 t o  0.38 (MITRE 1977). These data do not r e f l e c t  

production changes re la ted  to  the energy Security Act of 1980. 

Problems associated with the development of control  technologies 

f o r  the  major pol lutants  can be ident i f ied.  

3.1.1 Sa, 

The projected moderate increases i n  t o t a l  emissions of SO, a r e  

based on the  assumption t h a t  the  high l eve l s  of control  mandated by 

the Clean Air Act Amendments of 1977 w i l l  be a t ta ined and maintained. 

Further research and development e f f o r t s  i n  control  technology t o  

meet the  i n t en t  of BACT i s  needed. In addit ion,  i t  is necessary t o  

improve the  eff ic iency and reduce the  cost  of regenerable f l ue  gas 

desulfur izat ion processes i n  order t o  el iminate the  problems asso- 

c ia ted  with sludge disposal. A d i f fe ren t  s e t  of disposal  problems 

f r m  those encountered with sludges f r m  flue-gas desulfur izat ion 

processes is  expected f o r  f lu idized bed combustors as a conse- 

quence of the high a l k a l i  content of the so l id  waste produced. 

Sulfur capture i n  f lu idized bed combustors is achieved by the  

introduction of a sorbent, usually limestone or  dolomite, i n t o  the 

f luidized bed. The amounts of sorbent required t o  a t t a i n  high su l fu r  

capture e f f i c i enc i e s  a r e  usually i n  excess of twice the  stoichio- 

metric amount, with a consequent aggravation of the  so l i d  disposal  

problem. Regenerable processes a r e  under invest igat ion and o f f e r  a 

potent ia l  longer range solut ion t o  the disposal  problem. 



For MHD power p l a n t s ,  a  h igh  e f f i c i e n c y  of s u l f u r  cap tu re  i s  

achieved by t h e  nea r ly  q u a n t i t a t i v e  cap tu re  of t h e  s u l f u r  oxides by 

t h e  potassium carbonate  seed. The p o s s i b l e  emissions from t h e  seed 

reprocess ing  p l an t  a r e  p o t e n t i a l  problems. 

3.1.2 P a r t i c u l a t e s  

It i s  recognized t h a t  r e g u l a t i o n  of t o t a l  p a r t i c u l a t e  emissions 

does not  address  t h e  p a r t i c u l a t e s  of concern t o  human h e a l t h ,  and 

t h a t  t h e  emission of p a r t i c u l a t e s  i n  t h e  r e s p i r a b l e  s i z e  range may be 

inc reas ing  i f  t h e  decrease  i n  t o t a l  emissions i s  achieved by t h e  pre- 

f e r e n t i a l  r educ t ion  i n  emissions of l a r g e r  p a r t i c l e s  which account 

f o r  most of t h e  mass of emissions. Addi t iona l  e f f o r t  is  needed i n  

t h e  development of c o n t r o l  technologies  f o r  f i n e  p a r t i c u l a t e s  and i n  
.. ' 

developing a  r e l i a b l e  method f o r  monitor ing t h e , p a r t i c l e s  i n  t h e  s i z e  
. .  . 

range of concern. 

The r o l e  of p a r t i c u l a t e s  i n  promoting adverse  h e a l t h  e f f e c t s  i s  

not  c l e a r .  Deta i led  c h a r a c t e r i z a t i o n  of t he  chemical and phys i ca l  

form of p a r t i c u l a t e s  emi t ted  by c o a l  combustors i s  needed f o r  pur- 

poses of a  r a t i o n a l  eva lua t ion  of p o t e n t i a l  h e a l t h  e f f e c t s .  S i g n i f i -  

can t  progress  has  been made r e c e n t l y  i n  c h a r a c t e r i z i n g  the  f i n e  

p a r t i c u l a t e s  from pulver ized  c o a l  combustion. Ce r t a in  t r a c e  elements 

a r e  found t o  concen t r a t e  p r e f e r e n t i a l l y  i n  t h e  sma l l e r  s i z e  f r a c t i o n s  ' 

, of f l y a s h  (Davidson e t  a l .  1974; Kaakinen e t  al .  1973; Klein  et al. 

1975; Keyser e t  a l .  1978; Natusch e t  al. '  1974; Coles e t  a l .  1979) . 

wi th  a n  i n c r e a s e  i n  concen t r a t ion  i n  propor t ion  t o  t h e  r e c i p r o c a l  of 



t h e  part:.cie diameter  (F igu re  6) .  This i s  a  consequence of t he  

vapor iza t ion  and recondensat ion of v o l a t i l e  spec ies .  

A s  would be expected, t h e  s u r f a c e  l a y e r s  of t he  f l y a s h  a r e  

g r e a t l y  enriched i n  t h e  concen t r a t ion  of t h e  v o l a t i l e  spec ies .  

Selected r a t i o s  of s u r f a c e  t o  bulk concen t r a t ions  measured by i o n '  

microprobe mass spectrometry (Linton e t  a l .  1976) are 10 (Te) ,  

11 (Pb) ,  7.2 (Zn),  6.0 (Be) ,  313 (Cr) ,  7.6 ( K ) ,  15.2 (Na), and 7.7 

(S).  These concent ra t ion  r a t i o s  were considered t o  be minimum values  

because of background i n t e r f e r e n c e  i n  t h e i r  mass s p e c t r a l  a n a l y s i s  

and c o r r e c t i o n  of t h e  background f o r  Pb and Te increased  the '  e s t i -  

, mates of s u r f a c e  t o  bulk concen t r a t ion  t o  30 and 50, r e spec t ive ly .  

These s t u d i e s  unde r l ine  t h e  f a c t  . t h a t ,  because of p r e f e r e n t i a l  con- 

c e n t r a t i o n  of v o l a t i l e  s p e c i e s  on t h e  s u r f a c e s  of t h e  sma l l e r  par- 

t i c l e s ,  bulk concen t r a t ions  of elements i n  f l y a s h  a r e  a poor ind ica-  

t i o n  of p o t e n t i a l  h e a l t h  e f f e c t s .  

An a d d i t i o n a l  f i n d i n g  i s  t h a t  c o n s t i t u e n t s  of t h e  combustion 

vapors nuc lea t e  homogeneously t o  form submicron p a r t i c l e s .  This  

r e s u l t s  i n  a. 'bimodal d i s t r i b u t i o n  of t h e  a s h  p a r t i c l e s  produced a s  a  

func t ion  of s i z e .  I l l u s t r a t i o n s .  of t h e  s i z e  d i s t r i b u t i o n  before and 
. . 

a f t e r  e l e c t r o s t a t i c  p r e c i p i t a t i o n  a t  a  520 MW coa l - f i red  u t i l i t y  

b o i l e r  a r e  shown i n  ' ~ i ~ u r e s '  7. and 8 (Ensor e t  al.  1979). The 

p a r t i c l e s  produced by t h e  condensat ion of vaporized spec i e s  show a 

peak i n  diameter  between 0.1 and 0.2 pm. It i s  evident  from a 

comparison of F igures  7 and 8 t h a t  t h e  c o l l e c t i o n  e f f i c i e n c y  f o r  

t h e s e  p a r t i c l e s  i s  low i n  r e l a t i o n  t o  t h e  l a r g e r  p a r t i c l e s .  It i s  
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important  t h a t  t h e  processes  governing t h e  product ion of t hese  

submicron p a r t i c l e s  be understood i n  o rde r  t o  des ign  a i r  p o l l u t i o n  

c o n t r o l  devices  t h a t  w i l l  meet t h e  h igh  performance requirements of 

t h e  New Source Performance Standards (NSPS) under t h e  Clean A i r  Act. 

Although progress  has  been made concerning t h e  c h a r a c t e r i z a t i o n  

of t h e  e lementa l  composition and s i z e  d i s t r i b u t i o n  of a e r o s o l s  

emi t ted  by c o a l  combustors, l i t t l e  i s  known about t h e  chemical form, 

of both c a t i o n s  and an ions ,  o r  c r y s t a l l i n i t y  of t h e  p a r t i c l e s  

emit ted.  Routine, complete c h a r a c t e r i z a t i o n  of t h e  p a r t i c u l a t e  

emissions i s  u n r e a l i s t i c .  The na tu re  of t h e  f l y a s h  from s t o k e r s ,  

f l u i d i z e d  bed combustors, and MHD p l a n t s  w i l l  r e f l e c t  t h e  very  

d i f f e r e n t  temperatures  t o  which t h e  a s h  has been subject.ed. The 

temperatures  i n  f l u i d i z e d  bed combustors a r e ,  by des ign ,  below t h e  

a s h  f u s i o n  temperature.  The f l y a s h  irom FBCs i s ' t h e r e f o r e  l oose ly  

s i n t e r e d ,  f r i a b l e ,  and i r r e g u l a r  i n  shape (Carpenter  e t  a l .  1978) i n  

c o n t r a s t  t o  t h e  predominance of fused g l a s s y  spheres  i n  t h e  a s h  

produced i n . p u l v e r i z e d  c o a l  flames ( s e e  F i she r  e t  a l .  1977 f o r  

morphological c h a r a c t e r i z a t i o n  of a s h  from convent ional  u t i l i t y  

b d i l e r s ) .  The sma l l e r  s i z e  f r a c t i o n s  of t h e  f l y a s h  from f l u i d i z e d  

beds a r e  a l s o  enr iched  i n  v o l a t i l e  t r a c e  elements ,  but t h e  enrichment 

f a c t o r  appears  sma l l e r  t han  t h a t  repor ted  f o r  pu lver ized  coa l  flames. 

The temperature of ope ra t ion  of MHD combustors i s  h igh  enough t o '  

ensure  f u s i o n  and ex tens ive  v a p o r i z a t i o n  of t he  ash. The a s h  car ry-  

over  w i l l  depend upon t h e  des ign  of a  p i an t .  The f l y a s h  from MHD 



u n i t s  i s  expected t o  c o n s i s t  of g l a s s y  s p h e r i c a l  p a r t i c l e s ,  o r  con- 

densed products  wi th  a  smal le r  p a r t i c l e  s i z e  and h ighe r  t r a c e  element 

concent ra t ion .  These p a r t i c u l a t e s  w i l l  a l s o  be more a l k a l i n e  than  ' 

those  from convent iona l  pu lver ized  c o a l  b o i l e r s .  

3.1.3 NO, 

The NOx emissions from coa l - f i r ed  p l a n t s  a r e  gene ra l ly  h igher  . 

t han  those  from gas- and o i l - f i r e d  power p l a n t s  because of the  con- 

t r i b u t i o n  t o  emissions by t h e  n i t rogen  o r g a n i c a l l y  bound i n  t h e  coa l .  

Without development of '  Improved c o n t r o l .  t echnologies ,  t h e  emissions 

of NO, would i n c r e a s e  s u b s t a n t i a l l y  with increased  c o a l  u t i l i z a -  

t i on .  Therefore,  a need e x i s t s  f o r  con t inua l  r e sea rch  and develop- 

ment of s t r a t e g i e s  . f o r  reducing t h e  NO, from .coal.  Modif icat ion of 

t h e  combustion process  shows promise f o r  achieving l e v e l s  of emis- 

s i o n s  from, c o a l  comparable t o  those  c u r r e n t l y  a t t a i n a b l e  with o i l  

(Mart in  1979), bu t  c a r e  must be taken  t h a t  t h e  changes i n  t h e  com- 

bus t ion  process  do not  a l t e r  t h e  emissions of o t h e r  p o l l u t a n t s .  
. . 

Pre l iminary  s t u d i e s  of t h e  impact of NO, c o n t r o l  s t r a t e g i e s  on t h e  

emissions of o t h e r  p o l l u t a n t s  show l i t t l e  e f f e c t  on SO, and 

. p a r t i c u l a t e s  and a  s l i g h t  i n c r e a s e  i n  concent ra t ions  of o rgan ic s  

( W a t e r l a ~ ~ d  e t  al .  1979). 

The bulk of t h e  emission d a t a  from p i l o t  u n i t s  f o r  expected 

ope ra t ing  temperatures  of f l u i d i z e d  bed combustors (1090 t o  1 1 5 0 ' ~ )  

l i e  between 0.3 and 0.6 l b  ~ 0 , / 1 0 ~  Btu, which is  l e s s  t han  t h e  



c u r r e n t  NSPS (Henschel 1977). Pressur ized  f l u i d i z e d  beds show con- 

s i d e r a b l y  lower emission l e v e l s ,  on t h e  o rde r  of 0.2-0.3 l b s /106  

Btu (Hoy and Roberts  1972). 

High concen t r a t i ons  of NO, a r e  produced i n  t h e  combustion 

chamber of open-cycle EIHD' power p l a n t s .  S t r a t e g i e s  f o r  reducing t h e  

NO, emissions by f u e l  r i c h  o p e r a t i o n  of t h e  combustor and comple- 

t i o n  of t h e  combustion a f t e r  cool ing  t h e  combustion products  a t  a 

c o n t r o l l e d  r a t e  downstream of t h e  EMD channel  have been developed 

(Bienstock and Maslennikov 1978). V e r i f i c a t i o n  of t h e  c o n t r o l  

s t r a t e g i e s  on p i l o t  and demonstrat ion u n i t s  i s  needed. 

3.1.4 CO and Hydrocarbons 

To ta l  emissions of CO and hydrocarbons a r e  expected t o  de- 

c r e a s e ,  l a r g e l y  because of t h e  r educ t ion  of t h e  c o n t r i b u t i o n  from 

mobile sources .  The major p o t e n t i a l  f o r  emissions of CO and 

hydrocarbons from c o a l  combustors w i l l  be from t h e  sma l l e r  u n i t s  

u t i l i z e d  by t h e  i n d u s t r i a l  s e c t o r s .  The major i s s u e  needing reso-  

l u t i o n  i s  t h e  c h a r a c t e r i z a t i o n  of t h e  composition and amounts of t h e  

o rgan ic  c o n s t i t u e n t s .  

Po lycyc l i c  Organic Matter 

.Po lycyc l i c  o rgan ic  m a t t e r  (POM) i s  an  i n d i c a t i o n  of incomplete  

combustion and is; p r e s e n t  i n  h i g h e s t  concen t r a t i ons  i n  t h e  products  

from poorly c o n t r o l l e d  combustion systems such a s  c o a l  r e f u s e  

burning,  hand-stoked r e s i d e n t i a l  coal-furnaces ,  and systems s t a r v e d  

of a i r  ' s uch ' a s  coke ovens. The l a r g e  number of compounds p re sen t  i n  

po lycyc l i c  organic  ma t t e r ,  t h e i r  complex d i s t r i b u t i o n  between t h e  



p a r t i c u l a t e  and gas  phases,  t h e i r  low concen t r a t ions ,  and t h e i r  reac- 

t i v i t i e s  a l l  c o n t r i b u t e  t o  t h e  d i f f i c u l t y  of c o l l e c t i n g  and measuring 

t h e i r  concen t r a t ions  i n  combustor e f f l u e n t s .  The d a t a  base i s  very  

spa r se  and makes eva lua t ion  of n a t i o n a l  emission i n v e n t o r i e s  d i f f i -  

c u l t .  bieasurements made on a smal l  sample of coa l - f i red  combustors 
. . 

. . i n  t h e  1960s (Cuf'fe e t  a l e  1964; Faoro '1975; G e r s t l e  e t  a l .  1965; 

Hangebrauck e t  a l .  1964; and ~ a n ~ e b r a u c k  e t  a l .  1967) represented  t h e  

only  a v a i l a b l e  d a t a  dur ing  t h e  1970s. They were used by t h e  National  

Academy of Sciences t o  provide t h e  e s t ima te s  i n  Table VII of t h e  

emissions of benzo(a)pyrene from major sources  i n  t h e  U.S. Although 

t h e  e s t i m a t e s  a r e  h igh ly  ques t ionable ,  they  unde r l ine  t h e  f a c t  t h a t  

i t  is  t h e  poorly c o n t r o l l e d  combustors which dominate t h e  emissions 

of POM. They a l s o  sugges t  t h a t  t he  major sources  of POM from t h e  use 

of c o a l  a r e  r e f u s e  p i l e s ,  coke product ion,  and hand-stoked fu rnaces  . 

i f  c o a l  should a g a i n  become a s i g n i f i c a n t  f u e l  f o r  r e s i d e n t i a l  

hea t ing .  

The major cont r ' ibu tors  t o  POM. i n  t h e  atmosphere need t o  be re- 

a s se s sed  f o r  t h e  changing mix of combustion sources  wi th  more de- . . 

t a i l e d  chemical and phys i ca l  c h a r a c t e r i z a t i o n  of t h e  POM. Deta i led  

c h a r a c t e r i z a t i o n  of t h e  POM from c o a l  burning p l a n t s  ( G r i e s t  1979; 

Natusch and Tomkins 1977) shows s i d e  cha in  s u b s t i t u t e d  Poll i n  addi- 

t i o n  t o  thd major POM peaks observed i n  t h e  products  of combustion of 

petroleum ( s e e  F igure  9). The s i d e  cha in  s u b s t i t u e n t s  may s e r v e  as 

t r a c e r s  f o r  POM genera ted  by c o a l  sources.  Heterocycl ic  POMs 



TABLE V.11 

ESTIMATES OF NATIONAL EMISSIONS OF BENZO[A]PYRENE 

SOURCE 
CLASSIFICATION SUB-CATEGORY ESTIMATE [tons/year] 

Vehicular , . 22 

Heat and Power Hand-stoked furnaces 
Generation Coal Stokers 

Power-plants 

Oi 1 
Gas 
Wood 

Industrial Petroleum 
Asphalt air-b lowing 
Coke production 

Refuse-burning Enclosed incinerator: 
, 

Municipal 4 
Commercial ' . 10. : 
Domestic 10 
Forest & Agricultural 140 . 
Vehicle disposal 5 0 
Coal refuse piles 340 

Source: NAS'1974. 
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TABLE VIII 

ESTIMATED PAH CONCENTRATIONS IN ESP HOPPER ASH 

Peak Concentration 
No. Tentative Identification in Ash, ng/g 

5 Phenanthrene 0.5 

2-Methyl Phenanthrene 

C1 ~Phenanthrene 

1-Methyl Phenanthrene 

2-Phenyl Naphthalene 

C2-Phenanthrene 

C2-Phenanthrene 

C2-Phenanthrene 

Fluoranthene 

Pyrene 

m-Terphenyl 

p-Terphenyl 

Benzo(a)fluorene 

Benz(a)anthracene 

~hrysene1Triphenylene 

Benzo (e) pyrene 

Benzo(a)pyrene 

Benzo(ghi) perylene 

TOTAL 
-- 

Source: Griest et al. 1979. 



con ta in ing  N and S a r e  expected i n  coa l  combustion products ,  b u t  

t h e i r  concen t r a t i ons  have n o t ' y e t  been repor ted .  

POMs have been measured i n  e x t r a c t s  of f l y a s h  recovered from a  . 

hopper of e l e c t r o s t a t i c  p r e c i p i t a t o r  (Table VIII). Data a r e  needed 

on t h e  d i s t r i b u t i o n  of POMs i n  s t a c k  emissions f o r  those  i n  vapor 

pha4e and those  adsorbed on d i f f e r e n t  p a r t i c l e  f r a c t i o n s .  

The c o s t  of d e t a i l e d  c h a r a c t e r i z a t i o n  of t h e  POMs prec ludes  

r o u t i n e  a n a l y s i s  of s t a c k  samples. It i s  l i k e l y  t h a t  l a r g e  cont inu-  

ous combustors a r e  minor sources  of POMs r e l a t i v e  t o  combustors t h a t  

o p e r a t e  i n t e r m i t t e n t l y .  

Measurement of Exposure 

The adequacy of e x i s t i n g  technology f o r  measurement of exposure 

v a r i e s  cons iderab ly  w i th  t h e  processes  and p o l l u t a n t s  of concern, as 

. w e l l  a s  wi th  t h e  s e n s i t i v i t y  requi red .  I n  some c a s e s ,  an  a n a l y t i c a l .  

technique may be  adequate  f o r  occupat iona l  exposure assessments ,  bu t  

inadequate  f o r  community a i r  q u a l i t y  eva lua t ions  where t h e  permiss i -  

b l e  concen t r a t i ons  a r e  much lower.  I n  t h e  workplace, t h e  i n f luence  

of  o t h e r  a i r  contaminant5 on t h e  a n a l y s e s  may be n e g l i g i b l e  o r ' s u b -  

j e c t  t o  c o r r e c t i o n  by s u i t a b l e  c a l i b r a t i o n s .  I n  community a i r ,  how- 

eve r ,  t h e r e  may be many more co-contaminants which can i n f l u e n c e  t h e  

r e s u l t s  and t h e  mix tures  may be t o o  complex f o r  t h e  a p p l i c a t i o n  of 

c a l i b r a t i o n  f a c t o r s .  

I n  g e n e r a l ,  t h e r e  a r e  many more measurement op t ions  f o r  ga se s  

and vapors  than f o r  a e r o s o l s ,  e s p e c i a l l y  wi th  regard  t o  d i r e c t  

read ing  ins t ruments  and pe r sona l  a larms and exposure .monitors.  

4 7 



Direct reading in s t rumen ta t i on  f o r  a e r o s o l s  i s  l i m i t e d  t o  measure- 

ments of p a r t i c l e  number o r  mass concent ra t ions .  Determination of 

t h e  concen t r a t i ons  of s p e c i f i c  chemical s p e c i e s  i n  t h e  a e r o s o l  gen- 

e r a l l y  r e q u i r e s  t h e  e x t r a c t i o n  of t h e  p a r t i c l e s  from t h e  a i r  onto a  

c o l l e c t i o n  s u r f a c e  over  a s p e c i f i e d  sampling i n t e r v a l .  The time 

d e l a y  between sample c o l l e c t i o n  and de te rmina t ion  of concen t r a t i on  i s  

l i m i t e d  by t h e  t ime requi red  t o  perform t h e  chemical s e p a r a t i o n s  and 

ana lyses .  

The s i t u a t i o n  i s  p a r t i c u l a r l y  complex f o r  a e r o s o l s  a r i s i n g  from 

t h e  handl ing,  p rocess ing ,  and combustion of coa l .  I n  many of t h e s e  

ope ra t i ons ,  t h e  number of i nd iv idua l  chemicals a s soc i a t ed  wi th  t h e  

a e r o s o l  i s  s o  g r e a t  t h a t  a  complete a n a l y s i s  i s  no t  f e a s i b l e  e i t h e r  

t e c h n i c a l l y  o r  economically.  I f  t h e  chemical s p e c i e s  i n  t h e s e  mix- 

t u r e s  having t h e  g r e a t e s t  p o t e n t i a l  impacts on i n h a l a t i o n  hazards  o r  

environmental q u a l i t y  were e s t a b l i s h e d ,  t h e n  t h e  modern a n a l y s t  could  

develop t h e  a n a l y t i c  procedures t o  i d e n t i f y  and q u a n t i f y  them. Un- 

f o r t u n a t e l y ,  t h e  e x t e n t  of t h e  hazard a s soc i a t ed  wi th  many of t h e  
b 

m a t e r i a l s  p r e sen t  i n  t h e s e  mixtures  i s  no t  known when they a r e  pre- 

s e n t  a lone  o r  i n  r e p r e s e n t a t i v e  mixtures .  

'3 ;2 . l  ' Occupat ional  Exposure Measurements 

The primary purpose of workplace monitor ing is  t o  e v a l u a t e  expo- 

s u r e s  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 h e  

worker. Examples of a d d i t i o n a l  ways i n  which occupat iona l  and envi- 

ronmental monitor ing can be used i n  c o a l  u t i l i z a t i o n  f a c i l i t i e s  

i nc lude  : .. . 
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monitor ing t h e  performance of engineer ing  c o n t r o l s  

developing des ign  requirements  f o r  new engineer ing  c o n t r o l s  

documenting exposure l e v e l s  

t e s t i n g  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 e i d e n t i f y i n g  contaminat ion sources  

e a s s e s s i n g  emergency c o n d i t i o n s  

The in s t rumen ta t i on  r equ i r ed  is  o f t e n  a f u n c t i o n  of t h e  purpose 

of t h e  'exposure eva lua t ion .  An in-depth .eva lua t ion  of instrumen-' 

t a t i o n  requirements  should add re s s  cond i t i ons  t h a t  a r e :  

h igh  r i s k ,  immediately hazardous 

h igh  r i s k ,  bu t  no t  immediately hazardous o r  

moderate r i s k  and no t  immediately hazardous. 

For each of t he se  cond i t i ons ,  t h e  fo l lowing  ques t i ons  must be an- 

swered be fo re  a p r i o r i t y  can be a f f i x e d :  

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

, I s  monitor ing technology a v a i l a b l e  f o r  p r e sen t  needs? 

Is c u r r e n t  .techn'ology compatible  w i th  f u t u r e  needs? 

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

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

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

The inc reased  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  1970s has  r e s u l t e d  i n  some 



s i g n i f i c a n t  g a i n s  i n  t he  development of' monitoring t o o l s  f o r  occupa- 

t i o n a 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 

accu ra t e  eva lua t ion  of workplace exposures have l e d  t o  t h e  product ion 

of no i se  dos imeters ,  pass ive  dosimeters  f o r  c e r t a i n  gases  and vapors ,  

po r t ab l e  real-time monitors  f o r  organic  vapors,  low flow r a t e  pumps, 

more s e n s i t i v e  and a c c u r a 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 rec t - reading  dus t  monitors .  

These improvements i n  monitoring technology have s imp l i f i ed  t h e  t a s k  

of those  involved i n  monitor ing employee exposures. Unfortunately,  

most advances have been made i n  a r e a s  where t r a d i t i o n a l  monitoring 

techniques a l r eady  e x i s t e d  r a t h e r  than  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  hazards.  The emerging c o a l  u t i l i z a t i o n  

i n d u s t r i e s  r ep re sen t  such an  a r e a  s i n c e  the  base m a t e r i a l s  may 

con ta in  most of t he  elements found i n  t h e  pe r iod ic  t a b l e  and t h e  

processes  and cond i t i ons  used can r e s u l t  i n  syn thes i s  of a hos t  of 

h igh ly  t o x i c  by-product chemicals.  

A review of c u r r e n t  i n d u s t r i a l  hygiene monitor ing technology 

. i n d i c a t e s  t h a t  t h e r e  a r e  adequate  t o o l s  f o r  monitor ing t r a d i t i o n a l  

contaminants--s i l ica  d u s t ,  carbon monoxide, ox ides  of n i t rogen ,  c o a l  

d u s t ,  hydrogen s u l f i d e  , and s u l f u r  oxides.  However, some contami- 

n a n t s  which pose a h igh  p o t e n t i a l  long-term r i s k  (e.g. ,organometallic 

compounds)are not  being monitored t o  t h e  e x t e n t  d e s i r a b l e  because of 

l a c k  of technology, h igh  c o s t s ,  long ' ana ly t i ca l  procedures,  l a c k  of 

s p e c i f i c i t y ,  inadequate  sampling, and/or  i n e f f i c i e n t  recovery proce- 

dures .  Although c u r r e n 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 re sen t ly  a v a i l a b l e ,  f u t u r e  

assessments  of occupat iona l  h e a l t h  problems i n  commercial c o a l  

u t i l i z a t i o n  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  t oo l s .  

Recommendations 

1. Addi t iona l  e v a l u a t i o n  of c u r r e n t  i n s t rumen ta t i on  under var-  
i ous  c o n d i t i o n s  and i n t e r f e r e n c e s ,  t empera tures ,  p r e s su re s ,  
humidi ty ,  and r e l a t e d  v a r i a b l e s  i s  needed t o  a s c e r t a i n  
t h e i r  app rop r i a t enes s  f o r  f u t u r e  needs. 

2. Research on a e r o s o l  concen t r a t i on  measurements should be 
focused p r i m a r i l y  on: 

o improving e x t r a c t i o n  e f f i c i e n c y  a n d , s e p a r a t i o n  tech-  
n iques  f o r  o rganic  components absorbed o r  adsorbed by 
p a r t i c u l a t e s  

s p e c i f y i n g  chemicals as ;  a  f u n c t i o n  of p a r t ' i c l e  s i z e  in -  
s t ead  of by s t r u c t u r e  f o r  o rganic  compounds and by an ions  
and c a t i o n s  f o r  i no rgan ic  compounds 

s e p a r a t i n g  benzene 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  
during sampling . 

3. Research i s  needed t o  develop monitor ing methods f o r  organo- 
m e t a l l i c s  which a r e  p o t e n t i a l  hazards  i n  f o s s i l  f u e l  conver- 
s i o n  and c o a l  c l ean ing  processes .  These i nc lude  compounds 
conta in ing  a r s e n i c ,  bery l l ium,  cadmium, chromium, o r  
n i c k e l .  

4. Ins t rumenta t ion  which can measure t h e  contaminat ion of t h e  
s k i n  of workers i n  c o a l  p rocess ing  i n d u s t r i e s  should be  de- 
veloped. 

5; Procedures a r e  needed t o  i d e n t i f y  human body burdens 
r e s u l t i n g  from s e v e r a l  r o u t e s  of exposure. 

3 . 2 . 1 . 1  High Risk,  Immediate Hazards. S ix  compounds have been 

i d e n t i f i e d  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  t h a t  a c u t e  ex- 

posure could occur w i th  a s s o c i a t e d  immediate and ser%ous  impairment 

t o  l i f e  and h e a l t h .  These i nc lude :  



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 )  

e CO - a c u t e  chemical asphyxiant  

NOx -NO2 - delayed pulmonary edema 

02 de f i c i ency  

c o a l  and s h a l e . d u s t  - explos ion  hazard 

H2 - exp los ion  hazard. . . 

The working group b e l i e v e s  t h a t  technology i s  a v a i l a b l e  t o  ~ r o v i d e  

equipment which can be used a s  persona l  and a r e a  monitors w i th  con- 

t inuous  d i r e c t  reading and/or  a larm c a p a b i l i t i e s  for ,H2S, .C0,  02, 

and H2. Technology i s  p r e s e n t l y  l ack ing ,  however, f o r  monitor ing 

explos ive  l e v e l s  of c6al  d u s t  and f o r  NOx-NO2 persona l  a larming 

devices .  ~ u t u r e  needs may r e q u i r e  persona 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  br ing  o u t s i d e  a s s i s t a n c e  i n  emergencies. 

Phenols,  hydrogen cyanide,  metal  ca rbony l s ,  and carbon d i s u l f i d e  

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

workplace a r e  p o t e n t i a l l y  high. This  may occur  i n  connect ion wi th  i n  

s i t u  c o a l  g a s i f i c a t i o n .  

In ,mos t  cases, 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  

should occur  only a s  t h e  r e s u l t  of a  l eak .  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 m a t e r i a l s ,  a s i n g l e  i nd i -  

c a t o r  might be monitored t o  g ive  warning of a , l e a k  under o therwise  

normal ope ra t i ng  c o n d i t i o n s . ,  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 i n c l u d e s  h igh  concen t r a t i ons  of CO, t h i s  g a s  has  been 

suggested as a n  i n d i c a t o r .  However, i n  o t h e r  s i t u a t i o n s . C O  may n o t  



be t h e  b e s t  choice.  The i n d i c a t o r  must be presen t  i n  s u f f i c i e n t  con- 

c e n t r a t i o n  t o  g ive  warning i n  a l l  process  s t reams c a r r y i n g  immediate- 

l y  hazardous substances.  For each type of p l an t  i t  w i l l  be necessary  

t o  determine t h e  i n d i c a t o r s  app rop 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 r e a .  Fixed alarm monitors a r e  most app rop r i a t e  t oge the r  wi th  

survey meters.  

Recommendations 

1. Ins t rumenta t ion  i s  needed t o  measure a i r b o r n e  concentra- 
t i o n s  of c o a l  d u s t  i n  t h e  explos ive  concen t r a t i on  range and 
peak NO2 l e v e l s  us ing  a persona l  monitor alarm. 

2. For immediately hazardous exposures ,  development. i s  needed 
of new sampling ins t ruments  which w i l l  f a c i l i t a t e  automated 
a n a l y s i s  and d a t a  recording t o  permit handl ing l a r g e  amounts 
of d a t a  genera ted  during r o u t i n e  monitor ing,  e.g., opera- 
t i o n a l  persona l  gas  chromatography u n i t s  capable  o f . m u l t i p l e  
compound a n a l y s i s ,  m i n i a t u r i z a t i o n  of e x i s t i n g  dev ices ,  con- 
t inued  phototype development,, and s i m p l i f i e d  a n a l y t i c a l  
procedures.  

3.2.1.2 High Risk,  But Not Immediately Hazardous. Subs tances .  

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 but 

which a r e  no t  p r e 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 a c u t e  tox i -  

c o l o g i c a l  e f f e c t s  i nc lude  those  compounds which a r e  ca rc inogen ic ,  
. .  . 

mutagenic, t e r a t o g e n i c  and a f f e c t  reproduct ion ,  2.s w e l l  a s  t r a c e  

me ta l s ,  s i l i c a  d u s t ,  and a s b e s t o s  f i b e r s .  There i s  t h e  p o t e n t i a l  f o r  

exposure t o  so  many of t h e s e  subs tances  t h a t  t h e  working group 

be l i eves  i t  t o  be imprac t i cab l e  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 e g u l a t o r y  requirements .  The eva lua t ion  of one o r  more 

i n d i c a t o r  compounds i s  a l o g i c a l  approach. 



Some i n v e s t i g a t o r s  have adopted o r  suggested benzo(a)pyrene 

(BaP) a s  an i n d i c a t o r  chemical f o r  t h e  polynuclear  a romat ic  hydro- 

carbons on t h e  b a s i s  t h a t  i t  i s  l i k e l y  t o  be p re sen t  - i n  most.mix- 

t u r e s ,  i t  i s  a known and po ten t  animal carc inogen ,  and i t . c a n  be 

r o u t i n e l y  analyzed by techniques  of proven r e l i a b i l i t y .  While it is  

l i k e l y  t o  be p re sen t  t o  some degree i n  most mix tures ,  i t s  cont r ibu-  

t i o n  by mass o r  b i o l o g i c a l  a c t i v i t y  i s  l i k e l y  t o  be h igh ly  v a r i a b l e .  

An ep idemiologica l  s t udy  of r o o f e r s  exposed t o  very  h igh  concen- 

t r a t i o n s  of BaP found some excess  lung cancer  among those  exposed f o r  

more t h a n  20 y e a r s  (Hammond e t  a l .  1976). The ~ t a n d a r d ' ~ o r t a 1 i t y  

Radios (SMRs) f o r  t hose  exposed f o r  9-19, 20-29, 30-39, and - > 40 

years  were 92, 152, 150 and 247 r e s p e c t i v e l y  ( t h e  smoking h i s t o r i e s  

of t h e  workers ,  however, were not  known). Airborne BaP concentra-  

t i o n s  measured i n  r o o f i n g  ope ra t i ons  range from 14 pg/m3 i n  t h e  

roo f - t a r r i ng  a r e a ,  t o  6,000 pgIm3 i n  t h e  v i c i n i t y  of  t h e  coa l - t a r  

roo f ing  k e t t l e  (Sawicki 1967). The amounts of BaP recovered from 

masks, which were worn by a mino r i t y  of r o o f e r s  s t u d i e d ,  i n d i c a t e d  a n  

average of 16.7 pg BaP inha l ed  per  day (Hammond et a l .  1976). 

Another group exposed t o  h igh  concen t r a t i ons  of a i r b o r n e  BaP were 

B r i t i s h  gasworkers,  who inha l ed  about  30 pglday (Lawther e t  a l .  
. . 

1965). ' 

I n  1960, t h e  mainstream smoke of a c i g a r e t t e  was shown t o  con- 

t a i n  3:5 x 10-2 pg o f ,  BaP, (Kot in  and Falk 1960) a l though t h e  l e v e l s  

a r e  lower now. Thus a 2 packlday smoker i nha l ed  1.4 lg /day .  Ambi- 

e n t  urban a i r  i n  1958 conta ined  about  6 ng/m3, (Sawicki 1967) which 



could  account  f o r  a n  i nha l ed ,mass  of 120 nglday,  i.e., 0.12 pg/day. 

Rural  ambient a i r  has  about  10 percent  a s  much BaP. 

The lung cancer  SMRs f o r  r u r a l  nonsmokers, urban nonsmokers, 

l i g h t  smokers (<  - 1 packlday) ,  heavy smokers (>  1 packlday) ,  r o o f e r s '  

(20 y e a r s  exposure,  and inc luding  many smokers) and gasworkers 

( i nc lud ing  smokers) a r e  14, 16, 124, 502 (Haenszel e t  a l .  1962), 159 

(Hammond e t  a l .  1976) and 169 (Dol l  e t  a l .  1965), whi le  t h e i r  d a i l y  

BaP exposures a r e  of t he  o rde r  of 0.012, 0.12, 0.70, 0.7 t o  2.5,  

17, and 30 pg' r e s p e c t i v e l y .  C lea r ly ,  BaP exposures  a r e  n o t  

p a r t i c u l a r l y  good i n d i c a t o r s  of lung  cancer  r i s k s .  

A l l  of t h e  exposures c i t e d  involve  a  mixture  of o rganic  com- 

pounds and o t h e r  t o x i c a n t s  a s  w e l l ,  but  t h e  i n f l u e n c e s  of each,  and 

t h e i r  i n t e r a c t i o n s ,  cannot  be determined. S ince  no s i n g l e  i n d i c a t o r  

may be adequate ,  and d i f f e r e n t  i n d i c a t o r s  may be needed i n  d i f f e r e n t  

s i t u a t i o n s ,  f u r t h e r  r e sea rch  i s  needed t o  s tudy  u n i t  ope ra t i ons  and 

process  s t reams from both t h e  chemical and b i o l o g i c a l  s t a n d p o i n 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 s t r a t e g y  recommended i s  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  (e.g. one-half dozen),  t h e  . 

' 

p lace  where each i s  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 ,  persona l  o r  survey ins t ruments  w i l l  be appro- 

p r i a t e .  The s ta te -of - the-ar t  f o r  monitor ing each compound by t h e  

methods needed should be a s se s sed  and f i n a l l y ,  i f  necessary ,  new 

ins t ruments  should be developed. Since t h e  f i n a l  s e l e c t i o n  and eva l -  

u a t i o n  of s p e c i f i c  i n d i c a t o r s  cannot  be made u n t i l  a  commercial p l a n t  



i s  b u i l t ,  i t  i s  necessary  t o  have a v a i l a b l e  a t  t h a t  time a  number of 

i n d i c a t o r s  t o  choose from f o r  which in s t rumen ta t i on  i s  a v a i l a b l e .  

S ince  t h i s  i n s t rumen ta t i on  w i l l  probably be group s e l e c t i v e ,  a common 

l i n e  of development w i l l  l e ad  t o  ins t ruments  capable  of measuring 

s e v e r a l  i n d i c a t o r  compounds. 

Recommendations 

'1. Research i s  needed t o  i de ' n t i fy  i n d i c a t o r  compounds o r  groups 
of compounds which can se rve  as su r roga t e s  f o r  complex mix- 
t u r e s  of o rgan ic s  i n  o rde r  t'o permit development of r e a l i s -  
t i c  hazard i n d i c e s  f o r  i n h a l a t i o n  exposures.  The u l t i m a t e  
o b j e c t i v e  i s  t o  be a b l e  t o  measure tile i n d i c a t o r  compounds 
wi th  survey ins t ruments  and /o r  personal  exposure monitors  
tha. t  a r e '  l i g h t  i n  weight and reasonable  i n  c o s t .  

2. Fur ther  r e sea rch  i s  needed t o  i d e n t i f y  d i r e c t . b i o l o g i c a 1  in-  
d i c a t o r s  of hazard (such a s  t h e  Ames Salmonella typhimurium 
test and t h e  Tradescant ia  t e s t  system). There i s  a  need t o  
r e f i n e  p r o t o c o l s ' a n d  t o  develop s tandard  b i o l o g i c a l  test 
systems. These test  systems must be compared w i t h  chemical 
i n d i c a t o r s ;  they  have t h e  p o t e n t i a l  of being used a s  one 
means of eva lua t ing  chemical i n d i c a t o r s .  

3. Por t ab l e  survey ins t ruments  should be developed and 
a v a i l a b l e  f o r  eva lua t ing  hazards  t o  h e a l t h  during 
emergencies i nvo lv ing  h igh  r i s k ,  but  no t  immediately 
hazardous comp,ounds. 

4 .  persona l  samplers t h a t  e i t h e r  i n t e r n a l l y  record  t he  r e s u l t s  
of real-time a n a l y s i s  over  t h e  course  of t h e  day o r  c o l l e c t  
a n  i n t e g r a t e d  sample over  a  day need t o  be developed f o r  

' h igh  r i s k ,  but  n o t  immediately hazardous chemicals.  The 
l a t t e r  sampler could  be i n s e r t e d  i n t o  a  device  a t , t h e  end of 
the .  day which ana lyzes  and r eco rds  t h e  exposure au tomat ica l -  
l y  wi th  p r e c i s i o n  and r e p r o d u c i b i l i t y .  

3 .2 .1 .3  Moderate Risk,  But Not Immediately Hazardous. The , 

working group a n t i c i p a t e s  i nc reas ing  demands t o  provide a  comprehen- 

s i v e  record  of a l l  hazardous compounds t o  which a  worker i s  exposed 

which w i l l  r e q u i r e  i nc reased  use of persona l  monitors ,  automated 



chemical a n a l y s i s ,  and computerized data-handling systems.,  The 

appropr ia teness  of us ing  a r e a  monitors t o  a s s e s s  p o t e n t i a l  h e a l t h  

hazards  of i nd iv idua l  workers should be evaluated..  Contaminant re- 

l e a s e s  a r e  l i k e l y  t o  be l o c a l i z e d  sugges t ing  poss ib l e  l im i t ed  use o f  

a r ea 'mon i to r s  t o  measure exposures t o  i nd iv idua l s .  . . 

Recommendations 

1. Curren t ly  a v a i l a b l e  personal  monitors f o r  gases  r e q u i r e  
a d d i t i o n a l  eva lua t ion  under va r ious  cond i t i ons  of i n t e r -  
f e r ences ,  t empera tures ,  p r e s su re s ,  humidi ty ,  and r e l a t e d  
v a r i a b l e s  t o  a s c e r t a i n  t h e i r  appropr ia teness  f o r  f u t u r e  
needs. 

2.  It i s  l i k e l y  t h a t  pass ive  monitors w i l l  remain a  primary 
monitoring too l .  Improvements needed inc lude  development of 
new s u b s t r a t e s  t o  expand t h e  d i v e r s i t y  of measurable com- 
pounds and t o  a l low f o r  h igher  sampling flow r a t e s .  This  
a r e a  of i n v e s t i g a t i o n  i s  l i k e l y  t o  provide h igh  payoffs  
w i th in  a  few years .  

3.  Current personal  sampling pump flow r a t e s  need t o  be im-  
proved t o  provide h ighe r  c o l l e c t i o n  c a p a b i l i t i e s  ( 5  t o  10 
lpm) f o r  p a r t i c u l a t e s  and f o r  b i o l o g i c a l  t e s t  system samples 
(e.g., Ames t e s t ) .  

4. The working group encourages ' the  d e ~ e ~ o p m e n t  of new sampling 
instruments  which w i l l  f a c i l i t a t e  automated a n a l y s i s  and 
d a t a  record ing  t o  permit handl ing ' l a rge  amounts of 'data '  
generated during r o u t i n e  monitor ing,  e.g., personal  gas  
chromatography u n i t s  capable  of  mu l t i p l e  compound a n a l y s i s ,  . .  

m i n i a t u r i z a t i o n  of e x i s t i n g  devices  and s i m p l i f i e d  a n a l y t i -  
c a l  procedures. 

3 .2 .2  Environmental Exposure 

The adequacy of  measurement techniques fo r  environmental expo- 

s u r e  eva2uat ions .can  only  be  def ined  i n  terms of s p e c i f i c  contami- 

nants .  Thus, i n  o r d e r . t o  de f ine  methodology problems i n  t h e  measure- 

ment of exposures t o  e f f l u e n t s  and emissions of c o a l  u t i l i z a t i o n  



t echnologies ,  i t  i s  necessary  t o  de f ine  which contaminants a r e  l i k e l y  

t o  be encountered i n  concen t r a t ions  s u f f i c i e n t  t o  produce effect ' s .  

For well-developed technologies ,  t h e  exposures of concern have been 

cha rac t e r i zed  and techniques  f o r  t h e i r  eva lua t ion  have, f o r  t h e  most 

p a r t ,  been e s t ab l i shed .  

The major problems i n  exposure eva lua t ions  f o r  c o a l  u t i l i z a t i o n  

technologies  a r e  a s soc i a t ed  wi th  t h e  developing technologies .  One 

d i f f i c u l t y  l ies  i n  d e f i n i n g  the  compositions and concent ra t ions  of 

t he  e f f l u e n t s  and emissions. Complex mixtures  of organics  e x i s t  a t  

va r ious  po in t s  a long  t h e  -process  streams. Furthermore, t h e  s t ream 

compositions vary  g r e a t l y  from process  t o  process ,  a s  func t ions  o f  

t h e  compogitions of t h e  s t a r t i n g  m a t e r i a l s  and t h e  ope ra t ing  para- 

meters  i n  each process.  The exposures of downwind popula t ions  w i l l  
, 

depend on the  des ign  and' performance of t h e  e f f l u e n t  recovery systems 

and t h e  e x t e n t  of f u g i t i v e  emissions. Unfortunately,  f o r , t h e  devel- 

o,ping technologies, '  t he  only  d a t a  c u r r e n t l y  a v a i l a b l e  on e f f i u e n t  re -  

l e a s e s  a r e  from pi lo t - sca le  ope ra t ions ,  and t h e r e  a r e  very few of 

these .  I n  any case ,  t h e  r e s u l t s  have l i m i t e d  p r e d i c t i v e  va lue  f o r  

f u l l - s c a l e  p l a n t s  because of l i k e l y  v a r i a t i o n s  i n  opera t ing  f a c t o r s ,  

and because t h e  e f f l u e n t s  accep tab le  i n  a p i l o t - s c a l e  ope ra t ion  may 

be  unacceptable  i n  a f u l l - s c a l e  p l an t .  Thus, t h e  c o n t r o l s  s p e c i f i e d  

on the  b a s i s  of t h e  p i lo t -p l an t  o r  demonstrat ion p l a n t  exper ience  may 

n o t  be s u f f i c i e n t  t o  prevent  t h e  r e l e a s e  of hazardous e f f l u e n t s  i n t o  

t h e  community .environment o f . t h e  f u l l - s c a l e  p l an t .  



While t h e  exac t  composi t ions of t h e  process  and 'waste  . s t r eams .  

from c o a l  u t i l i z a t i o n  technologies  w i l l  be h i g h l y  v a r i a b l e ,  i t  i s  

c l e a r  t h a t  many of them w i l l  c o n t a i n  l a r g e  numbers of hydrocarbons 

t h a t  may be mutagens, t e r a togens ,  ' r ep roduc t ive  hazards ,  ca rc inogens ,  

cocarcinogens,  i n i t i a t o r s ,  and tumor promoters. Shor t  term screening  

tes ts .  f o r  b i o l o g i c a l  a c t i v i t y  coupled wi th  .chemical a n a l y s i s  can g ive  

a n  i n d i c a t i o n  of t h e  carcinogenic/mutagenic  a c t i v i t y  of  t h e  mixture .  

This  seems t o  be t h e  most l o g i c a l  approach t o  determining t h e  

a c t i v i t y  o f .  mix tures .  

Exposures t o  f u e l  c y c l e  p o l l u t a n t s  can  t a k e  p l ace  v i a  s e v e r a l  

d i f f e r e n t  pathways, i . e . ,  i n h a l a t i o n ,  s k i n  abso rp t ion  o r  p e n e t r a t i o n ,  

' and inges t i on .  There can a l s o  be exposures t o  excess ive  . l e v e l s  of 

' . . phys i ca l :  agen t s  inc lud ing  no i se ,  i on i z ing .  r a d i a t i o n s  '(x and Y rad ia -  

t i o n ,  s h o r t  XUV) and nonioniz ing  r a d i a t i o n s  ( long  XUV, v i s i b i e  

l i g h t ,  IR,, microwaves). Measurements . o f  t h e  concen t r a t i ons  of chemi- 

c a l s  i n  t h e  a i r ,  d r ink ing  water ,  and food can f r e q u e n t l y  be  'supple- 

mented by 'measure ien ts  which dete,rmine t ox i can t  accumulations o r  e f -  

f e c t s ,  e.g., measurements of i n  v ivo  burdens,  concen t r a t i ons  i n  body, 

f l u i d s  o r  t i s s u e s ,  and concen t r a t i ons  i n  e x c r e t a  such a s .  u r i n e ,  

f e c e s ,  h a i r ,  and exhaled a i r .  

Airborne e f f l u e n t s  which a r e  inha led  can cause d e l e t e r i o u s  e f -  

f e c t s  on t h e  r e s p i r a t o r y  t r a c t  o r  can  a f f e c t  more d i s t a n t  organs i f  

t aken  up sys t emica l ly  v i a  t h e  airways o r  g a s t r o i n t e s t i n a l  t r a c t .  

They can  a l s o  reach  human r e c e p t o r s  v i a  more i n d t r e c t  r o u t e s ,  i.e., 



via deposition on vegetation, soil, or surface waters and incorpora- 

tion into life forms participating in food chains of relevance to 

human diet. Along ,these routes, the contaminants may undergo bio- . . 

transformations and/or . . biomagnifications of concentration which may 

enhance.their potential for adverse effects. . . 

. Liquid and solid effluents of the coal uti1izat.io.n ,technologies 

may also .contribute to human uptake,of toxicants.via aqueous leaching 

of the wastes from mines, storage piles, and waste burial sites. 

Draining of such wastes into streams and/or groundwater which serve 

as sources of i,rrigation or drinking water can provide a pathway to 

human ingestion. . . 

Current community air monitoring technology is highly developed 

for some of the chemical contaminants of interest, yet grossly inade- 

quate for others. There are quite adequate continuous moni.tors.for 

CO,. SO2, NOZ, 03, and nonmethane hydrocarbon vapors, and they can 

provide accurate and reliable, indicati,ons of.both peak and time- 

averaged concentration levels. 

. Sensitive analytical techniques appropriate for determining the 

contents of tissues, excreta, and air and water samples are generally 

available, although research and development of techniques .for con- 

centrating and/or separating .the contaminant from. its matrix or samp- 

ling medium may be necessary. There are relatively few cases where a 

judicious selection of separation techniques and laboratory analyti- 

cal techniques fails to yield' satisfactory analytical capabilities 

for an environmental analysis of interest. However, there may be 

60 



c a s e s  where t h e  technology i s  t o o  time consuming and/or  expensive f o r  

t h e  p a r t i c u l a r  a p p l i c a t i o n .  

One major a r e a  i n  which our capac i ty  f o r  environmental a s se s s -  

ment i s  technology l i m i t e d  i s  i n  t h e  eva lua t ion  of i n h a l a t i o n  expo- 

s u r e s  t o  complex mixtures  of a i r b o r n e  organics .  Another a r e a  i s  

d i r ec t - r ead ing  ins t rumenta t ion '  f o r  chemicals which produce e f f e c t s  

a s s o c i a t e d  w i th  t h e i r  t r a n s i e n t  peaks r a t h e r  than wi th  t h e i r  cumula- 

t i v e  exposures.  The need f o r  d i r ec t - r ead ing  in s t rumen ta t i on  i s  

g r e a t e s t  f o r  chemicals p r e sen t  a s  ae roso l s .  Great p rogress  has  been 

made i n  t he  p a s t  decade i n  t h e  development of cont inuous d i r e c t -  

monitor ing devices  f o r  s p e c i f i c  a i r b o r n e  gases  and vapors.  In con- 

t r a s t ,  t h e r e  a r e  no ins t ruments  a v a i l a b l e  f o r  t h e  cont inuous  measure- 

ment of t he  a i r b o r n e  concen t r a t i ons  of s p e c i f i c  chemicals p r e sep t  i n  

t h e  atmosphere a s  a e r o s o l s .  It i s  not  pos s ib l e ,  f o r  i n s t a n c e ,  t o  

c u r r e n t l y  monitor t h e  concen t r a t i on  of s u l f u r i c  a c i d  m i s t .  The 

i n a b i l i t y  t o  do so  h a s  c o n t r i b u t e d  t o  t h e  f a i l u r e  t o  c h a r a c t e r i z e  t h e  

r o l e s  and e f f e c t s  of t h e  v a r i o u s  components of t h e  o v e r a l l  SOx 
. . 

mixtures  g e n e r a l l y  p re sen t  i n  t h e  ambient a i r .  The only  d i r e c t -  

read ing  a e r o s o l  monitors  c u r r e n t l y  a v a i l a b l e  a r e  those  which measure 

phys i ca l  parameters of t h e  a e r o s o l ,  e.g., s i z e  d i s t r i b u t i o n s ,  o v e r a l l  

number o r  mass concen t r a t i ons ,  and l i g h t  s c a t t e r  o r  e x t i n c t i o n .  

Human exposures t o  c o a l  u t i l i z a t i o n  e f f l u e n t s  v i a  d r ink ing  water  

contaminat ion a r e  r e l a t i v e l y  easy  t o  monitor using a v a i l a b l e  sampling 



protocols and analytical procedures. Exposures via.food are, on the 

other hand, much more difficult and costly. Dietary sources among 

human populations are much more variable in composition and geograph- 

ic origin, making it very difficult to do representative sampling. 

In addition, most of the contaminants generated by coal utilization 

technologies are also generated by a variety of other sources as . . 

well, making source attributions extremely difficult in most cases. 

Despite the real and potential difficulties, methodologies should be 

developed to assess the impact of coal use on toxic substances. in 

food chains leading to man. Toxic trace elements such as Cd, Pb, and 

Hg, known to accumulate in biota, are of special interest. The U.S. 

Food and ~ r u ~  Administration conducts regular market basket surveys 

for several toxic trace metals to assess human di.etary exposure.. The 

National Dairy Panel survey has developed fish consumption patterns 

for the U.S. population; this information, combined with analysis of 

trace contaminates in edible species of fish, allows quantitative es- 

timation of the range of human intake. This.approach has been used 

in assessment of human exposure to mercury and PCBs due to consump- 

tion of fish (~ational Research Council 1978). 

The best, and perhaps only way, to determine the potential 

impact of the leaching of liquid and solid wastes..on human tissue 

burdens via their transmission through irrigation and drinking water 

supplies is to determine the extent of.the, leaching from the drainage 

sites. Population exposures to certain toxic trace elements may be 



affected by reduced .pH of ambient' waters due to precipitation of acid 

'rain. For example, when mercury is present in sediments in lakes, 

rivers, and other aquatic bodies, it is subject to methylation to 

both monomethyl and dimethylmercury compounds depending on the pH of 

the water. Low pH favors the formation of the monomethyl compounds 
I 

that are more avidly accumulated in aquatic food chains (~a~erstrom 

and Jerelov 1972). Consequently, levels of methylmercury in several 

species of edible fish have become elevated above federal safety 

guidelines. 

Low pH in rain water may increase concentrations of such trace 

metals as aluminum due to leaching. Aquatic species are the primary 

target for aluminum' toxicity, but human exposure may 'occur via drink- 
. . 

ing'water or. through water used in hemodialysis (artificial kidney) 

machines. Lead levels in drinking'water have also become elevated . . 

due to reduced pH which results in leaching of lead from metal pipes. 

The adequacy of measurements made to evaluate the potential for 

health effects in a'given situation can be judged by a variety of 

criteria or combinations of criteria. These include: 

Sensitivity, i.e., can the airborne concentrations capable of 
producing the health effects be measured at an acceptable ' 

.level of accuracy. 

e Specificity, i.e., can the contaminant of interest be mea- 
sured in the presence of cocontaminants and background 
contaminants. 

Temporal resolution, i.e., can the peak concentrations of the 
contaminant of interest be determined with a resolution 
appropriate to the averaging time for the biological effect. 



Temporal responses ,  i . e . ,  what i s  t h e  i n t e r v a l  between the  
time of a i r  sampling and t h e  a v a i l a b i l i t y  of t he  concentra-  
t i o n  determined f o r  t he  sample. This  can vary from i n s t a n t -  
aneous fo r  d i r ec t - r ead ing  gas phase sensors  t o  months f o r  
l abora tory  eva lua t ions  of f i e l d - c o l l e c t e d  e x t r a c t i v e  
samples. 

S p a t i a l  r e s o l u t i o n ,  i .e . ,  can t h e  measurements be made a t  
l oca t ions  s u i t a b l e  f o r  exposure eva lua t ions .  In  o t h e r  wprds, 
can t h e  measurements be made us ing  persona l  samplers o r  ' 

hand-held samplers o r  monitors  a t  t h e  brea th ing  zone of t he  
i nd iv idua l  whose exposure i s  being determined. 

A r ecen t  review of t he  c u r r e n t  ' s t a t u s  of t h e  a v a i l a b l e  measure- 

ment techniques and some recommendations f o r  r e sea rch  on environmen- 

t a l  measurements was prepared by t h e  Second Task Force f o r  Research 

P l a n n i n g . i n  Environmental Health Science (1977). 

Recommendations 

1. There i s  a  press ing  need f o r  community a i r  monitor ing t o  de- 
velop and t e s t  an instrument  fo r  t he  cont inuous measurement 
of ae roso l  a c i d i t y  e s p e c i a l l y  s u l f u r i c  ac id  (H2s04). 
Time-averaged measurements of a e r o s o l  a c i d i t y  and H2S04 
a r e  a l s o  needed, and t h e s e . a l s o  a r e  c u r r e n t l y  beyond t h e  
s ta te -of - the-ar t  i n  r o u t i n e  monitoring. 

. Routine ambient a i r  monitor ing programs f o r  p o t e n t i a l l y  haz- 
ardous compounds a r e  a l s o  needed. The sample c o l l e c t i o n  and 
s t o r a g e  p ro toco l s  need t o  be designed t o  minimize l o s s e s  and 
uncont ro l led  t ransformat ions  of t h e  samples between t h e i r  
e x t r a c t i o n  from the  a i r  and t h e i r  ana lyses .  For o rgan ic  
a e r o s o l s ,  t h e r e  may be  a  need f o r  much l a r g e r  volume samples 
than those c u r r e n t l y  c o l l e c t e d ,  s i n c e  many of t h e  c o n s t i t u -  
e n t s  of i n t e r e s t  a r e  p re sen t  i n  extremely small  concentra- 
t i o n s .  The samplers should i nc lude  c o l l e c t i o n  s t a g e s  s o  
t h a t  s epa ra t e  ana lyses  c a r b e  performed on t h e  a e r o s o l s  
wi th in  t h e  c h a r a c t e r i s t i c  s i z e  modes. , 

3. Mutagenesis and carc inogenes is  a s says  of t h e  ambient a i r  
should inc lude  compounds p re sen t  a s  vapors.  'Very l i t t l e  i s  
c u r r e n t l y  known about t h e  c o n t r i b u t i o n  of t h e  vapor phase 
organics  t o  t he  ove ra l l .  hazard of t he  e f f l u e n t s  of t h e  coa l  
u t  i . l i z a t i o n  technologies ,  and t h e r e  should be a . t  ' l e a s t  some 
explora tory  i nves t i ga t i0n . s  of t h e i r  s i gn i f i cance .  



4 .  The technology f o r  a n a l y s i s  of t o x i c  meta l s  (e.g., x-ray 
f luorescence)  i n  t h e  ambient a i r  i s  r e l a t i v e l y  wel l  advanced 
and should be t r a n s f e r r e d  t o  r o u t i n e  monitor ing programs as- 
s o c i a t e d  with t h e  c o a l  u t i l i z a t i o n  technologies .  

5.. Research i s  needed on sampling s t r a t e g i e s  and p ro toco l s  f o r  
eva lua t ing  t h e  e x t e n t  of t h e  chemical l each ing  t o  ground and 
s u r f a c e  waters  from t h e  waste d e p o s i t o r i e s  of  l i q u i d  and 
s o l i d  wastes  from t h e  coa l  u t i l i z a t i o n  i n d u s t r i e s .  

6.' Food contaminant monitor ing a c t i v i t i e s  should be expanded t o  
provide d a t a  on a d d i t i o n a l  c a t e g o r i e s  of contaminants.  

7. Coal-related p o l l u t a n t s  i n ' d r i n k i n g  water should be iden- 
t i f i e d  i n  a  few key l o c a t i o n s  near  coa l  mines, coa l - f i r ed  
power p l a n t s ,  and c o a l  waste d i s p o s a l  s i t e s .  

8. Monitoring s o i l  and dus t  samples i n  s e l e c t e d  communities 
near  coa l  combustion sources  (e.g., power p l a n t s )  should be 
implemented on a  r e g u l a r  b a s i s .  This  w i l l  a l low an e s t ima te  
of the  amounts of p o l l u t a n t s  inges ted  by c h i l d r e n  wi th  p i ca  
o r  who suck t h e i r  f i n g e r s .  



4.0 EFFECTS .SPECIFIC TO INDIVIDUAL COAL TECHNOLOGIES 

4.1 E x t r a c t i o n ,  T r a n s p o r t a t i o n ,  and S t o r a g e  of  Coal 

4.1.1 Coal Mining 

Coal ,  i n  a d d i t i o n  t o  ca rbon ,  a l s o  c o n t a i n s  v a r y i n g  amounts o f  

water, '  combus t ib le  g a s e s  and o t h e r  v o l a t i l e  m a t e r i a l s ,  and m i n e r a l  

i m p u r i t i e s  such a s  o r g a n i c  s u l f u r ,  s i l i c a , '  p y r i t e s ,  ca lc ium and 

magnesium c a r b o n a t e s ,  phospha tes ,  and c l a y .  During t h e  fo rmat ion  of 

c o a l ,  movement of t h e  e a r t h ' s  c r u s t  caused c r a c k s  and c r e v i c e s  which 

were f i l l e d  by mud d e p o s i t s  of s h a l e s  and p y r i t e s .  I n t r i n s i c  w i t h i n  

c o a l  is, a s h ,  l a r g e l y  withdrawn from s o i l  and i n c o r p o r a t e d  i n t o  

biomass by t h e  o r i g i n a l  v e g e t a t i o n .  T h e r e f o r e ,  c o a l  h a s  no f i x e d  

:': . 
chemical  compos i t ion  b u t  v a r i e s  wide ly  a c c o r d i n g  t o  t h e  amount of  

i n o r g a n i c  i m p u r i t i e s ,  i t s  b a s i c  ca rbon  c o n t e n t ,  and i t s -  s t a g e  of 

development. Most of t h e .  env i ronmenta l  c o n t i m i n i t  i o n  a s s o c i a t e d  w2th 

c o a l  i s  a  d i r e c t  r e s u l t  of t h e s e  components of  c o a l  and s u b s t a n c e s  i n  

t h e  ash .  

Coal d u s t  emiss ions  i n  underground 'mines  have long been recog- 

n i z e d  a s  t h e  most impor tan t  p h y s i c a l  hazard '  t o  t h e  he ' a l th  of  c o a l  

miners .  A c t i v i t i e s  a s s o c i a t e d  w i t h  t h e  u s e  of modern e x t r a c t i o n  

machinery and t h e  i n c r e a s e d  r a t e  of  e x t r a c t i o n  a r e  known t o  h a v e  

i n c r e a s e d  t h e  l e v e l s  of p a r t i c l e s  i n  t h e  a i r  of underground mines 

over  t h o s e  p r e s e n t  , i n  ' the  days  when t h e  p i c k  and s h o v e l  were t h e  

p r i n c i p a l  method of e x t r a c t i o n .  



Underground c o a l  mining, because of t he  confined working a r e a ,  

does n o t  pose a problem t o  ambient a i r  q u a l i t y  i n  i t s e l f ,  except  

around s u r f a c e  f a c i l i t i e s  and dump a reas .  It does,  however, pose a 

p o t e n t i a l  f o r  occupat iona l  exposure t o  a i r b o r n e  dus t .  'Careful  des ign  

and maintenance of t h e s e  f a c i l i t i e s  can  prevent  such a i r b o r n e  d u s t  

from becoming a major p o l l u t a n t  e i t h e r  t o  t h e  ambient o r  t o  t h e  

occupat iona l  environment. Exposure t o  c o a l  dus t  can r e s u l t  i n  a 

v a r i e t y  of lung- re la ted  d i s e a s e s  such a s  emphysema and pulmonary 

f i b r o s i s  ( i . e .  b lack  lung d i s e a s e ) .  

Dust p r e sen t s  a major environmental  problem dur ing  s u r f a c e  c o a l  

mining and rec lamat ion  i n  Western coa l  f i e l d s ,  p a r t i c u l a r l y  where 

h igh  winds and low r a i n f a l l  a r e  presen t .  The impact of t h i s  emission 

on s o c i e t y  i s  reduced by t h e  f a c t  t h a t  most Western mine developments 
. . 

a r e  i n  s p a r s e l y  populated reg ions .  Dust problems a l s o  occur  i n  East-  

e r n  and 1ki.dwestern c o a l  s u r f a c e  mines where dus t  occas iona l ly  blows 

from roads ,  s t r i p  p i t s ,  t r u c k s ,  and r a i l r o a d  ca r s .  

The abatement of f u g i t i v e  d u s t  p o l l u t i o n  a s s o c i a t e d  w i th  s u r f a c e  

mining r e q u i r e s  proper  planning. Haul and s e r v i c e  roads  must be . su r -  

faced  wi th  a s p h a l t ,  o i l e d ,  o r  kep t  damp wi th  water.  O i l i ng  of roads 
. . 

may n o t  be t h e  b e s t  d u s t  suppress ion  method s i n c e  many a r e a s  come i n  

c l o s e  con tac t  wi th  s u r f a c e  and ground water.  Mined a r e a s  need t imely 

rec lamat ion  and seeding  t o  prevent  wind e r o s i o n  of s p o i l  p i l e s .  

Planning is  e s s e n t i a l  i n  des igna t ing  a r e a s  of p o t e n t i a l  d u s t  pol lu-  

t i o n  and u t i l i z i n g  t h e  b e s t  methods p o s s i b l e  t o  keep a i r b o r n e  dus t  a t  

a n  accep tab l e  l e v e l .  

6 8 



A maximum s h i f t  ave rage  o c c u p a t i o n a l  exposure  of  2 mglm3 of  

r e s p i r a b l e  c o a l  mine d u s t  i n  a c t i v e  mine workings was e s t a b l i s h e d ,  

e f f e c t i v e  J a n u a r y  1, 1973, under  t h e  F e d e r a l  Coal Mine H e a l t h  and 

S a f e t y  Act of  1969. It i s  g e n e r a l l y  agreed t h a t ,  a s  a  r e s u l t ,  c o a l  

mines i n  t h e  Uni ted  S t a t e s  a r e  s i g n i f i c a n t l y  l e s s  d u s t y  t h a n  they 

were a  decade ago. For example,  o p e r a t o r s  of underground mining 

machines were exposed t o  between 3.9 and 6.5 mglm3 o f  r e s p i r a b l e  

c o a l  mine d u s t  d u r i n g  1968-69; now t h e y  a r e  exposed t o  between 1 . 3  

and 1.8 mg/m3 ( N a t i o n a l  Research Counci l  1980).  

D e s p i t e  t h e  s u c c e s s  of t h e  A c t ,  c o n c e r n s .  about  t h e  c o n t r o l  o f  
, . 

r e s p i r a b l e  c o a l  mine d u s t  remain. Miners and u n i o n  o f f i c i a l s  c o n t e n d .  

t h a t  t h e  p r e s e n t  p e r s o n a l  sample r s  a r e  a n  encumbrance t o  wear and do  

n o t , n e c e s s a r i l y  r e f l e c t  p e r s o n a l  exposure  t o  r e s p i r a b l e  d u s t  accur-  

a t e l y  s i n c e  d u s t  l e v e l s  a r e  o f t e n  lower  when i t  i s  known t h a t . s a m p l e s  

w i l l  be c o l l e c t e d .  Mine o p e r a t o r s  a r e  concerned t h a t  changes i n  t h e  

p r e s e n t  methods of  e n f o r c i n g  compl iance  a r e  l i k e l y  t o  be  c o u n t e r -  

p r o d u c t i v e  i n  t h e  absence  o f  adequa te  u n d e r s t a n d i n g  o f .  t h e  fo rmat ion  

and b e h a v i o r  of c l o u d s  of  r e s p i r a b l e  c o a l  mine d u s t .  Mine o p e r a t o r s  

a r e  a l s o  wor r i ed  t h a t  i n t r o d u c t i o n  o f  more p r o d u ~ t  i v e  mining methods 

( s u c h  a s  longwal l  mining)  would ' be p r o h i b i t e d .  F e d e r a l  a g e n c i e s  a r e  

concerned about  t h e  p roper  enforcement  of t h e  Act t o  e n s u r e  t h e  

h e a l t h  of c o a l  mine workers ,  and t o  c o n t r o l  t h e  c o s t s  t o  t h e  F e d e r a l  

government of compensatory payments t o  a f f e c t e d  mine workers  which 

a r e  p r i m a r i l y  a t t r i b u t a b l e  t o  i r e v i o u s  h i g h  d u s t  exposures .  



Currently'these costs are close to $1 billion annually (~ational 

Research Council 1980). 

Some controversy exists over the accuracy of the two-stage . 

cyclone-filter personal sampler units and methods of analyzing the 

measurements. In a "Final Report to the Senate Committee on Labor 

and Public welfare" on "An  valuation of the Accuracy of the Coal 

Mine Dust' Sainpling program Administered by the Department of the 

~nterior," the National ~ureau of Standards concluded that: 

Both the weighing process and the intrinsic variability in 
the performance of the personal sampler unit in laboratory 
studies contribute 'coefficients of variation of 7 percent 
when making a single dust measurement at a concentration near 
the level of 2 mg/m3. 

personal sampler units operated adjacent to one another .and 
stationary in a mine can give a coefficient of variation of 7 
percent when used with met.iculous care. This is consistent 
with the laboratory findings concerning the performance of 
sampler 'units. 

In. the' absence of such care,' the coefficient of variation has 
been found to be much greater than 7 percent. The coeffi- 
cient of variation is estimated to be 30 percent when the 
personal sampler unit is operated by untrained personnel. 
This figure does not allow for various abuses of the sample ' 
unit encountered during routine mining operations. 

In a 1976 document, "Statistical Analysis of Mining, Enforcement 

Safety Administration Respirable Dust Data," the National Institute 

for Occupational Safety and Health (NIOSH) analyzed measurements . . 

using personal sampler units from at least 40 shifts from each of.22 

high-risk mine sections. NIOSH found that the coefficient of varia- 

tion between shifts was 91.6 percent (1976). Therefore, the . . 



v a r i a t i o n s  i n  t h e  d u s t  c o n c e n t r a t i o n s  w i t h i n  t h e  mine environment f a r  

exceed t h e  v a r i a t i o n s  i n  t h e  i n s t r u m e n t  i t s e l f .  

Underground mining,  b l a s t i n g ,  c o a l  c u t t i n g ,  and load ing  c a n  re-  

l e a s e  methane,  d u s t ,  noxious  fumes, and o t h e r  a i r  p o l l u t a n t s .  Ex- 

h a u s t s  from i n i e r n a l  combustion e n g i n e s ,  e s p e c i a l l y  d i e s e l  e n g i n e s  i n  

power v e h i c l e s  and equipment ,  emit  p o l l u t a n t s  which pose a  t h r e a t  f o  

human h e a l t h .  Although most equipment i n  underground mines i s  e l e c -  

t r i c a l l y  powered, one o r  more p i e c e s  of  d i e s e l  equipment a r e  found i n  

abou t  50 mines (Wheeler 1979) .  Most of t h e  d i e s e l  equipment i s  used 

i n  t h e  West. 

I n  a  p r o p e r l y  v e n t i l a t e d  mine, c a r b o n  monoxide is  probably  n o t  

a n  impor tan t  t o x i c  f a c t o r .  Oxides of n i t r o g e n ,  a l though  r e p r e s e n t i n g  

a  r e l a t i v e l y  l a r g e  p e r c e n t a g e  of t h e  t o x i c  c o n s t i t u e n t s  of d i e s e l  ex- 

h a u s t  (where p r e s e n t )  a r e  n o t  c o n s i d e r e d  a  major t o x i c  problem s i n c e  

a i r f l o w  i n  a  p r o p e r l y  v e n t i l a t e d  mine would t end  t o  remove n i t r i c  

o x i d e ,  t h e  majo'r o x i d e  of n i t r o g e n ,  long  b e f o r e  i t  i s  o x i d i z e d  t o  

n i t r o g e n  d i o x i d e ,  a  much more t o x i c  n i t r o g e n  compound. S u l f u r  d iox-  

i d e  e m i s s i o n s  a r e  c o n t r o l l e d  due t o  s t r i n g e n t  r e g u l a t i o n s  of t h e  

s u l f u r  c o n t e n t  of  d i e s e l  f u e l .  

P o l y c y c l i c  a r o m a t i c  hydrocarbon (PAH) compounds, however, have 

been i d e n t i f i e d  a s  t h e  most '  p o t e n t i a l l y  haza rdous  a g e n t s  found i n  ' 

d i e s e l  eng ine  exhaus t .  Although a  p r o p e r l y  main ta ined  d i e s e l  e n g i n e  - 
would be  l i k e l y  t o  emi t  o n l y  s m a l l  q u a n t i t i e s  of t h e s e  compounds, t h e  

p o s s i b i l i t y  t h a t  t h e y  may be c a r c i n o g e n i c  t o  mine workers s i n g l e s  



them ou t  f o r  c a r e f u l  a t t e n t i o n .  Such hydrocarbons wi th in  d i e s e l  

engine exhaust gases  t h a t  have been measured inc lude  benzo(a)pyrene 

a t  one t o  4 2 2  p a r t s  per  b i l l i o n ,  from one t o  533 p a r t s  per  b i l l i o n  

f o r  .benzo(e)pyrene, and one t o  4 6 6  p a r t s  per b i l l i o n  f o r  benzo(a)- 

anthracene.  Other hydrocarbons observed i n  d i e s e l  engine exhausts  

i nc lude  chrysene, pyrene, an thracene ,  phenanthrene and i t s  der iva-  

t i v e s ,  f luoranthene ,  and phenols (Environmental Heal th Assoc ia tes  

1978). 

Aldehydes, a l s o  a r e  p re sen t  i n  d i e s e l  exhaust emissions a s  a 

r e s u l t  of unburned hydrocarbons. The a c u t e  t o x i c i t y  of aldehydes i s  

r e l a t e d  t o  t h e i r  capac i ty  t o  cause eye and r e s p i r a t o r y  t r a c t  i r r i t a -  

t i o n .  Two s p e c i f i c  a ldehydes,  formaldehyde and a c r o l e i n ,  a r e  of 

p a r t i c u l a r  importance because of t h e i r  b io log ic  e f f e c t s  inc luding  

cancer  and t h e i r . p r e s e n c e  i n  h ighe r  concentra . t ions i n  d i e s e l  exhaust  

than  o t h e r  aldehydes. . . 

Although concen t r a t ions  of methane i n  mine atmospheres 'have been 

s tud ied  ex tens ive ly ,  r e l a t i v e l y  l i t t l e  work h a s , b e e n  done on t h e  d i s -  

t r i b u t i o n  of concen t r a t ions  of r e s p i r a b l e  c o a l  mine dus t .  I n  one 

s tudy of t h e  l a t t e r ,  10 -samplers were mounted a t  d i f f e r e n t  p o s i t i o n s  

on a cont inyous mining machine wi th in  s e v e r a l  f e e t  of t h e  ope ra to r ,  

and measurements were made over  f u l l  s h i f t s  a t  s i x  d i f f e r e n t  mines. 

The r e ~ u l t s  showed s t e e p  g r a d i e n t s ,  of t h e  o r d e r . o f  1 mg/m3 per  

f o o t  of d i s t a n c e ,  i n  t h e  concen t r a t ion  of r e s p i r a b l e  coa l  mine d u s t  

i n  t h e  v i c i n i t y  of t h e  opera tor .  Therefore,  t h e  e x t e n t  t o  which 



measurements of a i rbo rne  r e s p i r a b l e  coa l  mine d u s t  made wi th  machine 

mounted samplers r e f l e c t  ope ra to r  exposure i s  h igh ly  ques t ionable  i n  

t h e  absence of a  b e t t e r  understanding of t h e  s p a t i a l  and temporal 

c h a r a c t e r i s t i c s  of t h e  concen t r a t i ons  of such dus t  than now e x i s t s .  

A t  p r e s e n t ,  s i m i l a r  r e s e r v a t i o n s  must apply t o  any sampler o t h e r  than 

persona l  sampler u n i t s .  

From t h e s e  d a t a  and the  s ta te -of - the-ar t  of d u s t  measurement, 

t h e  Nat ional  Research Council Committee on Measurement . . and Control  of  

Respi rab le  Dust i n  Mines (1980) concludes t h a t  c u r r e n t  sampling tech- 

nology i s  adequate f o r  measuring concen t r a t i ons  of r e s p i r a b l e  c o a l  

mine dus t  and t h a t  t h e  l a r g e  v a r i a t i o n s  a r i s e  from s p a t i a l  and tem- 

po ra l  changes i n  concen t r a t i ons  of such dust .  

Since personal  samplers on ly  measure dus t  concen t r a t i on  i n t e -  

g r a t ed  over a  work ing . sh i f t ,  ins t ruments  a r e  being developed t h a t  can 

g ive  ins tan taneous  readings of l o c a l  d u s t  concent ra t ions .  These 

ins t ruments  can be used a s  s t a t i o n a r y  monitors o r  a s  survey i n s t r u -  . 

ments ( t h a t  i s ,  no t  a s  persona l  sampler u n i t s )  f o r  ga the r ing  d a t a  on 

time and space  v a r i a t i o n s  i n  dus t  concen t r a t i ons  t o  a l low improve- 

ments i n  mining p r a c t i c e s  and d u s t  con t ro l .  The Nat ional  Bureau of 

Standards concluded t h a t  s t a t i o n a r y  monitors  should complement per- 

sona l  sampler u n i t s  f o r  determining exposure of m i n e r s t 0  r e s p i r a b l e  

The MRE sampler which has  a  l ao r i zon ta l - e lu t r i a to r  preceding a  

f i l t e r  i s  g e n e r a l l y  considered t o  be the  b e s t  r e f e r ence  sampler u n i t .  



. . 
, . 

It i s  intended t o  be used i n  a  s t a t i o n a r y  p o s i t i o n  f o r  ob ta in ing  

g rav ime t r i c  samples of r e s p i r a b l e  c o a l  mine dus t  averaged over per i -  
. . 

ods of time and many hours.  The SIMSLIN I1 i s  s i m i l a r  t o  the  MRE 

sampler ,  but i nco rpo ra t e s  a  photometer t o  a l low ins tan taneous  concen- 

t r a t i o n s  of d u s t  t o  be measured a s  wel l .  Other photometric samplers 

wi th  d i f f e r e n t  a t t r i b u t e s ,  such a s  t h e  Tyndallometer,  t h e  SRI Port- 

a b l e  ~ i n e  Dust Concentrat ion Instrument  and t h e  new GCA photometer,  
. . 

have been developed. Under development a r e  s ing le -par t ic le -count ing  
. . . . . . 

photometers which enable  the  s i z e s  of d u s t  p a r t i c l e s  t o  be determined 
, . 

i n d i v i d u a l l y  and c o l l e c t i v e l y .  In  a d d i t i o n ,  instruments  have been 

developed t h a t  measure t he  mass of a  sample c o l l e c t e d  by impaction, 

f i l t r a t i o n ,  o r  e l e c t r o s t a t i c  p r e c i p i t a t i o n .  These inc lude  i n s t r u -  
.. . . , 

ments designed s p e c i f i c a l l y  f o r  coa l  mine use ,  such a s  t he  GCA 

Respi rab le  Dust Monitors which use beta-ray a t t e n u a t i o n  f o r  mass 
. . 

de tec t ion .  They a l s o  inc lude  ins t ruments  .developed f o r  u se s  o t h e r  

. . 
than  c o a l  mining, such a s  t h e  TSI Piezobalance o r  t h e  QCM cascade,  

which use p i e z o e l e c t r i c  qua r t z  c r y s t a l s  a s  mass sensors .  The prin-- 

c i p a l  use of t he se  ins t ruments  i n  t h e  fo re seeab le  f u t u r e  i s  f o r  re- 

search  on t h e  s p a t i a l  and temporal a s  we l l  a s  t he  s i z e  and/or  compo- 
. . . . 

s i t i o n a l  c h a r a c t e r i s t i c s  of r e s p i r a b l e  c o a l  mine dus t  i n  t h e  mine 

atmosphere. The National  Research Counci l ' s  Committee on Respi rab le  

Dust i n  Mines concluded t h a t  t h e  bas i c  technology f o r  measuring 

r e s p i r a b l e  coa l  mine d u s t  i n  mine atmospheres i s  a v a i l a b l e  and 

s u f f i c i e n t  t o  meet research  needs,  a l though f u r t h e r  development and 

c a l i b r a t i o n  of r e sea rch  ins t ruments  w i l l  be requi red  (1980). 



H i s t o r i c a l  d a t a  i n d i c a t e  t h a t  coa l  mining i s  a  dangerous occupa- 

t i on .  Q u a n t i t a t i v e  e s t ima te s  of i n j u r y  and death r a t e s  fo r  t he  f u e l  

cyc l e  (excluding end use)  a r e  provided i n  Table I X  ( d a t a  p r i o r  t o  

1976) and   able X (da t a  f o r  1978). The ma jo r i t y  of occupat iona l  

dea ths  and i n j u r i e s  occur i n ' t h e  undergrotind mining and t ranspor -  

t a t i o n  s e c t o r s .  Table X I  compares t h e  underground c o a l  mining r i s k s  

wi th  r i s k s  from o t h e r  i n d u s t r i a l  a c t i v i t i e s .  .The t h r e a t  t o  persona l  

h e a l t h  o r  s a f e t y  from mining acc iden t s  depends upon the  e x t r a c t i o n  

technique used, t h e  l o c a t i o n  of t he  mine, t h e  a c t i v i t y  of t he  miner ,  

t h e  l o c a t i o n  o£  the  i n d i v i d h a l  i n s i d e  t h e  mine (underground miners ) ,  

t h e  experience of the  mining crew, t h e  equipment used, t h e  s a f e t y  

precaut ions  and procedures employed i n  t h e  mine, and o t h e r  f a c t o r s .  

Roof, r i b ,  and . face  f a l l s  accounted f o r  about.  50 percent  of yea r ly  

mine f a t a l i t i e s  u n t i l  t h e  mid-1960s and s t i l l  a r e  t h e  most important 

cause of mine f a t a l i t i e s  (Brown 1979). Roof and r i b  f a l l s  a l s o  

accounted fo r  a  s u b s t a n t i a l  of t h e  n o n f a t a l  c o a l  'mining acc i -  

den ts .  Although t h e  number of persons h u r t  by a  s i n g l e  roof o r  r i b  

f a l l  i s  smal l ,  t he  high' frequency with which they  occur ,  however, 

l e ads  t o  a  high dea th  and i n j u r y  t o t a l .  

The second g r e a t e s t  hazard h u n d e r g r o u n d  mining involves  mining 
. . 

equipment opera t ion .  -,An engineer ing  s a f e t y  a n a l . y s i s .  i d e n t i f i e d  the.  

need f o r  s t a n d a r d i z a t i o n  of c o n t r o l s  f o r  mining equipment, no t ing  

t h a t  t h e  pos i t i on ing  and responsiveness  of equipment c o n t r o l s  

depended on t h e  manufacturer.  Two causes  of f a t a l i t i e s  a r e  o f t e n  



TABLE I X  

ANNUAL DEATHS, INJURIES AND WORK DAYS LOST FOR UNCONTROLLED COAL-FIRED ELECTRICITY 
SYSTEMS AWSOCUTED WITH A 1000 MEGAWATT POWER PLANT WITH A LOAD FACTOR OF 0.75 

OCCUPATIONAL EXTRACTION TOTAL 
HEALTH DEEP SURFACE PROCESSING TRANSPORT CONVERSION TRANSMISSION DEEP SURFACE 

Deaths 1.67 0.308 0.0238 2.30 0.012 N A 4. OCl 2.61 

I n j u r i e s  8 5 13.9 2.56 23.4 1.38 NA 112.3 41.2 

. Workdays 4 ,678 499 99.5 2,340 152.9 N A 15,280 3,091 
4 
m 

NA -' n o t  a v a i l a b l e  

SOURCE: U.S. Environmental  P r o t e c t i o n  Agency 1977. Accidents  and' Unscheduled Events Assoc ia t ed  wi th  Nonnuclear Energy 
Resources and Technology. EPA 600/7-77-016. 0 f f i c e . o f  Research and Development, Washington, D.C. 

NOTES : 

Impacts  of c o a l  based on c o a l  t r a n s p o r t  e x c l u s i v e l y  by r a i l  (ave.  d i s t a n c e  300 ml.);  annual  c o a l  supply  f o r  a 1000 MWe p l a n t  
i s  0.1 pe rcen t  of t o t a l  n a t i o n a l  ton-mileage and i t  i s  assumed t h a t  average  i n j u r y  l e a d s  t o  Loss of 100 workdays. 

For conve r s ion  i t  i s  assumed t h a t  one-half  t h e  combined dea ths  and permanent i n j u r i e s  a r e  f a t a l  i n j u r i e s .  Permanent t o t a l  
d i s a b i l i t i e s  a r e  cons ide red  t o  r e p r e s e n t  6,000 workdays l o s t ,  and o t h e r  d i s a b i l i t i e s  a r e  e s t ima ted  a t  100 days l o s t .  

Workdays l o s t  due t o  pneumoconiosis n o t  inc luded i n  d a t a  on deep mines. 



TABLE X 

Coal  Mines . 
Underground Mines: 

Underground 
S u r f a c e  . ' 

T o t a l .  Underground Mines 

4 
S u r f a c e  Mines 

S t r i p  Mines 
Auger Mines 
Culm Bank . 
Dredge 

T o t a l  S u r f a c e  Mines 

. F a t a l  
I n j u r i e s  

FATAL, DISABLING AND NONDISABLING INJURIES OF 1978, FOR COAL AND METALfNONHETAL MINES . 

P r e p a r a t i o n  P l a n t s  1 3  
Independen t  ShopsfYards 

T o t a l  o t h e r  O p e r a t i o n s  .I 3 

TOTAL 105 

F a t a l  Nonfa ta l  NFDL ' Nonfa ta l  I n j u r i e s  NOL 
I n c i d e n c e  With Daye L o s t  I n c i d e n c e  With No Days L o s t  I n c i d e n c e  

R a t e  (NFDL) Ra te  (NOL) Rate 

. ., 
SOURCE: Bureau o f  Mines, 1977. 

Average 
A l l  Number 

A11 I n c i d e n c e  of 
I n j u r i e s  R a t e .  Workers 

Employee 
Hours 

Repurted 



TABLE X I  

INJUKY RATES I N  SELECTED INDUSTRIES, 19 73(a) 

FREQUENCY SEVERITY 
INDUSTRY RATE (b)  RATE(C) 

Automobile 1.60 176 (110)(d)  

Chemical 4.25 397 (93) 

Machinery 5.81 331 (57) 

Petroleum 6.73 690 (103) 

Shipbuilding 7.08 653 (92) 

Non-ferrous metals  and products  . .  9.31 712 (76) 

Mining, su r f ace (e )  9.75 1365 ( i40 )  

Tobacco 12.03 404 (34) 

Construct  ion  13.59 1544 (68) 

Railroad equipment 14,. 23 1361 (96) 

~ u a r r ~ ( ~ )  17.67 1825 (103) 

Underground mining, except  coa l ( e )  25.26 4431 (175) 

Underground coa l  .mining(e) 35.44 5154 (145) 

A l l  i n d u s t r i e s ( f )  10.55 654 (62) 

( a ) ~ h e  da t a  were repor ted  by member companies of t h e  National  Safe ty  
Council. NSC members gene ra l ly  have b e t t e r  s a f e t y  programs and . 
lower i n j u r y  r a t e s  than non-member companies. Data a r e  not  compar- 
a b l e  t o  Bureau of Labor S t a t i s t i c s  (BLS) r a t e s  f o r  l e s s  s eve re  
i n j u r i e s  ( r e q u i r i n g  medical t reatment  but  no t  involving days of 
d i s a b i l i t y ) .  

( b ) ~ i s a b l i n g  i n j u r i e s  per  lo6  man-hours. 

( ~ ) ~ o s t  t ime (hours )  per  lo6  man-hours. 

. ( d ) ~ v e r a g e  days charged per  case. 

( e ) ~ a s e d  on d a t a  f o r  1972. 

( f )Ra te s  not  f u l l y  comparable from year  t o  year  due t o  r e p o r t i n g  
Incons i s t enc i e s .  

SOURCE: U. S. Environmental P ro t ec t ion  Agency 19'77 



c i t e d  by members of  ehe mining indus t ry - - l ack  o f  mining e x p e r i e n c e  

and l a c k  o f  job t a s k  e x p e r i e n c e .  

L e s s  f r e q u e n t  a c c i d e n t s  l e a d i n g  t o  d e a t h s  involve '  underground 

f i r e s  and s u r f a c e  mine a c c i d e n t s .  Although e x p l o s i o n s  and f i r e  a r e  

o f t e n  t h e  most  newsworthy a c c i d e n t s  a s s o c i a t e d  w i t h  underground 

min ing ,  o n l y  10  t o  1 2  p e r c e n t  of t h e  annua l  mining f a t a l i t i e s  were 

caused by t h e s e  d i s a s t e r s  from 1960 t o  1970 (u.S. Environmental  

P r o t e c t i o n  Agency 1977). Although t h e  f requency  of i n j u r y  and d e a t h  

a t  s u r f a c e  mines  i s  s i g n i f i c a n t l y  l e s s  t h a n  i n  underground mines ,  t h e  

number o f  a c c i d e n t s  o c c u r r i n g  a t  s u r f a c e  mines h a s  been i n c r e a s i n g  

because  of i n c r e a s i n g  r e l i a n c e  on s u r f  a c e  mining t ,echniques .  

Reconbendat ions  

1. Samples of  r e s p i r a b l e  c o a l  mine d u s t  l a r g e  enough t o  b e  
c h a r a c t e r i z e d  c h e m i c a l l y ,  m o r p h o l o g i c a l l y ,  and p h y s i c a l l y  
should .  be c o l l e c t e d  , f o r  a n a l y s i s  and some of them s t o r e d  
c r y o g e n i c a l  l y  f o r  f u t u r e  r e f e r e n c e .  

2. Research i s  needed on t h e  fundamental  mechanisms by which 
f ragments  a r e  produced i n  c o a l  mining;  how some of t h e s e  
f ragments  i n  t h e  r e s p i r a b l e  s i z e  range become a i r b o r n e ;  and 
t h e  s p a t i a l  and temporal  c h a r a c t e r i s t i c s  of r e s p i r a b l e  c o a l  
mine d u s t  atmospheres.  The mechanism of  f r a g m e n t a t i o n  needs  
t o  b e  unders tood  so  t h a t  machines can be des igned  t o  produce 
t h e  l e a s t  amount of c o a l  mine d u s t  i n  t h e  r e s p i r a b l e  s i z e  
range .  Entra inment  n e e d s  t o  be unders tood  so  a s  t o  minimize 
t h e  p r o p o r t i o n  of t h e  d u s t  t h a t  i s  e n t r a i n e d .  The s p a t i a l  
and t h e  t empora l  c h a r a c t e r i s t i c s  need t o  b e  unders tood  s o  
t h a t  t h e  exposure  of workers t o  t h e  d u s t  c a n  be c o n t r o l l e d .  

3 .  V a r i a t i o n s  i n  t h e  compos i t ion  and o t h e r  c h a r a c t e r i s t i c s  of  
r e s p i r a b l e  d u s t  from d i f f e r e n t  c o a l  seams shou ld  be  s t u d i e d ,  
because  i t  h a s  been  demonstra ted  t h a t  f a r t o r s  o t h e r  t h a n  
c o n c e n t r a t  i o n  s i g n i f i c a n t l y  a f f e c t  t h e  i n c i d e n c e  o f  c o a l  
mine workers  ' pneumoconios is.  Samplers o t h e r  t h a n  peisonal 
sample r  u n i t s  w i l l  be  needed.  



4 -  Accidents  i n  underground mining and c o a l  workers '  pneumo- 
c o n i o s i s  toge ther  have heen t h e  major hazards  t o  h e a l t h  and 
s a f e t y  i n  t he  pas t .  S t r i c t  enforcement of t he  Federa l  Coal 
Mine Sa fe ty  and Heal th  Ac't of  1977 should f u r t h e r  reduce 
. t h e  r i s k s  t o  workers i n  t h e  coa l  indus t ry .  Even wi th  s t r i c t  
enforcement,  i n  o rde r  t o  be c e r t a i n  t h a t  p resen t  s t anda rds  . 

. provide adequate  p r o t e c t  ion ,  e f f e c t i v e  h e a l t h  monitor ing 
and assessment w i l l  be necessary.  This should inc lude  a i r  
monitor ing i n  the .workplace  and a  b e t t e r  c h a r a c t e r i z a t i o n  of 
t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  and t h e  chemical composition 
of t he  va r ious  s i z e  groupings.  

5 .  :Continued improvement i n  miners '  s a f e t y  w i l l  r e q u i r e  in- 
c reased  educa t ion ,  e s p e c i a l l y  fo r  new miners. Such s a f e t y  
programs must have complete and s t rong  suppor t  from man- 
agement. 

6. New developments, such a s  use of diesel-powered underground 
equipment, w i l l  r e q u i r e  s tudy  o f , p o t e n , t i a l l y  d e l e t e r i o u s  
h e a l t h  e f f e c t s .  

4.1.2 Coal Transport  

Coal haulage i n  c o a l  mining ope ra t i ons  c u r r e n t l y  accounts f o r  

between 10 and 1 5 . p e r c e n t  of mining f a t a l i t i e s .  In underground 

mining o p e r a t i o n s ,  t h e  haulage accounts  f o r  about 72 percent  of t o t a l  

.haulage a c c i d e n t s ,  and f o r  61 pe rcen t  of a l l  haulage-related man-days 

l o s t .  A.worker a t  t h e  c o n t r o l s  of a , v e h i c l e  i s  i n  a  more dangerous 

l o c a t i o n  than  a  worker performing suppor t ing  t a sks .  Workers a t  t h e  

c o n t r o l s  a r e  involved i n  82 percent  of t o t a l  hau lage- re la ted  acc i -  
. . 

d e n t s ,  and account f o r  69 pe rcen t  of t h e .  t o t a l  man-days l o s t  (U.S. 
. . 

Environmental P r o t e c t i o n  Agency 1977). 

.Rai l  .systems t r anspo r t  t o  t h e  consumer approximately 66 percent  

o f , t h e  c o a l  produced, 22  percent  i n  u n i t  t r a i n s ,  and 44 percent  v i a  

mixed t r a i n s .  , Coal shipments represen ted  27 p-ercent of t o t a l  r a i l  

f r e i g h t  i n  1969 and 1970. Est imated r a i l  a cc iden t  r a t e s  involv ing  



some form of coa l  t r a n s p o r t  a r e  0.06 f a t a l  i n j u r i e s  and 0.585 non- 
. .  . . 

f a t a l  acc iden t s  f o r  every 1012 Btu equiva len t  tons shipped. Com- 

pa rab le  ana lyses  i n d i c a t e  s l u r r y  p i p e l i n e  acc ident  r a t e s  of 0.0019 

f a t a l i t i e s  and 0.032 nonfa t a l  i n j u r i e s  f o r  1012 Btu t ranspor ted .  

' Trucking r a t e s  a r e  est imated a t  0.032 f a t a l i t i e s  and 0.69 n o n f a t a l  

i n j u r i e s  f o r  1012 Btu energy shipped (u.s. Environmental P ro t ec t ion  

Agency 1977). These acc ident  p ro j ec t ions  a r e  based on n a t i o n a l  s t a -  

t i s t i c s  f o r  motor f r e i g h t  c a r r i e r s  where assumed c o a l  shipment acc i -  

dent  r a t e s  a r e  represented  a s  t he  coa l  shipped t o  t o t a l  f r e i g h t  
. . . . 

c a r r i e r  tonnage f o r  t h e  time span i n  ques t ion .  This .  assumes t h a t  th-e 
. . 

t r a n s p o r t  of c o a l  p re sen t s  no a d d i t i o n a l  acc ident  p o t e n t i a l  than the  
. . 

gene r i c  r a t e  f o r  a l l  motor c a r r i e r  t r a n s p o r t s .  This assumption may 

not  hold i n  those  reg ions  (e.g., Appalachia) where s t e e p ,  unimproved 

roads may e x i s t .  
, .. 

Recommendations 

1. In c o a l  t r a n s p o r t ,  a cc iden t s  involv ing  t h e  workers a r e  a 
s i g n i f i c a n t  fea ture .  : Ef fo r t@.  must be~made  t o  improve the  
s a f e t y  during t r anspor t .  The poss ib le  h e a l t h  e f f e c t s  on t h e  
workers -of ad.di t ives  such a s  s u r f a c t a n t s  used i n  coa l  s l u r r y  
t r a n s p o r t  shou ld .be  inves t iga t ed .  

4 .1.3.  Coal Storage 
. . 

A t o t a l  of 1 2 4 ' x  106 met r ic  tons  (137 x 106 t o n s )  of coa l  

was s tockp i l ed  i n  t h e  United S t a t e s  i n  1975 (u.S. Environmental Pro- 

t e c t i o n  Agency . 1978a). . The major hazards  t o  human h e a l t h  r e s u l t  from 
. . 

r a i n f a l l  and subsequent d e t e r i o r a t i o n  of ground water  q u a l i t y  a s  

r a inwa te r ,  which d r a i n s  through the  c o a l  p i l e s  'and f i r e s ,  reaches 



underground aqu i f e r s .  The water  problem i s  considered i n  d e t a i l  by 

t h e  eco log ica l  e f f e c t s  working group and w i l l  no t  be d e a l t  with here .  

F i r e s  from coa l  r e fuse  banks and mines r e l e a s e  smoke, a i r b o r n e  
. . 

p a r t i c l e s ,  and noxious,  sometimes l e t h a l ,  gases .  There a r e  an e s t i -  

mated 250 x 106 me t r i c  tons of burning r e f u s e  bank m a t e r i a l  (U.S. 

, . 
E n v i r 6 n r n ~ n t ~ l  P r o t e c t i o n  Agency 1978a). ~ u r , n . i n ~  of c o a l  p i l e s ,  ' 

impoundm&nts, abanddned mines, and ou tc rops  r e s u l t s  i n  emissions of 

va r ious  py ro ly t  i c  and 'combus t i o n  products  such a s  par't i c u l a t e  ma t t e r  , 
. . 

n i t rogen  oxides ,  s u l f u r  ox ides ,  carbon monoxide, hydrogen s u l f i d e ,  

ammonia, pb lycyc l i c  organic  m a t e r i a l s  (POM), and hydrocarbons includ-  

ing benzene, t o luene ,  and xylene. Trace elements  such a s  a r s e n i c ,  

boron,. and mercury a r e  a l s o  emi t ted  '(u.s. Environmental p r o t e c t i o n  

Agency 1978b). 

The spontaneous hea t ing  of c o a l  and c o a l  ' r e f u s e  p i l e s  i s  mainly 

a n  ox ida t ion  phenomenon involving c o a l ,  a s s o c i a t e d  p y r i t e ,  and impure 

c o a l  substances.  It is  a l s o  in f luenced  by t h e  presence of moisture .  

The ox ida t ion  of 'carbonaceous And p y r i t i c  m a t e r i a l  i n  t h e  coa l  r e f u s e  
. . . .. 

. . 
is  an exothermic r e a c t i o n  i n  which t h e  temperature  of a p i l e  o r  por- 

t i o n s  of i t  w i l l  i nc rease  i f .  t h e  amount of c i r c u l a t i n g  a i r  i s  s u f f i -  

c i e n t  t o  cause ox ida t ion  but  i n s u f f i c i e n t  to al low f b r  d i s s i p a t i o n  of  

hea t .   he' temperature of t h e  r e f u s e  then inc reases  u n t i l  i g n i t i o n  

temperature  is' 'reached. , . 

Emi'ssi'ons from f i r e s  i n  c o a l  r e f u s e  p i l e s ,  abandoned mines, and 

outc rops  c o n t r i b u t e  0.001 percent  of t h e  p a r t i c u l a t e s ,  0.16 pe rcen t  



of t h e  n i t rogen  oxides ,  0.14 percent  of t he  s u l f u r  ox ides ,  0.14 per- 

c e n t  of t he  hydrocarbons, and 4.9 percent  of t h e  carbon monoxide 

emit ted n a t i o n a l l y  (Brown 1979). 

4.2 Process ing  and Conversion Technologies 

4.2.1 Chemical Coal Cleaning 

Impur i t i e s  i n  c o a l  can be d iv ided  i n t o  two gene ra l  c l a s s i f i c a -  

t ions : i nhe ren t  , and removable. The inhe ren t  impur i t i e s  a r e  chem- 

i c a l l y  combined with c o a l  and r e q u i r e  chemical c o a l  c l ean ing  methods 

f o r  removal. The removable i m p u r i t i e s  a r e  ex t raneous  and can be 

e l imina ted  by c rush ing  and s e p a r a t i o n  t o  t he  e x t e n t  t h a t  t h i s  i s  ' 

economically jus t i . f ' i ed .  

Many p o l l u t a n t s  a s s o c i a t e d  with phys i ca l  c o a l  c l ean ing  a r e  iden- 

t i c a l  t o  those from e x t r a c t i o n  namely .ac id  dra inage ,  r e f u s e  leaching  

'. and burning,  and f u g i t i v e  dus t .  Since t h e  process  i s  conducted f o r  

t h e  purpose of reducing t h e  concen t r a t i on  of undes i r ab l e  minera l  im- 

p u r i t i e s  i n  c o a l ,  i t  i s  t o  be expected t h a t . t h e  handl ing and conta in-  

men't o f . t h e s e  subs tances  may p re sen t  a  major .problem t o  t he  indus t ry .  

Also included with t h e s e  wastes a r e  f l o c c u l a n t s  and o t h e r  chemicals  

used i n  and r e s u l t i n g  from r e a c t i o n s  du r ing  t h e  c lean ing  process . '  
. . 

The predominant group of impur i t i e s  removed by phys i ca l  c o a l  

c lean ing  which p re sen t s  a  h e a l t h  and environmental problem a r e  t h e  

t r a c e  metals .  These inc lude  barium, c o b a l t ,  copper ,  n i c k e l ,  rub id i -  

um, s t ron t ium,  y t t r i um,  z inc ,  and zirconium ( ~ r o w n  1979). , Gener.ally,  

t h e  concen t r a t i ons  of c e r t a i n  elements i n  t h e  o rgan ic  phase such a s  



aluminum, calcium, i r o n ,  s i l i c o n ,  manganese, and a r s e n i c  a r e  r e l a -  
. . 

t i v e l y  low and a r e  more l i k e l y  t o  be a s s o c i a t e d  with t h e  removable 
. . 

minera l  mat te r .  Those s t r o n g l y  a s soc i a t ed  wi th  the  organic  ma t t e r  

and no t  r e a d i l y  s u s c e p t i b l e  t o  washing inc lude  antimony, beryl l ium, 

boron, germanium, and vanadium. The concent ra t ions  of t r a c e  elements , . 
' S  . . 

t end  t o  vary among c o a l  beds wi th in  a reg ion  and a l s o  from region  t o  

region.  General ly ,  t h e  a v a i l a b l e  d a t a  i n d i c a t e  t h a t  t o x i c  t r a c e  e l e -  

ments tend  t o  concen t r a t e  i n  t h e  heav ie r  s p e c i f i c  g r a v i t y  f r a c t i o n s  

of t he  coa l , .  i n d i c a t i n g  t h a t  they  have an  ' a f f i n i t y  f o r  minera l  
' < .  

matter. .  I n  removing t h i s  ma t t e r ,  coal-washing p l a n t s  can reduce 

t r a c e  element concen t r a t ions  a s  much a's 88 pe rcen t ,  b r inging  them , 
.. . .. . .. . - 

n e a r e r  t o  environmental ly  accep tab le  l e v e l s  (Caval la ro  e t  a l .  1978.). 
r .  , . 

The aqueous dra inage  from coa l  r e f u s e  is  usua l ly  contaminated by 
. .., 

a c i d s  and d isso lved  o r  suspended minera l  matter .  The h ighe r  concen- . . 

t r a t i o n s  of d i s so lved  s p e c i e s  a r e  f o u n d . i n  t h e  more h ighly  a c i d i c  
. , 

s o l u t i o n s .  . .  Typica l ly ,  t h e  a c i d  dra inage  from c o a l  r e f u s e  con ta ins  
.. . 

' , .  . . 

high  concen t r a t ions  of i r o n ,  aluminum, calcium, magnesium, and su l -  
. . . . . , 

f a t e  i o n s  which a r e  de r ived  from t h e  major c o a l  minera l  complexes 
. . 

(Cava l l a ro  e t  a l .  1 9 7 8 ) i  Recently,  some of t h e  minor o r  l e s s  
, . !( . 

abundant t r a c e  elements have been i d e n t i f i e d  i n  t he  dra inage  o r  . I . .  - . . 

l e a c h a t e s  from c o a l  r e f u s e  o r  s p o i l s ,  b u t  a thorough assessment of 
. :  . ... 

t h i s  s u b j e c t  has  not  been made.. There i s  cons iderable  evidence t h a t  . . .  . . . . . 
c o a l  r e f u s e  dumps w i l l  cont inue  t o  produce s i g n i f i c a n t  q u a n t i t i e s  of 

water-borne contaminants f o r  many years  a f  t e r  t h e i r  'd isposal .  



The e f f e c t s  of dra inage  from coa l  wastes  can have a  marked 

e f f e c t  on s u r f a c e  and ground water.  In  a  r ecen t  s tudy  of t he  e f f e c t s  

of coa l  waste  d r a i n a g e  i n  a  Pennsylvania coa l  mining a r e a ,  t h e  miner- 

a l  and t r a c e  element con ten t s  of t h e  water from. s e v e r a l  sp r ings  and a  

number of s u r f a c e  waters  were analyzed. Among the  c o n s t i t u e n t s  mea- 

,sured were i r o n ,  manganese., aluminum, z i n c ,  c o b a l t ,  n i c k e l ,  copper ,  

chromium, cadmium, s i l v e r ,  and lead (Torrey 1978). I ron  and manga- 

nese were found t o  be g r e a t l y  i n  excess  of l o c a l  d r ink ing  water 

s tandards  f o r  a l l  of t he  water samples and the  concentrat ' ion of z inc ,  

chromium, copper,  and cadmium exceeded these  s tandards  in.some of t h e  

ground waters.  General ly ,  t h e  t r a c e  metal  concent ra t ions  were h igher  

i n  ground water samples than i n  t he  s u r f a c e  waters.  A compilat ion of 

t h e  ranges of concent ra t ions  of d i sso lved  spec i e s  f o r  a l l  of t he  

water samples s tud ied  i s  given i n  Table X I I .  

One of the  main i s s u e s  r e l a t e d  t o  coa l  p repa ra t ion  wastes  i s  t he  

importance of pH i n  determining the  l e v e l s  of t r a c e  element contamin- 

a t i o n  i n  r e fuse  drainage. Recent s t u d i e s  have shown t h a t  under. a l l  

coxidit ions  of s t a t i c  and dynamic l each ing ,  an inverse  r e l a t i o n s h i p  

preva i led  between pH and the  amounts of elements leached from t h e  re- 

fuse . samples .  Thus, a t  low pH ( 2  t o  31 ,  worrisome q u a n t i t i e s  o f '  

t r a c e  elements were leached from a l l  of t he  samples s tud ied ;  whereas, 

i n  those systems where the  l eacha te  was more nea r ly  n e u t r a l  (pH from 

5 t o  . 7 ) ,  t r a c e  element leaching and t h e  c a p a b i l i t y  of t he  l eacha te s  

. t o  , s o l u b i l i z e  contaminants were minimized. Therefore,  prevent ing t h e  



TABLE X I 1  

QUALITY OF SURFACE AND GROUNDWATER I N  A 
PENNSYLVANIA COAL-MINING R E G I O N  

. . . . . .  
Water 

V a r i a b l e  PPM PPB Rangeb StandardC 

Monovalent Ca t ions  
' Na 15.9 

K 4.8 
. Ag 

Diva len t  Ca t ions  _ .  . I -  
, , .. Mg 

C a 
. _ _  . . . . . . .  Fe(11)* 

~ n *  

. . '  Zn 
: ' . ' N i  

Co 
Cu 
C r  
Cd 
Pb 

. .- T r i v a l e n t  Ca t ions  . . . .  F ~ ( I I I ) *  19.7 
A 1  13.2 

I -. .:: '. :.. Neut ra l  
SiOp 10.3 

' '   on ova lent Anions 
C 1 204 

. . a . HC03 13.9 

Diva len t  Anion 
- I - .  d , . . . .  so4*£ 98 5 

. . * The average of t h i s  v a r i a b l ~  exceeds t h e  water  s tandard .  
aPPM- = p a r t s  per  m i l l i o n ,  PPB = p a r t s  per  b i l l i o n .  

. ";'b~atigk.'units same a s  f o r  mean. 
CRecommended l o c a l  d r i n k i n g  water  s t a n d a r d s  ( u n i t s  same a s  f o r  mean). 

p~ ~ i i i t s  . . 
eMicromoles a t  25'C. 
f ~ u c h  a s  H S O ~  . . .  . ,a! . . .  
SOURCE: Torrey 1978. 

' ,  . , '  ; . '  
s., ' 

, . 



formation of a c i d s  i n  r e f u s e  dumps, o r  n e u t r a l i z i n g  t h e  ac id  dra inage  

a s  i t  i s  formed, should prove e f f e c t i v e  i n  c o n t r o l l i n g  t r a c e  element 

r e l e a s e s  i n t o  t h e  environment. 

Coal p r epa ra t i on  wastes a r e  g e n e r a l l y  d i scarded-  wet o r  damp, 

which i s  ve ry  l i k e l y  t o  lead t o  p y r i t e  ox ida t ion .  Also, wastes d i s -  

carded i n  t h e  Midwest and Eas t  o f t e n  r e c e i v e  s u b s t a n t i a l  amounts of 

r a i n  be fo re  they a r e  covered. These g e n e r a l l y  d r a i n ,  bu t  remain damp 

f o r  long per iods al lowing ox ida t ion  and t r a c e  element leaching.  

The most common processes  f o r  achieving such phys ica l  separa- 

t i o n s  a r e  based upon t h e  d i f f e r e n c e  between t h e  s p e c i f i c  g r a v i t i e s  of 

t h e  i m p u r i t i e s  and t h a t  of t h e  coa l .  Simply s t a t e d ,  c o a l  has  a  spe- 

c i f i c  g r a v i t y  of about 1.3, which i s  l e s s  than t h a t  of i t s  impuri- 

t i e s  (Brown 1979). Thus, when the  f r e e  p a r t i c l e s  of c o a l  and impur- 

i t i e s  a r e  d i s tended  i n  water o r  some o t h e r  heavy medium in te rmedia te  

between coa l  and rock, a  s e p a r a t i o n  occurs  a s  t h e  heav ie r  and unde- 

s i r a b l e  p a r t i c l e s  s e t t l e  a t  a  f a s t e r  r a t e  than t h e  coa l .  I n  commer- 

c i a l - s c a l e  c lean ing  ope ra t i ons ,  i t  i s  not  uncommon t o  process  500 t o  

1,000 tons of c o a l  per hour ,  u s ing  a  v a r i e t y  of equipment designed 

s p e c i f i c a l l y  f o r  t he  makeup of t h e  p a r t i c u l a r  raw c o a l  being pro- 

cessed and t h e  des i r ed  end product (U.S. Environmental p r o t e c t i o n  

Agency 1978b). 

Genera l ly ,  phys i ca l  coa l -c lean ing  processes  a r e  c l a s s i f i e d  a s  

(1) gravi ty-based s t r a t i f i c a t i o n ,  o r  ( 2 )  nongravi ty  processes .  

~ n c l u d e d  i n  t h e  f i r s t  ca tegory  a r e  such wet processes  as dense 'media 



processes ,  pneumatic processes ,  launder  washers,  j i g s ,  c l a s s i f i e r s  

and t a b l e s ;  t h e  nongravi ty  ca tegory  inc ludes  f r o t h  f l o t a t i o n .  Some 

o t h e r  techniques being c u r r e n t l y  eva lua ted  inc lude  thermal-magnetic 

s e p a r a t i o n ,  immiscible l i q u i d  s e p a r a t i o n ,  s e l e c t i v e  f l o c c u l a t i o n ,  

e l e c t r o k i n e t i c  s e p a r a t i o n  and two-stage f r o t h  f l o t a t i o n  (Ki lgore  

1976.) 

The p o t e n t i a l  occupat iona l  h e a l t h  hazards  i n  t he se  processes  

a r e :  exposure t o  high l e v e l s  of c o a l  dus t  and no i se  during c o a l  

c rush ing ,  and exposure t o  s o l v e n t s  and a d d i t i v e s  from t h e  l i q u i d  
. . 

ba ths  used i n  t h e  g r a v i t y  o r  f lo ta t ion-based  s e p a r a t i o n  techniques.  

There do not  appear t o  be any s i g n i f i c a n t  methodology problems i n  

measuring t h e  occupat iona l  exposures ,  provided t h e  t ox i can t s  t o  be  

measured can be spec i f i ed .  

In  chemical c o a l  c l ean ing ,  . t h e  coa l  may be reduced t o  very small  

s i z e s  and t h e  f i n e l y  powdered coa l  dus t  can i g n i t e  spontaneously 

r e s u l t i n g  i n  an explosion.  The s e v e r i t y  of t h e  explos ion  w i l l  depend 

on t h e  space,  t h e  d u s t  concen t r a t i on ,  t h e  amount of a v a i l a b l e  oxygen, 
. . 

and the  n a t u r e  of t h e  a r e a  i n  which i t  occurs  (Wilson 1977). Some of 

t h e  coa l  c lean ing  processes  such a s  t he  JPL,  t h e  Syracuse,  the'Ames, 

and t h e  B a t t e l l e  processes  may r ep re sen t  explos ion  hazards  due t o  

. .  t h e i r  gene ra t i on  of f i n e  c o a l  dus t .  Research may be  needed on 
. . . . 

techniques t o  c o n t r o l  c o a l  dus t  explos ion  hazards  w i th in  process 

ves se l s .  



Other occupat ional  h e a l t h  problems i n  chemical coa l  c leaning  may 

be a s s o c i a t e d  with vapor and gaseous emissions t h a t  may occur during 

t h e  va r ious  coa l  c leaning  processes  a s  a r e s u l t  of normal vent ing  and 

bleeding opera t ions  o r  a s  a r e s u l t  of acc iden t s .  The na tu re  of t h e  

r e l e a s e s  v a r i e s  from process t o  process  and- according t o  where i n  the  

process s t ream the  r e l e a s e  occurs .  

During the  Magnex coa l  c leaning  process ,  carbon monoxide and 

i r o n  pentacarbonyl a r e  formed and may be r e l ea sed  with vented vapors;  

even wi th  a CO r e c i r c u l a t i o n  system, some r e l e a s e  may occur due t o  

b leeding  (Contos 1978). Metal carbonyls  a r e  extremely tox ic .  Since 

many coa l s  con ta in  small  amounts of n i c k e l  and o the r  t r a c e  metals  i t  

i s  poss ib le  t h a t  carbonyls  might be formed. 

Severa l  of t he  chemical coa l  c leaning  processes  have the  poten- 

t i a l  f o r  r e l e a s e  o f . a c i d  vapors with t h e  vent  gas. The amount re -  

leased  w i l l  be a func t ion  of the  scrubbers  o r  o t h e r  c o n t r o l  devices .  

The J P L  process  may r e l e a s e  both H2SO4 and HC1 while  t h e  PETC 

process  may r e s u l t  i n  H2SO4 r e l e a s e  ( ~ r i e d m a n  1979; Contos '1978). 

1 n . a d d i t i o n  t o  t he  p o t e n t i a l  r e l e a s e  of a c i d s ,  t h e  JPL process  

uses  l a r g e  q u a n t i t i e s  of methyl chloroform ( l , l , l - t r i c h l o r o e t h a n e )  i n  

c h l o r i n a t i o n  processes.  Other a s  ye t  u n i d e n t i f i e d  ch lo r ina t ed  organ- 

i c s  may be r e l ea sed  from t h i s  process  a s  wel l  a s  methyl chloroform. 

A number o f . t h e  chemical coa l  c l ean ing  processes  may a l s o  r e s u l t  

i n  t h e  r e l e a s e  of n i t rogen  oxides. Of p a r t i c u l a r  concern f o r  NOx 

a r e  t h e  KVB and t h e  Ames processes.  The B a t t e l l e  and G.E. Chemical , 



Coal Cleaning processes  have t h e  p o t e n t i a l  t o  r e l e a s e  hydrogen sul-  

f i d e .  % 

The technology f o r  measuring occupat iona l  exposures t o  t he se  

chemicals  appears  t o  be adequate f o r  t h e  exposure eva lua t ions  t h a t  

need t o  be performed. 

The G.E. Chemical Coal c l ean ing  process  uses  microwave i r r a d i a -  

t i o n  t o  r a p i d l y  hea t  caust ic- impregnated,  ground coa l .  The p re sen t  

l abora tory-sca lb  experiments use  r a d i a t i o n  sources  of a lkW, 2.4 GHz, 

o r  a 2.5 kW, 8.35 GHz gene ra to r  (Contos 1978). With t h e  use of t h e  

powerful microwave genera tors  r equ i r ed  t o  c l ean  c o a l  by t h i s  process  

on a commercial s c a l e ,  some occupat iona l  exposure t o  microwaves due 

t o  incomplete containment could be expected. 

Measurements of microwave f i e l d  i n t e n s i t i e s  i n  t h e  workplace 

w i l l  be  needed, and can be  performed with a v a i l a b l e  survey i n s t r u -  

ments. 

The s o l i d  wastes t h a t  r e s u l t  .from most of t h e  c o a l  c l ean ing  

processes  w i l l  be high i n  t h e i r  conten t  of t r a c e  me ta l s ,  e s p e c i a l l y  

i ron .  O the r  meta l s  such a s  N i ,  Hg, ' Cd, Pb, and Be, which have known 

adverse  phys io logica l .  e f f e c t s ,  may a l s o  be. expected t o  be p r e s e n t  

(Contos 1978). I f  t he se  s o l i d  wastes a r e  n o t  .p roper ly  d i sposed ,  

l each ing  may occur  which could r e s u l t  i n  t he .  even tua l ,  e n t r y  of t h e  

t r a c e  metals  i n t o  t h e  d r ink ing  water s u p p l y . o r  i n t o  t he - food  chain.  

Recommendations 

. 1.. In  coal .  c lean ing  t h e r e  is  a . p o t e n t i a 1  f o r  s i g n i f i -  
c an t  exposure t o  c o a l  d u s t ,  e s p e c i a l l y  t o  maintenance 



personnel  who must r e p a i r  equipment i n  t h e  event  of a break- 
down o r  f a i l u r e .  When s o l v e n t s  a r e  used f o r  e x t r a c t i o n  o r  
f l o t a t i o n  processes ,  t h e  e f f e c t s  of t he se  s o l v e n t s  and 
mix tures  on h e a l t h  must be evaluated.  

2. I n  the.chemica1 c o a l  c l ean ing  processes  a v a r i e t y  of methods 
have been suggested s i n c e  each can pose s p e c i f i c  problems 
such a s  exposure t o  meta l  ca rbonyls  i n  t h e  llagnex process ,  
microwaves i n  t h e  G.E. p rocess ,  a c i d  mists i n  t h e  PETC o r  
JPL processes ,  o r  a v a r i e t y  of meta l s  a s  a r e s u l t  of t h e  
concentration/extraction processes .  Each process  needs t o  
be c a r e f u l l y  eva lua ted  a s  t o  i t s  p o t e n t i a l  e f f e c t  on t h e  
worker 's  h e a l t h .  Appropriate  c o n t r o l  measures must be 
i n s t i t u t e d .  

4.2.2 I n  S i t u  G a s i f i c a t i o n  

I n  s i t u  g a s i f i c a t i o n  w i l l  involve  a number of d i f f e r e n t  opera- 

. t i o n s  wi th  p o t e n t i a l  occupat iona l  h e a l t h  cons ide ra t i ons .  There w i l l  

be some mining and tunne l ing  ope ra t i ons  p r i o r  t o  underground 

i g n i t i o n .  As a r e s u l t ,  t h e r e  w i l l  be d u s t  gene'ratTon r e q u i r i n g  

engineer ing  c o n t r o l s  t o  main ta in  accep tab l e  d u s t  l e v e l s .  I n  new. 

workings w$thin a n  ongoing process ing  reg ion ,  t h e r e  may a l s o  be 

underground f i s s u r e s  which permit e n t r y  of g a s i f i c a t i o n  e f f l u e n t s  

from t h e  o l d e r  workings being g a s i f i e d .  .Thus, underground exposure 

monitor ing should i n c l u d e  measurements of combustion e f f l u e n t s  a s  

w e l l  a s  dus t .  

It i s  p o s s i b l e  t h a t  t h e  use  of explos ives  t o  f r a c t u r e  under- 

ground c o a l  seams could. r e s u l t  i n  t h e  c r e a t i o n  of f i s s u r e s  not .con-  

.netted t o  t h e  vent  gas  system. . Should t h i s  occur ,  va r ious  k inds  of 

ga se s ,  v o l a t i l i z e d  elements ,  and p a r t i a l l y  combusted hydrocarbons 

might be r e l e a s e d  t o  t h e  s u r f a c e  r e s u l t i n g  i n  occupat iona l  and/or  



g e n e r a l  p o p u l a t i o n  exposures .  The t r a c e  g a s e s  and v o l a t i l e s  which 

a r e  l i k e l y  t o  e scape  dGring c o a l  combustion shou ld  i n c l u d e :  ammonia 

( N H ~ ) ,  hydrogen c y a n i d e  (HCN), hydrogen s u l f i d e  (H2S), ca rbony l  

s u l f i d e  (COS) , carbon  d i s u l f i d e  (CS2) ,  s u l f u r  d i o x i d e  ( s o 2 ) ,  

methyl  mercaptan (CH3SH), th iophenes ,  t h i o c y a n a t e s ,  t r a c e  o r g a n i c s ,  

and v o l a t i l e  t r a c e  e lements  such a s  L i ,  V ,  F a  Na, K ,  Ca, C l ,  Hg, A s ,  

Pb, Cd, and Se  ones e t  a l .  1977).  The t r a c e  o r g a n i c s  which might  

be e m i t t e d  d u r i n g  combustion a r e  g e n e r a l l y  no t  w e l l  c h a r a c t e r i z e d .  

The g a s e s  and v o l a t i l e s  r e l e a s e d  d u r i n g  c o a l  combustion a r e  

s i m i l a r  t o  t h o s e  which cou ld  be expec ted  l a t e r  d u r i n g  t h e  c l e a n i n g  

and upgrad ing  o f '  t h e  p r o d u c t  gas .  Var ious  s u l f u r - t r a p p i n g . d e v i c e s  on 

t h e  p roduc t  s t r e a m s  a r e  e f f e . c t i v e  a g a i n s t  SOx and H2S, b u t  COS 

and CS2 may pass  through and, i f  they  do,. r e p r e s e n t  s i g n i f i c a n t  

exposure  h a z a r d s .  

D e s p i t e  th.e f a c t  t h a t  many incomple te ly  combusted o r g a n i c s  a r e  

s t r o n g l y  b o u n d . t o  t h e  c o a l  s u r f a c e ,  some of t h e . m o s t  s o l u b l e  w i l l  b e  

d i s s o l v e d  i n  t h e  ground water .  These w i l l  i n c l u d e  p y r i d i n e s ,  quino- 

l i n e s ,  i n d o l e s ,  and pheno l s  ( ~ e l l i z z a r i  1978) .  S i n c e  the  e x a c t  iden-  

t i t i e s  of  t h e  compounds a r e  unknown, i t  i s  d i f f i c u l t  t o  de te rmine  t h e  

magnitude of t h e  p o t e n t i a l  e f f e c t s  s h o u l d  t h e s e  complex o r g a n i c s  

r e a c h  .the d r i n k i n g  w a t e r  supp ly  o r  t h e  food cha in .  These c l a s s e s  of  

h i g h l y  w a t e r - s o l u b l e . o r g a n i c  compounds i n c l u d e  known and s u s p e c t e d  

c a r c i n o g e n s ,  i r r i t a n t s ,  and compounds of  h i g h  t o x i c i t y .  

. Some of t h e  t r a c e  e lements  such a s  Hg, Cd, A s ,  S e a  and F a l s o  

e x i s t  i n  a-  s o l u b l e  form and,  i f  p r e s e n t  i n  s u f f i c i e n t  c o n c e n t r a t i o n s ,  

9 2  



could r e s u l t  i n  t ox i c  e f f e c t s .  This would occur through d r ink ing  

water exposufe and through concen t r a t i on  of  t he se  t i a c e  metals  up t h e  

aqua t i c  food chain.  , 

The q u a n t i t i e s  of contaminants i n  e f f l u e n t s  from i n  s i t u  c o a l  

g a s i f i c a t i o n  have not  been adequately cha rac t e r i zed .  This  i s  espe- 

c i a l l y  t r u e  fo r  contaminants ,  e.g., o r g a n i c s ,  t r a c e  elements t h a t  may 
. . 

appear i n  t r a c e  q u a n t i t i e s  ( P e l l i z a r i  1978). Aqueous d i s cha rges  a t  

d i f f e r e n t  s t a g e s  of c o a l  conversion  regas as if i c a t i o n ,  convers ion ,  and 

wastewater t rea tment )  may d i f f e r  i n  n a t u r e  and quan t i t y .  The poten- 

t i a l  t r a c e  contaminants from each of t h e s e  processes  may a l s o  . . va ry  by 

s i t e  according t o  coa l  type,  o p e r a t i o n a l  design,:and p l a n t  s i z e .  
. , 

Once a p a r t i c u l a r  s i t e  i s  c h a r a c t e r i z e d ,  a  problem a r i s e s  i n  . . predic-  

t i n g  t h e  e x t e n t  of pene t r a t i on  of t a r s  and p y r o l y s i s  products  through 

t h e  coa l  o r  surrounding rock. 
. . 

. . 

Recommendations 

1. The major d i f f i c u l t y  i n  measuring t h e  emissions t o  t h e  atmo- 
sphere  from i n  s i t u  c o a l  g a s i f i c a t i o n  i s ' i n  i d e n t i f y i n g  t h e  
vent  s i t e s .  Hence, c h a r a c t e r i z a t i o n  of t h e  e x t e n t  of t he  
emissions r e q u i r e s  t h e  development of s t r a t e g i e s  'for assemb- 
l i n g  t h e  sampling networks and meteoro logica l  d a t a  re- 
sources  needed fo r  such eva lua t ions .  

2 .  The q u a n t i t i e s  and b i o l o g i c a l  a c t i v i t i e s  of t h e  contaminants 
i n  e f f l u e n t s  from i n  s i t u  c o a l  g a s i f i c a t i o n  should be de t e r -  
mined. . . 

..'3. I n  s i t u . c o a 1  g a s i f i c a t i o n  can r e s u l t  i n  e x t r a  c racks  o r  f i s -  
s u r e s  through which v a r i o u s  noxious gases  can escape and ex- 

'pdse  wi rkers  t o  s i g n i f i c a n t  l e v e l s .  Thebe gases  can inc lude  
ammonia, hydrogen cyanide,  carbon monoxide, and hydrogen 
s u l f i d e  a s  w e l l  a s  a  var ' i e ty  of o rganic  compounds. ' For many 



of t hese ,  t h e  e f f e c t s  on h e a l t h  a r e  known. For o t h e r s ,  such 
as some of t h e  complex o rgan ic s ,  l i t t l e  i s  known concerning 
t h e i r  e f f e c t  on t h e  -hea l th  of workers. ' It w i l l  be 'necessary 
t o  monitor t h e  a r e a s  where i n  s i t u  c o a l  g a s i f i c a t i 0 n . i ~  done 
t o  ensure  t h a t  exposure of t he  workers i s  minimal. 

4.3 ~ n d  Use Technologies 
. . 

4.3.1 Conventional c o a l  Combustion 

The environmental contaminants produced by t h e  burning of coa l  

i n  b o i l e r s ,  power gene ra to r s ,  and o t h e r  s t a t i o n a r y  sources have been 

t h e  s u b j e c t  of s i g n i f i c a n t  s tudy.  The oxides o f ,  s u l f u r ,  n i t rogen ,  

and' carbon a r e  t h e  most abundant a i r  contaminants .produced by t h e  

combustion of coa l .  I n  19'74, about 20 m i l l i o n  tons  of so2 and 5 
. ; l  

m i l l i o n  tons  of n i t r o g e n  oxides (NOx) were discharged i n t o  t h e  en- 

vironment from c o a l  burning (Brown 1979). In ad'dition t o  t h e s e  

gaseous contaminants ,  c o a l  combustion a l s o  produces l a r g e  

of f i n e l y  d iv ided  minera l  p a r t i c u l a t e s  ( f l y a s h )  t h a t  a l s o  escape i n t o  

t h e  environment. The a s h  con ta ins  t o x i c  t r a c e  elements such as l e a d ,  

mercury,. a r g e n i c ,  and cadmium (Brown 1979). These elements  may a l s o  

be present  a s  vapors  a s  we l l  as  adsorbed on t h e  s u r f a c e  of f l y a s h  o r  

o t h e r  f i n e  p a r t i c l e  einissions. To l e s s e n  t h e  air  p o l l u t i o n  load ,  

i nc reas ing  amounts of f l y a s h  a r e  being removed from t h e  s t a c k  corn- 
: .  

ponents  by p r e c i p i t a t o r s  an'd o t h e r  devices .  

Conventional c o a l  burning can  lead  t o  exposures o f .worke r s  t o  

SO2 depending upon t h e  amount of s u l f u r  i n  t h e  c o a l  dus t .  Exposure 
*. . . 

can 'occur  during t h e  a d d i t i o n  of t h e  coa l  t o  t h e  b u r n e r i o r  as a 

r e s u l t  of "blow backs" through the  furnace  door. Even though t h e  a s h  

94 



may be  handled mechanical ly ,  t h e r e  c a n . b e  breakdowns o r  f a i l u r e s  t h a t  

w i l l  r e q u i r e  maintenance personnel  t o  e n t e r  t h e  ash hoppers. S ign i f -  

i c a n t  exposures can occur during t h e s e  procedures.  

Coal g e n e r a l l y  con ta in s  minor t r a c e s  of r a d i o a c t i v i t y ;  concen- 

t r a t i o n s  a r e  h igh ly  v a r i a b l e  and range from 0.001 t o  1.3 p i cocu r i e s  

per gram (U.S. Environmental P r o t e c t i o n  Agency 1978b; U.S. Energy 

Research and Development Adminis t ra t ion  1977). Radioact ive ' r e l e a s e s  

of uranium, radium-226, thorium, and t h e i r  daughter  products  may 

r e s u l t  from t h e  burning of bo th  Eas t e rn  and Western c o a l s ,  wi th  t he  

amounts of each emission depending on t h e  source of t h e  coa l .  These 

r a d i o a c t i v e  elements  a r e  not  e n t i r e l y .  r e l e a s e d  i n  s t ack  gases ;  l a r g e  , 

q u a n t i t i e s  of radium remain with t h e  ash. The es t imated  annual  

r e l e a s e  r a t e s  f o r  r ad ionuc l ides  from a 1000 MW(e) c o a l  f i r e d  power- 

p l a n t  r e s u l t  i n  0.04 t o  0.35 mremlyr whole body dose a s  a  maximal 

annual  dose committment per  indivkdual  (Van Hook 1977). In  a s se s s ing  . ,. 

t h e  r a d i a t i o n  dose from coa l  combustion, i t  i s  u s e f u l  t o  compare. t h e  

average dose equ iva l en t  r a t e  f o r  t h e  whole body from n a t u r a l  sources  

which i s  80 - + 40 mremlyr. with t h a t  f o r  c o a l  combustion of  0.007 

mremlyr. The panel d id  not  address  t he  r a d i o a c t i v e  r e l e a s e s  from 

c o a l  i n  d e t a i l  and tended t o  agree  wi th  Van Hook (1977) t h a t  

I1 atmospheric  r e l e a s e s  of r ad ionuc l ides  from increased  coa l  combustion 

do not  r ep re sen t  a  s i g n i f i c a n t  pub l i c  h e a l t h  problem unless  c o a l  

conta in ing  g r e a t e r  than 5 ppm uranium comes i n t o  gene ra l  use. 

~ a d i a t  ion  r e l e a s e s  from ash  d i s p o s a l  s i t e s  have no t  been eva lua ted  .I1 



~ c c u r a t e  measurement o f '  emissions i s  d i f f i c u l t ,  e s p e c i a l l y  with 

regard t o  t h e  measurement of f u g i t i v e  emissions and of t he  more vola-  

t i l e  c o n s t i t u e n t s  i n  t he  s t ack  d ischarges .  Furthermore, a s  the  

importance of t he  f i n e  . p a r t i c u l a t e s  i s  recognized,  i t  becomes more 

important  t o  measure t h e  concen t r a t i ons  and compositions of t h e  f i n e  

primary p a r t i c u l a t e s  a s  wel l  a s  t he  concen t r a t i ons  of t h e  condensi- 

b l e s  which form o r  condense on f i n e  p a r t i c u l a t e s  i n  t he  atmosphere. 
. . 

A i r  p o l l u t i o n  "episodes" of t he  Meuse Valley, Belgium i n  1930, 

of Donora, Pennsylvania i n  1948, and of London i n  1952 and 1962 

provided c l e a r  and dramatic  evidence t h a t  t he  atmospheric  products  of 
. . 

uncont ro l led  combustion of f o s s i l  f u e l s  can be l e t h a l  to ' exposed  

populat ions.  In  t he  l a r g e r  c i t i e s  of New York and London, s e v e r a l  

hundred t o  s e v e r a l  thousand excess  d e a t h s  were a t t r i b u t e d  t o  each of 

t he  s e v e r a l  2 t o  4  day ep isodes  r epo r t ed  i n  t h e  1950s and e a r l y  

1960s. Concentrat ions of  t he  s u l f u r  o x i d e l p a r t i c u l a t e  complex (SO2 
. . 

and p a r t i c u l a t e s  were t h e  on ly  i n d i c e s  of a i r  p o l l u t i o n  monitored) 

g e n e r a l l y  exceeded 1000 pg/m3 dur ing  these  ep isodes  (Schrenk e t  a l .  

1949; ~ r e e n b e r ~  e t  a l .  1963; Min i s t ry  of Health 1954); t he se  l e v e l s  

a r e  3  t o  4 t imes e x i s t i n g  U.S. a i r  q u a l i t y  s tandards .  

Following r e c o g n i t i o n  of t h e  s i g n i f i c a n t  m o r t a l i t y  e f f e c t s  of  

uncont ro l led  a i r  p o l l u t i o n ,  a number of epidemiology s t u d i e s  focus- 

i ng  on d i s e a s e  and dysfunc t ion  i n  exposed popula t ions  were i n i t i a t e d  

i n  an a t tempt  t o  i d e n t i f y  t h e  o v e r a l l  pub l i c  h e a l t h  impact of t h e  a i r  

p o l l u t i o n  t y p i c a l  of many urban a r e a s  i n  t h e  1950s and 1960s. These 



s t u d i e s  have been reviewed i n  a  number of comprehensive r e p o r t s  

(Nat iona l  Academy of  Sciences 1973, 1974; c o f f i n  and Stokinger  1977; 

Royal c o l l e g e  of Physicians 1970; American Thoracic Soc ie ty  1978). 

The major ' h e a l t h  e f f e c t s  a t t r i b u t e d  t o  t he  s u l f u r  o x i d e / p a r t i c u l a t e  

complex and t h e  l e v e l s  a t  which adverse e f f e c t s  might be expected i n  

some exposed i n d i v i d u a l s  a r e  presented i n  Table X I I I ,  which i s  t aken  

from a  r e p o r t  of a  World Heal th  Organiza t ion  expe r t  committee on a i r  

q u a l i t y  c r i t e r i a  and guides  f o r  urban a i r  p o l l u t a n t s  (world ~ e a l t h  

Organiza t ion  1972). 

It i s  important t o  no te  t h a t  t he  ep idemiologica l  evidence upon 

which t h e  numerical e s t ima te s  o f . T a b l e  X I 1 1  a r e  based were der ived  

from s t u d i e s  of populat ions exposed t o  r e l a t i v e l y  uncont ro l led  f o s s i l  

f u e l  combustion products ,  a t  a  time when t h e r e  were a  number of major 

c o n t r i b u t o r s  t o  t h e  unhealthy a i r  environment. The major combustion 

sources  included:  

(1 )  smoke from domestic coa l  burning s t o v e s ,  b o i l e r s ,  and open 
g r a t e s  

( 2 )  emissions from uncont ro l led  fo s s i l - fue l ed  power p l a n t s  

( 3 )  uncont ro l led  combustion products  from b o i l e r s  i n  . f a c t o r i e s ,  
schools ,  i n c i n e r a t o r s ,  and o t h e r  po in t  sources  . , 

( 4 )  products  of uncont ro l led  automobile emissions 

(5) l o c a l i z e d  emissions a s soc i a t ed  w i th  s p e c i f i c  i n d u s t r i a l  
processes  such a s  lead  smel t ing ,  petrochemical  r e f i n i n g ,  
' so lven t  use ,  e t c .  

These emission sources  were o f t e n  concent ra ted  i n  urban a r e a s ,  

and t h e i r  combustion products  r e s u l t e d  i n  a  v i s i b l e  blackening of 



TABLE X I 1 1  

Pollutant Concentrations ( g/m3) 

Effect SO2. 
. . 

smoke 

Excess mortality and hospital admis- 500 (0.17 ppm) 500 
s ions (daily average) (daily average) 

a 
00 Worsening of patients' pulmonary 250-500 (0.08-0.17 ppm) 250 

disease (daily average) (daily average) 

Respiratory symptoms and ventilatory 100 (0.04 ppm)' 100 . . 

function changes (annual arithmetic mean) . (annual arithmetic. mean) 

Visibility and/or human annoyance 80 (0.03 ppm) 80. 
effects " (annual geometric mean) (annual geometric mean) 

Definition of abbreviations: SO2 = sulfur dioxide; ppm = parts per million. 

*source: World Health Organization 1972. .. 

+~ritish Standard Practice   ini is try. of Technology '1966). See text for comparability with 
U.S. methods. 



buildings, clothing, the atmosphere, and the lungs of the exposed 

population. It was impossible to determine whether one pollutant or 

a class of pollutants was solely responsible for the observed health 

effects. The quality and quantity of air pollutants in the urban 

environment undoubtedly varied greatly from place'to place and ifom 

hour to hour; as a function of varying emission strengths, meteoro- 

logical conditions and population mobility. Epidemiology. studies 

were designed to demonstrate the extent to which excess disease and 

dysfunction could tie reasonably- attributed to the complex air 

environment, but it was not possible to specify which pollutant of 

the complex mixture was responsible for the observed effects. 

Epidemiologists relied on a few index pollutants, usually suspended 

particulate matter or smoke and S02, to characterize the air 

environment. No attempt was made to describe chemically the entire 

pollutant complex and there is no reason to believe that the 

unmeasured pollutants bore a constant relationship to the measured 

indices, SO2 and particulate matter. 

Since 1960, significant changes in emission sources have taken 

place. Homes are now heated by natural gas, oil, or electricity, and 

coal burning in homes has virtually disappeared. Power plants are 

equipped with electrostatic precipitators, or bag houses and tall 

stacks. Many power plants have shifted to low sulfur coal, oil, or 

natural' gas. Since 1976, hydrocarbon and CO emissions from new 

automobiles have been reduced from 1970 levels by nearly 90 percent. 



Many.. major  i n d u s t r i a l  .emis'sion sou'rce c a t e g o r i e s  have b'een r e g u l a t e d .  

These changes have been accompanied by a  d r a m a t i c  d e c l i n e  i n  atmo- 

. . 
l e v e l s  of  So2 and p a r t i c u l a t e s  i n  many U.S. c i t i e s ,  a s  

i l l u s t r a t e d  f o r  New York ' c i ty  i n  ~ i g u r e  1 0  f ~ r ' ~ a r t i c u l a t e  m a t t e r  and 

, i n  F i g u r e  11 f o r  So*. Large ly  because  of t h e  swi tch  from c o a l  t o  

o i l ,  n a t u r a l  g a s ,  and e l e c t r i c i t y  f o r  home h e a t i n g ,  i t  i s  now 

p o s s i b l e  t o  a c h i e v e  more complete  combust ion of f o s s i l  f u e l s  w i t h i n  

c i t i e s ,  and t h i s  change h a s  r e s u l t e d  i n  a  3 - to  10-fold  r e d u c t i o n  

between 1960 and 1975 i n  benzo(a )pyrene  l e v e l s ,  which s e r v e  a s  a n  

i n d i c a t o r  of  o t h e r  p o l y c y c l i c  o r g a n i c  compounds r e l a t e d  t o  t h e  

comple teness  of f u e l  combustion (Hoffman and Wynder 1977).  O v e r a l l ,  

t h e s e  changes i n  emiss ion  s o u r c e s  have r e s u l t e d  i n  lower ambient  

c o n c e n t r a t i o n s  of  t h e  s u l f u r  ~ x i d e / ~ a r t i c u l a t e / ~ a ~  complex a s  

measured by SO*, t o t a l  p a r t i c u l a t e ,  and BaP networks .  

A t  t h e  same t ime ,  t h e r e  i s  e v i d e n c e  f o r  i n c r e a s i n g  a c i d i t y  i n  

r a i n f a l l  and i n  l a k e s  of  t h e  N o r t h e a s t  and Midwest. These f i n d i n g s  

s u g g e s t  changes i n  t h e  ambient  p a r t i c u l a t e  mass that a r e  n o t  re- 

f l e c t e d  i n  t h e  u s u a l  measures of  ambient a i r  q u a l i t y .  L ikewise ,  

t h e r e  i s  good r e a s o n  t o  b e l i e v e  t h a t  t h e  p r o p o r t i o n  of  r e s p i r a b l e  

p a r t i c l e s  i s  i n c r e a s i n g ,  b u t  l i t t l e  i s  known about  t h e  a b s o l u t e  

amount of  r e s p i r a b l e  p a r t i c u l a t e  which would be much more impor tan t .  

A number of undef ined changes i n  o r g a n i c  a e r o s o l  emiss ions  have 

a l s o  p robab ly  o c c u r r e d  and v e r y  l i k e l y  a r e  r e l a t e d  t o  t h e  changing 

, u s e  p a t t e r n  of  a d d i t i v e s  i n  g a s o l i n e ,  i m p e r f e c t  o p e r a t i o n  o f  



Total  suspended par t i cu la te s  i n  ~ e w  York City (1930-1976). Numbers i n  
parenthesis  r e f e r  t o  references .  Data a f t e r  1955 a r e  from reports  o f  
the  New York Department of  Air Resources. The sampling loca t ions  change 

. - from. year t o  year. 

Source: Eisenbud, 1978. 

FIGURE10 
TOTAL SUSPENDED PARTICULATES IN NEW YORK CITY . 

(1 930-1 976) 



New.York Citywide annual average SO 2 concentration (1954-1976). 

, 
Source:  ise en bud, 1978 

FIGURE 11 
NEW YORK CITYWIDE ANNUAL AVERAGE SO2 CONCENTRATION 

(1 954-1 976) 



c a t a l y t i c  muf f l e r s ,  i n t r o d u c t i o n  of d i e s e l  engines  i n  passenger c a r s ,  

and i n t r o d u c t i o n  of new chemicals i n  t h e  manufact.ure o f '  i'ndus t r i a l  

and consumer goods. . . 

Thus, q u a n t i t a t i v e  and q u a l i t a t i v e  changes i n  a i r  q u a l i t y  have 

occurred s i n c e  t h e  1950s and 1960s. These a i r  q u a l i t y  changes a r e  .. 
. . 

no t  wel l  r e f l e c t e d  i n  t he  usual  i n d i c e s  of t h e  s u l f u r  ox ide /  

 articulate complex. 

The gene ra l i zed  r educ t ion  i n  ambient p a r t i c u l a t e  and s u l f u r  

oxide concen t r a t i ons  s i n c e  t he  l a t e  1960s .has  been accompanied by t h e  

v i r t u a l  disappearance of r e c u r r e n t  and r e a d i l y  d e t e c t a b l e  l e t h a l  a i r  

p o l l u t i o n  ep isodes  i n  England. Likewise,  d i f f e r e n c e s  i n  r e s p i r a t o r y  

i l l n e s s  r a t e s  between more po l lu t ed  and l e s s  po l lu t ed  communities 

appear t o  have diminished cons iderab ly ,  t o  the  po in t  where some 

i n v e s t i g a t o r s  c la im t h a t  p resen t  l e v e l s  of a i r  p o l l u t i o n  r ep re sen t  

l i t t l e  o r  no h e a l t h  r i s k .  Whether t h e s e  clgims a r e  supported by 

r e c e n t  ep idemiologica l  evidence i s  ques t i onab le ,  but t h e r e  i s  gene ra l  

agreement t h a t  i f  t he  s u l f u r  o x i d e / p a r t i c u l a t e  complex i s  a f f e c t i n g  

h e a l t h ,  t h e s e  e f f e c t s  a r e  less seve re  and l e s s  e a s i l y  d e t e c t a b l e  t han  

they were 15 t o  20 years  ago. 

The burning of c o a l  a l s o  produces s o l i d  waste m a t e r i a l s  t h a t  re-  

q u i r e  d i s p o s a l  i n  environmental ly  compatible  ways. The bulk o f  t h i s  

r e s idue  i s  bottom ash  formed by t h e  n o n v o l a t i l e  mineral  mat te r  i n  t h e  

coa l .  . I n  a d d i t i o n ,  t o  l e s sen  the  a i r  p o l l u t i o n  load ,  i nc reas ing  

amounts of f l ya sh  a r e  being removed from the  s t a c k  components by 



p r e c i p i t a t o r s  and o t h e r  devices .  About 70 m i l l i o n  tons of bottom ash  

and f i ya sh  r e s u l t  annual ly  i n  t h e  U.S. from coa l  combustion ( ~ e w e r k a  

e t  a l .  1976). There i s  growing awareness t h a t  t he  d i scarded  s o l i d  

wastes from c o a l  combustion may themselves be a  s e r i o u s  source of 

environmental contaminat ion a s  we l l  a s  exposure t o  workers. I n  par- 

t i c u l a r ,  t h e s e  m a t e r i a l s  may be  sub jec t ed  t o  leaching  by r a i n  water 

o r  s u r f a c e  flows t h a t  could produce mineral  o r  t r a c e  element contami- 
. . . , 

nat ion .  

: Energy-related water  'd ischarges from coa l - f i red  power p l a n t s  can 

be e i t h e r  cont inuous o r  i n t e r m i t t e n t .  Continuous d i scharges  ' inc lude  

flows from' cool ing  water  systems and b o i l e r  blowdowns'. I n t e r m i t t e n t  

d i scharges  i nc lude '  flows from b o i l e r  water p re t rea tment  ope ra t  ions  

such a s  ion  exchange; f i l t r a t i o n ,  c l a r i f i c a t i o n ,  and evaporat ion.  

Other i n t e r m i t t e n t  d i scharges  inc lude  those  from s t a c k  c l e a n i n g  i n  

which high p i e s s u r e  water  i s  used t o  c l e a n  f l y a s h  and soo t  from 

s t a c k s  and coo l ing  tower bas ins .  The major water p o l l u t a n t s  a r e  

l i k e l y  t o  inc lude  suspended s o l i d s ,  me ta l s ,  and o t h e r  chemical wastes  

such a s  co r ros ion  inh ' i b i t o r s  and a n t i f o u l i n g  agents  (Brown 1979). 

Data on acc iden t s  a s soc i a t ed  w i th  e l e c t r i c a l  power gene ra t i on  

a r e '  sparse: Presen t  ~ e d e r a l '  Power Commission (FPC) r e g u l a t i o n s  re-  

q u i r e  a c c i d e n t s  t o  be repor ted  t o  t he  FPC only when l o s s  of power 

occurs .  ' Thus, i t  i s  conce.ivable t h a t  an explosion i n  a  b o i l e r  ki.11- 

ing o r  i n j u r i n g  many workers w i l l  no t  be repor ted  because an auxi l -  

i a r y  boi le ;  o r  genera tor  t ook 'ove r  and prevented a  power outage. 



Many s t a t e  r egu la to ry  agenc i e s  have r epo r t i ng  requirements  which a r e  

more s t r i c t  than those  f o r  t h e  Federa l  government (e.g., t h e  New York 

S t a t e  Publ ic  Se rv i ce  Commission). 

Recommendations 

1. The p o t e n t i a l  f o r  causing e f f e c t s  t o  human h e a l t h  should be 
determined f o r  s o l i d  waste r e s idues  from coa l - f i r ed  b o i l e r s .  

2. In  l i g h t  of t h e  r ecen t  concern expressed 'by D. Cos t l e  of EPA 
over  t h e  p o t e n t i a l  h e a l t h  impacts from t h e  r ad ionuc l ides  
r e l ea sed  a s  a  r e s u l t  of burning coal', t h e  h e a l t h  pane i  f e e l s  
t h i s  problem should be e x a m i n e d i n  g r e a t e r  d e t a i l  (U.S. EPA 
1979). 

3. Radioact ive r e l e a s e s  from disposed '  f l y a s h  should be ex- 
amined. 

4.3.2 F lu id i zed  Bed Combustion (FBC) 

The e x t e n t  of occupat iona l  h e a l t h  hazards  f o r  personnel  i n  and 

around FBC b o i l e r s  w i l l  depend upon whether they ope ra t e  a t  atmo- 

s p h e r i c  p re s su re  o r  a r e  pressur ized .  The hazards  may be expected t o  

be  s i m i l a r  t o  t hose  f o r  convent iona l  pu lver ized  c o a l  combustors such 

a s  those  from h e a t ,  n o i s e ,  and c o a l  dus t .  One d i f f e r e n c e  i s  t h a t  t h e  

f l u i d i z e d  bed c o a l  combustion processes  use l a r g e  q u a n t i t i e s  of pul- 

ve r i zed  l imes tone  o r  dolomite  t o  absorb  S02. Limestone i s  con- 

s ide red  a  nuisance p o l l u t a n t .  However, i t  can a c t  a s  a  pulmonary . .  

i r r i t a n t  and exces s ive  exposure may cause  chronic  b ronch i t , i s  o r  

emphysema (ACGIH 1976). Occupational exposure may be  expected t o  

r e s u l t  from t r a n s p o r t a t i o n  t o ,  and s t o r a g e  a t , ' t h e  p l a n t  s i t e  and 

from s t a c k  p a r t i c u l a t e  emissions.  There i s  some i n d i c a t i o n  t h a t  t h e  

use  of impure l imes tone  contaminated wi th  q u a r t z  may a l s o  pose a  



t h r e a t  of s i l i c o s i s  t o  t h e  occupat iona l  populat ion.  Since t h e  poten- 

t i a l  occupat iona l  hazards  a r e  due t o  convent ional  agen t s ,  t h e r e  does 

n o t  appear t o  be any s p e c i a l  problem i n  measuring t h e  exposures which 

occur .  

SOx and NOx emiss ions  are no t  ' expected t o  r ep re sen t '  pa r t i cu -  

l a r  hazards  from f l u i d i z e d  bed combustion and a r e  expected t o  be 

w i t h i n  t h e  s tandards  s e t  by EPA f o r  coa l - f i red  power p l a n t s  (Brown 

1979). ' However, carbon monoxide (CO) emissions a r e .  expected t o  ex- 

ceed those  from convent iona l  coa l - f i r ed  b o i l e r s  because of t h e  in- 

c r e a s e  i n  temperature and decrease  i n  excess  a i r  l ' eve l s  (Abelson 

The i d e n t i t i e s  of t h e ' t r a c e  organics  emit ted from t h e  s t a c k  have 

no t  been w e l l  ' cha rac t e r i zed  s i n c e  t h i s  technology i s  s t i l l  develop- 

mental ,  i t  i s  a l s o  no t  known'whether they pose h e a l t h ,  

t h r e a t s .  Among t h e  o rgan ic s  i d e n t i f i e d  i n  one pre l iminary  s tudy 

(Murthy e t  a l .  1978), t h e ' f o l l o w i n g  spec i e s  a r e  k n o k  o r  'suspected 
. . 

carcinogens :, anthracene ,  methylanthracenes,  py'rene, benzo(c) phenan- 

t h rene ,  benzofluoranthenes,  and benzo(a)pyrene. U n t i l  t h e  a c t u a l  

emissions a r e  cha rac t e r i zed  and t e s t e d ,  however; t h e  e x t e n t  of t h e  

hazard i s  unknown. Avai lab le  sampling and a n a l y t i c a l  techniques 

appear  t o  be adequate  f o r  , de f in ing  t h e  e x t e n t  of atmospheric 

emissions and ambient concen t r a t ions  of t h e  p o l l u t a n t s  generated by 

FBC. 



.Solid wastes from fluidized bed combustion processes consist of 

spent sorbent (limestone or dolomite) and collected particulates from 

the particulate emissions control devices. These residues differ 

markedly in both chemical and physical properties from those of 

bottom ash and flyash from conventional coal-fired boilers and ' 

therefore, can be expected to have different biological properties 

(Abelson 1977). The amount of ash generated requiring disposal is 

also greater for FBC. 

Spent so.rbent contains large quantifies of calcium sulfate, un- 
. . 

reacted calcium oxide, and if dolomite is used, magnesium oxide. 

Minor amounts of calcium sulfite and calcium sulfide may also be 

present. The solids may also be expected to contain trace metals: 

As, Be, Cd, Hg, Pb, Sb, Se, Te, 'Al, Fe, and Si (Abelson 1977). Some 

of these are known carcinogens, and for many trace metals excessive 
. . . .  . . . 

exposure, may lead to toxic react ions. . . 

Exposure to solid wastes can be expected to occur during dis- 
. . 

posal and through . drinking . water or food chain exposure should leach- 
. . 

ing occur. 

Both EPA and DOE have programs to characterize the effluents and 

wastes both . . biologically and chemically from atmospheric pressurized 
. . 

fluidized bed combustion. 

A serious accident can occur at a steam generating plant from 

explosion of the boiler. Pressurized FBC boilers operate at a com- 

bustion temperatures of approximately 1500°F ( 8 1 6 O C )  and pressures up 

to 10 atmospheres. Such pressures can present an explosion hazard. 



The p r o b a b i l i t y  of explos ion  can be increased  by t h e  high dynamic 

s t r e s s e s  caused by h igh  temperature  and e r o s i o n  i n  l o c a l i z e d  a r e a s  
. , 

where temperatures  may be g r e a t e r  than  1 5 0 0 0 ~  (816OC). 

Severa l  a d d i t i o n a l  but in£requent  a c c i d e n t s  can occur  i n  t h e .  

steam gene ra t i ng  p l an t .  Subatmospheric p re s su re  i n  t h e  condenser 

could cause an explos ion ,  de s t roy ing  the  condenser.  A tube  rup tu re  

i n  t h e  b o i l e r  can occur ,  l ead ing  t o  damage t o  t h e  equipment a s  we l l  

a s  shutdown. A high-pressure,  high-temperature steam l i n e  could 

r u p t u r e  caus ing  i n j u r y  o r  dea th  t o  nearby workers. s t a t i s t i c s  on 

t h e s e  acc iden t s  a r e  no t  a v a i l a b l e .  

The most s eve re  acc iden t s  which may occur  a t  a . g a s  t u r b i n e  p l a n t  

a r e  explos ion ,  asphyxia t ion ,  and rup tured  l i n e s .  Explosion, w i th  

p o s s i b l e  subsequent f i r e ,  can  occur  i n  t h e  t u rb ine ,  compressor, com- . . 

bus to r ,  and r ecupe ra to r .  I n  FBC gas t u r b i n e  and steam p l a n t s ,  explo- 

s i o n s  may occur  i n  t h e  f l u i d i z e d  bed combustor system wi th  e j e c t i o n  

and d i s p e r s i o n  of t h e  bed con ten t s .  The containment v e s s e l  i n  an  . 

atmospheric  f l u i d i z e d  bed system could r u p t u r e  a s  a  r e s u l t  of acci-  

d e n t a l  p r e s s u r i z a t i o n ,  whereas pressurized v e s s e l s  can s u f f e r  burn- 

through and explode. Both atmospheric and p re s su r i zed  f l u i d i z e d  bed 

systems, ' f i r e d  wi th  c o a l ,  a l s o  run '  t h e  r i s k  of f i r e  from spontaneous 

combustion. I n  a d d i t i o n  t h e  f l u i d i z e d  bed c o a l  combustor could 

r e l e a s e  a l k a l i  metal  hydroxides through l eaks ,  p r e s su re  r u p t u r e s ,  . . 

e r r o r ,  o r  s p i l l i n g .  I n  t h e  condensor o r  b o i l e r  an acc iden t  could 



occur which would r e s u l t  i n  an alkal i -metal-water  r e a c t i o n  causing 
., . 

f i r e  explosion.  

Recommendations 

1. The ex t en t  of t he  thermal/combustion hazard f rom. the  ex- 
othermic r e a c t i o n  of l ime i n  t h e  ash £ram FBC' and water  
should be determined. 

2. Work p l ace  monitoring t o  determine leve , l s  of  CO and o t h e r  
p o l l u t a n t s  a s soc i a t ed  wi th  FBC should be performed. 

3. It should be determined whether l imestone d u s t  r e p r e s e n t s  a 
workplace hazard i n  FBC. S i l i c a  contaminat ion should a l s o  
be considered. 

Migne tohydrodynamics (MHD) 

Magnetohydrodynamic combustion of c o a l  i s  s t i l l  i n  t he  experi-  

mental s t a g e ,  though one o r  two ~ i l o t  p l a n t s  a r e  being e s t a b l i s h e d .  

Occupational exposure t o  s t rong  magnetic f i e l d s  i s  l i k e l y  t o  occur 

during'MHD combustion of coa l .  The e f f e c t s  of chronic  exposure t o  

magnetic f i e l d s  a r e  not well.known, bu t  neu ro log ica l ,  behav io ra l ,  and 
I - .  

c i r c u l a t o r y  e f f e c t s ' h a v e  been documented (Kle iner  e t  a l .  1 9 7 5 ) .  Re- 

search  i s  needed t o '  de f ine  t he  p o t e n t i a l  exposure l e v e i s  t o  t he  MHD 

magnet-ic f i e l d s  because t h e  technology i s  s t i l l  l a r g e l y  experimental .  

Dose-response. r e l a t i o n s h i p s  between magnetic f i e l d s  and phys io log i ca l  

e f f e c t s  a r e -  no t .  wel l  c h a r a c t e r i z e d ,  and l i t t l e  U. S. r e sea rch  has  been 

devoted t o  t h i s  area.  

. MHD combustion. technology a l s o  . in t roduces  some o t h e r  s p e c i a l  

.occupat ional  hazards  which r e s u l t  frdm t h e  use of potassium carbonate  

.seed t o  produce t h e  necessary  e l e c t r i c a l  c o n d u c t i v i t y  i n  t h e  



combustion products. The handling and injection of the seed and the 

regeneration of the seed can cause excessive occupational exposures. 

Seed regeneration involves the release of the sulfur captured by the 

seed, generally as H2S. 

Although the potential hazards from exposures to magnetic 

fields, noise', heat, and process leaks may be severe if proper en- 

gineering controls are not built in and maintained, the measurement 

technology available.for monitoring the extent'of the occupational 

exposures appears to be adequate. 

Because of the developmental state of the MHD technology, char- 

acterization of the air emissions is far from complete. Most of the 

concern with MHD emissions has been directed toward those pollutants 

emitted from the stack. SOx emissions are expected to be lower 

than those from conventional coal-fired power plants, but NOx emis- 

sions are expected to be up to ten times higher due to the higher 

operating temperatures (~trom 1978). At the present time, the pre- 

dic ted MHD NOx emissions exceed the National Primary Ambient Air 

Standard set by EPA (~trom 1978). For this reason major design 

efforts are underway to reduce the magni-tude of NOx emissions and 

hence the related health hazard. 

MHD is also expected to result in more fine (<2.5p) particulates 

being released than from conventional coal combustion (~chmidt et al. 

1976). This would increase the respiratory hazard since finer par- 

ticles are more likely to be retained within the lungs. 



Organic compounds a r e  not  expected t o  be a major problem w i t h  

MHD s i n c e  . t h e  h ighe r  tempera tures  w i l l  r e s u l t  i n  more c d m ~ ~ e t e  com- 

bus t ion .  Most of t h e  organic  compounds t h a t  a r e  r e l ea sed  w i l l  prob- 

. . 
a b l y  be  adsorbed onto  t h e  s u r f a c e  of t h e  p a r t i c u l a t e s ' ( U . S .  DOE 

. . 

1978). 

Because potassium carbonate  i s  used t o  seed t h e  open-cycle MHD 

processes ,  f l u e  g a s  r e l e a s e s  can be expected t o  be contaminated t o  .. 

some degree wi th  a l k a l i  s a l t s  d e s p i t e  r ecyc l ing  of t h e  seed..(Nader 

1978). The magnitude of t h i s  p o t e n t i a l  problem and t h e  exac t  n a t u r e  

of t h e  e f f e c t s  r e s u l t i n g  from ch ron ic  exposure a r e  unknown. 

V o l a t i l e  t r a c e  me ta l s  can a l s o  be expected t o  occur a s  p a r t  of 

t h e  a i r  emissions from MHD processes .  These would i nc lude  Hg, A s ,  

Zn, Ba, Cd, V ,  and Se (Matray 1976). 

The s o l i d  wastes  r e s u l t i n g  from MHD open processes  can be ex- 

pected t o  c o n t a i n  fewer heavy me ta l s  and t r a c e  organic  compounds .due , , 

t o  t h e  h igh  tempera tures  of combustion than  . t h e  wastes  from s t anda rd  

c o a l  combustion techniques  (U.S. DOE 1978). The potassium carbonate  

used t o  seed t h e  r e a c t i o n  w i l l ,  however, be p re sen t  i n  i nc reased  

amounts i n  t h e  s o l i d  was tes ,  d e s p i t e  r ecyc l ing  (Matray 1976). When 

t h e s e  s o l i d s  are d isposed ,  t h e  l each ing  of t h e  potassium a l k a l i s  and 

s a l t s  may r e s u l t  i n  a n  i n c r e a s e  i n  s a l i n i t y  o f  l o c a l ,  water  supp l i e s .  

It i s  no t  known whether t h i s  poses a t h r e a t  t o  persons on r e s t r i c t e d  

potassium i n t a k e  d i e t s .  



Recommendations 

1. The p o t e n t i a l  f o r  exposure t o  magnetic f i e l d s  and r e s u l t i n g  
h e a l t h  e f f e c t s  should be eva lua ted  f o r  MHD. 

2. The p o t e n t i a l  f o r  occupat iona l  i n j u r y  from a l k a l i n e  s l a g s  
from MHD should be determined. 

3. The p o t e n t i a l  f o r  a l k a l i n e  contaminat ion of groundwater 
should be eva lua ted .  

4.3.4 ~ o ' a l - o i l  Mixtures (COM) 

The use of coa l -o i l  mixtures  i n  power p l a n t s  w i l l  r e q u i r e  f a c i l -  

. i t i e s  f o r  comminution of t he  c o a l ,  mixing t h e  f i n e l y  d iv ided  coa l  

with 'th'e o i l ,  and s to rage  of t h e  mixture i n  s u f f i c i e n t  volumes t o  

a s s u r e  a  cont inuous supply t o  t he  b o i l e r s .  The only o p e r a t i o n  t h a t  

appears  t o  in t roduce  a  p o t e n t i a l  occupat iona l  exposure problem 

d i f f e r e n t  from those  normally p re sen t  i n  convent iona l  coal-  o r  o i l -  

f i r e d  p l a n t s  i s  t h e  s i z e  r educ t ion  of t h e  coa l .  The c o a l  i n  t h e  

mix tures  r e q u i r e s  more crushing and gr ind ing  than i n  convent iona l  

powdered c o a l  combustors. There w i l l  t h e r e f o r e  be a  g r e a t e r  poten- 

t ' i a l  f o r  exposures t o  r e s p i r a b l e  coa l  dks t  and d u s t  explosions.  
. .  . 

~ i l i g e n t  a p p l i c a t i o n  of a v a i l a b l e  exposure measurement and c o n t r o l  
. - 

technology should prevent  excess ive  coa l  d u s t  exposures.  

~ecommendations 

' 1. The e f f e c t s  of  c a t a l y t i c  t r a c e  metals  from o i l  on t h e  con- 
v e r s i o n  of s u l f u r  i n  coa l  t o  .So3 and &SO4 i n .  t he  ef-  
f l u e n t  a i r  needs t o  be i nves t i ga t ed .  

. . 

4.3.5' Cocombustion wi th  Municipal So l id  Waste (MSW) 

Because p o t e n t i a l l y  pathogenic b a c t e r i a  and v i r u s e s  a r e  presen t  

i n  municipal  s o l i d  waste,  t h e  use of MSW i n  a . c o a l - f i r e d  power 



f a c i l i t y  w i l l  i nc rease  employee exposure t o  t he se  organisms ( H a l l  e t  

a l .  1979). Increased occupat iona l  exposures w i l l  occur  - m a i n l y , i n  t h e  

r e f u s e  r ece iv ing  and c l a s s i f i c a t i o n  a r ea s .  The occupat iona l  popula- 

t i o n s  can a l s o  be exposed t o  ae roso l i zed  pathogens from t h e  c o f i r i n g  

process  (Diaz 1976). 

A s tudy  of t h e  pathogens i n  MSW i n d i c a t e s  t h a t  a l a r g e  po r t i on  

of them a r e  der ived  from animal r a t h e r  than human wastes  (Duckett  

1978). Among t h e  pathogens i d e n t i f i e d  i n  MSW.samples a r e  Salmonella,  

s t r e p t o c o c c i ,  e n t e r o v i r u s e s ,  and c e r t a i n  . b a t e r i a  and p a r a s i t i c  c y s t s .  

Although mici-obiological  sampling techniques a r e .  d i f f i c u l t  and seldom 

performed , t hey  a r e  a v a i l a b l e  and can be used ef  f ec't i v e l y  . 
The c o f i r i n g  o f . c o a l  and MSW i s  expected t o  r e s u l t  i n  i nc reased  

atmospheric r e l e a s e s  of Pb, Br , ,  and C 1  a t  l e v e l s  which could exceed 

accep tab l e  ambient exposure l e v e l s .  The B r  and C 1 , w i l l  r e s u l t  i n  

. a c i d  f o r p a t i o n  which can be a n  i n h a l a t i o n  hazard o r  r e s u l t  i n  a c i d  
I ,, 

r a i n  damage t o  s t r u c t u r e s  and vege t a t i on .  Other v o l a t i l i z e d  elements  

may be . re leased i n  i nc reased  q u a n t i t i e s  over  t hose  from c o a l  a lone ,  

but  a r e  n o t  expected t o  r e s u l t  i n  excess ive  exposures.  These 

inc lude :  Sb, A s ,  Cd, Hg, and F. 

The c o f i r i n g . o f  c o a l  and MSW a l s o  r e s u l t s  i n  t h e  r e l e a s e  of 

complex o rgan ic s ,  . b a c t e r i a ,  and v i r u s e s .  The emission c o n t r o l s  used 

f o r  t h e  cof i r e d  ' b o i l e r s  w i l l  u s u a l l y  be l e s s  e f f i c i e n t  t han  those  i n  

a convent ional  coa l - f i r ed  p l a n t ,  r e s u l t i n g  i n  increased  emissions per  

Btu. 



The concen t r a t ions  of t h e  elements B r  and Ra a r e  expected t o  

i n c r e a s e  i n  t h e  bottom a s h  and f l y a s h  r e s u l t i n g  from c o f i r i n g  .of c o a l  

and r e fuse  der ived  f u e l  (RDF) and may;under c e r t a i n  cond i t i ons ,  

r e s u l t  i n  adverse.  h e a l t h  e f f e c t s .  Bromine con ta in ing  compounds may 

be s t rong  i r r i t a n t s  and can,  i n  s u f f i c i e n t  q u a n t i t i e s ,  cause lung . 

damage ( B r i t t  and Hushon 1976). Barium may i n c r e a s e  the  s a l i n i t y  of 

ground water  i f  l eaching  occurs  and might pose a t h r e a t  t o  persons on 

r e s t r i c t e d  sodium i n t a k e  d i e t s .  

Other t r a c e  elements which occur i n  h igher  concen t r a t ions  i n  RDF 

than  i n  c o a l  and which a r e  expected t o  i n c r e a s e  i n  t h e  bottom ash  and 

f l y a s h  a r e :  Cd, C r ,  Cu, Ti, and Zn. Releases  of t hese  meta ls  a r e  not  

expected t o . o c c u r  a t  l e v e l s  which would pose a t h r e a t  t o  human h e a l t h  

should leaching  occur from s o l i d  waste d i sposa l  s i t e s  [ ~ i s c u s  1977). 

Recommendations . . . . . 

1.. .Evaluate e f f e c t s  of occupat iona l  exposure t o  increas 'ed '  
pathogen l e v e l s  a s soc i a t ed  wi th  c o f i r i n g  of RDF and coa l .  

2. Evaluate  exposures t o  cadmium and ch lo r ina t ed  hydrocarbons 
a s  a r e s u l t  of c o f i r i n g  of RDF and coa l .  



5.0 . EPIDEMIOLOGICAL STUDIES 

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

. In  a s s e s s i n g  t h e  human h e a l t h  consequences of t he  v a r i o u s  coa l -  

based energy t echno log ie s ,  ep idemiologica l  s t u d i e s  provide a  f unda- 

mental means f o r  ob t a in ing  i n s i g h t  i n t o  t h e  r e l a t i o n s h i p  between t h e  

a c t u a l  complex human environment and t h e  r e s u l t i n g  r i s k ' o f  human' .. 

d i sease .  Using a p p r o p r i a t e  measurements of exposure,  d i s e a s e ,  and 

ex t raneous  r i s k  f a c t o r s ,  t h e  ep idemiologis t  can i d e n t i f y  whether 

exces s  d i s e a s e  o r  dys func t ion  can be reasonably a t t r i b u t e d  t o  a  : 

s p e c i f i c  energy- re la ted ,  occupat io 'nal ,  o r  community environment. 

The s t r e n g t h s  and l i m i t a t i o n s  of t h e  ep idemiologica l  approach. 

need t o  be app rec i a t ed .  An ove r r id ing  s t r e n g t h  i s  t h e  a b i l i t y  t o  

make obse rva t ions  on a c t u a l  exposures o f - p o p u l a t i o n  groups-and  t o  

r e l a t e  t h e s e  exposures  d i r e c t l y  t o  d i s e a s e  o r  dysfunc t ion  i n  humans. 

To 'make  a  v a l i d  a s s o c i a t i o n  between environmental o r  o c c u p a t i o n a l .  
.. . 

exposure and d i s e a s e ,  t h e  ep idemiologis t  must s imul taneous ly  a s s e s s  
. . 

t h e  p o t e n t i a l  c o n t r i b u t i o n  of o t h e r  r i s k  f a c t o r s  f o r  t h e  ' d i s ea se  of 

i n t e r e s t .  While i t  i s  o f t e n  d i f f i c u l t  t o  account f o r  a l l  p e r t i n e n t  

r i s k  f a c t o r s ,  t h e  ep idemiologis t  can  and must determine t h e  d i s t r i b u -  

t i o n  of  major r i s k  f a c t o r s  i n  h i s  s tudy  popula t ion  and demonstrate  

t h a t  he i s  e f f e c t i v e l y  a d j u s t i n g  f o r  t h e  p o s s i b l e  e f f e c t s  o f  t h e s e  

ex t raneous  f a c t o r s .  Too f r e q u e n t l y ,  in format ion  on important e x t r a -  

n e o u s . r i s k  f a c t o r s  i s  no t  ob ta ined ,  bu t  t h i s  d e f i c i e n c y  simply 



r e f l e c t s  t he  inadequacy of  t h e  ep idemiologica l  des ign  and i s  not  an 

i nhe ren t  l i m i t a t i o n  t o  t h e  epidemiological  approach. 

The,disadvantage of even well-designed ep idemiologica l  s t u d i e s  

of occupat iona l  and community environments . is t h e  l im i t ed  a b i l i t y  of 

t h e  ep idemiologis t ,  o r  of anyone e l s e ,  t o  c h a r a c t e r i z e  t he  complex 

environment t.0 whi,ch humans a r e  exposed. With few excep t ions ,  i t  i s  

no t  f e a s i b l e  . t o  determine t h a t  one cornpollent of a complex environment 

i s  r e spons ib l e  fo r  observed .hea. l th  e f f e c t s . ,  and only  a  few well-, 

established ind ices  of environmental exposure can be u t i l i z e d  i n  most 

ep idemiologica l  i n v e s t i g a t i o n s .  These i nd i ce s  a r e  u s e f u l  i n  denion- 

s t r a t i n g  t h a t  t h e r e  i s  a  d i f f e r e n c e  . in  exposure between two o r  more 

popula t ion  groups,  but i t  i s  r a r e l y  ~ o s s i b l e  t o  use t he se  i nd i ce s  t o  

o b t a i n  i n t e g r a t e d  dose e s t ima te s  of i nd iv idua l  exposures o r  t o  de te r -  

mine .whether t h e  inde,x p o l l u t a n t  i s  n e c e s s a r i l y  t h e  "causal" agent  

respo,nsible.. f o r  d i s e a s e  excess.. Thus, ep idemiologica l  s t u d i e s  seldom 

can be used t o  p a r t i t i o n  t he  e f f e c t s  of one environmental component . . 

from ano the r  and r a r e ly , . c an  be used t o  a r r i v e  a t  r e p l i c a b l e  dose- 

response r e l a t i o n s h i p s .  

Nevertheless ,  ep idemiologica l  evidence can be used toge ther '  wi th  

e x p e r i m e n t a l . r e s u l t s  der ived  from p o l l u t a n t - s p e c i f i c  s t u d i e s  t o  . 

e v a l u a t e  whether d i s e a s e  excess  can be a t t r i b u t e d  t o  a  c e r t a i n  occu- 

p a t i o n a l  o r  community environment;and t o  judge whether t h i s  d i s e a s e  

- exces s ,  i f  observed, i s  most l i k e l y  t o  be a s s o c i a t e d . w i t h  a  suspect-  

ed ,  hazardous component of t h a t  environment. For example, epidemio- 



l o g i c a l  s t u d i e s  have shown t h a t  occupat iona l  groups exposed t o  

a s b e s t o s ,  uranium o r e s  i n  underground mines,  o r  bis-chloromethyl 

e t h e r  a r e  a t  g r e a t e r  r i s k  of lung cancer.  Such evidence can serve a s  

a. b a s i s  for  i n t e rven ing  i n  t h e  work environment. Likewise; epidemio- 

l o g i c a l  s t u d i e s  can be designed t o  fol low popula t ion  groups.exposed 

t o  a  new environment produced by an energy technology,  and conclu- 

s ions  can be drawn from t h e s e  s t u d i e s  concerning d i f f e r e n c e s  i n  acu t e  

o r  chronic  d i s e a s e  r i s k  between exposed and c o n t r o l  o r  r e f e r ence  pop- 

u l a t i o n s .  There i s  no s u b s t i t u t e  method t o  o b t a i n  such information.  

Recommendations: 

1. Ret rospec t ive  cohor t  m o r t a l i t y  and case-cont ro l  s t u d i e s ,  
s p e c i f i c  f o r  cause of dea th ,  should be conducted .on  c o a l  
mining groups t o  eva lua t e  r e l a t i o n s h i p s  of mor t a l . i t y  wi th  
type of  mining experience and with d i s a b i l i t y  experience of 
coa l  miners. Tobacco use and o t h e r  ex t raneous  r i s k  f a c t o r s  
need t o  be considered fo r  t he se  groups. 

2. The r i s k s  of c o a l  workers' pneumoconiosis and chronic  
o b s t r u c t i v e  lung d i s e a s e s  need t o  be r e l a t e d  t o  coa l  mine 
d u s t  l e v e l s ,  with c o n t r o l  f o r  o the r  r i s k  f a c t o r s  and 
cons ider ing  t h e  p o s s i b i l i t y  of  enhancement of r i s k  by 
e t h n i c i t y ,  tobacco,  o r  o t h e r  mod i f i e r s  of d i s e a s e  r i s k .  

3. Epidemiological s t u d i e s  on t h e  frequency o f ,  and r i s k  fac- 
t o r s  f o r ,  hea r ing  d i s o r d e r s  among coa l  miners should be 
conducted, i nc lud ing  t h e  c o n t r i b u t i o n  of occupa t iona l ly  
r e l a t e d  no ise  t o  acc iden t  p o t e n t i a l  i n  c o a l  mining. s i m i l a r  
assessments  of v i b r a t i o n  e f f e c t s  should be  made. 

4. Epidemiological s t u d i e s  should be conducted t o  compare 
h e a l t h  and p e r t i n e n t  func t iona l  e f f e c t s  i n  c o a l  miners 
exposed t o  d i e s e l  o r  t o  e lectr ic-powered v e h i c l e s  under- 
ground. S tud ie s  should inc lude  an assessment of pulmonary 
e f f e c t s ,  no i se ,  v i b r a t i o n ,  and hea t .  

5. More ex t ens ive  ep idemiologica l  s t u d i e s  of s u r f a c e  miners 
a r e  needed. 



6. The adequacy of h e a t - s t r e s s  s t anda rds  and p r a c t i c e s  i'n 
underground mining should be s t u d i e d  by epidemiological  
methods . 

7. Reproductive e f f e c t s  of t he  working environment a s soc i a t ed  
wi th  va r ious  coal-based energy technologies  need t o  be 
evaluated.  A t t en t ion  should b e . g i v e n  t o  e f f e c t s  on both 
working women and men inc luding  e f f e c t s  on f e r t i l i t y  
pa.t.terns, reproduct ive  organs,  and o t h e r  t a r g e t  t i s s u e s  
s u b j e c t  t o  e s t rogen ic  o r  androgenic i n f luences .  

8. The . pos s ib l e  accumulation of t r a c e  meta l s  r e l a t e d  t o  coal-  
based energy technologies  should be s tud i ed  i n  
occupa t iona l ly  exposed groups and i n  communities loca ted  
near  energy sources .  The p o t e n t i a l  i n t e r a c t i o n s  of such 
heavy meta l s  a s  cadmium and lead  with e s s e n t i a l  body 
minera l s  such a s  copper and z i n c  should be examined i n  terms 
of ca rd iovascu la r  d i s e a s e  i n  humans.' 

9. The r epo r t ed  excess  of  g a s t r o i n t e s t i n a l  cancers  among coa l  
workers should be eva lua ted ,  wi th  due cons ide ra t i on  given t o  
o r a l  tobacco u s e ,  e t h n i c i t y ,  and o t h e r  known r i s k  f a c t o r s .  
S i m i l a r  s t u d i e s  might be conducted i n  communities l oca t ed  

. nea r  coal-based energy f a c i l i t i e s .  

10. ~ r o s ~ e c t i v e  s t u d i e s  a r e  needed of workers exposed t o  emis- 
s i o n s  and o t h e r  byproduc t s r e l a t e d  t o  advanced coa l  technol- 
og ies .  S imi l a r  s t u d i e s  should be i n s t i t u t e d  i n  communities 
ad j acen t  t o  t he se  f a c i l i t i e s .  

11. I n  s i t u  g a s i f i c a t i o n  poses  a  r i s k  of  worker exposure t o  
ven ted  gas streams. .Epidemiological s t u d i e s  of t he se  occu- 
p a t i o n a l  groups should be i n i t i a t e d .  

12, The p o t e n t i a l  e f f e c t s  of worker exposure t o  microorganisms 
and t o  a n t i b a c t e r i a l  d i s i n f e c t a n t s  a t  coa l  cocombustion with 
municipal s o l i d  waste f a c i l i t i e s  should be eva lua ted .  

5.2 Epidemiological  Assessment of Community Exposure f o r  t h e  
Expanded. Use of  Coal Technologies 

~ n c r e a s e d  use of c o a l  i n  t h e  1980's  does no t  imply a  r eve r s ion  

t o  t h e  p o l l u t e d  ambient a i r  cond i t i ons  of . t h e  1940s. and 1950s. Coal 

w i l l  no t  be burned i n  uncont ro l led  home b o i l e r s  and f i r e p l a c e s  bu t  i n  



processes  t h a t  w i l l  achieve very  e f f i c i e n t  combustion and consider-  

a b l e  removal of s u l f u r  from t h e  gas stream.. The r e s u l t i n g  a i r  emis- 

s i o n s  w i l l  be q u a n t i t a t i v e l y  d i f f e r e n t  from t h e  p a r t i c u l a t e  and 

organic  complex of s u l f u r  oxides  t h a t  was a s s o c i a t e d  with adverse 

h e a l t h  e f f e c t s  p rev ious ly  descr ibed .  

Epidemiological  s t u d i e s  can be designed t o  address  t h e  ques t i on  
. . 

whether t h e  complex a i r  environment c r ea t ed  by new c o a l  t echnologies  

i s  a  r i s k  f a c t o r  fo r  adverse h e a l t h  e f f e c t s .  In  conduct ing these  

s t u d i e s ,  t h e  ep idemiologis t  mus t ,  be a b l e  t o  c o n t r a s t  popula t ion  

groups exposed t o  d i f f e r e n t  a i r  environments. I f  excess  d i s e a s e  o r  

dysfunc t ion  can be a t t r i b u t e d  t o  one of t he  a i r  environments,  while  

c o n t r o l l i n g  f o r  extraneous r i s k  f a c t o r s  and o t h e r  sources  of b i a s ,  i t  

i s  p o s s i b l e  t o  conclude t h a t  t h e  a i r  environment probably i s  adverse  

t o  h e a l t h .  Rep l i ca t i on  of t h e s e  r e s u l t s  f o r  o t h e r  popula t ions  s i m i -  
. . 

l a r l y  exposed s t r eng thens  t he  argument. 

However, t h e  most d i f f i c u l t  component of t he se  s t u d i e s  i s  t h e  . . 

c h a r a c t e r i z a t i o n  of popula t ion  o r  i nd iv idua l  exposure t o  a i r  pollu- 

t i o n .  To eva lua t e  t h e  newer coal-based technologies ,  exposure cannot 

be  adequate ly  assessed  i n  terms of t h e  usua l  i n d i c e s  of a i r  q u a l i t y  

e s p e c i a l l y  when t h e s e  i nd i ce s  a r e  der ived  from s t a t i o n a r y  outdoor 

S02 and t o t a l  p a r t i c u l a t e s  a lone.  Addi t iona l  f a c t o r s  

i n  t h e  a i r  environment t h a t  need t o  be cons.idered inc lude :  

a t ransformat ion  products  of SO2 

r e s p i r a b l e  o r  inha led  p a r t i c u l a t e s  



e organic aerosols 

'indoor sources of pollution 

While it'is undoubtedly true that all four of these environmental 

factors previously contributed 'to population exposures in the 1950s 

and 1960s, the indices of SO2 and total particulates were generally 

thought to be adequate to classify population exposure to ambient 

.pollution. The significant decline in SO2 and total particulate 

levels during the 1970s makes it much more difficult to characterize 
. - 

differences in individual exposure without making specific assessment 

of respirable.particulates and'indoor exposure, in addition to the 
. . 

other factors mentioned above. 

With reduction in ambient particulates, it is particularly 

important to evaluate indoor sources of particulate exposure. In 

ascribing the exposure of all residents of a community to the average 

value recorded by a stationary outdoor . . particulate monitor, the epi- 

demiologist will invariably'misclassify exposure status for many 

study . participants. In an apparently "exposed" community, a number 

of persons will spend a considerable portion of their time in. a rela- 

tively clean home or office environment, while others in the same 

community will be more exposed to both outdoor and indoor sources of 

particulates. A similar potential for misclassification exists 'in 

the "unexposed" or control communities. If diseased and nondiseased 

individuals in each study community are equally misclassified, any 

estimate of an effect of air pollution on health status will be sys- 

tematically biased towards the null hypothesis of no association. 
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It is now possible to monitor personal exposure to air pollu- 

tants, and to assess respirable particulate'concentrations. These 

improved methods need to be incorporated into epidemiological studies 

designed to evaluate the impact .of the newer' coal-based technologies. 

Unfortunately, direct measurements of organic aerosols or of atmos- 

pheric transformat ion products of SO2 have not been developed for 

population studies. However, it may be possible to-develop surrogate 

measures of exposure to organic aerosols based upon the proximity of 

study groups to organic emission sources. These surrogate measures 

could be validated by appropriate chemical analyses of air samples, ' 

but considerable exploratory research is required on this issue. 
. 

Differences in population exposure to atmospheric transformation pro- 

ducts of 'SO2 also require.exploratory studies. 

  elated to these exposure ass'essments is the need to determine 
.. . . 

. a 

to whit extent the newer coal-based t'echnologies will contribute to 
. .  .. . . 

generalized 'or local population exposure to orga'nic aerosols, respir- 

able particulates, transformation products of SO2 (or N O 2 ) ,  and 

to acid aerosols. Disease risk is expected to be proportional to 

population exposure to these factors, ,though some emissions by- 
. , 

products are likely to be of more concern than others.. . 

Recomgendations: 

1. Prospective community-based studies of populations in the 
vicinity' of advanced coal-based energy facilities should .be 
instituted. These studies should incorporate e'nvironmental 
assessments related to exposure to inhalable particulates, 
indoor sources of pollutants, and, where pertinent, assess- 
ments of exposure to organic aerosols. 



Epidemiological studies are needed to determine whether the 
air environment characterized by the generally lower air 
pollution concent'rations found in the 1970s continues to 
pose a public health hazard. In these studies, newer 
indices of inhalable particulates, aerosol acidity, and 
possibly organics should be evaluated and, where 
appropriate, utilized. Likewise, individual exposure to 
indoor sources of pollution, as well as to extraneous risk 
factors,,must be carefully evaluated in these studies. 

See recommendation 3 in section 6.3.1. 

5.3 Evaluation of carcinogenic Risk to Yopulati~fls 

Assuming that a variety of laboratory methods will be utilized 

to assess carcinogenicity, the carcinogenic risk to populations asso- 

ciated with coal-based technologies should also be directly studied 

by epidemiological methods. The long latency for development of most 

chemically caused cancers will probably ,prevent investigators from 

arriving at firm conclusions within a decade, thus considerable 

thought will have to be given to the selection of study populations 

and to measures of carcinogenic exposure. The possibility that early 

biological markers of cancer risk might be utilized should be consid- 

ered as a means of bridging the latency problem. 

Recommendations: 

1. Since coal emission products are known to contain a number 
of potential carcinogens, the issue of population exposure 
and methods to evaluate carcinogenic response of populations 
to exposure to these products should be addressed nationally 
through symposia, interagency task groups, the National 
Academy of Sciences, or other approaches. Baseline data on 
exposed and control populations should be acquired in the 
near future, and thus it is desirable to address the complex 
aspects of study design in the near future. 



6.0 EXPERIMENTAL STUDIES 

6.1 Pulmonary E f f e c t s  

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

The l u n g  i s  t h e  f i r s t  o r g a n  t o  e n c o u n t e r  a i r b o r n e  a g e n t s  r e s u l t -  

i n g  from c o a l  p r o d u c t i o n  a n d  u t i l i z a t i o n .  Both o c c u p a t i o n a l  and 

g e n e r a l  p o p u l a t i o n s  a r e  exposed t o  s u b s t a n c e s  such a s  p o l y c y c l i c '  a ro -  

m a t i c  *hydrocarbons ,  heavy m e t a l s ,  r a d i o n u c l i d e s ,  and h a l i d e s  which 

o c c u r  i a  bo th  gaseous  and p a r t i c u l a t e  forms. Some compounds e n t e r  

t h e  lung and causP l b c a l  o r  g e n e r a l  p ~ i i o n a i - y  ' t o x i c i t y ;  o t h e r s  e n t e r  

v i a  t h e  lung  and e x e r t  t h e i r  t o x i c  a c t i o n  e l sewhere .  

Contdct  'bf  i n h a l e d  v a p o r s  wi th  t h e  s u r f a = e  of  t h e  r e s p i r a t o r y  

. . 
t r a c t  i s  g o v e r n e d ' b y  ' laws o f ' d i f f u s i o n , .  subsequen t  b e h a v i o r  o f  

v a p o r s ' i s  dependent  on t h e  p h y s i c a l  and chemica l  p r o p e r t i e s  of  t h e  

. . .  
s p e c i f  i d  g a s  o r  vapor .  D e p o s i t i o n  o f  p a r t i c u l a t e s  i n  v a r i o u s  lung  

6 

compartinents i s  a  f u n c t i o n  of  b r e a t h i n g  k i n e t i c s  and t h e  s i z e  of  t h e  

p a r t i c l e .  The' t h r e e  major  d e p o s i t ' i o n  mechanisms a r e  impac t ion ,  s e d i -  

m e n t a t i o n ,  'and d i f f u s i o n .    he importance  o f  t h e s e  mechanisms i s  a  

f u n c t i o ;  of  p a r t i c l e  s i z 6  w i t h  l a r g e  ( > 3  pmj p a r t i c l e s  d e p o s i t i n g  

p r i m a r i l y  by impact i o n  and v e r y  s m a l l  (<0.5 pm) p a r t i c l e s  d e p o s i t i n g  

by d i f f u s i o n .  

' s o l u b l e  p a r t i c l e s  w i l l  r a p i d l y  d i s s o l v e  i n  t h e  mucus and e n t e r  

t h e  i n t e r n a l  m i l i e u '  where t h e  chemical  n a t u r e  o f  t h e  m a t e r i a l  governs  

i t s  subsequen t  behav io r .  I n s o l u b l e  p a r t i c l e s  d e p o s i t e d  i n  t h e  upper  

r e g i o n s  of t h e  r e s p i r a t o r y  t r a c t  (nasopharyngea l  and t r a c h e o b r o n c h i a l  



reg ions)  a r e  u s u a l l y  removed by the  c i l i a t e d  ep i the l ium (mucoci l ia ry  

e s c a l a t o r )  r e l a t i v e l y  qu i ck ly  and expec tora ted  o r  inges ted .  p a r t i -  

' c l e s  reaching t h e  a l v e o l i  can be absorbed i n t o  t h e  bloodstream o r  be 

phagocytized by t h e  a l v e o l a r  o r  i n t e r s t i t i a l  'macrophages. Alveolar  

macrophages a r e  thought . t o  end up on t h e  mucoci l ia ry  e s c a l a t o r ,  

whereas i n t e r s t i t i a l  macrophages are thought t o  e n t e r  t h e  lymphatic 

system and depos i t  m a t e r i a l  i n  r eg iona l  lymph nodes. InhaLat i6d of 

l a rge  numbers of p a r t i c l e s  can overwhelm t h e  macrophage response 

r e s u l t i n g  i n  formation of granulomatous-like l e s ions .  

The assessment of t o x i c i t y  of a i r  p o l l u t a n t  mix tures ,  water 
. . 

p o l l u t a n t s ,  complex l i q u i d s ,  e t c . ,  i s  d i f f i c u l t .  One approach i s  t o  

cons ider  i n d i v i d u a l  components of t h e  mixture  s i n g l y  and then  begin  

t o  add them t o g e t h e r  i n  o rde r  t o  s ee  i f  t h e  t o x i c i t y  of  t h e  mix tu re .  

i s  d i f f e r e n t  from those  of t h e  i nd iv idua l  agents .  The a n t i t h e s i s  of  

t he  above i s  t o  conduct animal s t u d i e s  on complex mix tures  found i n  

t he  environment. .An obvious shortcoming of t h i s  approach i s  t h e  

d i f f i c u l t y  o f . s i m u l a t i n g  t h e  atmospheres t h a t  a r e  encountered i n  t h e  

environment. This approach a l s o  s u f f e r s  from t h e  f a c t  . t h a t  t h e  

p o l l u t a n t  concen t r a t i ons  a r e  u sua l ly  low, o f t e n  l ead ing  t o  nega t ive  

r e s u l t s .  Negative r e s u l t s  a r e  d i f f i c u l t  t o  i n t e r p r e t  because of t h e  

low doses  used, t h e  l i m i t e d  number of animals employed i n  t h e  s tudy,  

and s p e c i e s  s p e c i f i c i t y .  Furthermore, i f  ~ o s i t i v e  r e s u l t s  a r e  

observed,, i t  i s  no t  pos s ib l e  t o  d i s t i n g u i s h  t h e  c a u s a t i v e  agent(s). .  



A second major dilemma i n  a s se s s ing  t o x i c i t y  i s  what concen- 

t r a t i o n s  of agents  t o  study. Tox ico log i s t s ,  i n  eva lua t ing  h e a l t h  
. . 

e f f e c t s ,  o f t en ' expose  animals t o  concen t r a t i ons  of compounds' t h a t  a r e  

s e v e r a l  o r d e r s  of magnitude over  what may be encountered i n  t h e  
. . 

environment.. They j u s t i f y .  t h i s  approach on the  b a s i s  t h a t  they need 

t o  observe some response,  t h a t  they  can only  t e s t  a  l i m i t e d  number of 

animals ,  and t h a t  the  t e s t  spec i e s  may be l e s s  s e n s i t i v e  than man t o  

t he  p a r t i c u l a r  agent.  This approgch i s  c r i t i c i z e d  on t h e  b a s i s .  t h a t  

t h e  response a t  high concen t r a t i ons  may be * e n t i r e l y  d i f f e r e n t  from 

t h a t  a t  more normal concent ra t ions .  

The i d e a , o f  performing animal s t u d i e s  a t  ambient concen t r a t i ons ,  

however, i s  e q u a l l y  d i s t u r b i n g ,  s i n c e  i n  most c a s e s  it i s  u n l i k e l y  

t h a t  p o s i t i v e . h e a l t h  e f f e c t s  w i l l  be observed. Negative s t u d i e s  i n  

animals should no t  be construed a s  evidence t h a t  an agent  o r  mixture  

i s  harmless.  

Mention of t he se  two c o n t r o v e r s i e s ,  s i n g l e  compounds vs. mix- 

t u r e s  and h igh  vs. low doses ,  i s  necessary t o  p o i n t  ou t  t h a t  one 

approach b.y i t s e l f  w i l l  no t  address  a l l  of t h e  issues: Research 

should be c a r r i e d  out  using a l l  t h e  approaches,  and t h e  r e s u l t s  

i n t e g r a t e d  i n  o rde r  t o  g ive  a  comprehensive p i c t u r e  of t h e  - h e a l t h  

e f f e c t s  o f .  coa l - r e l a t ed  p o l l u t a n t s .  

Recommendations: 

1. Continuat ion of research  i n v e s t i g a t i n g  t h e  b a s i c  n a t u r e  and 
func t ion  of t h e  r e s p i r a t o r y  system i s  recommended. The 
committee recognizes  t h a t  t h i s  i s  nots  a  s p e c i f i c  t a s k ;  
however, i t  wishes t o  emphasize t h a t  t h i s  type  of r e sea rch  



deserves  cont inued support .  The p r o t e c t i v e  mechiinisms of 
t h e  r e s p i r a t o r y  t r a c t  need t o  b e  b e t t e r  cha rac t e r i zed .  
Pulmonary biochemical p rocesses  such a s  co l l agen  depos i t i on ,  
biochemical bu f f e r ing ,  s e c r e t o r y  f u n c t i o n s ,  enzyme reac-  
t i o n s ,  and immunologic i n t e r a c t i o n s  need t o  be f u r t h e r  
e luc ida t ed .  Fur ther  r e sea rch  i s  needed on pulmonary 
depos i t i on  and c l ea rance ;  t h e  mechanisms of c l ea rance  
r e q u i r e  deeper understanding. The r o l e  of t he  pulmonary 
macrophage i n  many of t he  above-mentioned processes  i s  of 
g r e a t  i n t e r e s t .  F i n a l l y ,  t h e r e  i s  a g r e a t  need t o  develop 
more s e n s i t i v e  i nd i ce s  of impaired pulmonary func t ion  i n  . 

bo th  man and experimental  animals.  

2. S tud i e s  have i m  l i c a t e d  t h a t  SO2 and NO2 when given i n  
combination w i  tR benzo(a)pyrene cause a h ighe r  inc idence  of 
tumors than b e n z o ( a ) ~ y r e n e  only.  Fur ther  e l u c i d a t i o n  of t h e  
r o l e  ox idants ,  No2 i n .  p a r t i c u l a r ,  and S02, i n  car- 
c inogenes is  i s  requi red .  

3. The pulmonary c a r c i n o g e n i c i t y  of s p e c i f i c  coa l - r e l a t ed  pol- 
l u t a n t s  should be determined once t he se  agen t s  a r e  i den t i -  
f i ed  a s  probable po l lu t an t s .  

4. The increased  use of coa l  i n  a l l .  of t h e s e  processes  could 
r e s u l t  i n  i nc reas ing  amounts of SO2 thereby 
i n c r e a s i n g  product ion of secondary s u l f a t e  ae roso l s .  Animal 

. .  and human s t u d i e s  a r e  needed t o  compare t h e  t o x i c i t y  of t he  
va r ious  s p e c i e s  of a c i d  s u l f a t e  a e r o s o l s .  

5. I n h a l a t i o n  s t u d i e s  a r e  needed t o  a s s e s s  t r a n s i e n t  e f f e c t s  
. o f  i n h a l a t i o n  of ambient l e v e l s  of coa l - r e l a t ed  p o l l u t a n t s  
on both h e a l t h y  and d iseased  i n d i v i d u a l s .  

6. Human t i s s u e s  should be analyzed f o r  o rganic  and t r a c e  metal 
c o n s t i t u e n t s  which may be t h e r e  a s  a , r e s u l t  of exposure t o  
c o a l  r e l a t e d  e f f l u e n t s .  

7. I n v e s t i g a t i o n  of f i n e  p a r t i c l e s  a s  v e h i c l e s  f o r  t r a n s p o r t  of 
carcinogens t o  'ta.rge t lung t i s s u e s  needs t o  be performed. 

8. More r e sea rch  i s  needed t o  determine t h e  opt imal  s t r a t e g y  
f o r  t e s t i n g  t he  pulmonary e f f e c t s  o f  mixtures  of 
p o l l u t a n t s .  

6.1.2 Process-Specif ic  Problems 

6.1.2.1 Conventional Coal. .The mining of c o a l  i s  a d i r t y  pro- 

c e s s  long recogn,ired a s  r e spons ib l e  f o r  a v a r i e t y  of d i s e a s e s  

126 



c o l l e c t i v e l y  r e f e r r e d  t o  a s  black lung d isease .  Coal i s  mined 

underground and i n  s u r f a c e  mines; however, underground mining pro- 

duces a  h ighe r  incidence of pulmonary d i s e a s e  than su r f ace  mining. 

In  underground mining the  substances of most concern a r e  coa l  d u s t ,  

s i l i c a  dus t ,  methane, some v o l a t i l e  hydrocarbons, and, i n  some mines, 

d i e s e l  engine exhaust emissions. The miners themselves a r e  t he  popu- 
. . 

l a t i o n  a t  r i s k .  In  su r f ace  mines, d u s t  i s  the  major environmental, 
. . 

f a c t o r  and i n  add i t i on  t o  t he  miners., t he  populat ion a t  l a rge  i s  a l s o  

a t  r i s k ;  however, t h e  impact on soc i e ty  i s  reduced s i n c e  most mines 

a r e  loca ted  i n  s p a r s e l y  populated a reas .  

During t h e  mining of c o a l ,  t h e  miners a r e  exposed t o  a l l  of the  

var ious  organic  and inorganic  c o n s t i t u e n t s  of t he  coa l  and the  sur -  
. . 

rounding s t r a t a .  The concent ra t ion  of inorganic  elements,  p r imar i ly  

t r a c e  me ta l s ,  v a r i e s  widely. Only a  few of the  s e v e r a l  thousand 
. . 

hydrocarbons present  i n  coa l  and. coa l  t a r s  have been i d e n t i f i e d ,  and 

fewer s t i l l  have been cha rac t e r i zed  with r e spec t  t o  b io log ica l  a c t i v -  

i t y .  In  a d d i t i o n  t o  producing d i r e c t  t ox ic  e f f e c t s ,  some of t he  
. , 

hydrocarbons can escape i n t o  the  atmosphere and r e a c t  photochemically 

t o  produce aldehydes which a r e  poten t  i r r i t a n t s .  These aldehydes can 

then be absorbed by p a r t i c l e s  and r e a c t  a t  d i f f e r e n t  s i t e s  i n  t h e  
. . . . 

lung i n  a  manner d i f f e r e n t  from t h e i r  a c t i o n  a s  gases .  

About 25 percent  of raw coa l  i s  comprised. of impur i t i e s  which 

can be removed by phys ica l  cleaning. These processes  a r e  gene ra l ly  



w e t  p rocesses  and a s  such probably do not  p resen t  a d d i t i o n a l  pulmo- 

nary problems. Crushing 'raw c o a l  mechanically us ing  dry  processes  

.produces more f u g i t i v e  d u s t ;  however, most of t he se  processes  can  be 

run under wet cond i t i ons  a s  wel l .  This  may a l s o  cause  a n  

environmental impact i n  t h e  form of l eacha t e s .  

The d i s t a n c e  from t h e  mine mouth t o  t h e  s i t e  of combustion can 

have a d i r e c t  impact on t h e  amounts of p o l l u t a n t s  r e l ea sed  t o  t h e  

atmosphere. Tra ins  and t r u c k s  can d i s p e r s e  f u g i t i v e  d u s t s  £tom t h e  

c o a l  being t r anspo r t ed .  Engine exhaust  emissions from locomotives  

and t r u c k s  can be s i g n i f i c a n t ,  e s p e c i a l l y  on long  runs.  

Combustion 0.f c o a l  produces ox ides  of s u l f u r  and n i t r o g e n ,  CO, 

C02, and f l ya sh .  Flyash u s u a l l y  con ta in s  t h e  fo l lowing  t r a c e  

meta l s  a s  ox ides ,  s u l f u r  ox ides ,  o r  carbonates:  A s ,  Be, Cd, Co, C r ,  

Cu, Fe, N i ,  Pb, Se, and V (Brown, 1979). There a r e  a l s o  some e m i s -  
. . 

s i o n s  of mercury vapor ,  hydrocarbons, po lycyc l i c  a romat ic  hydrocar- 

bons, and organometa l l i cs .  Within t h e  atmosphere,  a major mass 

f r a c t i d n  of t h e  a i r b o r n e  p a r t i c l e s  i s  formed from o x i d a t i o n  products  
. .  . . . 

of s u l f u r  d iox ide ,  e.g.,H2S04 and i t s  ammonium n e u t r a l i z a t i o n  

salts. 

Pulmonary d e p o s i t i o n  of many of t h e  agents  r e s u l t i n g  from c o a l  

mining s i n g l y  and i n  combinat i on  can produce phys io logic  and t o x i c  

' e f f e c t s  on t h e  lung and i n  o t h e r  organs.  Many of t h e  t r a c e  meta l s  

and some of t h e  o rgan ic s  have been i d e n t i f i e d  a s  p o s s i b l e  causa t ive  

agents  i n  lung cancer .  C l i n i c a l  evidence suppor t s  t h e  n o t i o n  t h a t  



ambient l e v e l s  of va r ious  c o a l  coinbustion products  such a s  pa r t i cu -  

l a t e  oxides  cause i r r i t a t i o n  of t he  bronchia l  a i rways ,  pulmonary 

parenchyma, exace rba t ion  of as thmat ic  cond i t i ons , .  and a  decrease  i n  

v e n t i l a t o r y  func t ion  (Golds te in  1971). 

Recommendations: 

1.. C l i n i c a l  s t u d i e s  on c o a l  miners a r e  necessary  t o  be t -  
t e r  c h a r a c t e r i z e  and desc r ibe  t he  degree of impairment, t o  
develop more s e n s i t i v e  and e a r l i e r  i n d i c e s  of c o a l  workers'.  
pneumoconiosis, and t o  determine when, i f  eve r ,  t h e  i n i t i a l  
changes produced by c o a l  dus t  a r e  r e v e r s i b l e .  

2. Coal workers '  pneumoconiosis has  been obser.ved more f r e -  
quent ly  i n  miners i n  Appalachia than i n  miners from Western 
c o a l  depos i t s .  Animal s t u d i e s  should be performed ' i n  an . 
a t tempt  t o  amplify and exp la in  t h i s  observa t ion .  

3.  There i s  a  need t o  develop an animal model of c o a l  workers '  
pneumo,coniosis (CWP) i n  o rde r  t o :  1 )  d e f i n e  t h e  processes  
r e s u l t i n g  i n  CWP and s e e  i f  they can be i n t e r r u p t e d  o r  re- 
versed ,  2) determine which c o n s t i t u e n t s . o . f  t h e  mine dus t  a r e  
r e spons ib l e  f o r  the  CWP ( s i l i c a t e s ,  c o a l  d u s t ,  bery l l ium,  
e t c . ) ,  and 3) s tudy  depos i t i on ,  c l ea rance ,  and biochemical 
i n t e r a c t i o n  a s  a  func t ion  of t h e  degree of pneumoconiosis. 

4 .  Sinc.e use of d i e s e l ' e n g i n e s  i n  mines i s  i nc reas ing ,  inha la -  ' 
t i o n  , toxicology s t u d i e s  a r e  needed t o  a s s e s s  hea. l th  e f f e c t s  

' o f  r e a c t i o n  products  of d i e s e l  exhaust  emissions and o t h e r  
mine a i r  p o l l u t a n t s .  . 

5. Va r i a t i ons  i n  t h e  composition and o t h e r  c h a r a c t e r i s t i c s  of  
' r e s p i r a b l e  d u s t  from d i f f e r e n t '  coa l  seams should b e .  s t ud i ed  

because i t  has  been demonstrated t h a t  f a c t o r s  o t h e r  than  . 

concen t r a t i on  s i g n i f i c a n t l y  a f  f e c t  t h e  inc idence  of c o a l  
workers '  pneumoconiosis. 

6.1.2.2 Chemical Coal Cleaning. ,These processes  a r e ,  f o r  t he  

most p a r t ,  developed t o  t h e  l abo ra to ry  o r  bench s c a l e .  The ma jo r i t y  

of these  a r e  c losed  loops t h a t  r ecyc l e  many of  t h e  chemical i n t e r -  

mediates.  However, t h e r e  a r e  always f u g i t i v e  emissions.  Disposal  o£  

t h e  waste  products  poses t he  primary problem. 
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Several proposed processes present particular pulmonary 

problems. The Magnex process uses iron carbonyl to coat coal for 

magnetic separation. Both CO and Fe(c0l5 are used throughout the 

process and special efforts to contain these gases are necessary. 

The Meyers process is a complicated process that 'at one point could 

release SO2 to the atmosphere.from a vent gas scrubber. The GE 

process.produces large amounts of H2S that are further processed to 

produce sulfur. The JPL process uses a chlorination-dechlorination 

process to remove both pyritic and organic sulfur. Trichloroethylene 
. . . . 

(TCE) will be used in the process which has the potential to release 

TCE, HC1, C12 and other halogenated hydrocarbons. NO2 is a 

potential pollutant in the KVB process in which coal is heated with 

NO2 to convert sulfur to's02 and soluble sulfates. virtually all 

coal cleaning requires coal storage, some sort of size reduction and 

sizing, and most require some further treatment such as blending or 

slurrying followed by reacting the coal in a pressure vessel. The 

initial steps of all the processes are such that coal dusts and other 

particulates are likely to enter the.atmosphere. However, the prob- ' 

lems do not seem unique'to this technology. The most important 

problem appears to be emission of a variety of gases including COY 

NO,, H2S, NH3, SO2 and/or metal carbonyls subsequ@nt' to the 

high pressure and temperature reactions. 



Recommendations: 

1. The c h r o n i c  t o x i c i t y  ' o f  meta l  c a r b o n y l s ' s u c h  a s  n i c k e l ,  
.. . i r o n ,  and c o b a l t  ca rbonyls  shou ld  be i n v e s t i g a t e d  i n  r o d e n t s  

wi th  emphasis on t h e  mode o f  i n t e r a c t i o n  and t h e  r o l e  of t h e  
a c t  ion.  

6.1.2.3 I n  S i t u  G a s i f i c a t i o n .  The i n  s i t u  c o n v e r s i o n  p r o c e s s e s  

a r e  l a r g e l y  u n t r i e d  a t  t h e  commercial l e v e l .  Thus, a l t h o u g h  a number 

of p o l l u t a n ' t s  have been i d e n t i f i e d ,  t h e  n a t u r e  of t h e i r  i n t e r a c t i o n  

w i t h  t h e  environment cannot  be p r e d i c t e d .  The r e s e a r c h  t o  d a t e  i s  

n o t  s u f f i c i e n t  t o  d e l i n e a t e  t h e  p o t e n t i a l  impact of i n  s i t u  g a s i f i c a -  

t i o n  on t h e  environment ,  r e s u l t i n g ,  t h e r e f o r e ,  i n  a d v e r s e  pulmonary 
. . 

e f f e c t s .  

Recommendations: 

1. Research i s  needed t o  d e f i n e  t h e  p roduc t  gas  from i n  s i t u  
g a s i f i c a t i o n ,  t o  de te rmine  t h e  combustion p r o d u c t s  of t h a t  
g a s ,  and t o  a s s e s s  t h e  t o x i c i t y  o f  bo th .  

6.1.2.4 F l u i d i z e d  Bed Combustion. The major  impact on a i r  

q u a l i t y  due to,FBC from t h e  s t a c k  emiss ion  o f  b o t h  gaseous  and p a r t i -  

c u l a t e  combustion p r o d u c t s  r e q u i r e s  r e s e a r c h  t o  p r e v e n t  hazards  t o  
. . 

t h e  pulmonary t r a c t .  

Recommendations: 

1. Comparative t o x i c i t y  s t u d i e s , s h o u l d  be performed t o  s e e  i f  
l imes tone  a s  used i n  f l u i d i z e d  bed combustion by i t s e l f  o r  
. i n  a s s o c i a t i o n  wi th  c o a l  d u s t  p r e s e n t s  unusual  i n h a l a t i o n  
problems. . 

2. Stack  emiss ions  from f l u i d i z e d  bed co&us t ion  shou ld  be 
assayed  f o r  t o x i c i t y ,  m u t a g e n i c i t y ,  and ' c a r c i n o g e n i c i t y .  

3. Evidence s u g g e s t s  t h a t  f l y a s h  from FBC may be  d i f f e r e n t  from 
. t h e  s p h e r i c a l  g l a s s y  f l y a s h  a s  d e s c r i b e d  by F i s h e r .  Hea l th  
e f f e c t s  of t h i s  i r r e g u l a r  m a t e r i a l  shou ld  be  c h a r a c t e r i z e d .  



4. The effects of inhaled particles from FBC in association 
with, or coated with, alkali salts should be studied. 

6.1.2.5 ~a~netoh~drod~namics. Plants using MHD technology are 

expected to generate pollutants similar to other direct,combustion 

processes. However, because of higher efficiency, the amounts of 

pollutants and their environmental impact are expected to be l'ess 

than those from conventional generation stat ions with similar mega- 

watt outputs. 

6.1.2.6 Coal-Oil Mixtures. The nature of the pollutants from 

COM technology are expected to be the same as those from conventional 

handling of coal and oil. 

Recommendations: 

'see recommendations in section 6.1.2.1. 

6.1.2.7 Cocombustion with Municipal Solid Waste. The use of 

this technology presents the possibility for viral exposure since 

tests show that municipal solid waste contains some human and animal 

excreta. Trace element emissions increase, and chloride emissions 

are proportional to the amount of refuse-derived fuel (RDF) burned. 

Recommendations: 

1. There is a need to assess effects on workers from inhaling 
increased numbers of bacteria and viral agents as well as 
the antibacterial disinfectant used at municipal solid waste 
facilities. 

2. Some research is required to determine the impact of 
increased chloride emissions from this technology. 



6.2 Skin Effects 

6.2.1 Introduction 

The skin, as the interface between man and his environment,' is-a 

portal for both entry and excretion of hazardous substances and a 

target organ for damage by physical, chemical, and biological agents. 

Exposure is primarily a problem of occupational employees;' the 

general population receiving only limited dermal exposure. 

Despite the fact that the skin is endowed with a versatile group 

of defenses, skin-rel'ated illnesses comprise 35 to 85 percent of 

occupationally related diseases  uski kind and Majeti 1976). Patterns 

of adverse effects range in quality from uncomplicated itching to 

metastatic neoplasia. Most adverse cutaneous reactions are eczema- 

tous including ulceration and granuloma formation and result usually 

from exposure to primary irritants. . Other . effects include allergic 

reactions such as immediate hypersensitivity and' cell-mediated 

response (contact dermat.itis), photosensitivity both phototoxic and 

photoallergic, pilosebaceous reactions like acne and damage to hair 

or hair follicles, sweat gland reactions such as miliria, pigment 

reactions, and cancer. 

Absorption of chemicals across the skin has received relatively 

little attention compared to pulmonary absorption for compounds solu- 

ble in both water and nonpolar solvents. Quantitative information on 
, 

skin absorption in man of most chemicals of importance as occupation- 

al and environmental hazards is usually lacking. 



In  t h e  fol lowing s e c t i o n s ,  convent iona l  coa l  and advanced coa l  

t echnologies  w i l l  be considered with regard  t o  dermal exposure. 

Recommendations: 

1. S tud ie s  should be undertaken on the  s t r u c t u r a l  ( c e l l u l a r )  
and biochemical c h a r a c t e r i s t i c s  of n o n a l l e r g i c  inflammation 
r e a c t i o n s  (pr imary i r r i t a t i o n )  and t o  determine d i f f e r e n c e s  
i n  pa thophys io logica l  p a t t e r n s  a s  in f luenced  by molecular  
c h a r a c t e r i s t i c s  of t he  i r r i t a n t ,  t he  r a t e s  of p e n e t r a t i o n ,  
metabolism of t he  i r r i t a n t ,  lysosomal and k inase  a c t i v i t y ,  
e t c .  E f f o r t s  should be focused on t h e  ub iqui tous  marginal 
i r r i t a n t s .  

~ o d e r n  s k i l l s  of immunobiology and immunochemistry should be 
app l i ed  t o  t he  e l u c i d a t i o n  of  mechanisms of a l l e r g i c  cutane- 
ous responses ,  p a r t i c u l a r l y  t h e  con tac t  type. Substances 
such a s  t he  t r a n s i t i o n  meta l s ,  a ldehydes,  a l coho l s ,  phenols ,  
and ke tones  should be s tud i ed  i n  depth. C r i t i c a l  a s p e c t s  
r e q u i r i n g  examination a r e  t h e  r o l e  of  molecular s t r u c t u r e ,  
metabolism by mammals, protein-combining c h a r a c t e r i s t i c s ,  
e f f e c t  of  macrophages, lymphocytes, e t c . ,  a s  wel l  a s  i n t e r -  
f e r ences  o r  enhancement of s e n s i t i z e r s  by o t h e r  environ- 
mental agents .  

3. More s e n s i t i v e  methods should be developed fo r  p r e d i c t i n g  
adverse  responses  t o  primary i r r i t a n t s ,  e s p e c i a l l y  those  of 
a  marginal  n a t u r e ,  t o  acnegenic subs t ances ,  and t o  chemical 
and phys i ca l  agents  o r  combinations of those  which induce 
pigment changes. 

4. With t h e  a r r a y  of t e s t s  a v a i l a b l e  f o r  p r e d i c t i n g  a l l e r g e n i -  
c i t y ,  a  s e r i o u s  a t tempt  should be made t o  compare t h e  sen- 
s i t i v i t y  and r e l i a b i l i t y  of t he se  t e s t s  i n  r e l a t i o n  t o  
c l i n i c a l  experience.  

5 .  Basic s t u d i e s  should e l u c i d a t e  t h e  f a c t o r s  determining s k i n  
pe rmeab i l i t y  t o  chemicals. Our c u r r e n t  knowledge on s k i n  
pe rmeab i l i t y  depends heav i ly  on a  l im i t ed  number of publica- 
t i o n s  from experiments c a r r i e d  out  over  30 years  ago. The 
e f f e c t s  of phys ica l  f a c t o r s  such a s  temperature ,  humidi ty ,  
and p re s su re  i n  mines on t h e  r a t e  of abso rp t ion  and length  
of r e t e n t i o n  of chemicals need t o  be b e t t e r  understood. 



6 . 2 . 2  Process-Specif ic  Problems 

6 .2 .2 .1  Conventional Coal. Exposure of s k i n  t o  l i q u i d ,  gas- 

eous,  o r  s o l i d  p o l l u t a n t s  may occur a t  s e v e r a l  s t a g e s  du r ing  t h e  con- 

ven t iona l  . coa l  technology cyc l e  from mining through combustion. 

During mining workers a r e  exposed t o  l a rge  q u a n t i t i e s  of c o a l  d u s t  of 

va r ious  composi t ion,  depending on t h e  l o c a t i o n  o r  t h e  c o a l  seam. 

Coal d u s t  i's not  considered t o  be an a c t i v e  agent  a f f e c t i n g  t h e  skin.  

During t h e  coking process', workers may be exposed t o  many com- 

p1ex.substance.s. The c o n s t i t u e n t s  a r e  u sua l ly  d iv ided  i n t o  t h r e e .  

c a t e g o r i e s :  t o t a l  suspended p a r t i c u l a t e s ,  benzene-soluble o rgan ic s ,  

and polynuclear  aromatic  hydrocarbons. 
. . 

D i s t i l l a t i o n  of coa l  t a r  p roduces ,coa l  t a r  p i t c h ,  c r e o s o t e ,  and 

o t h e r  chemicals and o i l s .  Coal t a r s  have been shown to produce both 

s k i n  cancer  and acneiform l e s i o n s  i n  coke oven workers i n  a d d i t i o n  t o  

observable  i nc reases  i n  lung,  b l adde r ,  and s c r o t a 1  cancer.  .The. 

h ighes t .worke r . exposu re  occurs  during c l ean ing  and maintenance opera- 

t i o n s ,  s i n c e  t he  t a r s  tend t o  bu i ld  up on the  s u r f a c e s  of t h e  scrub- 

bers .  workers may a l s o  be exposed t o  d u s t s  dur ing  d i s p o s a l  of t h e  

s l a g s ,  a s h ,  and o t h e r  coa l  s o l i d  wastes  remaining a f t e r  combustion. 

These d u s t s  c o n t a i n  some p o t e n t i a l l y  t ox i c  o rgan ic s  and t r a c e ' e l e -  

ments. 

Recominendations: 

1 .  Information i s  needed t o  determine t h e  frequency of  dermal 
e f f e c t s  amo.ng exposed workers, . TO accomplish t h i s ,  searches  
f o r  dermal l e s i o n s  should be ' i nc luded  a s  p a r t  of r e g u l a r  
medical s c r e e n h g  , e s p e c i a l l y  f o r  coke oven w0rker.s. 



2. The p o t e n t i a l  f o r  t h e  p h o t o a c t i v a t i o n  of c o a l  d u s t s  and 
c o a l  , t a r  p roduc t s  should  be i n v e s t i g a t e d .  

3. Agen'ts which f a c i l i t a . t e  o r ,  s u p p r e s s  s k i n  a b s o r p t i o n  should 
be i d e n t i f i e d  and methods of removing s k i n  con tamina t ion ,  
once i t  o c c u r s , , s h o u l d  be s t u d i e d .  Data a r e  needed on t h e  
use  o f  b l o c k i n g  creams t o  reduce exposure  t o  PAHs and on how 
w e l l  t h e y  f u n c t i o n  i n  a r e a l  work environment a s  opposed t o  
l a b o r a t o r y  s i m u l a t i o n s .  The development of new, more e f f e c -  
t i v e  .b locking creams i s  needed. 

6.2.2.2 Chemical Coal Cleaning.  Compared t o  c o n v e n t i o n a l  c o a l  

. technology,  excep t  . . i n  a few c a s e s ,  chemical  c o a l  c l e a n i n g , s h o u l d  n o t  

l ead  t o  unusual,  exposures  of t h e  sk in .  . . T h e  PETC and JPL t e c h n o l o g i e s  

w i l l .  l e a d  t o  t h e  g e n e r a t i o n  of a c i d .  m i s t s ,  and t h e  B a t t e l l e  and Ames 

methods may l e a d  t o  exposure  of s k i n  t o  i r r i t a t i n g  c a u s t i c  a l k a l i n e  

m a t e r i a l s .  

Recommendations: 

See recommendations 1 , , 2 . a n d  3  i n  S e c t i o n  6.2.2. 

6.2.2.3 I n  S i t u  G a s i f i c a t i o n  might l e a d  t o  ,occupat io ,nal  expo- 

s u r e s  of , t h e r  s k i n  t o  a  wide v a r i e t y  of o rgan ic .  and i n o r g a n i c  chemi- 

c a l s .  l 'hese i n c l u d e  pr imary i . r r i t a n t s  . . such a s  ammonia, chemica l s  

having t h e  p o t e n t i a l  f o r  a l l e r g i c  r e a c t i o n s  such a s  t h e  t h i o c y a n a t e s ,  

and chemical  c a r c i n o g e n s  such a s  PNAs. 

Recommendations: 

1 .  The mutagenic  and c a r c i n o g e n i c  p r o p e r t i e s  of new o r g a n i c  
chemicals  produced by i n  s i t u  g a s i f i c a t i o n  shou ld  b e  ' 

s y s t e m a t i c a l l y  and c a r e f u l l y  a s s e s s e d  b e f o r e  t h e  p r o c e s s e s  
a r e  a c c e l e r a t e d  t o  f u l l  s c a l e  p roduc t ion .  

. 6.2.2.4 ~ l u i d i z e d  Bed combustion shob ld  n o t  l e a d  t o  s p e c i f i c  



6.2.2.5 Magnetohydrodynamics may lead to irritation of the skin 

in workers exposed to alkali salts. 

Recommendations: 
: .  

See recommendations 1, 2 and 3 in Setion '6.2.2. 
. . C . . 

6.2.2.6 d6combustion with Municipal Solid Waste. This techno.1- 
. . , . .  

ogy should not lead to serious problems of skin exposure. 

Recommendations: 
. . . .  . 

1. The effects of exposure of the skin of workers to bacteria 
and viruses form MSW should be determined. 

. .  6.2.2.7 Coal-Oil Mixture's. Dennal exposure to dust may occur 

dur'ing-combustion of coal-oil: mixtures, but this should.not pose any 

. . . . 

unusual problems. . . 

Gastrointestinal Effects 

6.3.1 Introduction . , 

As in the case of skin and lung, the gastrointestinal tract is 

both a portal for entry and excretion as well as a potential targek 

for physical and chemical agents. Aside from c1earance:of the res- 

piratory tract with subsequent ingestion, ,sources of:gastrointestinal 

exposure to coal process pollutants, in the oc.cupationa1 environment 

are believed to be negligible. The. general population, however, may 
. . . . , _ . .  

be-exposed via ingestion of contamin~ated drinking water,. food, and 

nonfood i tems. 

Ingestion 'exposure can occur through a number of ways. Various 
. . 

trace metals, organics., radionuclides ' from combustion stack 
, " . 



emissions may be  depos i ted  on s o i l  and v e g e t a t i v e  sur faces .  

Leachates from c o a l  s t o c k p i l e s ,  mines, and combustion wastes e n t e r  

both s u r f a c e  water  and groundwater supp l i e s  and may, t h e r e f o r e ,  e n t e r  

d r ink ing  water.  I n  a d d i t i o n ,  nonfood sources  ' ingested through normal 

hand-to-mouth a c t i v i t y ,  e s ' pec i a l l y  i n  c h i l d r e n ,  can  con ta in  high 

concen t r a t i ons  of  va r ious  depos i ted  p o l l u t a n t s .  For example, l ead  i n  

d i r t l d u s t  samples has  been recorded a s  2.4 mglg i n  some a r e a s  (Hunt 
. , . .  . 

e t  a l .  1971). 

Absorpt ion ra te . s  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  f o r  va r ious  pol- 

. l u t a n t s  a r e  dependent upon the  phys ica l  and chemical c h a r a c t e r i s t i c s  

of t he  p o l l u t a n t s ,  t h e i r  binding c h a r a c t e r i s t i c s  w i t h i n  bulk foods,  

and t h e i r  s o l u b i l i t y  ( l i p i d  and water).  Although c o a l - r e l a t e d  po l lu-  
. . 

t a n t s  (e.g., t r a c e  me ta l s )  a r e  not  u s u a l l y  p re sen t  i n  t ox i c  concen- 

t r a t i o n s  i n .  food and water ,  t h e  a d d i t i o n  t o  t h e  ' t o t a l  cumulative 

uptake . . from a l l  sou rces  can i n i t i a t e  c l i n i c a l  e f f e c t s  (e.g. ,  . lead, 

a r s e n i c ,  mercury, cadmium). 

Recommendations: 

1. Animal models f o r  human g a s t r o i n t e s t i n a l  exposure t o  
coa l - r e l a t ed  p o l l u t a n t s  should be designed t o  provide 

. i n s i g h t  i n t o  t h e  biochemical ,  phys io logic ,  and c e l l u l a r  
even t s  which occur i n t r a l u m i n a l l y  and w i t h i n  t h e  t i s s u e s  of 
t h e  t r a c t .  Once ob ta ined ,  such i n s i g h t  w i l l . p r o v i d e  a  
r a t i o n a l  b a s i s  f o r  p revent ive  measures. 

2. S e n s i t i v e  t e s t s  f o r  d e t e c t i n g  e a r l y  damage t o  t h e  human 
a l imentary  t r a c t  by coa l - r e l a t ed  p o l l u t a n t s  should be  
developed. Such t e s t s  may a l s o  provide e s s e n t i a l  d a t a  on 
r e l a t e d  biochemical ,  metaboli'c, and pa tho physiological^, 
mechanisms. 



3. Epidemiological  s t u d i e s  a r e  needed t o  determine t h e  
frequency and g r a v i t y  of g a s t r o i n t e s t i n a l  e f f e c t s .  

4 . .  The abso rp t ion  and d i s t r i b u t i o n  r a t e s  from t h e  gas t ro in -  
t e s t i n a l  t r a c t  should be determined f o r  any p o l l u t a n t s  
found t o  have major uptake from t h i s  rou te .  

5. Most l a r g e  p a r t i c l e s  end up i n  t h e  gut  a f t e r  mucoci l ia ry .  
c l ea rance  from t h e  r e s p i r a t o r y  t r a c t .  There i s  a  need t o  
b e t t e r  de f ine  t h e  p a r t i c u l a t e  abso rp t ion  from t h e  gut and 
d i r e c t  p a r t i c l e  t r a n s f e r  through t h e  gu t  wal l .  

6. Work i s  a l s o  needed t o  i d e n t i f y  m e t a b o l i t e s  f o r  those pol- 
l u t a n t s  analyzed a s  r ep re sen t ing  t h e  most s i g n i f i c a n t  human 
h e a l t h  hazards .  

Process-Specif ic  Problems 

6.3.2.1 Conventional Coal. G a s t r b i n t e s t i n a l  exposures t o  coal- 
\ 

der ived  p o l l u t a n t s  i n  t h e  occupat iona l  environment may be n e g l i g i b l e ;  

however, o r a l  d i s e a s e s  ( g i n g i v i t i s ,  l eukoplak ia ,  edema of t he  o r a l  . 

mucosa) have been r epo r t ed .  Occupational and gene ra l  popula t ions  may 

be exposed by i n g e s t i o n  of contaminated d r ink ing  wa te r ,  food, and 

nonfood m a t e r i a l s .  

Recommendations: 

1. Food contaminant m o n i t o r i n g . a c t i v i t i e s  should be expanded t o  
provide d a t a  on a d d i t i o n a l  c a t e g o r i e s  of contaminants.  

, Coal-related p o l l u t a n t s  i n  dr ink ing  water  should be i den t i -  
f i e d  i n  a  few key l o c a t i o n s  near  c o a l ' m i n e s ,  coa l - f i r ed  

. . power p l a n t s ,  and coa l  waste  d i s p o s a l  s i t e s .  

2. S tud i e s  a r e  needed t o  determine t h e  cause(s1  of excesses  i n  
t h e  inc idence  of stomach cancer  observed among c o a l  miners. 

See recommendations 1 through 6 i n  Secti0.n 6.3.1. 

6.3.2.2 Chemical Coal Cleaning. This  process should no t  pro- 

duce e f f e c t s  on t he  g a s t r o i n t e s t i n a l  t r a c t  i n  a d d i t i o n  t o  those 

a l r eady  d iscussed  f o r  convent ional  coa l .  



6.3.2.3 I n  S i t u  Gas i f i ca t i on .  In  s i t u  g a s i f i c a t i o n  may r e s u l t  

i n  water emissions of so lub l e  meta l s ,  phenols ,  i ndo le s ,  q u i n o l i n e s ,  

and py r id ines  with. a  p o t e n t i a l  f o r  g a s t r o i n t e s t i n a l  absorp t ion .  

These may be t r anspo r t ed  through a q u a t i c  food cha ins  o r  -be presen t  i n  

dr ink ing  water  der ived  from groundwater sources .  

Recommendat ions.: 

1. S tud ie s  a r e  needed on t h e  chemical forms of meta l s  i n  water ;  
t h e  binding t o  sediments and chemical t ransformat ion  by 
micro-organisms o r  by chemical p-rocesses. 

2. The s t a b i l i t y  and chemical t ransformat ions  of o rganic  sub- 
s t a n c e s  i n  water r e q u i r e  f u r t h e r  s tudy.  

3. Fu r the r  in format ion  i s  needed on the 'accumula t ion  of  metals  
and r e l a t e d  organometa l l i c  compounds i n  e d i b l e  f i s h ,  t h e i r  
b i o l o g i c a l  h a l f - l i v e s  i n  f i s h ,  and t h e  r e s u l t i n g  metabol ic  
product s . 

4. Information i s  needed on t h e  e f f i c i e n c y  of  g a s t r o i n t e s t i n a l  
adso rp t ion  i n  man of metals  and coa l - r e l a t ed  o rgan ic  pol- 
l u t a n t s .  

5. S tud i e s  should be .made on the  ,changes i n  i n t e s t i n a l  micro- 
f l o r a  i n  man induced by metals  and c o a l  r e l a t e d  organic  
p o l l u t a n t s .  T e s t s  should be made t o  s e e  i f  i n t e s t i n a l  
micro f l o r a  i n  humans metabol ize  metals  and coa l - r e l a t ed  
organic  p o l l u t a n t s  and i f  such metabolism modi f ies  t he  
i n t e s t i n a l  adso rp t ion  and t o x i c i t y  of t h e s e  substances.  

6.3.2.4 F lu id i zed  Bed Combustion. This  technology may lead  t o  

t he  l o s s  of t r a c e  meta l s  from s o l i d  waste  w i th  a  p o t e n t i a l  f o r  accum- 

u l a t i o n  i n  food cha ins  l ead ing  t o  man. 

Recommendations: 

See recommendations 1 through 4  i n  s e c t i o n  6.3.2.3. 

6.3.2.5 Magnetohydrodynamics. Trace meta l s  may be  l o s t  from 

s o l i d  wastes  from MHD. These may accumulate i n  food cha ins  r e s u l t i n g  

even tua l ly  i n  human exposure.  



Recommendations: 

See recommendat ions 1 through 4 in sect ion 6.3.2.3. 

6.3.2.6 Cocombustion with Municipal Solid Waste. The possibil- 
. . 

ity of infectious agents, e.g., Salmonella, enteroviruses, entering 

the gastric system must be considered as a result of.increased use of 

this technology. 

Recommendations: 

1. Factors governing human susceptibility to Salmonella and en- 
teroviruses need to be investigated. Current theraputic 
procedures should be reviewed with the objecive of improving 
the effectivness of these methods. 

6.3.2.7 Coal-Oil Mixtures should not present a special hazard 

to the gastrointestinal tract. 

6.4 Behavioral and Neurotoxic Effects 

6.4.1 Introduction 

Human behavior can be affected by exposure to a wide variety of 

chemicals including heavy metals, organic solvents, and noxious.gases 

such as carbon monoxide. Since conventional coal mining, and 

combustion, and the wide array of advanced coal technologies under 

consideration in this report may result.in worker exposure to many of 
. . 

these substances both singly and in complex mixtures, the potential 

for development of behavioral and neurotoxic effects must be evalu- 

ated for each process. 

It first may be worth setting out the type of information that 

is desirable as a background for decision making when the concern is 

the behavioral effects of a chemical.. It is certainly desirable to 
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know whether a  chemical changes t he  a b i l i t y  of  an organism t o  s ee ,  

h e a r ,  t a s t e ,  sme l l ,  o r .  f e e l ,  t o  main ta in  i t s  equ i l i b r ium,  t o  move i t s  

limbs i n  a  coord ina ted  f a sh ion  wi thout  tremor o r  any o t h e r  evidence 

of l ack  of c o n t r o l ,  t o  feed i t s e l f ,  t o  f i n d  a  mate aad indulge i n  ap- 

p r o p r i a t e  sexua l  behavior  and i n f a n t  r e a r i n g ,  t o  main ta in  i t s  p l ace  

i n  i t s  e c o l o g i c a l  n iche  and defend i t s e l f  a g a i n s t  aggressors ,  to.com- 

municate i n  a p p r o p r i a t e  ways, and t o  respond t o  i t s  environment and 

t h e  cont ingenc ies  of re inforcement  t h e r e i n  s u c c e s s f u l l y .  This  s h o r t  

and incomplete l i s t  shows t h e  complexity of t h e  t a s k  of ensur ing  t h a t  

exposure t o  a  p a r t i c u l a r  chemical does not  i n t e r f e r e  with t h e  behav- 

i o r a l  i n t e g r i t y  of an animal. While t h e  primary focus must always 

-. remain man, dependence upon a  s t a b l e  ecology demands' t h a t  concern 

a l s o  be shown f o r  t h e  e f f e c t s  of p o l l u t a n t s  on o t h e r  organisms. 

The l i s t  of t h e  p r i n c i p a l  behaviors  a t  r i s k  a l s o  makes c l e a r  t h e  

enormous t a s k  f ac ing  those  making d e c i s i o n s  concerning pe rmis s ib l e  

exposure l e v e l s .  P r i o r i t i e s  must a d d i t i o n a l l y  be s e t  so  t h a t  ava i l -  
_ '  . 

a b l e  r e sou rces  can be op t imal ly  a l l o c a t e d .  
. . 

Because t h e  sys temat ic  s tudy  of behaviora l  and neu ro log ica l  

e f f e c t s  i s  s o  new (e.g., X in t a r a s  e t  a l .  1974; Norton 1975; Weiss and 
. .~ 

L a t i e s  19751, adequate  information does no t  e x i s t  f o r  any chemical. 
. . . . 

Therefore ,  a lmost  any experimental  work on t h e  major coa l  technology . 

p o l l u t a n t s  w i l l  be  welcome. ~ e v e ' r t h e l e s s ,  one can s e t  p r i o r i t i e s  

t h a t  s.eem s e n s i b l e  when attemptin; t o  s t i m u l a t e  new work i n  t h i s  

a r ea .  



In  a l l  such work, emphasis should be placed on determining 

dose-ef f e c t  o r  dose-response r e l a t i o n s h i p s .  These w i l l  b e s t  l a y  f i rm 

groundwork f o r  f u t u r e  judgments about p o l l u t a n t  l e v e l s  t h a t  can be 

t o l e r a t e d  i n  t h e  environment. This emphasis i s  important because we 

l ack  f i rm knowledge of t he  exposure l e v e l s  t o  be encountered. It i s  

a l s o  important t o  encourage s t u d i e s  t h a t  promise t o  d e l i v e r  t h e  most 

fundamental information about t he  a c t i o n s  of any agent  s i n c e ,  i n  view 

of t h e  s t a t e  of development of t he  newer c o a l  t e chno log ie s ,  i t  i s  

p o s s i b l e  t o  s p e c i f y  n e i t h e r  t he  exposure l e v e l s  nor  t he  p r e c i s e  be- 

hav io r s  t h a t  someday may be of g r e a t e s t  i n t e r e s t .  comparative d a t a  

on tox i c  subs tances  and CNS-active drugs would be u s e f u l  t o  a id  i n  

i n t e r p r e t a t i o n  ,of r e s u l t s .  S tud i e s  of i n t e r a c t i o n  with o t h e r  

chemicals and chronic  exposures a r e  a l s o  important (e.g. e thano l ,  

s e d a t i v e s ,  t r a n q u i l i z e r s ) .  Indeed, t h e  concerns expressed i n  s e c t i o n  

6.1.1 regard ing  work wi th  s i n g l e  chemicals ve r sus  mix tures  and h igh  

versus  low exposure l e v e l s  a r e  a l s o  r e l evan t  here .  

Of the .chemica ls  l i s t e d  above a s  being of importance t o  coal-  

r e l a t e d  t echno log ie s ,  carbon monoxide, va r ious  o rgan ic  so lven t s  such 

a s  to luene  and carbon d i s u l f i d e ,  i r r i t a n t s  such a s  ammonia and alde- 

hydes,  and tox i c  t r a c e  elements such a s  mercury, cadmium, and lead  

appear  t o  .be of most importance wi th  regard t o  nervous. system ef -  

f e c t s .  

Recommendations: 

1.. Sensory e f f e c t s  of CO need more s tudy  d e s p i t e  a  long inves- 
t i g a t i v e  h i s t o r y :  e.g., i t  i s  s t i l l  not known whether 



exposures t h a t  produce 5 percent  COHb l e v e l s  a f f e c t  v i s i o n  
( .Lat ies  and Merigan, 1979). It i s  a l s o  no t  completely c l e a r  , 

how low CO l e v e l s  a f f e c t  t he  a b i l i t y  of  humans t o  pay a t -  
t e n t i o n  t o  bor ing  t a sks  for  prolonged time per iods .  The 
"v ig i lance"  t a s k  has  been a mainstay of r e sea rch  but  t h e r e  
s t i l l  remains much more t o  be learned  about which parameters 
of performance maximize s e n s i t i v i t y  Co CO. Ski1 led perform- 
ance ,  so  i n t i m a t e l y  involved i n  automobile and t r u c k  d r i v i n g  
and t h e  o p e r a t i o n  of heavy machinery, should a l s o  be t he  
focus .o f  more work with CO i n  l i g h t  of t h e  pos s ib l e  in-  
c r e a s e s  i n  CO l e v e l s  i n  t he  ambient a i r  o r  a s  a r e s u l t  of 
c o a l  :combust ion. 

2. Techniques fo r  t h e  measurement of i r r i t a t i o n  potency should 
be f u r t h e r  r e f ined .  In  p a r t i c u l a r ,  t h e  c o r r e l a t i o n  between 
behav io ra l  e s t i m a t e s  of i r r i t a t i o n  and the  o l d e r  physiologi-  
c a l  r e f l e x  i n d i c e s  remains t o  be e s t a b l i s h e d  and deserves  
sys temat ic  i n v e s t i g a t i o n  ( A l a r i e  1973; Wood 1979). Adapta- 
t i o n  t o  i r r i t a n t s  should be i n v e s t i g a t e d  because prolonged 
exposure t o  a subs tance  may lead  t o  pulmonary damage i n  
persons who no longer  n o t i c e  t h e  presence of t h e  chemical. 

3. More p r e c i s e  c h a r a c t e r i z a t i o n  of t he  behav io ra l  changes pro- 
duced by l e a d ,  mercury (both inorganic  and o rgan ic  forms) ,  
and cadmium appears  e s s e n t i a l .  In  p a r t i c u l a r ,  methods must 
be developed t o  c h a r a c t e r i z e  more a c c u r a t e l y  t h e  types of  
behaviora l  change t h a t  now a r e  covered by such terms a s  
"mental confusion" and "mental d i s turbance ,"  which o f t e n  
appear i n  epidemiological  s t u d i e s .  Although sensory and 
motor system t o x i c i t y  of heavy metals  i s  a s u b j e c t  of 
i nc reas ing  a t t e n t i o n ,  few e f f e c t s  have been c a r e f u l l y  stud- 
ied.  A f i r m  s c i e n t i f i c  base i s  r equ i r ed  f o r  f u t u r e  work on 
t h e  e a r l y  d e t e c t i o n ,  p r e c i s e  d e f i n i t i o n ,  and ame l io ra t i on  of 
d e f i c i t s .  

4 . .  Damage t o  t h e  c e n t r a l  nervous system by t r a c e  metals  some- 
t imes does not  become ev iden t  u n t i l  i t  has  progressed t o  ir- 
r e v e r s i b i l i t y  because of compensatory changes. The ' presence 
of t h i s  r e se rve  capac i ty  makes i t  e s s e n t i a l  t o  develop 
s t r a t e g i e s  f o r  more s e n s i t i v e  measurement of  damage. 

Process-Specif ic  Problems 

6.4.2.1 Conventional Coal. For most of t h e  subs tances  r e l e a s e d  

during convent ional  coa l  mining and use ,  l i t t l e  o r  nothing i s  known 

concerning t h e i r .  p o t e n t i a l  t o  cause neuro toxic  e f f e c t s .  For some, 



such a s  carbon monoxide and mercury, a t  l e a s t  a  s t a r t  has  been made 
. . .  

on charac te r i . z ing  CNS .ef '£kcts on both man and o t h e r  animals  (Evans e t  

a l .  1975; L a t i e s  and Merigan 1979). 

Recent evidence t h a t  exposure t o  hydrocarbons such a s  methyl n- 

bu ty l  ketone can cause behaviora l  e f f e c t s  r a i s e s  concern regard ing  

the  po t en t i a1 .neu ro tox ic  e f f e c t s  t h a t  might a r i s e  from occupat iona l  

exposure t o  t he  emissions from coa l  c l ean ing ,  coking,  o r  combustion 

(Anger 1977). This concern i s  r e in fo rced  by t h e  knowledge t h a t  car -  

bon d i s u l f i d e ,  a l s o  known t o  cause behaviora l  e f f e c t s  (Hanninen 1971; 

Levine 19761, i s  one of t h e  pos s ib l e  c o n s t i t u e n t s  of t h e  o f f g a s . :  

Other compounds t h a t  should r ece ive  s p e c i a l  a t t e n t i o n  inc lude  the  

po lycyc l ic  aromatic  hydrocarbons ; t h e  ' l e s s  complex hydrdcarbo'ns such 

a s  xy lene ,  to ' luene,  and phenols ;  carbon monoxide; and t r a c e  meta l s  

. . 
such a s  a r s e n i c ,  l e a d ,  and mercury. 

. .  . 
Recommendations: 

1. Behavioral and neuro logica l  i n v e s t i g a t i o n s  along t h e  l i n e s  
suggested i n  s e c t i o n  6.4.1 should be supported. The 
chemicals t h a t  appear t o  deserve emphasis i f  convent iona l  
coa l  p roduct ion  inc reases  a r e  mentioned above. 

6.4.2.2 Chemical Coal Cleaning. The s o l v e n t s  and microwaves 

used i n  t he se  processes  may have behaviora l  and neuro toxic  e f f e c t s .  

1. More r e sea rch  i s  needed t o  d e f i n e  how s o l v e n t s  can in f luence  
t he  perfo'rmance of s k i l l e d  behavior  by both  humans and 
an imals ,  s i n c e  i t  i s  i n  occupat iona l  s e t t i n g s  t h a t  s o l v e n t s  
such a s  TCE a r e  most l i k e l y  t o  be important  i n  c o a l  tech- 
no logies .  How so lven t s  i n t e r f e r e  with complex behav io ra l  
p rocesses  such a s  t h e  a b i l i t y  t o  make s u b t l e  d i s c r i m i n a t i o n s  
of s t i m u l i  should a l s o  be determined. Again, both human and 



animal work would be des i r ab l e .  Fu r the r  r e sea rch  i s  a l s o  
needed on sensory  and motor d e f i c i t s  produced i n  b o t h  
animals and man. 

2. Research i s  d e s i r a b l e  on how s o l v e n t s  modify e l e c t r o -  
phys io log i ca l  v a r i a b l e s  such a s  event - re la ted  (evoked) 
p o t e n t i a l s  a s  w e l l  a s  o t h e r  measures of nerve funct ion.  

3. The use of microwaves i n  chemical coa l  c lean ing  leads  t o  t he  
recommendation that '  work on poss ib l e  behaviora l  and neuro- 
t o x i c  consequences of such exposure be encouraged. Due t o  
s a f e t y  cons ide ra t  i ons ,  animal work must be emphasized. 

6.4.2.3 I n  S i t u  Gas i f i ca t i on .  The use of exp los ives  t o  f rac-  

t u r e  underground c o a l  seams could r e s u l t  i n  t h e  c r e a t i o n  of f i s s u r e s  

no t  connected t o  t h e  vent  gas  system. Should t h i s  occur ,  a  number of 

t r a c e  gases ,  v o l a t i l i z e d  elements ,  and p a r t i a l l y  combusted hydrocar- 

bons might be r e l ea sed  t o  t he  sur face .  This  could lead t o  both occu- 

p a t i o n a l  and gene ra l  popula t ion  exposures.  The t r a c e  gases  and 

v o l a t i l e 6  most l i k e l y  t o  escape during coa l  combustion t h a t  have 

behaviora l  and neu ro log ica l  e f f e c t s  inc lude :  ammonia, carbon 

d i s u l f  i d e ,  t r a c e  o rgan ic s ,  and v o l a t i l e  t r a c e  elements  such a s  L i ,  

Hg, ~ b ,  and Cd (Jones e t  a l .  1977). 
. . 

A s  i s  t h e  ca se  wi th  convent iona l  coal' combustion, t h e  t r a c e  

. organics  which might be emit ted during i n  s i t u  combustion & r e  gener- 

a l l y  n o t . w e l 1  cha rac t e r i zed .  It i s  es t imated  t h a t  only 1,000 of t h e  

more than 10,000 o rgan ic s  be l ieved  t o  be presen t  i n  t r a c e  amounts i n  

coa l  t a r  have been p o s i t i v e l y  i d e n t i f i e d  (Brauns te in  e t  a l .  1977). 

Trace elements such a s  Hg, Cd, and As  a l s o  e x i s t  i n  a  so lub l e  form, 

and i f  p r e sen t  i n  s u f f i c i e n t  concen t r a t i ons ,  r e s u l t  i n  t o x i c  e f f e c t s .  



Recommendations: 

1. Because t r a c e  elements  may e x i s t  i n  l eachab le  forms, i t  i s  
important  t h a t  monitor ing of water  supp l i e s  be conducted t o  
s ee  t h a t  t hey  do n o t  become concent ra ted  i n  t h e  a q u a t i c  food 
chain.  

See recommendations 3 and 4 i n  s e c t i o n  6.4.1. 

6.4.2.4 F lu id i zed  Bed Combustion. Carbon monoxide emissions 

a r e  expected t o  exceed those  from convent ional  coa l - f i r ed  b o i l e r s  be- 

cause of t h e  i n c r e a s e  i n  temperature  and decrease  i n  excess  a i r  

l e v e l s .  This  gas. has  been r e spons ib l e  f o r  many occupat iona l  acc i -  

d e n t s  and during adverse  atmospheric cond i t i ons  could' pose a t h r e a t .  

t o  nearby popula t ions .  . . 

The s o l i d  was tes  may be  expected t o  c o n t a i n  t r a c e  me ta l s :  A s ,  

Be, Cd, Hg, Pb, Sb,. Se, Te, A l ,  Fe, and Si .  Exposure t o  t h e s e  s o l i d  

wastes ,  can be. expe.cted t o  occur during d i sposa l  and through d r ink ing  

.water  o r  food cha in  exposure should leaching  occur .  

Recommendat i ons  : 

1. Fur the r  work on t h e  behaviora l  e f f e c t s  of t r a c e  meta l s  and 
carbon monoxide appears  t o  be most r e l e v a n t  t o  t h i s  tech- 
nology. 

See recommendations 3 and 4 i n  s e c t i o n  6.4.1 

6.4.2.5 'Magnetohydrodynamics. V o l a t i l e  t r a c e  m e t a l s ' c a n  be 

expected t o  occur a s  p a r t  of t h e  a i r  emissions from MHD processes .  

These would i nc lude  Hg, A s ,  Zn, Ba, Cd, V ,  and Se (Matray 1976). ,On 

t h e . o t h e r  hand, t h e . s o l i d  wastes  r e s u l t i n g  from MHD open processes  

' can 'be expected t o ,  con ta in  fewer heavy meta l s  'and t r a c e  o rgan ic s  due 



t o  t he  high temperatures  of combustion than the  wastes  from s tandard  

coa l  combustion , techniques (u.S. DOE 1.978). 
. . 

' ~ c ' c u ~ a t i o n a l  exposure t o  s t rong  magnetic f i e l d s  i s  l i k e l y  t o  oc- 

cu r  dur ing  MHD combustion of coa l .  
' 

Recommendations: 

1. I f  shiel .ding cannot  p ro t ec t  workers from the  magnetic 
f ie lds , ,much  more.should be learned about t h e  h e a l t h  e f f e c t s  
of exposure t o  such f i e l d s  so a s  t o  a l low fo r  t he  s e t t i n g  of  
app rop r i a t e  s tandards .  The dose-ef f e c t  . r e l a t i o n s h i p  between 
exposure t o  magnetic f i e l d s  and development of adverse neu- 
r o l o g i c a l  and behaviora l  e f f e c t s  should be s tud ied .  The 
f ie l 'ds  encountered during occupat iona l  exposure wi th  MHD 
combustion a r e  much h igher  than those  which have been 'demon- 
s t r a t e d  t o  have adverse e f f e c t s  upon b i o l o g i c a l  systems 
(Kaufman and Michaelson 1974; Kle iner  e t  a l .  1975). 

6.4,2.6 Co.al-Oil Mixtures.  No s p e c i a l  problems should occur  

wi th  t h e  combustion of coa l -o i l  mixtures  t h a t  cannot be a n t i c i p a t e d  

through c o n s i d e r a t i o n  of t he  two c o n s t i t u e n t s  s e p a r a t e l y .  

6.4.2.7 Cocombustion wi th  Municipal So l id  Waste. ,  This  process  

i s  expected t o  r e s u l t  i n  increased atmospheric r e l e a s e s  of Pb , .Br ,  

and C 1  a t  l e v e l s  which could exceed .accep tab,.le ambient .  exposure 

l e v e i s  ' ( ~ a r a ~ a n a n  1979). Other v o l a t i l i z e d  elements  may, be r e l e a s e d  

i n  increased quan t i t i e . 8  over  those from c o a l  a lone ,  bu t  a r e  not  ex- 

pected t o  r e s u l t  i n  excess ive  exposures.  These inc lude :  Sb, A s ,  Cd, 

Hg, and F. 

Recommendat ions-: 

1. S ince  lead  may be t h e  most , important  CNS poison  a s soc i a t ed  
with t h i s  technology,  behaviora l  and n e u r o l o g i c a l  work wi th  
i t  should be encouraged. In  p a r t i c u l a r ,  f u r t h e r  r e sea rch  i s  
needed t o  d e l i n e a t e  more c l e a r l y  t h e  c r i t i c a l  pe r iods  of ex- 
posure which induce va r ious  behaviora l  changes and whether 



the changes a r e  t r a n s i e n t  o r  i r r e v e r s i b l e .  More behaviora l  
' .  work should be done on both e t i o l o g i c a l l y  important be- 

haviors  (e .g . , inges t ive ,  s exua l ,  aggress ive)  and complex 
learned behavior ( ~ o d i e r  1978; Damstra 1977; Cory-Slechta 
and Thompson 1979; Buelke-Sam and Kimmel 1979; L a t i e s  1978). 

. . 

See recommendations 3 and 4 i n  s e c t i o n  6.4.1. 

6.5 Other Systemic E f f e c t s  

6.5.1 ~ n t r o d u c t i o n  

In t h i s  s e c t i o n ,  t he  p o t e n t i a l  f o r  adverse h e a l t h  e f f e c t s  ' as  a  

r e s u l t  of damage t o  t a r g e t  organs and systems o the r  than  t h e  lung ,  

g a s t r o i n t e s t i n a l  t r a c t ,  s k i n ,  and the  nervous system i s  discussed.  

Included i n  t h i s  s e c t i o n  a r e  ca rd iovascu la r ,  hematological ,  immuno- 

l o g i c a l ,  and neuro-endocrine e f f e c t s .  

An exhaust ive t reatment  of t h i s  broad a r e a  i s  no t  p o s s i b l e  a s  

t h i s  would amount. to  a  t r e a t i s e  on genera l 'pa thology.  In s t ead ,  a t -  

t e n t i o n  w i l l ' b e  drawn t o  those  t a r g e t  organs and phys io log ica l  'sys- 

tems most l i k e l y  t o  be a f f e c t e d  by phys i ca l  and chemica l ' agents  

involved i n  convent ional  and advanced c o a l  technologies . '  This  d i s -  

cuss ion  w i l l  be l imi t ed  t o  d i r e c t  e f f e c t s  of the  agent.  ~ u r t h e r m o r e ,  
. . 

carc inogenic ,  mutagenic, and t e r a togen ic  e f f e c t s  a r e  s p e c i f i c a l l y  

considered elsewhere. 

Recommendations: 

1. ~ e t h o d b '  should be developed f o r  the q u a n t i f i c a t i o n  of t he  
load of  coa l - re la ted  p o l l u t a n t s  and t h e  measurement of r a t e s  
and rou te s  of i t s  metabolism by the  l i v e r .  I n t e r a c t i o n s  of 

; metabol i tes  of coa l - r e l a t ed  ' p o l l u t a n t s  with chemical cons t  i- 
tuen t s  of l i v e r  c e l l s  in '  r e l a t i o n s h i p  t o  hepa t i c  i n j u r y  a l s o  
require.  f u r t h e r  examination. It may be poss ib l e  t o  use  
methods which' d e t e c t  in jury-assoc ia ted  compqunds i n  serum, 
exhaled. b r e a t h ,  o r  u r i n e  t o  e s t ima te  ex t en t  of exposure and 
r i s k  i n  man. 
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2.. Res,earch should be conducted in man on the importance of 
factors such as nutritional states, race, sex, and age 
which, acting in.concert with exposure to coal-related 
pollutants., affect the cardiovascular system. 1n.the' design 

. of animal experiments on exposure to environmental agents, 
.factors known to be important in human cardiovascular 
disease should be included for study.. Research on 
fundamental processes such as how energy is derived for 
cardiac work would provide a means.by which the possible 
mechanisms of action of coal-related pollutants could be 
better understood. 

3 .  Since,the molecular mechanisms of hepatocellular .injury by 
coal-related pollutants are poorly understood, better ways 
should be developed.to define the chemical, functional., and 

' 

structural events in'volved in hepstocellular injury by dif- 
ferent agents and to characterize and quantify the different 
parameters of injury. 

4'. The early effects on the endocrine function of the kidney 
in renal disease induced by coal-related pollutants 
should be further characterized. In particular, efforts 
should be made to identify po.llutants that cause specific 
inhibit'ion of the synthesis, action, or degradation of 
hormones or vasoactive substances. 

5. Support should be provided for studies of the relationships 
' between the occurrence of renal damage and exposures to 
heavy metals emitted from coal technolcgies. .Particular at- 
tention should be directed to the consequences of long-term 
exposures. 

6. Animal models need to be developed to assist in understand- 
ing the binding capacity of the thyroid gland for handling 
iodine loads in various states of stress brought on by 
physical 'or chemical agents. 

7. Studies of the effect on immune responsiveness of chronic 
low-dose exposure to environmental agents should be.pursued 
in carefully selected areas. Physical and chemical'agents 
which should be studied include drugs for which there is 
some indication of selective toxicity.to the immune system. 

8 '  . 

8. Methods should be developed which would permit the rapid as- 
sessment of obs'erved hypersensitivity reactions in order to 
determine whether a; immunologic and mechanism is involved 

. '  and whe'ther more intensive studies . . of this mechanism should 
be pursued. 

. . 



9. C h a r a c t e r i z a t i o n  of  a b s o r p t i o n ,  r e t e n t i o n ,  m e t a b o l i c ,  and 
e x c r e t i o n  r a t e s  f o r  major i d e n t i f i e d  c o a l - r e l a t e d  p o l l u t a n t s  
v i a  each p l a u s i b l e  exposure  r o u t e  i s  needed.  

10. I n v e s t i g a t o r s  r e s p o n s i b l e  f o r  t o x i c o l o g i c  a s s e s s m e n t s  of 
c o a l - r e l a t e d  p o l l u t a n t s  such a s  benzenes shou ld  employ i n  
v i t r o  bone-marrow methods t h a t  d i s t i n g u i s h  micro- 
env i ronmenta l  damage o r  s t em-ce l l  d e p l e t i o n  a s  t h e  c a u s e  o f  
a p l a s i a .  Measurements of t h e  c o l o n y - s t i m u l a t i n g  f a c t o r  i n  
t h e  b lood  and u r i n e  shou ld  be  performed. 

11. A' procedure  shou ld  be  developed t o  a s s e s s  t h e  e f f e c t  of 
i n t e r m i t t e n t  n o i s e .  

12. D i s c r i m i n a t i n g  e a r  p r o t e c t i o n  d e v i c e s  a r e  needed which a r e  
c o m p a t i b l e  wi th  t h e  mining i n d u s t r y .  

13. The development ,  s t a n d a r d i z a t i o n ,  and v a l i d a t i o n  i n  terms of  
human e x p e r i e n c e  of  methods f o r  a s s e s s i n g  t h e  p o t e n t i a l  im-  
munogenic i ty  and a l l e r g e n i c i t y  of  i n d u s t r i a l  o r  commercial  
chemica l s  i s  u r g e n t l y  r e q u i r e d  i n  o r d e r  t o  p r e v e n t  o r  mini-  
mize env i ronmenta l  d i s e a s e .  

14. ' For i d e n t i f i e d  c o a l - r e l a t e d  p o l l u t a n t s ,  t h e  env i ronmenta l  
medium s u p p l y i n g  t h e  g r e a t e s t  p o r t i o n  of t h e  t o t a l  d a i l y  up- 
t a k e  t o  t h e  g e n e r a l  p o p u l a t i o n  shou ld  be i d e n t i f i e d .  

15. Other  p h y s i o l o g i c a l  d e f i c i e n c i e s  which would i n h e r e n t l y  
i d e n t i f y  h i g h e r  r i s k  g r o u p s ,  e.g., enzymat ic  m a l f u n c t i o n s  
and immature developmental  s t a t e  of  t h e  f e t u s  and newborn 
i n f a n t s ,  s h o u l d  be determined and q u a n t i f i e d  i n  terms of  
t h e  g e n e r a l  p o p u l a t i o n  a f f e c t e d .  

6.5.2 P r o c e s s - S p e c i f i c  Problems 

6.5.2.1 Conven t iona l  Coal. Even though i n h a l a t i o n ,  dermal ,  and 

g a s t r o i n t e s t i n a l  ~ e n e t r a t i o n  r e p r e s e n t  t h e  major  pathways by which 

m a t e r i a l s  a s s o c i a t e d  wi th  c o a l  e n t e r  t h e  body,  t h e  s i t e s  o r  o rgans  

u l t i m a t e l y  a f f e c t e d  may b e  d i s t i n c t l y  removed from t h e  s i t e  of 

exposure .  For some s u b s t a n c e s ,  k idney  o r  l i v e r  may b e  t h e  pr imary 

t a r g e t  o rgan  w h i l e  o t h e r  s u b s t a n c e s  tend t o  accumulate  i n  a d i p o s e  o r  



c a r d i a c ' t i s s u e  o r  t he  b ra in .  The t o x i c i t y  of any p a r t i c u l a r  

substance w i l l  be a func t ion  of t he  dose of a chemical ,  t he  number of 

exposures,  o r  t h e  subs t ance ' s  metabolism, d i s t r i b u t i o n ,  and e x c r e t i o n  

p a t t e r n s ,  varcous organ concen t r a t i ons ,  and i t s  i n t e r a c t i o n  wi th  

o t h e r  chemicals.  

Of s p e c i a l  importance i s  t he  r e l e a s e  of heavy meta l s  i n t o  t h e  

environment a s  a r e s u l t  of c o a l  combustion. Heavy meta l s  tend t o  

accumulate over  long ~ e r i o d s  of exposure i n  s p e c i f i c  t i s s u e s ,  f o r  

example, lead i n  t h e  ske l e ton  and cadmium i n  kidneys.  Other heavy 

metals  such a s  mercury a r e  s u b j e c t  t o  biomethylat ion i n  t h e  a q u a t i c  

e.nvironment and t o  bioaccumulation of methylmercury i n  food chains.  

A wide v a r i e t y  of systemic e f f e c t s  may be caused by exposure t o  heavy 

metals  i n  t he  human d i e t  and i n  t h e  atmosphere, inc lud ing  e f f e c t s  .on 

t he  ca rd iovascu la r ,  immunological, neuro-endocrine,  and o t h e r  

systems. 

The phys i ca l  agents  such a s  n o i s e ,  v i b r a t i o n s ,  and h e a t  must 

a l s o  be considered.  It i s  we l l  documented t h a t  exposure t o .  excess ive  

no i se  r e s u l t s  i n  hea r ing  lo s s .  Noise i s  perhaps t h e  most ub iqui tous  

of  a i r  p o l l u t a n t s ,  and s i g n i f i c a n t  no i se  l e v e l s  may be a s soc i a t ed  

with a number of c o a l  i n d u s t r y  processes .  Mining i s  very  no i sy ,  a s  

a r e  t h e  g r ind ing  and c rush ing  opera t ions  used t o  p repa re  coa l  f o r  

combustion. OSHA and MSHA have s e t  t h e  a l lowable  occupat iona l  no i se  

exposure a t  90 dBA f o r  an 8-hour exposure. Noise l e v e l s  can be 



h i g h e r  £ o r  i n t e r m i t t e n t  exposure  and when p r o t e c t i v e  g e a r  which 

reduces  t h e  exposure  t o  t h e  p e r m i s s i b l e  l e v e l  i s  worn. 

Underground miners have been found t o  have measurable  h e a r i n g  

l o s s e s  i n  comparison t o  t h e  n a t i o n a l  average.  Coal mining n o i s e  .. 

t ends  t o  be i n t e r m i t t e n t ,  which o f f e r s  t.ime i n t e r v a l s  f o r  f u n c t i o n a l  

h e a r i n g  recovery .  . Even though h e a r i n g  l o s s  i s  known t o  be a  

consequence .o f  c o a l  mining and p r o c e s s i n g ,  v e r y  l i t t l e  r e s e a r c h  h a s  

b e e n . d i r e c t e d  toward m i t i g a t i o n  o f  o t o l o g i c a l  e f f e c t s .  

. . Whole-body v i b r a t i o n  h a s  been.  impl ica ted  i n  t h e  i n c r e a s e  'of  

v a r i o u s  . h e a l t h  e f f e c t s  such a s  m u s c u l o s k e l e t a l ,  c i r c u l a t o r y ,  and 

d i g e s t i v e  d i s o r d e r s .  Workers i n  t h e  c o a l  i n d u s t r y  may.be occupa-.. 

t i o n a l l y  exposed t o  whole-body v i b r a t i o n  t h a t  cou ld  be a s s o c i a t e d  

w i t h . p o t e n t i a 1  h e a l t h  e f f e c t s  o f  p a r t i c u l a r  importance t o  j o b  

performance.  Pre.sent.knowledge i s  somewhat s k e t c h y  concern ing  

v i b r a t i o n - r e l a t e d  s a f e t y  and h e a l t h  problems and t h e  a s s o c i a t e d -  . 

programs intended.  f o r  t h e i r  p r e v e n t i o n  o r  r e d u c t i o n  w i t h  r e g a r d .  t o  . 

c o a l  i n d u s t r y  workers. The p o t e n t i a l  a d v e r s e  h e a l t h  e f f e c t s  of vi'- 

b r a t i o n  exposure  . i n  t h e  c o a l  i n d u s t r y  most. e f  f e c t . i v e l y  can be  d e a l t  

w i t h  by f i r s t  deve lop ing  a  b e t t e r  unders tand ing  of t h e  e x t e n t  and 

n a t u r e  of t h e  whole-body v i b r a t i o n  problem. I n  a d d i t i o n  t o  any 

shor t - t e rm s a f e t y  i m p l i c a t i o n s ,  t h e r e  may b e  a d v e r s e  c h r o n i c . e f f e c t s  

o f  o c c u p a t i o n a l  v i b r a t i o n  exposure  o w t h e  c o a l  i n d u s t r y  workers '  
... . . 

h e a l t h .  Whole-body v i b r a t i o n  c o n t r i b u t e s  t o  a d v e r s e  h e a l t h  e f f e c t s  

i n  c e r t a i n  body systems such a s  c i r c u l a t o r y ,  d i g e s t i v e ,  and musculo- 

s k e l e t a l ,  b u t  i t s  e x a c t  s i g n i f i c a n c e  cannot  be d e f i n e d .  



High temperatures  a r e  found i n  some deeper  mines, which make 

working c o n d i t i o n s  d i f f i c u l t .  0ccupat ional . ly  r equ i r ed  phys i ca l  

movement, under extreme h e a t ,  can  lead t o  hea t  s t r e s s .  A s  c o a l  mines 

go t o  g r e a t e r  dep ths ,  t h e  h igh  . temperatures and humid i t i e s  charac- 

t e r i s t i c  of such dep ths  make i t  d i f f i c u l t  t o  main ta in  comfortable  

working environments.  A t  t h e s e  d e p t h s , . h e a t  and humidity i n c r e a s e  a s  

one moves p rog re s s ive ly  away from t h e  s h a f t s .  Such exposure could 

produce muscle ,cramps, f a i n t i n g ,  h e a t  f a t i g u e ,  h e a t  s t r o k e ,  .and 

rashes .  Exposure t o  extreme hea t  under cond i t i ons  t h a t  r e q u i r e  l a r g e  

amounts of phys i ca l  ,movement can r e s u l t  i n  hea t  s t r e s s .  When t h i s  

Occurs,  t h e  body l o s e s  i t s  a b i l i t y  t o  c o n t r o l  i t s  temperature  and 

dea th  may r e s u l t  i f  proper f i r s t  a i d  i s  n o t  given. 

The metabol ic  scheme and. mode of a c t i o n  f o r  most .  coa l - r e l a t ed  

p o l l u t a n t s  a r e  unknown. .Absorp t ion ,  r e t e n t i o n ,  metabol ic ,  and 

e x c r e t i o n  r a t e s  va ry  f o r  each p o l l u t a n t  taken i n t o  t he  body and can 

a l s o  vary  between ind iv idua l s .  I d e n t i f i c a t i o n  of t he se  r a t e s  f o r  

s p e c i f i c  coa l - r e l a t ed  agen t s  would a i d  i n  t h e ,  de te rmina t ion  of dose- 

. . response  r e l a t i o n s h i p s  a s  wel l  a s  t o t a l  d a i l y  uptake va lues .  Iden- 

t i f  i c a t i o n  of mechanisms causing increased  s u s c e p t i b i l i t y  w i t h i n  t h e  

popula t ion  i s  necessary  f o r  i d e n t i f i c a t i o n  of h igh  r i s k  groups. 

Recommendations: 

1. Informat ion  i s  needed on t h e  adequacy of c u r r e n t  hea t  s t r e s s  
p r a c t i c e s  and on t h e  minimal cond i t i ons  of h e a t  and humidity 
t h a t  must be maintained t o  provide p r o t e c t i o n  t o  deep mine 
workers. 



2. Occupational safety and hygiene,procedures should be de- 
veloped to minimize heat str.ess in deep mine areas. 

See recommendations 1 through 15 in section 6.5.1. 

6.5.2.2 Chemical Coal Cleaning may lead to exposure to a 

variety of toxic metals and other elements--Hg, Cd, As, Se, Fly Ni, 

Pb, Be--with the potential for a variety of systemic effects. Carbon 

monoxide may affect the oxygen-carrying capacity of blood with the 

possibility. of effects on the central nervous system (see section on 

behavioral and neurotoxic effects). Metal carbonyls are volatile. and 

pass into the bloodstream after inhalation, with various systemic.ef- 

fects possible. For example, nickel carbonyl has been reported to 

produce pathological lesions 'in the liver, kidney, adrenal glands and 

spleen of diseased workers, in addition'to damage to brain and lung 

tissue. 
' ,  I 

Recommendations: 

1. More information is needed on interaction between metals and 
other elements in both the animal models and human subjects, 
e.g., the protective role of selenium with respect to the 
toxic actions of mercury, cadmium, and arsenic has not yet 
been established in man. 

2. Comparative studies should be made on metabolism of toxic 
' metals' in, human subjects on high versus low dietary. intakes 

of selenium. 

3. The possible protective role of selenium in human cancer 
needs further study. 

See recommendation 1 in Section 6.1.2.2. 

6.5.2.3 In Situ Gasification has,the potential for producing a ..' 

wide variety of systemic effects. Carbon monoxide,.carbon disulfide, . 

and hydrogen cyanide are associated with hypoxia and other cardiovas- 
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c u l a r  e f f e c t s .  Hematopoietic and immunologic e f f e c t s  may r e s u l t  from 

emission of v o l a t i l e  o rgan ic  compounds. 

Recommendations: 

1. Mechanism of damage by organic  chemicals t o  t h e  hema- 
t o p o i e t i c  sys tern a r e '  poorly understood. Fu r the r  s t u d i e s  
should i d e n t i f y  those  f a c t o r s  t h a t  govern i n d i v i d u a l  sus- 
c e p t i b l i t y  t o  hematopoiet ic  e f f e c t s .  

' See recommendations 7 and 8 i n  s e c t i o n  6.5.1. 

6..5.2.4 F lu id i zed  Bed Combustion may produce systemic e f f e c t s  

v i a  r e l e a s e  of carbon'monoxide, by t r a c e  me ta l s ,  and hea t  s t r e s s .  

Recommendati'ons: 

1. .Further  in format ion  i s  needed on human response t o  m u l t i p l e  
s t r e s s  f a c t o r s  inc lud ing  metal metabolism i n  i nd iv idua l s  
undergoing hea t  s t r e s s .  The r o l e  of p e r s p i r a t i o n  a s  a r o u t e  
of e x c r e t i o n  of meta l s  r e q u i r e s  f u r t h e r  study. 

See recommendation 1 i n  s e c t i o n  6.5.2.1. 

6.5.2.5 Magnetohydrodynamics seem no t  t o  produce major systemic 

e f f e c t s  except fo r  t h e  p o s s i b i l i t y  of i nc reas ing  t o x i c  meta l s  i n  

dr ink ing  water  and a q u a t i c .  food chains .  
. . 

% 6.5..2.6 ~Cbintiustion wi th  ~ u n i c i ~ a l . ' s o l i d  Waste.may lead  t o  re-  

l e a se  of v o l a t i l e  e lements  such a s  cadmium. The l a t t e r  accumulates 

i n  kidney t i s s u e  over 'mos t  of t he  human l i f e  span. It h a s  been 

es t imated  t h a t  cont inued r e l e a s e  of Cd i n t o  t h e  environment a t  cur- 

r e n t  r a t e s  p lus  f u t u r e  i n d u s t r i a l  expansion, mighr lead  t o  t o x i c  

kidney l e v e l s  i n  s e n i o r  age groups' by t h e  year  2000. 

~ecommendat i ons  : 

1. I n v e s t i g a t i o n s  i n t o .  the t o x i c i t y  .and metabolism of cadmium 
i n  animal models and man should be cont inued.  ., . . . . . . . . .. 



2. Ind iv idua l s  occupa t iona l ly  exposed t o  cadmium should be 
s t u d i e d  p rospec t ive ly  t o  t e s t  whether lung cancer  i s  as-  
soc i a t ed  wi th  r e s p i r a t o r y  i n t ake  of cadmium. 

3. Fur the r  i n v e s t i g a t i o n s  should inc lude  : 

0 '  t h e  a b i l i t y  of cadmium t o  induce s p e c i f i c  metal  binding 
p r o t e i n s  such a s  t h e  me ta l l o th ione ins ;  

t h e  r o l e  of  me ta l l o th ione ins  i n  the  metabolism of  es -  
s e n t i a l  t r a c e  meta l s  i n  man such a s  copper and z i n c ;  

t h e  development of s e n s i t i v e  a n a l y t i c a l  methods t o  
measure me ta l l o th ione ins  i n  t i s s u e s ;  and 

t h e  a p p l i c a t i o n  of t he se  t e s t s  t o  use  me ta l l o th ione ins  
a s  an e a r l y  i n d i c a t o r  of r e n a l  damage i n  man. 

6.5.2.7 Coal-Oil Mixtures. There should not be a  s p e c i a l  r i s k  

of systemic e f f e c t s  from t h i s  process.  

6.6 Carcinogenic ,  Mutagenic and Reproductive Dysfunction E f f e c t s  

6.6.1 In t roduc t ion  

Th i s  s e c t i o n  dea l s  wi th  t he  pos s ib l e  harmful e f f e c t s  of c o a l  

t echnologies  through t h e  product ion of  mal ignancies ,  germ c e l l  muta- 

t i o n ,  o r  i n t e r f e r e n c e  w i th  c e l l  processes .  

It i s  be l ieved  t h a t  exposure t o  t he  f u g i t i v e  emissions from c o a l  

combustion and conversion processes  may have a  s i g n i f i c a n t  p o t e n t i a l  

f o r  ca rc inogen ic ,  mutagenic,  and reproduct ive  dysfunc t ion  e f f e c t s .  

These f u g i t i v e  emissions may c o n t a i n  such p o t e n t i a l l y  hazardous 

subs tances  a s  t r a c e  me ta l s ,  r ad ionuc l ides ,  and polycyc l ic  a romat ic  

hydrocarbons which a r e  found a t  h i g h e s t  concen t r a t i ons  i n  t h e  f i n e s t  

p a r t i c l e - s i z e  ranges of t h e  e f f l u e n t  f l ya sh  (Aranyi e t  a l .  1979). 



Thi s  r e l a t i v e  enrichment occurs  through a  process  of condensa t ion  and 

i s  due t o  t h e  g r e a t e r  s u r f a c e  t o  mass. r a t i o  of t h e  smal le r  p a r t i c l e s .  

The f i n e  p a r t i c u l a t e s  a r e .mos t  d i f f i c u l t  t o  remove from t h e  combus- 

t i o n  st.ream,. and s i n c e  they a r e  i n  the,  r e s p i r a b l e  s i z e '  range ,  they  

a l s o  r ep re sen t  t h e  g;eates t i n h a l a t i o n  hazard. The i r  p o t e n t i a l  t o  

impact, on t h e  c e l l u l a r  1eve.l i s  a  major. concern (Aranyi e t  a l . .  1979) 

Es t imates  of p a r t i c u l a t e  emissions. from c o a l  combustion and 
. . 

conversion vary. ' ~ a s e d  on 1973 e s t ima te s  of t h e  ~ n v i r d n m e n t a l  

P r o t e c t i o n  Agency, c , iose t o  6 ' m i l l i o n  tone of f l y a s h  a r e  being d i s -  

persed annual ly  i n t o  t h e  atmosphere from the.combust ion of coa l  i n  

United S t a t e s .  P a r t i c u l a t e  emissions from cpa l  combustion and con- 

ve r s ion  by t h e  year  2000 a r e  es t imated  t p  reach one m i l l i o n  tons 
. . 

annual ly  (Van Hook 1977). These emis s ions .w i l1  be predominant .1~ i n  

t h e  r e s p i r a b l e  range and w i l l . c o n t r i b u t e  both t r a c e  elements and 

radionuc l i d e s .  , 

It i s  wel l  recognized t h a t  c o a l  c o n t a i n s  many. minor.  and t r a c e  

elements. The process ing  of 20,000 tons lday  of c o a l  t h a t  con ta in s  

1 ppm of a  . , t r a c e  . element .  can r e s u l t  i n  40 . l b s /day  of . t h i s  element i n  

t h e  p l a n t  s t reams (Young 1979). . 

Trace element pathways wi th in  . t h e  convers ion  processes  may -. 

. i nc lude  adso rp t ion  on p a r t i c u l a t e  m a t t e r ,  i n c l u s i o n  i n  condensate ,  

d e p o s i t  i on  on equipment s u r f a c e s ,  i n c l u s i o n  . . i n  ' bypr,oducts and f i n a l  

p roducts ,  and emiss ion  a s  f u g i t i v e  p o l l u t a n t s  (Young 1979). While 

t h e  ma jo r i t y  of e lements  a r e  expected t o  remain i n  t h e  s o l i d  



by-products  such a s  a s h  and c h a r ,  o t h e r  byproduc t s  s u c h . a s  t a r s  may 

a l s o  c o n t a i n  s m a l l  amounts (Young 1979). 

A r s e n i c ,  b e r y l l i u m ,  mercury,  se len ium,  cadmium, and l ead  a r e  

expec ted  t o  v o l a t i z e  d u r i n g  c o a l  combust ion,  r e s u l t i n g  i n  p o s s i b l e  

f u g i t i v e  emiss ions .  It i s  acknowledged t o  be e x t r e m e l y  d i f f i c u l t  t o  

a s s e s s  t h e  d i r e c t  human h e a l t h  e f f e c t s  of  c o a l  combust ion-der ived 

haza rdous  e lements .  It c a n  be  a n t i c i p a t e d  t h a t  t h e i r  a c c e l e r a t e d  

r e l e a s e  from i n c r e a s e d  c o a l  u s e  w i l l  add,  perhaps  s i g n i f i c a n t l y ,  t o  

t h e  ambient a tmospher ic  l o a d i n g  from a l l  o t h e r  s o u r c e s  (Van Hook 

1977).  It shou ld  a l s o  be  n o t e d  t h a t  t h e  p o s s i b i l i t y  e x i s t s  f o r  

s y n e r g i s t i c  a c t i o n s  w i t h  coa l -de r ived  and o t h e r  o r g a n i c s  and o r g a n i c  

chemicals  i n  t h e  a tmosphere ,  and t h e s e  a c t i o n s  may become more 

impor tan t  i n  d e t e r m i n i n g  organism r e s p o n s e  t o  i n c r e a s e d  ambient  

l e v e l s .  

The t h r e e  e f f e c t s  c o n s i d e r e d  w i l l  be examined i n  r e s p e c t  t o  

s u s p e c t e d  a g e n t s  o r  p r o c e s s e s .  Immediately f o l l o w i n g  t h i s  i n t r o d u c -  

t i o n ,  t h e  s u s p e c t  p r o c e s s e s  and a s s o c i a t e d  a g e n t s  p r e s e n t  ( o r  pos- 

s i b l y  p r e s e n t )  i n  t h e  v a r i o u s  t e c h n o l o g i e s  a r e  l i s t e d  i n  Tab le  X I V  

a long  w i t h  i n d i c a t i o n s  of  t h e  a g e n t  o r  p r o c e s s  i s  known o r  s u s p e c t e d  

of  hav ing  c a r c i n o g e n i c  e f f e c t s ,  mutagenic  e f f e c t s  on t h e  germ c e l l ,  

o r  i n j u r y  t o  t h e  r e p r o d u c t i v e  f u n c t i o n .  

Th i s  c h a p t e r  i s  d i v i d e d  i n t o  t h r e e  s e c t i o n s  l i s t e d  above: c a r -  

c i n o g e n e s i s ,  germ c e l l  m u t a t i o n s ,  and r e ~ r o d u c  t i v e  d y s f u n c t i o n .  . I n  

each s e c t i o n ,  t h e  i s s u e s  c o n s i d e r e d  a r e  t h e  means f o r  d e t e c t i o n  and 
. . 



evaluation of the suspect processes or agents for the effects in 

question, the means for chemical identification and quantification, 

and available test methods . 
6.6.2 Carcinogenesis 

Carcinogens have been identified in many phases of coal extrac- 

tion, upgrading, and end use. Exposure to these agents is certainly 

among the greatest hazards from expansion of coal technologies. For 

this reason, they may become the controlling factor(s) in determining 

the feasibility and the deg-ree of control required to achieve rapid 

development of many of the coal technologies. High'priorit? should 

theref ore be assj,,gned to this consideration. 

Concern for the carcinogenic effect of coal dates back several 

hundred years,-when scrota1 tumors were observed in chimney sweeps as 

a result of exposure to soot. The initiation of research for the 

active .carcinogenic' 'substances in soot led to the identification of 

benzo(a)pyrene as a carcinogen in experimental animals, thus 

implicating polynuclear aromatic hydrocarbons (PAHs) as potential 

carcinogenslin man. Coal combustion results not only in the 

formation of PkHs but also of organics, trace metals, radionuclides, 
. . 

sulfur and nitrogen oxides, and unidentified sbbitances. 
. . 

The 1980 Energy Securfty Act proposes a s.ignificant increase in 

the use of coal in the U.S . ,  not only by conventibnal coal combustion 

but also by a number of advanced coal technologies which may possibly 

increase ihe number of potential carcinogenic agents in our 



environment. Q able XIV shows a list of the suspect processes and 

associated agents that are present or possibly present in the various 

coal technologies which can be considered "hot spots" for potential 

health hazards. 

Carcinogenesis studies involving complex mixtures of carcinogens 

are more complicated,. for.obvious reasons, than those dealing with 

only a single carcinogen. It is well known from animal studies that 

additive, synergistic, and inhibitory effects can occur when animals 

are exposed to several carcinogens simultaneously. In addition, 

since carcinogenesis in experimental animals, as well as in humans, 

is thought to be a multistage process, the possibility exists that 

besides carcinogens, a number of tumor initiators, cocarcinogens, and 

promoters may be associated with the various coal .technologies. For 

example, diesel fumes, coal dust, and cigarette smoke are all be- 

lieved to influence the induction of bronchiogenic carcinoma in 

miners. While exposure to any single agent may not cause a high 

potential for carcinogenic response, exposure to several agents 

simultaneously may lead to an increased risk of cancer. It has been 

shown that SOx can enhance the number of lung squamous cell car- 

cinomas when rats are exposed to benzo(a)pyrene plus SO2 over the 

number when rats are exposed to ben~o(a)~yrene alone  askin in et' al. 

1976). ' Similarly particulates seem to promote'the carcinogenic ac- 

tion of PAHs through adsorption to particle surfaces which may ef- 

fectively increase localized exposure. Other compounds such as cer- 

tain phenols, PAHs, alkanes, and iron oxides, which are present in , 



TABLE XI\' 

ACEMTS AND PROCESSES OF INTEREST FOR POTENTIAL 
CARCINOGEXIC, MUTAGENIC, OH REPRODUCTIVE EFFECTS 

Carcinogenic Carcinogenic Mutagenic Reproduction 
Technology/Pollucant Effects Cofactor Effects Effects .. 

Coal Extraction 
Dirsel Engine Emissions 

Coal Transport 
Fugitive Dust 
Surfactants 

Physrcal Coal Cleanlng 
Coal Dust X 
Coal Float-Perchloro~thylene. . 

gasoline X X X X 
Coal Pile fires-combustion 

emissions X X X X 

Chemical Coal Cleaning 
CO X 
Metal Carbonyls X X X 

Hz S X 
Frne Dust 
Metals 

As X X X 
Cr X X X 
Se X X X 
Ni X X 
Be X X 
Cd X X 
Pb X X 

In Situ Coal Combustion 
CO x 
~2 5 
COS . . 
cs2 



TABLE XIV (Concluded) , 

AGENTS AND PROCESSES OF INTEREST FOR POTENTIAL 
CARCINOGENIC, MUTAGENIC, OR REPRODUCTIVE EFFECTS . . - .  . .  . . . 

Carcinogenic Carc inogen ic  Mutagenic R e p r o d u c t i o n  . . 
Technology /Po l lu tan t  E f f e c t s  Cofac to r  ' E f f e c t s  ~ f f e c t s  

I n  S i t u  Coal Combustion (Continued)  
so2 
Thiophenes 
V o l a t i l e  o r g a n i c s  (PAHs + 

I ~ V  HCS) x 
V o l a t i l e  t r a c e  e lements  X 
P y r i d i n e s ,  q u i n o l i n e s ,  i n d o l e s ,  

pheno ls ,  s o l u b l e  m e t a l s  
( e m i t t e d  t o  ~ 2 0 )  X 

F l u i d i z e d  Bed Combust ion,  
co 

' PAHs 
Limestone d u s t - r e s p i r a b l e  

p a r t i c u l a t e s  
Trace  m e t a l s  i n  s o l i d  v a s t e  

. Magnetohydrodynamic Combustion 
Magnetic f i e l d s  
P a r t i c u l a t e s  X X X 
A l k a l i  s a l t s  

x 
X 

High v o l t a g e s  

Municipal  S o l i d  Waste-Coal C o f i r i n g  
Trace e lements  X X X X 

X P a r t i c u l a t e s  ' 
Chlor ina ted  HC from burn ing  

p l a a t i c s  X X X '  X 

Coal O i l  Mixtures  . 
Addi t ives  

, Dust 



- c o a l  combustion emiss ions  and e f f l u e n t s , '  a r e  known carcinogens,  

cocarcinogens and/or  promoters. For example, pyrene and benzo(e)  

pyrene have been shown t o  be cocarc inogenic  when app l i ed  

s imul taneous ly  wi th  benzo(a)pyrene t o  t h e  s k i n  of mice (Van .Duuren e t  

a l .  1978). C e r t a i n  phenols have 'been shown t o  hava both cocarcino-  

gen ic  and promoting a c t i v i t i e s  (Van h u r e n  k t  a l . '  1978). These 

promoter& and c o ~ a , r c i n o , ~ e n s  a r e  p re sen t  a s  a r e s v l t  of technology; 
, .  , 

. . . . .  

o t h e r s  may b e  in t roduced  through persona l  h a b i t s  such a s  t h e  use  of 

t h e r a p e u t i c  drugs ,  i n  d i e t s ,  o r  a s  emissions froni o t h e r  i n d u s t r i a l  

p rocesses .  Thus, t h e  importance of c o f a c t o r  r e l a t i o n s h i p s  occu r r ing  

a s  a consequence of s imultaneous exposures  t o  combustion emiss ions ,  

p o l l u t a n t s ,  and o t h e r  common chemical and phys i ca l  agen t s  cannot.  be 

overemphasized. 

Tes t  systems pre.sen.tly r e l e v a n t  t o  de t e rn in ing  t h e  carc inogenic  

p o t e n t i a l  of agen t s  a s s o c i a t e d  w i th  c o a l  t echnologies  f a l l  i n t o  t h e  

fo l lowing  four  c a t e g o r i e s  : 

b a c t e r i a l  mutagenesis a s says ,  

mammalian mutagenesis a s s a y s ,  

e -- i n  v i c ro  oncogenesis  t r ans fo t iua t ion . a s says ,  
. . 

-- i n  v ivo  ca rc inogenes i s  systems which inc lude  i n h a l a t i o n ,  s k i n  
ca rc inogenes i s ,  lung adenoma, l i f e t i m e  - feed ing ,  and sub- 
cutaneous i n j e c t i o n  assays .  . 

I n  some i n s t a n c e s  a c o r r e l a t i o n  can be made between t h e  carc ino-  

gen ic  and mutagenic a c t i v i t i e s  of chemical carcinogens.  The bac- 

t e r i a l  mutagenesis a s s a y s ,  e .g . , the  Ames a s say ,  a r e  u s e f u l  tests 



because they are relatively inexpensive, short-term,.and permit 

detection of a wide variety of mutagens that can be subsequently 

tested for carcinogenicity. As a first screen to be followed by 

other tests, the Ames test has shown good results except with certain 

classes of carcinogens such as metals where the Ames test is of 

limited value. 

The mammalian mutagenesis assays offer promise as prescreens 

since they seem to provide both a qualitative as well as a quanti- 

tative correlation, but they are more expensive to perform and re- 
. . .  

quire more time than the bacterial tests. Both the bacterial and 
. . 

mammalian mutagenesis assay should be performed with and without a 

metabolic activation system in order to detect both procarcinogens 
. , . . 

and carcinogens. 

Although more expensive and time consuming than the mutagenesis 
. 

assays, the -- in vitro transformation systems also show potential as 
. . _ , . .,. . '. 

. . : . ,  . I  

prescreens for carcinogens. Their major disadvantage concerns the 
. . .  " .  

reliability of early indicators of oncogenic transformation. If the 

in vitro transformation assay, must be carried out to the point of -- 
. , . . . .  s 

injecting potentially transformed cells into an animal to demonstrate 

' tumor-causing activity, then the expense and time involved are the 

same as, or possibly longer than, that required in some in vivo 

~arcino~enesik tests. 

The various in vivo carcinogenesis tests are obviously the most -- 
direct ways to determine the carcinogenic potential of an agent.; how- 

ever, they are extremely expensive and time consuming to perform. 



Another major problem concerns t he  t i s s u e  and s p e c i e s  s p e c i f i c i t i e s  

of  many carcinogens.  For example, what i s  p o s i t i v e  f o r  s k i n  is  n o t  

n e c e s s a r i l y  p o s i t i v e  i n  t he  lung and v i c e  versa .  It i s  g e n e r a l l y  

recommended t h a t  a  b a t t e r y  of  t e s t s ,  a s  d i scussed  above, be employed 

t o  determine t h e  carc inogenic  p o t e n t i a l  of an agent.  This  permits  

i d e n t i f i c a t i o n  of chemicals caus ing  s i m i l a r  end po in t s  but  ope ra t i ng  

by d ' i f f e r e n t  mechanisms. 

I n t e r p r e t a t i o n  of  d a t a  from these  ca rc inogenes i s  t e s t  systems i s  

s t i l l  very d i f f i c u l t ,  and r i s k  assessment f o r  humans i s  no t  p r e sen t ly  

p r a c t i c a l .  Never the less ,  i f  an agent a s s o c i a t e d  with t h e  va r ious  

c o a l  t echnologies  g i v e s  p o s i t i v e  r e s u l t s  i n  one o r  more of t h e  
. . 

ca rc inogenes i s  a s s a y s ,  app rop r i a t e  c o n t r o l  measures should be under- 

t aken  i n  o r d e r  t o  p r o t e c t  i nd iv idua l s  from p o s s i b l e  exposure. 
. . . . 

Al1 ,o f  t h e  above ca rc inogenes i s  t e s t  systems can ~ r o v i d e  

va luab le  in format ion  concerning th.e carc inogenic  p o t e n t i a l  of complex 

mixtures  a s s o c i a t e d  with t h e  va r ious  technologies ,  though i t  must 

o f t e n  be q u a l i t a t i v e  r a t h e r  than q u a n t i t a t i v e .  Then, through t h e  use 
. . 

of  va r ious  a n a l y t i c a l  procedures ,  an e s t i m a t i o n  can be  made of t h e  . 

q u a n t i t i e s  of t h i s  agent  a s soc i a t ed  w i th  a  p a r t i c u l a r  process.  This  

provides  va luab le  in format ion  on t h e  r e l a t i v e  r i s k  posed by a  given 

agent .  Never the less ,  t h e  de te rmina t ion  of t h e  carc inogenic  p o t e n t i a l  

of complex mixtures  should be performed a s  a f i r s t  l i n e  of  defense 

followed by f r a c t i o n a t i o n ,  i d e n t i f i c a t i o n ,  and q u a n t i t a t i o n  of 

s p e c i f i c  agents .  



Recommendations: 

1. , Determine the carcinogenic,.cocarcinogenic and promoting 
activities of complex mixtures .associated with the various' 
coal related.techno1ogies. Because of exposure to the lungs 
and skin, these systems should be the primary carcinogenesis 

. . ,sys tems used. 

2. .Investigations are needed of possible direct additive and. 
synergistic effects of carcinogens known to be   resent in 
the coal related materials. 

3. ..The role of various PAHs from coal-related materials as 
cocarcinogens and/or tumor promoters in the lung and skin 
shou1.d be. investigated. The Lung adenoma and skin two-stage 
system should be' the systems of choice based on the ex- 

..tensive data,available in these systems. 

4. 1f.complex mixtures are found to have carcinogenic, 
cocarcinogenic and/or promoting activities, a fractionation 

. .. of.the mixtures should be undertaken in,conjunction with 
testing each fraction for activity. 

. .  . . .., . . 

5. The role of sulfur oxides and nitrogen,oxides as potential 
. cofactors. in carcinogenesis should be investigated. 

. : 6 .  .Investigations o,f possible direct and synergistic effects . . .  
between coal-derived metals and other inorganic and organic 

. . substances as related to .c.arcinogenesis should be performed. 

.. 7. .Fine particu.lates should be investigated as vehicles for 
transport of carcinogens to target lung tissues. 

8. A search should be conducted for carcinogenicity indicators 
other than benzo( a) pyrene. 

9. Definitive investigation of diesel exhaust is needed related 
to its potential to cause carcinogenic effects. 

See recommendation 3 in Section 6.1.1. 
. .. 

6.6.3 Mutagenesis 
.. , 

Concern for germ cell .mutations is increasing with awareness 

that a number of chemicals are potentially injurious to the germ 

cell. 



The public health issue addresses the possibility that 

population exposure may lead to heritable mutations which could 

affect later generations. A number.of the short-term tests used for 

the evaluation of potential carcinogens also involve assessmcnt of 

the possibility of DNA damage or the occurrence of mutations in 

somatic cells. 

It is true that there are currently.no available techniques of 

adequate sensitivity .or eff.iciency to.detect the occurrence of 

injurious mutations in human populations resulting from exposure to 

chemicals..' Nevertheless, the entire body of biological information 
. . 

available. at this time clearly points. to the Sact that such mutations 

can occur from mutagenic chemicals which reach the gonads and that 

they can produce deleterious effects in the offspring of the test 

animals. The absence of techniques adequate at this time to'detect 
. . 

such effects in humans is .no reason for delaying the application of a 

prudent.pretesting approach to determination 0f.whethe.r such injury 
. ,*. . . 

is likely to occur in the progeny of the exposed population. 

Many organic chemical carcinogens 'are mutagenic*.in.a variety of 

..test .systems;. if they reach the. germ cel.1~ .through normal routes of 
. .  .. 

exposure, they can be presumed to produce heritable mutations. How- 
. . . . 

ever, as noted below, pharmacokinetic processes governing their 

transport, activation, or deactivation will play a dominant role in 
. . 

determining whether effective doses reach the gonads. Thus, the 



polynuclear aromatic hydrocarbons are mutagenic and carcinogenic but 

because of the local tissue processes leading first to activation and 

then to inactivation, their local carcinogenic risk may be greater 

than their hazard to the germ cell. 
.,, 3 

There are a large number of possible mutagens present at the 

various stages of the coal technologies considered by this panel. 

Table XIV identifies some of these. Priorities will have to be 

established on the basis of the probable extent of exposure, existing 

knowledge, and use of the. short-term screening tests identified 

below: In general, chemicals reactive with DNA directly or through 

metabolic activation should be regarded with suspicion. 

There is available a substantial information source on mutagens 

(generally pure or defined chemical compounds) in the Environmental 

Mutagen Information Center (EMIC) at Oak Ridge. Where there is no 

existing information and there is basis for suspicion in able XIV) and 

likelihood of exposure, screening will be indicated. The bacterial 

revertant tests (hues.) are simple and reasonably reliable for, initial 

screening. 

In some instances, mutagenic agents in Table XIV are identi- 
. " 

fiable as particular chemical entities. 1n such cases, quantif ica- 

tioh could follow usual chemical analytical procedures. In most 

instances, however, the mutagenic agents' will not be directly 

identifiable as chemical entities and, in fact, it may not be practi- 

cal' to make such an identification. ~acterial' revertant assays such 



a s  t h e  Ames  t e s t  a r e  r e a d i l y  a p p l i c a b l e  f o r  t h e  t e s t i n g  of mix tures  
. . 

of agents  and,  indeed ,  can a l s o  g i v e  q u a n t i t a t i v e  r e s u l t s .  They 

should be appl ied  wi thout  microsomal a c t i v a t i o n  a s  we l l  a s  wi th  

graded a d d i t i o n s  o f  microsomal components, s i n c e  i n  some cases  an 

excess  of t h e  enzyme w i l l  y i e l d  a  r educ t ion  i n  t h e  number of muta- 

t i o n s  produced. However, q u a n t i t a t i v e  i n t e r p r e t a t i o n  of such t e s t s  

i s . o f t e n  confused by t h e  complex i n t e r a c t i o n s  between chemicals. 

Add i t i ona l ly ,  t h e  n e t  potency of such mixtures  may be very  d i f f e r e n t  

from the  sum of t h e  i nd iv idua l  components because of i n t e r a c t i o n  of 

comutagenic and an t imutagenic  a c t i v i t y .  Never the less ,  such assays ,  

have a  very  u s e f u l  purpose i n  sc reen ing  agen t s  where t h e  chemical 

composition i s  unknown; mixtures  separa ted  and t e s t e d  f o r  muta- 

g e n i c i t y  can  and should  be examined chemically a s  w e l l .  

Tes t s  r e l e v a n t  t o  germ c e l l  mutat ions f a l l  i n t o  t h r e e  

c a t e g o r i e s  : 

d i r e c t  o r  i n d i r e c t  DNA i n j u r y  o r  s t i m u l a t i o n  of r e p a i r -  
mutagenic i ty  a s says  us ing  b a c t e r i a l  o r  o t h e r  microorganisms 

chromosomal muta t ions  based on cy togen t i c  t e s t s  i n  m'amals 

whole animal t e s t s  f o r  gene o r  po in t  muta t ions ,  f o r  example, 
those us ing  Drosophi la  o r  t h e  s p e c i f i c  locus  t e s t  i n  mice, 
t h e  'dominant l e t h a l  t e s t  i n  mammals, and t h e ' h e r i t a b l e  t r ans -  
l o c a t i o n  t e s t  i n  rodents .  

The f i r s t  group i s  a l s o  a p p l i c a b l e  a s  an i n d i c a t i o n  of p o t e n t i a l  

c a r c i n o g e n i c i t y  and i s  mentioned i n  t he  s e c t i o n  on ca rc inogen ic i t y .  

The l a t t e r  two groups of t e s t s  a r e  s p e c i f i c a l l y  r e l a t e d  t o  germ c e l l  

mutat ions.  In  t h e  l a t t e r  group, t h e  s p e c i f i c  locus  t e s t  i n  mice i s  
- .  



l engthy ,  extremely expensive,  and i s  probably no t  p r a c t i c a b l e  except  

i n  very  s p e c i a l  c a se s .  The Drosophila t e s t  i s  more r e a l i s t i c ,  less 

cumbersome, and l e s s  expensive. The dominant l e t h a l  t ' e s t  i n  mammals 

i s  regarded a s  l e s s  s e n s i t i v e  than some of t h e  o t h e r  t e s t s ,  but i s  a 

prac t ica l :  l abo ra to ry  procedure. It i s  general ' ly  recommended t h a t  a  

b a t t e r y  of t e s t s  i nc lud ing  a t  l e a s t  one procedure from each group,  be 
. . 

employed. 

An important  d i s t i n c t i o n  needs t o  be made between t h e  use of 

t e s t s  wi th  i s o l a t e d  systems and those  i n  whole animals.  I n  whole an- 

imals ,  t h e  t e s t  agents  a r e  sub jec t ed  t o  t h e  e n t i r e  a r r a y  of b io log i -  

c a l  f a c t o r s  of t r a n s p o r t  and metabol ic  ' a l t e r a t i o n . w h i c h  toge the r  de- 

termine access  .o f  t h e  agent .  o r  ( i t s  a c t i v a t e d  form) t o  t h e  gonads. 

Note,:however, t h a t  both t r a n s p o r t  and metabolism i n  t h e  Drosophi la  

may d i f f e r  from t h a t :  i n  mammals. I n  t he '  i s o l a t e d  systems t e s t s ,  

t he se  f a c t o r s  do not  p r e v a i l  i n  t h e  same degree. I n  any t e s t  involv- 
. . 

i ng  t h e  .use of i s o l a t e d  systems, an e s t i m a t e  of r i s k  to'. t h e  complete 

organism r e q u i r e s  a  pharmacokinetic s tudy t o  determine t h e  e x t e n t  of 

access  of t h e  a c t i v e  agent t o  t h e  gonads. 

The d e t a i l s  of t h e  procedures i d e n t i f i e d  above w i l l  no t  be de- 

s c r ibed  h e r e ;  f o r  r e l e v a n t  re fe rences , .  s e e  DHEW 1977 and t h e  WHO 

C r i t e r i a  Document No. 6 (WHO 1978). 

Recommendations: 

1. I n v e s t i g a t i o n  of p o s s i b l e  d i r e c t  and s y n e r g i s t i c  e f f e c t s  be- 
tween coal-der ived metals  and o t h e r  i no rgan ic  and o rgan ic  
subs tances  a s  r e l a t e d  t o  h e r i t a b l e  muta t ions  should be 
performed. 



2. The mutagenic  p o t e n t i a l  'of  d i e s e l  e x h a u s t  shou ld  be  
i n v e s t i g a t e d .  

3.  The k i n d s  of t e s t s  a v a i l a b l e  ' f u r  de te rmin ing  mutagenic  end 
, . p o i n t s  shou ld  be  e v a l u a t e d  a s  shou ld  t h e  approach ( t i e r  vs. 

b a t t e r y )  . 
. . 

4. Research shou ld  be under taken  t o  improve t'he a p p l i c a t i o n  o f  
shor t - t e rm t e s t s  t o  t h e .  i d e n t i f ' i c a t i o n . o f  a c t i v e  ( i n c l u d i n g  
enhancing o r  i n h i b i t o r y )  components of complex m i x t u r e s  of  

. . mutagenic o r  t r a n s f o r m i n g  a g e n t s .  

6.6.4 Reproduc t ive  Dysfunc t ion  

I f  i s  g e n e r a l l y  acknowledged, t h i t  u n t i l  compara t ive ly  r e c e n t l y ,  

l i t t l e  a t t e n t , i o n ,  h a s  been focused on o c c u p a t i o n a l  and .  ambient 

e x p o s u r e - r e l a t e d ,  . r e p r o d u c t i v e  haza rds  compared t o  t h o s e  p o t e n t i a . 1 1 ~  

r e l a t e d  t o  c a r c i n o g e n i c  a n d / o r  mutagenic  e f f e c t s .  

Al though.  exposures  t o  env i ronmenta l  a g e n t s  can  occur  i n - o n e  of  

t h r e e  p r i n c i p a l  ways; i t . i s  recogn ized .  t h a t  some o v e r l a p  f o r  s p e c i f i c  

chemica l s  c a n  occur .  , O c c u p a t i o n a l  exposure  u s u a l l y  i n v o l v e s  a  r a t h e r  

we l l -de f ined  . . group  of workers  and o c c a s i o n a l l y  i n c l u d e s  t h e i r  

f a m i l i e s  ,and a s s o c i a t e s  a s  a  r e s u l t  of home con tamina t ion .  Ambient 

. .exposure o c c u r s  v i a  media such  a s  . a i r ;  w a t e r ,  . a n d  food v a r i o u s l y  

contaminated by env i ronmenta l  chemic.als. 1 t . s h o u l d  be no ted  t h a t  

s p e c i f i c  p o p u l a t i o n s  o f . e x p o s e d  and unexposed i n d i v i d u a l s  ar .e o f t e n  

n o t  a v a i l a b l e  f o r  . s t u d y  and hence  t h e  c l e a r  e s t a b l i s h m e n t  o f  

e t i o l o g i c  r e l a t i o n s h i p s  i s  l i m i t e d  ..to s e v e r e  d i s e a s e ,  e.g.,  l e a d  

encepha lopa thy ,  ~ i n a m a t a  d i s e a s e .  The t h i r d  c a t e g o r y  of. e x p o s u r e  i s  

a c c , i d e n t a l  exposure  which c a n  o c c u r  th rough  a  s p e c i f i c  c o n t a m i n a t i o n  
. . 

i n c i d e n t  e.g.., . t he  d i o x i n  i n c i d e n t  i n  .Sev.eso, I t a l y ,  .or t h e  PBB 



i nc iden t  i n  Michigan. To d a t e ,  however, unambiguous evidence i s  

lack ing  concerning humin reproduct ive  dysfunc t ion  r e s u l t i n g  from 

these  two episodes.  

It i s  wel l  recognized t h a t .  many chemical agents  t o  which an  

i nd iv idua l  may be exposed may b e ' o v e r t l y  o r  p o t e n t i a l l y  harmful 

caus ing  s t r u c t u r a l  o r  f u n c t i o n a l  change immediately,  a f t e r  a  

cons iderab le  l apse  of time, o r  af t e r  some inde te rmina te  time 

fol lowing expos.ure. There a r e  many who be l i eve  t h a t  i t  i s  wi th in  

t h i s ' l a s t  ca tegory ,  subacute  e f f e c t s ,  t h a t  most impact .on reproduc- 

t i o n  occurs  (Wilson 1977a). 

Of p r i n c i p a l  concern i s  s i g n i f i c a n t  a l t e r a t i o n  i n  t h e  physiolo- 

g i c a l  process  of reproduct ion  . inc lud ing  adverse e f f e c t s  such a s  

h e r i t a b l e  changes i n  g e n e t i c  m a t e r i a l ,  adverse  e f f e c t s  on sperm, 

i n f e r t i l i t y ,  pregnancy loss, p r e n a t a l  and p ~ ~ t h a t a i  r e t a r d a t i o n ,  

physio.logica1 and behaviora l  d i s e a s e s  i n  o f f s p r i n g ,  s t r u c t u r a l  

malformations,  ma1 ignancy induced during g e s t a t i o n ,  and o t h e r  t r ans -  

p l a c e n t a l  e f f e c t s .  It i s  apparen t  t h a t  t h e  s i g n i f i c a n c e  of e f f e c t s  . 

a t  each s t a g e  of reproduct ion  needs t o  be eva lua ted  s e p a r a t e l y  (NIOSH 

and SOEH 1979). 

It should be recognized and emphasized t h a t  a l though the  i n c i -  

dence of b i r t h  d e f e c t s ,  spontaneous abo r t i ons  and s t i l l b i r t h s  among 

t h e  human popula t ion  a r e  q u i t e  h igh ,  with a s  many a s  seven percent  of  

a l l ' newborns  being born wi th  b i r t h  d e f e c t s  i n  t h e  U.S. annua l ly ,  t h e  



c'auses of t h e  v a s t  m a j o r i t y  of t h e s e  d e f e c t s  a r e  no t  knom (Wilson . . 

1977a; Stel lman 1979). 
. . _. ! 

Table XV l is ts  t h e  p r e s e n t l y  known causes  of developmental,  

d e f e c t s  i n  man (Wilson 1977a). Only about  20 percent  can be a s s igned  

p r imar i l y  t o  . gene t i c  t r ansmis s ion  and a n  a d d i t i o n a l  5 , y e r c e n t  may be 

r e l a t e d  t o  g r o s s  o r  q u a n t i t a t i v e  abnormali . t ies  i n  t h e  chromosomes. 

It should a l s o  be noted t h a t  a l l  c u r r e n t l y  known environmental . . 

f a c t o r s  t oge the r  d o . n o t  account  f o r  more than  an  a d d i t i o n a l  10 

pe rcen t  of developmental d e f e c t s  i n  man. . Hence, a s  many a s  70 . . 

percent  of a l l  d e f e c t s  a r e  of unknown o r i g i n  and, whi le ,hundreds  of 

agen t s  may be capable  of caus ing  reproduct ive  f a i l u r e  o r  of inducing 

germinal  and/or  somatic  mutat ion, .  t h e  a c t u a l  magnitude of t h e i r  
. . 

e f f e c t  on human r ep roduc t ive  h e a l t h  has  .not been q u a n t i f i e d  (S t i l lman  

1979). It should be noted t h a t  most of t h e , p r e s e n t l y  unaccounted f o r  

c a u s a t i o n  may, indeed stem from combinations and i n t e r a c t i o n s  among 

two o r  more of t h e  f a c t o r s  l i s t e d ,  o r  w i th  a s  y e t  u n i d e n t i f i e d  

environmental  and/or  h e r e d i t a r y  causes .  (Wilson 1977a). Although not  

demonstrated i n  man t o  d a t e ,  animal  s t u d i e s  have suggested t h a t  

m u l t i p l e  environmental f a c t o r s  a t  low dosages may i n t e r r e a c t  t o  cause 

a d d i t i v e  o r  p o t e n t i a t i v e  e f f e c t s  on development (F ra se r  1977). 

That t o x i c  a g e n t s  can  man i f e s t  themselves i n  a  v a r i e t y  of ways 

h a s  been w e l l  documented. These . . can i n c l u d e  . . t h e  fo l lowing: .  adve r se  

e f f e c t s  on . t h e  . male o r  female r ep roduc t ive  cyc l e ,  p o s s i b l y  l ead ing  t o  
. . 

i n f e r t i l i t y ;  p roduct ion  of i n s u f f i c i e n t  o r  d e f e c t i v e  sperm; preven- 

t i o n  of t h e  s u c c e s s f u l  imp lan t a t i on  of f e r t i l i z e d  ova; o r  inducing of 



TABLE XV . . 

PRESENTLY KNOWN CAUSES OF DEVELOPMENTAL DE~ECTS IN MAN 

Solely or mainly by genetic transmission 2 0% 

Chromosomal aberration 

Environmental causes 

Ionizing radiations 

Infections 

rubella virus varicella virus 

cytomegalo virus toxoplasma 

herpes simplex virus syphilis 

Ma.terna1 metabolic imbalances 

. .endemic cretinism phenylketonuria 

diabetes virilizing tumors 

Drugs and environmental chemicals 

:(see subsequent tables) 

' Combinations and .interactions 

.. . . . 
, Uliknown , . . ' . 

. . .  . 

Source: IJilson 1977a'. 



func t iona l  d e f e c t s  not r e a d i l y  observed a t  b i r t h  and hence not  

a s soc i a t ed  with reproduct ive  f a i l u r e  (Stellman 1979). 

Figure 12 i l l u s t r a t e s  a  schematic p re sen ta t ion  of some of the  

modes of reproduct ive  dysfunct ion and a l s o  shows which parent  may be 

a t  r i s k  (Stel lman 1979). Several  modes of a c t i o n  by environmental 

agents  lead ing  to male reproduct ion f a i l u r e  a r e  poss ib le .  There may 

be  d i r e c t  damage of male germ c e l l s  lead ing  t o  mutat ion and/or 

i n f e r t i l i t y ;  anatomical  l e s i o n s  may be present  i n  spermatogenic 

t i s s u e ;  and l o s s  of l i b i d o  and impotence may occur.  

To d a t e ,  t h e  ma jo r i t y  of evidence on the  e f f e c t s  of t ox ic  

agents  and p a t e r n a l  exposure would sugges t  t h a t  the most l i k e l y  

outcome i s  i n f e r t i l i t y  i n  males o r  spontaneous abor t ion  i n  t h e i r  

sexual  p a r t n e r s  (Stel lman 1979). It has  been thought t o  be f a r  l e s s  

l i k e l y  f o r  b i r t h  d e f e c t s ,  s t i l l b i r t h s ,  o r  childhood d i seases  t o  

r e s u l t  from p a t e r n a l  exposure. It should be noted t h a t  t h e r e  i s  some 

evidence t h a t  t o x i c  agents  may pene t r a t e  t he  b lood- t e s t i s  b a r r i e r  and 

e n t e r  the  t e s t i c u l a r  f l u i d  and t h a t  such pene t r a t ion  can be the  cause 

of f a l s e n e g a t i v e  r e s u l t s  i n  dominant-lethal t e s t i n g  of environmental 

mutagens (Stel lman 1979). 

Some evidence i s  a v a i l a b l e  t h a t  sugges ts  exposure of t h e  mother 

t o  fo re ign  chemicals may i n t e r f e r e  with norma1,reproduct ive organ 

system funct ion.  Another a spec t  of maternal  organ dysfunct ion  may 

a r i s e  from the  presence of fo re ign  substances absorbed from the  

mother 's  bloodstream i n t o  t h e  u t e r i n e  f l u i d .  Trace me ta l s ,  a s  we l l  

. . 
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Source: Adapted from Stellman 1979. 
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a s  a v a r i e t y  of drugs ,  have been shown t o  be p re sen t  i n  u t e r i n e  

s e c r e t i o n s  ( ~ i l s o n  1977a; Stellman 1979). 
. . .  

1t is' now widely accepted t h a t  although the  mamma'lian conceptus 

is  enclose'd .within the  u t e rus  and 'se&separated 'from maternal  blood 

by the p l a c e n t a ,  i t  may neve r the l e s s  be exposed t o  s'ome f r a c t i o n  of 

the  concent ra t ion  gf most chemicals i n  , the  maternal. . b l o o d s ' t & a ~  

(Wilson 1977a). Figure 1 3  i l l u s t r a t e s  t he  homeostat ic  devices  thAt 

tend t o  p r o t e c t  t h e  mammalian embryo from chemicals absorbed i n t o  t h e  

maternal. b.loods.tream ( ~ i l s o n  1977a) : Whi.le..the f a c t o r s  t h a t  ,govern 

t h e  peak concen t r a t ion  and h a l f - l i f e  of chemical agents  i n  the  embryo 

remain 'pdbriy -utiders tood, moi t agents  a r e  assumed t o  reach t h i  embryo 
. . . a .  . , : . . 

but  not necessar . i ly  i n  b i o l o g i c a l l y  e f f e c t i v e  doses (Wilson 1977a). 

Although some chemi,c.al agents  can g e t  i n t o  the  embryo i n  pharmaco- 

l og ica l - ly  a c t i v e  amounts but  leave no permanent a l t e r a t i o n s ,  i t  

should be s t r e s s e d  t h a t  o t h e r s  produce dose-related a l t e r a t i o n s  t h a t  

can be c d r r e l a t e d  with l a t e r  s t r u c t u r a l  d e f e c t s  ( ~ i t . t e r  . . 1971). 

The p l acen ta  does not  s e l e c t i v e l y  p r o t e c t  the  i n t r a u t e r i n e  

organism from harmfyl agents  administered during pregnancy and, 

indeed, has  been r e f e r r e d . t . 0  , as :a  s i e v e  ( ~ i l s o n  1977a.; Harbison, . 
. . 

1978). Except f o r  compounds with high molecular weights and those  

with s t rong  e l ec t ronega t ive  o r  e l e c t r o p o s i t i v e  charges ,  almost a l l  

pharmacologic substances can and do pass  from t h e  maternal  t o  f e t a l  

bloodstream. Gene ra l ly , .  ,sub.s t a k e s :  .,@it.hx a .  . molecular . weight of l e s s  . . 
. . .  , .. . . . 

,. : . ! '  . . .  
. ' . . i  ..,' 

than  600 pass  t he  placental :  b a r r i e r   arbis is on 19781, although i t  
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FIGURE 13 
DIAGRAM OF THE HOMEOSTATIC DEVICES THAT TEND TO 
PROTECT THE MAMMALIAN EMBRYO FROM CHEMICALS 

ABSORBED INTO THE MATERNAL BLOOD STREAM * 



should be noted t h a t  p o l a r i t y  i s  a f a c t o r  and compounds of g r e a t e r  
. . 

molecular  weight can pass  t h e  p l a c e n t a l  b a r r i e r .  

A t e r a t o g e n i c  response i s  determined by both  t h e  time of 

exposure a s  w e l l  a s  t h e  chemical r e a c t i v i t y  of t h e  m a t e r i a l  ( ~ i l s o n  

1977a; NIOSH and SOEH 1979; S t i l lman  1979; F r a s e r  1977; R i t t e r  e t  a l .  

1971; Harbison 1978). F igure  14  i l l u ' s t r a t e s  a schematic 

r e p r e s e n t a t i o n  of human development and t h e  s e n s i t i v e  per iods  f o r  

. maldevelopment. The shaded a r e a s  r ep re sen t  h igh ly  s e n s i t i v e  . p e r i o d s  

while  t he  c l e a r  a r e a s  r e p r e s e n t  s t a g e s  t h a t  a r e  l e s s  s e n s i t i v e  t o  

t e r a togens  (Harbison 1978). Di f fe rences  of p l a c e n t a l  t r a n s f e r  have 

'been observed between  specie.^. Table X V I  l i s t s  t h e  comparative 

. ge s t a t - i ona l  development of  man, r a t ,  mouse, r a b b i t ;  and hamster 

 arbis is on 1978). : P l a c e n t a l  t r a n s f e r  can hence be expected t o  vary 
. .  . 

dur ing  g e s t a t i o n  and between s p e c i e s  making g e n e r a l i z a t i o n s  and: 

anthropomorphizing animal d a t a  d i f f i c u l t   arbis is on 1978). 

Although a t e r a t o g e n i c  agent. ha s  ,been c lass . ica1  l y  def ined  a s  .one 

t h a t .  induces s t r u c t u r a l  malformations dur ing  t h e  g e s t a t i o n a l  s t a g e  of 

development, r e c e n t l y  t h i s  d e f i n i t i o n  has  been expanded t o  i nc lude  

a b e r r a t i o n s  of s t r u c t u r e ,  growth, and func t ion ,  whether caused by 

g e n e t i c a l l y  determined f a c t o r s ,  by environmental f a c t o r s ,  o r  by an  

i n t e r a c t i o n  of gene tcc  and environmental f a c t o r s .  Hence, t h e  
. . 

complete spectrum of adverse r e p r d d u c t i v e  outcomes which'might be 
. . 

r e l a t e d  t o  exposure t o  t o x i c  agents  can range from decreased 

f e r t i l i t y  through f e t a l  l o s s ,  growth r e t a r d a t i o n  and; c o n g e n i t a l  
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N o t e :  S h a d e d  areas r e p r e s e n t  highly sensitive p e r i o d s ;  
clear areas r e p r e s e n t  stages t h a t  are less sensitive 
to teratogens . 

SOURCE: HARBISON, 1978. 

FIGURE 14 
SCHEMATIC REPRESENTATION OF HUMAN DEVELOPMENT AND 
SENSITIVE PERIODS FOR PRODUCTION OF MALDEVELOPMENT. 



TABLE XVL 

COMPARATIVE GESTATIONAL DEVELOWNT 

Man Rat Mouse Rabbit Hamster 

Implantation 6 1/2 days 8 days 5 days 9 days 7 days 
period 

13 t o  20 27 days 11 days 9 day6 10 dqys 
somites 

End of 12-14 wk. 14 days 13 days 11 days 
embryonic 
period 

End of meta- 20 wk. 17 days 17 days 15 days 
morphosis 

9 days 

10 days 

14 days 

Feta l  20-34 wk. 18-22 days 18-20 days 16-32 day. 14-16 days 
development 

Par tur i t ion 36-40 wk. 2J day6 19 days 32 days 15 daye 

- .  

Source: Harbison 1978. 



malformat ions ,  t o  ch i ldhood  o r  even a d u l t  m o r b i d i t y  (Wilson 1977a; 

NIOSH and SOEH 1979; S t e l l m a n  1979; F r a s e r  1977; R i t t e r  e t  a l .  1971; 

Harb i son  1978;. B a r r  e t  a l .  1979). 

Examples of  e n v i r o n m e n t a l l y  induced m u t a t i o n s ,  a n o t h e r  c l a s s .  of  

dys func t ion"which  r e s u 1 . t ~  i n  t r a n s m i s s i b l e  d e f e c t s ,  a r e  l e s s  r e a d i l y  

a v a i l a b l e . ,  Hence, w h i l e  i t  i s  r e a s o n a b l y  c l e a r  t h a t  a  l a r g e  number 

o f  env i ronmenta l  a g e n t s  c a n  induce  changes  i n  t h e  g e n e t i c  s t r u c t u r e  

o f  somat ic  and ge rmina l  c e l l s ,  t h e  impact o f  t h i s  on b i r t h  d e f e c t s .  

and o t h e r  a d v e r s e  r e p r o d u c t i v e  outcomes h a s  not  y e t  been q u a n t i f i e d  

( S t e l l m a n  1979).  However, i t  h a s  been s u g g e s t e d ' t h a t  a n  i n c r e a s e d  

m u t a t i o n  r a t e  w i l l  have a n  immediate and s u b s t a n t i a l  impact  o n . t h e  

f requency  o f  dominant m u t a t i o n a l  e f f e c t s  and hence r e s u l t  i n  a n  

i n c r e a s e d . m o r b i d i t y  r a t e  ( S t e l l m a n  1979). Although i t  h a s  been 

s t a t e d  t h a t '  m u t a t i o n  i s  a  f i r m l y  e s t a b l i s h e d  mechanism o f  t e r a t o g e n e -  

s i s  known t o  a r i s e  from bo th  chemical  mutagens and i o n i z i n g  r a d i a -  

t i o n ,  i t  i s  n e v e r t h e l e s s  ex t remely  d i f f i c u l t  t o  e x t r a p o l a t e  i t s ,  

a c t u a l  impact on r e p r o d u c t i o n .  

An a d d i t i o n a l  broad c a t e g o r y  o f  t o x i c  r e p r o d u c t i v e  a g e n t s  t h a t  

c a n  be encoun te red  i s  p o s t  partum t o x i c a n t s ,  env i ronmenta l  a g e n t s  t o  

which a  n e o n a t e  may be  exposed and s u f f e r  a d v e r s e  e f f e c t s .  Such 

e x p o s u r e  can be d i r e c t l y  r e l a t e d  t o  p a r e n t a l  o c c u p a t i o n a l  o r  ambient  

exposure  o r  b r e a s t  mi lk .  The magnitude o f  such p o t e n t i a l  exposure  on 

t h e  h e a l t h  of  n e o n a t e s  a,nd o t h e r s  t h u s  i n d i r e c t l y  exposed i s  no t  

known. 



'The l a r g e s t  c l a s s  of e f f e c t s . . t h a t  can p o t e n t i a l l y  r e s u l t  from 

exposure t o  t ox ic  agents  i n  u t e r o  a r e  those  which adverse ly  a f f e c t  

normal funct ioning.  These may a l s o  c o n s t i t u t e ' t h e  most numerous 

problems a s soc i a t ed  with such exposure s ince  they comprise biochemic- 

a.1, behaviora l , ,  a s  we l l  a s  o t h e r  d e f e c t s ,  many of which a r e  l a r g e l y  

uncataloged ( ~ a r r  e t  a l .  1979). . 

. Table X V I I  l i s t s  meta ls  t e s t e d  f o r  embryotoxicity i n  animals 

(Wilso'n 1977a). As depic ted  i n  t h i s  t a b l e ,  metals  and r e l a t e d  

elements appear a s  a  group t o  have cons iderable  embryotoxic 

po ten t i a l .  Of 2'5 t e s t s  with var ious  metal-containing compounds i n  

s eve ra l  spec i e s ,  17 of t he  t e s t s  revealed unequivocal t e r a t o g e n i c i t y  

while 20 showed increased  r a t e s  of i n t r a u t e r i n e  death.  It should be 

noted t h a t  i n  a d d i t i o n  t o  mercury, a  proven human te ra togen ,  two . 

o t h e r  metals  have, t o  some degree ,  been implicated a s  embryotoxic i n  

man; t hese  a r e  lead and l i t h ium (Wilson 1977a; Wilson 1977b). While 

t h e  general  r e a c t i v i t y  of ions of heavy metals with b i o l o g i c a l  

chemicals,  p a r t i c u l a r l y  wi th  enzymes, . i s  we l l  e s t a b l i s h e d ,  ' exac t  

s i t e s  of a c t i o n  of t h e s e  subs tances  i n  t h e  embryo a r e ,  f o r  t h e  most 

p a r t ,  no t  known. L i t t l e  is.known concerning t h e  manner in .which 

heavy metals  c r o s s  t h e  p lacenta  o r . a b o u t  t h e i r  e f f e c t s  on t h e  

t r a n s f e r  of n u t r i e n t s .  The Minamata d i s a s t e r ,  i n  which mercury was 

inges ted  by pregnadt women, v i v i d l y  demonstrated t h a t  methyl mercury 

i s  capable of adverse ly  a f f e c t i n g  t h e  developing human f e t u s  

( ~ u r a k a m i  1971). 



TABLE X V I I  

Species  Showing S p e c i f i c  Defec ts  

Compound Species  Tested MAL I D R  I G R  None 

A 1  ( ch lo r ide )  

A s  ( a r sena t e )  

Cd (var ious)  

C r  ( t r i o x i d e )  

Cu ( s u l f a t e )  

Ga ( s u l f a t e )  

Hg. (methyl) 

I n  ( n i t r a t e )  
. .  . 

4 2 L i  (carbonate)  . . 2  . . . .  2 

N i .  ( a c e t a t e )  1 1 ?  ' ' 1' . ' 

Pb (var ious)  3 2 3 

Te !H2Te03) 1 

T1 ( s u l f a t e )  1 
. . 

Source: Wilson 1977a. 

MAL = Malformations; I D R  = Death o r  Resorpt ion;  I G R ' =  Growth.Retarded. 



There  i s  s t r o n g  l i k e l i h o o d  t h a t '  t h e  f e t u s  i s  exposed t o  cons id -  

e r a b l e  amounts of  c a r c i n o g e n i c  and c y t o t o x i c  m a t e r i a l  a f t e r  m a t e r n a l  

exposure  t o  t h e  p o l y c y c l i c  a romat ic  hydrocarbons .  While t h e s e  t o x i -  

. . 
c a n t s  may be of materria'l ,  p l a c e n t a l ,  o r  f e t a l  o r i g i n ,  t h e r e  a p p e a r s  

t o  be l i t t l e  doubt t h a t  t h e  p r o d u c t s . o f  r e a c t i o n s  i n v o l v i n g ' p o l y -  

cyc i i c  a r o m a t i c  hydroc.arbons and a r y l  hydrocarbon hydroxy lase  a r e  
i : 

. .. 
r e s p o n s i b l e  f o r  a d v e r s e  f e t a l  e f f e c t s  ( ~ u c h a l o  1973; Kelrnan 1979).  

. . . . 

These compounds a r e  unusua l  because  p r i o r  exposure  may l e a d  t o  t h e  

r e l e a s e  of m a t e r i a l s  more t o x i c  t o  t h e  f e t u s  t h a n  t h e  o r i g i n a l  

compound. 

A d d i t i o n a l  compounds ( o r  c l a s s e s  of  compounds) w i t h  r e p r o d u c t i v e  

d y s f u n c t i o n  p o t e n t i a l  t h . a t . c a n  r e s u l t  f r o m . c o a 1  t e c h n o l o g i e s  de- 

s c r i b e d  i n  t h i s  r e p o r t  i n c l u d e :  methane,  ca rbon  monoxide, hydrogen 

s u l f i d e ,  c a r b o n y l  s u l f i d e ,  ca rbon  d i s u l f i d e . ( ~ o r r i s  e t  a l .  19791, . 

NOx, m e t a l  c a r b o n y l s ,  s u l f u r  d i o x i d e ,  t h i o p h e n e s  and v o l a t i l e  

o r g a n i c s  ( P N A S , . ~ O W  m o l e c u l a r  we igh t  hydrocarbons )  from i n  s i t u . c o a 1  

g a s i f i c a t i o n  a i r  e m i s s i o n s  and p y r i d i n e s ,  q u i n o l i n e s ,  i n d o l e e ,  

pheno l s ,  and s o l u b l e  m e t a l s  irom w a t e r  emiss ions .  The s u l f u r  con- 

t a i n e d  i n  c o a l  w i l l  appear  p r i m a r i l y  a s  H2S and t o  a  l e s s e r  d e g r e e  

. . .  
COS and CS2 i n  c o a l  combust ion p r o c e s s e s .  Chronic exposure  t o  

. . 

, CS2, f o r  example,  i n h i b i t s  growth i n  r a t s .  

P a r t i c u l a t e  l o a d i n g  o f  t h e  a tmosphere  from c o a l  and r e f u s e  p i l e s  

and t h e  combus t ion-of  c o a l  and a c i d  mine d r a i n a g e  r e s u l t i n g  i n  



groundwa,ter c o n t a m i n a t i o n  c o n t i n u e  t o  be acknowledged a s  major  

problems a s s o c i a t e d  w i t h  mining,  p r o c e s s i n g ,  and s t o r i n g  of  c o a l .  

There  i s  a l s o  a n  acknowledged i n a d e q u a t e  d a t a  b a s e  f o r  determin-  

i n g  t h e  h e a l t h  e f f e c t s ,  p r e s e n t  o r  p o t e n t i a l ,  of  t h e  t r a c e  e1ement.s 

from c o a l  combustion o r  c o n v e r s i o n  p l a n t s .  Impor tan t  s y n e r g i s t i c  

e f f e c t s  between c e r t a i n  c o a l - d e r i v e d  m e t a l s  and o t h e r  i n o r g a n i c  and 

o r g a n i c  s u b s t a n c e s  c a n  be a n t i c i p a t e d  and may a l s o  prove i m p o r t a n t  i n  

h e a l t h  e f f e c t s  a s s e s s m e n t s .  It i s  a l s o  recogn ized  t h a t  i n  r e g a r d  t o  

food and w a t e r  i n t a k e ,  p a r t i c u l a r l y  a s  a f f e c t e d  by a s h  s e t t l i n g  ponds 

and l a n d f i l l s ,  no t o x i c o l o g i c a l  a s sessment  of  t r a c e  e lements  o r  

r a d i o n u c l i d e s  i s  f e a s i b l e  a t  t h i s  time. 

However, i t  must be recogn ized  t h a t  t h e  l a r g e  number o f  chemica l  

a g e n t s  t h a t  c a n  b e  p d t e n t i a l ~ y  r e s p o n s i b l e  f o r  t h e  spect rum of  

adverse  r e p r o d u c t i v e  outcomes,  a s  w e l l  a s  t h e  many p o s s i b l e  avenues  

o f  human exposure ,  makes i t  v i t a l  t h a t  a  s y s t e m a t i c  p r o c e d u r e  t o  

d e t e c t  a s s o c i a t i o n s  b e  c o n s i d e r e d .  There have been v a r i o u s  a t t e m p t s  

t o  d e s c r i b e  t h e  r e l a t i o n s h i p  between exp0sure.s and outcomes and t h e i r  

i n t e r a c t i o n s  (palmer  1976; Anon 1973; WHO 1967; Wilson 1964; F l y n t  

1976). 

Palmer (1976) h a s  r e c e n t l y  d e s c r i b e d  a n  assessment  o f  c u r r e n t  

s c r e e n i n g  t e s t  p rocedures .  It was sugges ted  t h a t  i f  a t t e n t i o n  were 

c o n c e n t r a t e d  n o t  on t h e  i n c o n s i s t e n t  ma l fo rmat ions  bu t  on more 

c o n s i s t e n t  embryopathic  e f f e c t s  which i n  one form o r  a n o t h e r  a r e  

always a s s o c i a t e d  w i t h  mal fo rmat ions ,  t h e  p r e d i c t i v e  v a l u e  of  t h e  

s c r e e n i n g  t e s t s  would appear  i n  a  more f a v o r a b l e  l i g h t .  Hence, even  



i f  malformations.  a r e  no t  determined,  t h e  range o f '  cond i t i ons  

(dosages)  in. which they  might occur  can be determined. s u c h '  

information,  used i n  con junc t ion  wi th  t h a t  obtained from o t h e r  

p r e c l i n i c a l  s t u d i e s ,  can then  form a  reasonably sound b a s i s  f o r  

e x t r a p o l a t i o n  t o  man (Morris  e t  a l .  1979). 

F lyn t  (1976) r e c e n t l y  reviewed epidemiologic techniques.  f o r  as -  

sess ing .  t e r a t o g e n i c  e f f e c t s .  Employing a  v a r i e t y  of  approaches,  ep i -  

demiology can develop o r  t e s t  hypotheses concerning poss ib l e  causes  

o r  through s u r v e i l l a n c e .  provide d a t a  usefu l  f o r  a  v a r i e t y  of 

purposes.  

Recommendations: 

1. I n v e s t i g a t i o n s  of pos s ib l e  d i r e c t  and s y n e r g i s t i c  e f f e c t s  ' 

between coal-der ived metals  and o t h e r  inorganic  and organic  
subs tances  a s  r e l a t e d  t o  reproduct ive  e f f e c t s  should be  
perf6rmed. 

2. The p o t e n t i a l  of d i e s e l  exhaust t o  r e s u l t  i n  reproduct ive  
e f f e c t s  should be s tud i ed .  

3.  Rel i ab l e  p r e d i c t i v e  procedures a r e  needed ' to  eva lua t e  i n j u r y  
t o  reproduct ive  processes ,  e s p e c i a l l y  f o r  measuring phys- 
i o l o g i c a l  d i s tu rbances .  

4 .  Development of sy s t ema t i c  methods £or i d e n t i f y i n g  sponta- 
neous a b o r t i o n s  i s  needed. . ' 

5. I n v e s t i g a t i o n s  on t h e  e f f e c t s  of p l acen ta l  t r a n s p o r t  be 
undertaken fo r  t h e  major coal-der ived metals  and me ta l l o id s  
a s  wel l  a s  t h e  p o s s i b l e  i n t e r a c t i o n s  (e.g., cadmium and 
calcium).  

6. S tud i e s  a r e  r equ i r ed  t o  e l abo ra t e  the' f a c t o r s  and cond i t i ons  
i n f luenc ing  t r a n s p o r t  and metabolism of coal-der ived tox- 
i c a n t s  by t h e  p l acen ta  and i t s  response t o  them. 

7. ~ d d i t i b n a l  s t u d i e s  should be inder taken  to  e l a b o r a t e  t h e  e f -  
f e c t s  of t o x i c a n t s  coal-derived meta l s ,  and me ta l l o id s  o n .  



n u t r i e n t  movements a c r o s s  t h e  p l a c e n t a  and t h e  means by 
which t h e s e  a g e n t s  a r e  t r a n s p o r t e d  be tween mother and f e t u s .  

8. There i s  a n  a c u t e  need f o r  b o t h  more d e f i n i t i v e  and econom- 
i c a l  t e s t  s y s  terns f o r  a s s e s s i n g  and v a l i d a t i n g  r e p r o d u c t i v e  
d y s f u n c t i o n  r i s k s .  Research e f f o r t s  i n  d.evelopment of 
v i t r o  t e s t  sys tems u t i l i z i n g  organ and whole embryo c u l t u r e  
shou ld  be  under taken .  
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