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PREFACE

The O ccupational S afe ty  and H ealth  Act of 1970 emphasizes th e  need to  
p ro te c t th e  h e a lth  and s a fe ty  of workers o ccu p a tio n a lly  exposed to  an e v e r-  
in c rea s in g  number of p o te n t ia l  hazards. C onsequently, th e  N ational I n s t i t u t e  
fo r  O ccupational S afe ty  and H ealth  (NIOSH) has implemented a program to  
ev a lu a te  the  adverse h e a lth  e f f e c ts  of chem ical and p h y sic a l agen ts and 
in d u s t r i a l  p ro cesse s . This summary of NIOSH's O ccupational Hazard Assessment 
of Coal L iq u efac tio n  i s  a r e s u l t  of th a t program. By add ressin g  the  hazard 
w hile d i r e c t  coal l iq u e fa c tio n  technology i s  s t i l l  being developed, th e  r i s k  
of p o te n t ia l  adverse h e a lth  e f f e c ts  can be s u b s ta n t ia l ly  reduced in  both 
experim ental and commercial p la n ts .

While th e  o ccu pa tion a l hazard assessm ent, Volume I I ,  i s  a c r i t i c a l ,  
lengthy  review  of th e  s c i e n t i f i c  and te c h n ic a l in fo rm ation  a v a i la b le  and 
d iscu sses  th e  o ccu pa tion al s a fe ty  and h e a lth  is su e s  of p i lo t  p la n t o p e ra tio n s , 
th i s  summary document p re sen ts  the h ig h lig h ts  in  a s h o r te r ,  more useab le  form 
fo r  a w ider audience. Both documents a re  in tended fo r use by w orkers, 
in d u s try , tra d e  a s s o c ia tio n s , government ag en cies , s c i e n t i f i c  and te c h n ic a l 
in v e s t ig a to r s ,  and the  p u b lic ; th ose  in te re s te d  in  a more thorough and 
d e ta ile d  d iscu ss io n  should read the  O ccupational Hazard Assessment of Coal 
L iq u efac tio n . The in fo rm ation  and recommendations p resen ted  should f a c i l i t a t e  
development of s p e c if ic  procedures fo r  hazard c o n tro l in  in d iv id u a l w orkplaces 
by persons im m ediately re sp o n s ib le  fo r  h e a lth  and sa fe ty . NIOSH w il l  
p e r io d ic a lly  update and ev a lu a te  new data  and in fo rm ation  as they become 
a v a ila b le  and, a t  the  ap p ro p ria te  tim e, w i l l  consider proposing 
recommendations fo r  a s tand ard  to  p ro te c t workers in  commercial coal 
l iq u e fa c tio n  f a c i l i t i e s .

Ronald F. Coene, P .E .
Acting D ire c to r
N ational I n s t i t u t e  fo r  O ccupational

S afe ty  and H ealth
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SYNOPSIS

The coa l l iq u e fa c tio n  process converts  coal in to  hydrocarbon p ro d u c ts . In  
doing so , i t  both  uses and produces to x ic a n ts  p o te n t ia l ly  hazardous to  worker 
h e a l th . The to x ic a n ts  a re  v a r ie d , ranging from sim ple chem icals to  complex 
m ixtures or o rgan ic  carc inogens. The p o ss ib le  h e a lth  e f f e c ts  a re  a lso  v a r ie d . 
Animal s tu d ie s  have dem onstrated th a t  some of th e  p rocess chem icals have 
produced tumors a t  th e  s i t e  of a p p lic a tio n . Some workers may be exposed by 
in h a la t io n  of g ases, vapors, o r a irb o rn e  p a r t i c le s ,  sk in  co n tac t w ith  a irb o rn e  
m a te r ia l ,  co n ta c t w ith  contam inated su rfa c e s , or a c c id e n ta l  in g e s tio n . Some 
of th ese  same chem icals have caused severe  long-term  e f f e c ts  such as sk in  and 
lung cancer in  workers in  s im ila r  in d u s t r ie s .  O ther p o te n t ia l  adverse h e a lth  
e f f e c ts  may include  f a t a l  poisoning from in h a la t io n , severe  r e s p ira to ry  
i r r i t a t i o n ,  and chem ical burns. F ire s  and exp losions can a lso  occur.

This document i s  designed to  provide in fo rm ation  th a t  can be used to  guard 
a g a in s t th e se  p o te n t ia l  adverse h e a lth  e f f e c ts .  Measures such as eng ineering  
c o n tro ls ,  s p e c if ic  work p ra c t ic e s ,  personal p ro te c tiv e  equipment, m edical 
su rv e il la n c e  and exposure m onitoring , recordkeeping , and emergency p lans and 
procedures a re  recommended.
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INTRODUCTION

Coal l iq u e fa c tio n  i s  a process th a t converts coal in to  hydrocarbon 
p rodu cts . Most o f te n , th e  major products a re  condensed arom atic l iq u id s ,  
w ith  some gases and s o lid s  a lso  produced, pending on o p era tin g  cond itio ns 
and the  type of coa l and process used. L iq u efac tio n  i s  accomplished by 
breaking th e  chem ical and p h y sic a l bonds of the  coal in  the  presence of a 
hydrogen source . The four major coal l iq u e fa c tio n  p rocesses a re : (1)
p y ro ly s is , in  which the  coal i s  heated in  th e  absence of oxygen, and 
hydrogen i s  a b s tra c te d  from coal hydrogen donors; (2) so lv en t e x tra c t io n , 
which i s  performed a t  high tem peratures and p re ssu re s  in  the  presence of 
hydrogen and a so lv e n t; (3) d i r e c t  hydrogenation , in  which th e  coal s lu r ry  
i s  hydrogenated in  co n tac t w ith  a c a ta ly s t  under high p ressu re  and 
tem perature ; and (4) in d ir e c t  l iq u e fa c tio n , in  which the  coa l i s  g a s if ie d  
w ith  steam and oxygen and then c a t a ly t ic a l ly  converted to  l iq u id  p rodu cts . 
This assessm ent i s  concerned w ith  d i r e c t  l iq u e fa c tio n , i e ,  p rocesses 1-3.

In  the U nited S ta te s ,  coal l iq u e fa c tio n  technology i s  only beginning to  
develop. I t  c u r re n tly  c o n s is ts  of a sm all number of process development 
u n i ts  (PDU) fo r  e s ta b lis h in g  process f e a s i b i l i t y  and p i lo t  p la n ts .
P rocessing  c a p a c it ie s  range from le s s  than 5 tons per day (4 .5  Mg/d) fo r  
th e  PDU's up to  600 tons per day (544 Mg/d) fo r  the p i lo t  p la n ts .  These 
p i lo t  p la n ts  a re  p rim arily  a te s t in g  ground fo r  determ ining optimum 
o p era tin g  co n d itio n s  fo r  fu tu re  commercial p la n ts .  P revious p ro je c tio n s  
based on p lans fo r  development of sy n th e tic  fu e l technology show th a t  as 
many as 12 com m ercial-sized liq u e fa c tio n  p la n ts  may be o p e ra tin g  by 1995 
(assuming each produces approxim ately 50,000 b b l /d ) .  C o lle c tiv e ly , th ese  
p la n ts  a re  l ik e ly  to  employ more than 12,000 workers [1 ] , An in creased  
number of coal m iners must a lso  be considered p a r t of th e  to t a l  impact of 
coa l l iq u e fa c tio n  technology on occupational s a fe ty  and h e a l th .

In  a d d itio n  to  ev a lu a tin g  h e a lth  e f f e c t s ,  th is  summary document
recommends eng ineering  c o n tro ls ,  work p r a c t ic e s ,  pe rsona l p ro te c tiv e  
equipment and c lo th in g , m edical su rv e il la n c e , and exposure m onitoring to  
reduce the  h e a lth  r i s k s  and provide fo r  in creased  worker s a fe ty  in  coal 
l iq u e fa c tio n  p la n ts . G rea te r d e ta i l  i s  given in  th e  f u l l - l e n g th  document
[2 ]. NIOSH’s recommendations can be used fo r  planning o ccu pa tion al s a fe ty  
and h e a lth  programs and as a b a s is  fo r technology development.

In  th e  f u l l - le n g th  document on coal l iq u e fa c t io n , the  occu pa tion a l
hazards a sso c ia te d  w ith  the  d i r e c t  p rocess a re  thoroughly review ed. NIOSH
has determ ined th a t  chem icals and p h y sica l agen ts id e n t i f ie d  in  th e  process 
could p re sen t se rio u s  h e a lth  and sa fe ty  hazards to  th e  workers in  p i lo t  
p la n ts  and in  fu tu re  commercial p la n ts  u n less  p recau tio n s  a re  taken .

One se r io u s  h e a lth  hazard a sso c ia te d  w ith  co a l l iq u e fa c tio n  p rocesses 
i s  cancer [3 -5 ] . C erta in  arom atic amines and p o ly cy c lic  hydrocarbons 
measured a t  two p i lo t  p la n ts  in v e s tig a te d  by NIOSH a re  known carcinogens or 
co-carcinogens [6 ] . In  a d d it io n , coal l iq u e fa c tio n  m a te r ia ls  app lied  to
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th e  sk in  of la b o ra to ry  anim als have produced cancerous growths [7 -10 ]. 
Coal l iq u e fa c tio n  m a te r ia ls  have a lso  caused adverse rep ro d u c tiv e  e f f e c ts  
in  lab o ra to ry  anim als [1 1 ,1 2 ].

A number of o th e r chem icals found in  coal l iq u e fa c tio n  p rocesses may 
adverse ly  a f f e c t  th e  re s p ira to ry  and nervous system s, as w ell as the  b lood , 
l i v e r ,  and k idneys.

2



HEALTH EFFECTS

Because coal l iq u e fa c tio n  i s  an emerging in d u s try , th e  opp o rtu n ity  fo r  
epidem iologic in v e s tig a t io n  has been lim ite d  to  ev a lu a tio n  of worker 
m edical su rv e il la n c e  programs in  p i lo t  p la n ts .  In  1960 Sexton [13] 
suggested th a t  workers exposed to  coal l iq u e fa c tio n  m a te r ia ls  have an 
incidence of cancerous and precancerous sk in  le s io n s  g re a te r  than expected 
in  a s im ila r  pop u la tion  not o ccu p a tio n a lly  exposed to  the  same hazard . In  
s p i te  of a number of l im ita t io n s  in  th is  study (in c lu d in g  a sm all number of 
exposed w orkers, no ap p ro p ria te  comparison p o p u la tio n , and a lack  of 
in fo rm ation  concerning work h i s to r i e s ,  m edical h i s to r i e s ,  and exposure 
l e v e l s ) , the  excess incidence  of cancerous and precancerous sk in  le s io n s  
rep o rted  would s t i l l  be s u f f ic ie n t  to  cause concern. Two o th e r  re p o r ts  
[14,15] dem onstrate th a t  th e  most common m edical problems a t  p i lo t  p la n ts  
have been d e rm a ti t is ,  eye i r r i t a t i o n ,  and therm al bu rns . Although th e re  
a re  l im ita t io n s  in  th e  epidem iologic d a ta  a v a i la b le  on coal l iq u e fa c tio n , 
th e re  a re  s tro n g  im p lica tio n s  from anim al to x ic o lo g ic  and human 
epidem iologic s tu d ie s  on analogous compounds th a t  c e r ta in  agen ts in  the  
coa l l iq u e fa c tio n  process pose se rio u s  h e a lth  hazards. Such examples 
in c lude  chem ical agen ts found in  coal t a r  p roducts [16] and coke oven 
em issions [17]. T herefo re , every p o ss ib le  p recau tio n a ry  measure should be 
taken to  p ro te c t the  worker.

P rocessing  of a b ras iv e  s l u r r i e s ,  p a r t ic u la r ly  a t  high tem peratures and 
p re ssu re s , a c c e le ra te s  e ro sio n  and co rro s io n  th a t  may cause leak s in  
process equipment. Leaks in c rea se  th e  p o te n t ia l  fo r  worker sk in  co n tac t 
w ith  process m a te r ia ls ,  in h a la t io n  exposure, bu rns, and f i r e s .  In  gas 
handling system s, le ak s  in c re a se  th e  p o s s ib i l i ty  o f worker exposure to  
h igh , and p o te n t ia l ly  f a t a l ,  le v e ls  of carbon monoxide and hydrogen 
s u lf id e .  Because coal l iq u e fa c tio n  p rocesses o p e ra te  above the 
a u to ig n itio n  tem perature  of many process m a te r ia ls ,  leak s  could r e s u l t  in  
immediate f i r e s .  Furtherm ore, many process m a te r ia ls  a re  ex p lo siv e , and 
leaks may r e s u l t  in  a m ix tu re  th a t  exceeds i t s  lower exp lo siv e  l im i t .  This 
could r e s u l t  in  an exp lo sion .

The fo llow ing paragraphs d esc rib e  s p e c if ic  h e a lth  e f f e c t s .  Some 
guidance i s  given on elem ents of th e  a p p ro p ria te  p h y sic a l exam inations and 
la b o ra to ry  t e s t s .
Skin E ffe c ts

NIOSH has p rev io u sly  rep o rted  on some chem icals th a t  a re  s im ila r  to 
those  in  coal l iq u e fa c tio n  processes and th a t  a f f e c t  th e  sk in . For 
example, c reo so te  has caused k e r a t i t i s ,  and crude naphtha, c re o so te , and 
re s id u a l p itc h  have caused sk in  cancer [16]. These m a te r ia ls  can a lso  
inflam e h a ir  f o l l i c l e s  and sebaceous g lands. C reso l causes a burning 
se n sa tio n , erythema, lo c a liz e d  a n e s th e s ia , and a brown d is c o lo ra tio n  of the 
sk in  upon co n tac t [18 ]. NIOSH has a lso  described  sk in  e f f e c ts  as major
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concerns in  workers exposed to  carbon b lack  p rocess m a te r ia ls  [19 ], re f in e d  
petroleum  so lv en ts  [20 ], coke oven em issions [17 ], and phenol [21].

Skin s e n s i t iz a t io n  may occur a f t e r  sk in  c o n tac t w ith  or in h a la t io n  of 
many d i f f e r e n t  chem icals. Patch te s t in g  should be used as a d ia g n o s tic  a id  
only a f t e r  a worker has symptoms of sk in  s e n s i t i z a t io n .  P atch  t e s t s  must 
not be used as a preplacem ent o r screen ing  techn iq ue , because they  may 
cause s e n s i t iz a t io n ;  m edical h is to ry  and p h y sic a l exam ination a re  much 
sa fe r  ways of e s tim a tin g  whether a worker i s  s e n s i t iz e d .

Skin le s io n s  should be m onitored, and w r it te n  and photographic reco rd s 
of th e i r  development should be made and k ep t. I f  le s io n s  change, the  
worker should be re fe r re d  to  a d e rm a to lo g is t.
L iv e r  E f f e c t s

NIOSH has p rev io u sly  concluded th a t  exposure to  c re so l may r e s u l t  in  
damage to  the  l i v e r  and th a t  m edical su rv e il la n c e  w ith  emphasis on any 
p re e x is tin g  l i v e r  d iso rd e r should be conducted on workers exposed to  c re so l 
[18]. Because of th e  v a s t re se rv e  fu n c tio n a l c ap a c ity  of th e  l i v e r ,  acu te  
h e p a to to x ic ity  o r severe  cum ulative chronic  damage may occur be fo re  
recogn izab le  symptoms appear. These symptoms in c lu d e  nausea, vom iting, 
d ia r rh e a , weakness, genera l m ala ise , and ja u n d ic e . Numerous screen ing  
t e s t s  fo r  l i v e r  dysfu nc tion  e x is t ;  th ose  most f re q u e n tly  used a re  serum 
b i l i r u b in ,  serum g lu tam ic -o x a lo ace tic  transam inase (SGOT), serum g lu tam ic- 
pyruvic transam inase (SGPT), gamma glutam yl tra n sp e p tid a se  (GGTP), and 
i s o c i t r i c  dehydrogenase.
Kidney E f f e c t s

NIOSH has p rev io u sly  concluded th a t  exposure to  c re so l [18 ], carbon 
d is u lf id e  [22 ], coke oven em issions [17 ], and coal t a r  p roducts [16] can 
r e s u l t  in  im paired re n a l fu n c tio n . Renal fu n c tio n  impairment can be 
screened by u r in a ly s is  augmented by more s p e c if ic  t e s t s .
R e s p i ra to r y  System E f f e c t s

In h a la tio n  of chem icals in  coal l iq u e fa c tio n  p la n ts  may r e s u l t  in  
damage to  the  re s p ira to ry  system. For example, s u lfu r  d iox ide  and ammonia 
a re  r e s p ir a to ry  t r a c t  i r r i t a n t s ,  and s u b s ta n t ia l  exposures to  ammonia can 
produce chronic  b ro n c h i t is ,  l a r y n g i t i s ,  t r a c h e i t i s ,  bronchopneumonia, and 
pulmonary edema [23]. Exposure to  s u lfu r  d iox id e  can cause asphyxia and 
severe chem ical bronchopneumonia [24]. In h a la tio n  of coke oven em issions 
and coal t a r  p roducts can lead  tc  chronic  lung d is e a se , in c lu d in g  cancer 
[16 ,1 7 ]. In h a la tio n  and pulmonary d e p o s itio n  of f re e  s i l i c a  can cause 
s i l i c o s i s ,  a form of pulmonary f ib r o s i s .  I f  a worker does not have 
symptoms of r e s p ir a to ry  d i s t r e s s ,  p h y sica l exam ination alone may not d e te c t 
e a r ly  pulmonary i l l n e s s .  T herefo re , a ch es t X-ray exam ination i s  
recommended a t  th e  tim e of employment and th e r e a f te r  a t  th e  d is c re t io n  of 
the  p h y sic ian . In  a d d it io n , pulmonary fu n c tio n  t e s t s ,  i e ,  fo rced  v i t a l
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c ap ac ity  (FVC) and fo rced  e x p ira to ry  volume in  1 second (FEV 1 ), a re  a lso  
recommended sc reen in g  t e s t s .
Blood E ffe c ts

Because exposure to  benzene has been linked  w ith  leukemia [25 ], workers 
exposed to  i t  should have a complete blood count (CBC) as a screen ing  t e s t  
fo r  blood d iso rd e rs . A CBC in cludes de te rm in ation  of hemoglobin (Hb) 
c o n c en tra tio n , h em a to c rit, red blood c e l l  (RBC) count, r e t ic u lo c y te  coun t, 
w hite  blood c e l l  (WBC) count, and WBC d i f f e r e n t i a l  count.
C en tra l Nervous System E ffe c ts

C reso l [18 ], carbon d is u lf id e  [22 ], carbon monoxide [26 ], and lead  [27] 
can damage th e  c e n tra l  nervous system (CNS). I f  a worker i s  s u b s ta n t ia l ly  
exposed to  any CNS to x ic a n t, or i f  s igns or symptoms of CNS e f f e c ts  occur 
or a re  su spec ted , a complete neuro log ic  exam ination should be perform ed.
C ard iovascu lar System E ffe c ts

Carbon d is u lf id e  has been suggested to  have an e f f e c t  on the  
c a rd io v ascu la r system [22 ]. Recommended m edical su rv e il la n c e  emphasizes 
ca rd io v ascu la r e v a lu a tio n , in c lud in g  an e lec trocard iog ram  (ECG). 
D e le te rio u s  m yocardial a l te r a t io n s  such as r e s t r i c te d  coronary blood flow 
may occur in  workers w ith  ch ron ic  h e a r t d ise a se  who a re  exposed to  carbon 
monoxide [26 ].
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MEDICAL SURVEILLANCE, EXPOSURE MONITORING, AND RECORDKEEPING

M edical S u r v e i l l a n c e
M edical m o n ito r in g  i s  e s s e n t i a l  to  p r o t e c t  w orkers  i n  c o a l  l i q u e f a c t i o n  

p l a n t s  from a d v e rs e  h e a l th  e f f e c t s .  To be e f f e c t i v e ,  m ed ica l  s u r v e i l l a n c e  
shou ld  be b o th  w e l l  timed and tho rough  to  d e t e c t  ad v e rse  e f f e c t s  on worker 
h e a l t h  as  e a r ly  a s  p o s s ib l e .  Thoroughness i n  m ed ica l  s u r v e i l l a n c e  i s  
n e c e s s a ry  becau se  of th e  many chem ica l and p h y s ic a l  a g e n ts  a worker may be 
exposed to .  Worker exposure i s  n o t  p r e d i c t a b l e ;  i t  can occu r whenever any 
c lo se d  p ro ce ss  equipment a c c i d e n t a l l y  l e a k s ,  v e n t s ,  o r  r u p tu r e s .  Not a l l  
a d v e rse  e f f e c t s  o f exposure  in  c o a l  l i q u e f a c t i o n  p l a n t s  a r e  known, b u t  most 
o f  th e  m ajor o rgans ( th e  l i v e r  [1 8 ] ,  k id n ey s  [2 2 ] ,  lung s  [2 8 ] ,  h e a r t  [2 6 ] ,  
and s k in  [20 ])  may be a f f e c t e d .

M edical s u r v e i l l a n c e  should  c o n s i s t  o f  p re p la ce m en t ,  p e r i o d i c ,  and 
t e r m in a t io n  exam in a t io n s .  P rep lacem en t exam in ations  s e t  a b a s e l i n e  f o r  th e  
w o rk e r’ s g e n e ra l  h e a l th  and f o r  s p e c i f i c  t e s t s ,  eg, f u t u r e  a u d io m e tr ic  
t e s t s .  During th e s e  e x am in a tion s ,  a w o rk e r 's  p h y s ic a l  a b i l i t y  to  perform  
h i s  job  w h i le  u s in g  a r e s p i r a t o r  can be d e te rm in ed .  These exam ina tions  can 
a l s o  d e t e c t  some p r e e x i s t i n g  c o n d i t io n s  t h a t  may be ag g rav a ted  by, o r  make 
th e  worker more v u ln e r a b le  t o ,  th e  h aza rd s  o f c o a l  l i q u e f a c t i o n  p ro c e s s e s .  
I f  such a  c o n d i t io n  i s  found , th e  employer shou ld  be n o t i f i e d  and th e  
worker f u l l y  cou nse led  on th e s e  h a z a rd s .

P e r io d ic  exam ina tions  a l lo w  m o n ito r in g  of w orker h e a l t h  to  a s s e s s  
changes r e s u l t i n g  from exposure  to  m a t e r i a l s  i n  c o a l  l i q u e f a c t i o n  
p ro c e s s e s .  Workers shou ld  be encouraged to  r e p o r t  any change in  t h e i r  
h e a l t h  to  th e  m ed ica l  d ep artm en t;  s e l f - e x a m in a t io n  i s  im p o r tan t  to  h e a l th  
m o n ito r in g .  P e r io d ic  exam inations  shou ld  be perform ed a t  l e a s t  a n n u a l ly .  
P h y s ic a l  ex am in a t ion s  of w orkers p r i o r  to  t e r m in a t io n  of employment w i l l  
p ro v id e  com ple te  in fo rm a tio n  to  th e  worker and to  th e  m ed ica l  s u r v e i l l a n c e  
program.

A ll  t h r e e  ty p e s  o f exam inations  shou ld  be  com prehensive and in c lu d e  
m ed ica l  and work h i s t o r i e s ,  p h y s ic a l  e x a m in a t io n s ,  and s p e c i a l  t e s t s .  
M edical h i s t o r i e s  shou ld  fo cus  on p r e e x i s t i n g  d i s o r d e r s .  Work h i s t o r i e s  
a r e  im p o r tan t  b ecau se  p a s t  exposures  may p re d is p o s e  th e  worker to  ad v e rse  
e f f e c t s ;  f o r  example, p a s t  exposure  to  c o a l - d e r iv e d  p ro d u c ts  may have 
caused s e n s i t i z a t i o n .

P h y s ic a l  exam in a tion s  should  be thorough and some c l i n i c a l  t e s t s  may be 
u s e f u l  as g e n e ra l  s c re e n in g  m easu res .  In  th e  s c re e n in g  t e s t s ,  worker 
a ccep tan ce  o f  t e s t s  shou ld  be weighed a g a in s t  t h e  in fo rm a tio n  t h a t  t h e  t e s t  
w i l l  y i e l d .  P h y s ic ia n s  should  c o n s id e r  th e  t e s t  s e n s i t i v i t y ,  th e  
s e r io u s n e s s  o f t h e  d i s o r d e r ,  and w hether th e  d i s o r d e r  can r e s u l t  from 
exp osure  to  c o a l  l i q u e f a c t i o n  m a t e r i a l s .  They shou ld  choose t e s t s  based  on 
t h e i r  knowledge o f e x p o s u r e - e f f e c t  r e l a t i o n s h i p s ,  th e  w o rk e r 's  exposure  
c o n d i t io n s ,  and any p r e e x i s t i n g  f a c t o r s .  I f  p o s s i b l e ,  th ey  shou ld  choose
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t e s t s  w ith  sim ple sample c o l le c t io n , p ro cessin g , and a n a ly s is . The 
phy sic ian  should ensure th a t  a p p ro p ria te  followup t e s t s  and procedures a re  
c a rr ie d  out i f  t e s t  r e s u l t s  a re  abnormal.
Exposure M onitoring

I n d u s tr ia l  hygiene m onitoring  i s  used to  determ ine whether worker 
exposure to  chem ical and p h y sica l hazards i s  w ith in  the l im i ts  s e t  by OSHA 
or recommended by NIOSH or o th e r  vo lu n tary  s ta n d a rd -s e t t in g  o rg a n iz a tio n s , 
and to  in d ic a te  where c o rre c t iv e  measures a re  needed. However, no exposure 
l im i ts  have been e s ta b lish e d  fo r  many substances th a t  may contam inate the 
workplace a i r  in  coal l iq u e fa c tio n  p la n ts .  Exposure m onitoring  i s  
necessary  where exposure to  suspect cancer-causing  agen ts or o th e r  to x ic  
m a te r ia ls  m ight occur. For th ese  su b stan ces , exposure m onitoring  i s  
im portant because i t  can spo t f a i lu r e s  in  eng ineering  c o n tro ls  and work 
p ra c t ic e s ,  and produce d a ta  th a t  can be used to  develop e x p o su re -e ffec t 
r e la t io n s h ip s .  I t  i s  not p o ss ib le  now to  p re d ic t a l l  of th e  chem icals in  
coal l iq u e fa c tio n  p la n ts  th a t  may have to x ic  e f f e c t s .  In  a d d it io n , the 
p o ss ib le  in te r a c t iv e  e f f e c ts  of in d iv id u a l chem icals should be considered 
when designing  th e  m onitoring  program.

A workplace m a te r ia l survey should be conducted to  ta b u la te  workplace 
m a te r ia ls  th a t  may be re le a se d  in to  th e  atm osphere o r may contam inate the  
sk in . G uidelines fo r  sampling and a n a ly s is  may be found in  NIOSH's 
O ccupational Exposure Sampling S tra teg y  Manual [29 ], th e  NIOSH Manual of 
A n a ly tic a l Methods [30 -32], and OSHA’s I n d u s tr ia l  Hygiene F ie ld  O perations 
Manual [33 ]. A ll p rocesses and work o p e ra tio n s  using  m a te r ia ls  known to  be 
to x ic  or hazardous should be eva lua ted .

Many m a te r ia ls  in  coal l iq u e fa c tio n  p la n ts  a re  complex m ix tu res of 
hydrocarbons occu rrin g  as vapo rs, a e ro so ls , or p a r t ic u la te s .  Although i t  
i s  im p ra c tic a l to  measure each component of th e  m ix tu re , m easuring the  
cy c lo h ex an e-ex trac tab le  f r a c t io n  of t o t a l  p a r t ic u la te  samples w il l  y ie ld  
d a ta  u se fu l fo r  ev a lu a tin g  worker exposure. Chemical a n a ly s is  procedures 
developed fo r  coal t a r  p i tc h  v o la t i l e s  can be app lied  to  coal l iq u e fa c tio n  
m a te r ia ls .  However, one must no t in fe r  th a t  th e  p e rm iss ib le  exposure l im i t  
(PEL) of 0.15 mg/cu m fo r  the  benzene-so lub le  f r a c t io n  of t o t a l  p a r t ic u la te  
m atte r during th e  ca rb o n iza tio n  of c o a l, e s ta b lish e d  fo r  coke oven 
em issions, i s  sa fe  fo r  workers in  coal l iq u e fa c tio n  p la n ts .  In s te a d , 
m onitoring r e s u l t s  should be in te rp re te d  w ith  to x ic o lo g ic  d a ta  on s p e c if ic ,  
or m ix tu res of coal l iq u e fa c tio n  m a te r ia ls .

Alarms should be in s ta l l e d  to  m onitor substances' or hazards th a t  could 
im m ediately th re a te n  l i f e  and h e a l th , such as hydrogen s u l f id e ,  carbon 
monoxide, oxygen d e fic ie n c y , and p o te n t ia l  exp lo sive  hazards. NIOSH has 
pub lished  recommendations fo r  the  use of hydrogen s u lf id e  alarm s [34 ], 
which should be in s ta l l e d  in  a reas  where high co n cen tra tio n s  of hydrogen 
s u lf id e  may be re le a se d . NIOSH a lso  recommends th a t  alarm s be developed 
fo r  o th e r gases where l i f e - th r e a te n in g  exposures could occur.
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Recordkeeping
M onitoring worker h e a lth  and th e  working environment i s  e s s e n t ia l  in  an 

occu pation al h e a lth  program. Coal l iq u e fa c tio n  i s  a developing technology, 
w ith  many hazards s t i l l  unknown. Recordkeeping i s  p a r t ic u la r ly  c r i t i c a l  to  
th is  technology, where the occu pa tion a l environment i s  d i f f i c u l t  to  
c h a ra c te r iz e . S tan d a rd iza tio n  of th e  recordkeeping systems i s  recommended 
because i t  w i l l  allow  easy cross-com parison of d a ta  from s im ila r  p la n ts  and 
thereby  f a c i l i t a t e  a more comprehensive exam ination of the  hazards in  the  
in d u stry  as a whole [35 ]. T herefo re , coal l iq u e fa c tio n  p la n ts  should have 
a system th a t  reco rds a t  l e a s t  the  fo llow ing in fo rm ation .

(a) Employment H isto ry
For each worker th e re  should be a work h is to ry  d e ta i l in g  job 

c la s s i f i c a t io n s ,  p la n t lo c a tio n  codes, and time spen t on each jo b .
Compensation claim  re p o r ts  and death  c e r t i f i c a t e s  should be in c luded .

(b) M edical H isto ry
A m edical h is to ry  com prising personal h e a lth  h is to ry , m edical 

exam ination reco rd s , and rep o rted  i l ln e s s e s  and in ju r ie s  should be 
m aintained fo r  each worker.

(c) I n d u s tr ia l  Hygiene Data
Records should be kept of persona l and a rea  sampling th a t  s t a t e

m onitoring r e s u l t s ,  no te  whether personal p ro te c tiv e  equipment was used,
and id e n t ify  w orker(s) m onitored or p la n t lo c a tio n  codes fo r  a reas  where 
sampling was perform ed. E stim ates of the  frequency and e x te n t of sk in
contam ination by c o a l-d e riv ed  m a te r ia ls  should be recorded annually  fo r  
each worker.
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ENGINEERING CONTROLS

Engineering c o n tro ls  of workplace hazards can be ap p lied  to  both p i lo t  
and commercial p la n ts .  Engineering design  fo r  dem onstration  coal
l iq u e fa c tio n  p la n ts  i s  c u r re n tly  in  the  developm ental s ta g e , and i t  should 
emphasize p reven tio n  of worker exposure by ensuring p rocess containm ent, 
l im itin g  worker exposure during  m aintenance, and p rov id ing  fo r  equipment 
r e l i a b i l i t y .  The e f f e c ts  o f e ro s io n , c o rro s io n , and f a i lu r e  of s e a ls ,  
v a lv e s , and o th e r process components should be m inim ized. Design and 
q u a li ty  c o n tro l of p re ssu re  v e sse ls  should ensure r e l i a b i l i t y  of v e sse l 
in te g r i ty .  P ressu re  s a fe ty  and re le a s e  va lves must be designed according 
to  w e ll-e s ta b lish e d  eng ineering  p ra c tic e s  and lo ca ted  so th a t  o p e ra tin g  
personnel a re  not exposed to  r e le a s e s .  C ontrol rooms should be
s t r u c tu r a l ly  designed to  p ro te c t o p era tin g  personnel and should remain 
fu n c tio n a l in  an a c c id e n t. P rocess sampling equipment should be designed 
to  minimize th e  r e le a s e  of p rocess m a te r ia l .  Many of th e  eng ineering
design  c o n s id e ra tio n s  d iscu ssed  in  th i s  and th e  f u l l - le n g th  document a re  
addressed in  e x is t in g  s tan d a rd s , codes, and re g u la tio n s  [2 ] .

A form al system sa fe ty  program should be i n i t i a t e d  to  provide fo r  e a r ly  
rec o g n itio n  of sa fe ty  problem s, a n a ly s is  of d esig n , id e n t i f ic a t io n  of 
p o te n t ia l  hazards, and s p e c if ic a t io n  of s a fe ty  c o n tro ls  and p rocedures. At 
a minimum, the  sa fe ty  program should in c lu d e :

(1) Scheduled review s and an a ly ses;
(2) Review r e s p o n s ib i l i t i e s  of designated  w orkers;
(3) Required methods of an a ly ses; and
(4) Requirements fo r  docum entation and c e r t i f i c a t i o n .
Before equipment i s  removed or se rv ic e d , i t  should be is o la te d  from th e  

process stream  and flu shed  and purged where p o s s ib le . Gas purges should be 
disposed of by a f l a r e  o r some o th e r e f f e c t iv e  method. In  a reas  where 
flammable m a te r ia ls  a re  c o lle c te d , th e  flammable gas and vapor 
co n cen tra tio n  must be m aintained a t  le s s  than i t s  lower exp losive  l im i t .  
I f  workers e n te r  a re a s  where flammable o r to x ic  m a te r ia ls  c o l l e c t ,  
v e n t i la t io n  must be adequate to  m ain ta in  sa fe  c o n c en tra tio n s .

Workers who sample p rocess stream s may be exposed to  s ig n i f ic a n t  
amounts of process m a te r ia l .  During p la n t v i s i t s ,  NIOSH observed workers 
using a nozz le  to  d i r e c t  th e  m a te r ia l in to  sm all cans [14 ], a technique 
th a t  could lead  to  excessive  and unnecessary exposures. In  o th e r p la n ts ,  
NIOSH observed a s a fe r  method and recommends i t  where p ra c tic a b le :  the  use
of a c lo sed -lo op  system designed to  remove flammable or to x ic  m a te r ia l from 
th e  sampling l in e s  by f lu sh in g  and purging p r io r  to  removing th e  sampling 
bomb [14]. These f lu sh in g s  from the  sampling l in e s  should be c o lle c te d  and 
disposed of p ro p erly .

To minimize plugging of l in e s  and equipment through coking and 
s o l id i f ic a t io n  of coal s l u r r i e s ,  in s tru m en ta tio n  and c o n tro ls  should be
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provided . For example, l in e s  and equipment should be h e a t- tra c e d  to  
m ain ta in  tem peratures g re a te r  than th e  pour p o in t of th e  m a te r ia l .  
However, sometimes plugging w il l  occur re g a rd le s s  of the  p reven tiv e  
measures taken . Under th ese  c ircum stances, lo c a l v e n t i la t io n  and/or 
r e s p ir a to r s  should be provided and used to  l im i t  exposure to  hazardous 
m a te r ia ls  during  decoking or h y d ro b la s tin g . Contaminated w ater from 
hyd ro b lasting  should be c o lle c te d , t r e a te d , and recycled  o r disposed of 
p ro p erly . Where p ra c t ic a b le , equipment used to  handle f lu id s  con ta in ing  
so lid s  should be flu shed  and purged during shutdown to  minimize p o te n t ia l  
coal s lu r ry  s o l id i f i c a t io n  or s e t t l in g  of s o l id s .

Thus, proper engineering  design and c o n tro ls  must in c lude  safeguards 
s p e c if ic a l ly  designed to  p ro te c t w orkers. Good eng ineering  d esig n , when 
combined w ith  sa fe  o p e ra tin g  procedures fo r  f u l l - s c a le  coal l iq u e fa c tio n  
p la n ts , should provide in h eren t sa feguards. By removing pathways fo r 
re le a s e  of to x ic  substances to  the w orkplace, th e  need fo r  m inim izing 
exposures to  workers w i l l  be reduced, as w i l l  re l ia n c e  on personal 
p ro te c tiv e  equipment.
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SPECIFIC WORK PRACTICES

There a re  workplace s a fe ty  and h e a lth  programs in  coal l iq u e fa c tio n  
p i lo t  p la n ts  s im ila r  to  programs in  petroleum  r e f in e r ie s  and th e  chemical 
in d u s try . Most coal l iq u e fa c tio n  p i lo t  p la n ts  have w r it te n  procedures fo r  
o p e ra tio n a l s a fe ty  p ra c t ic e s ,  in c lud in g  lockout of e l e c t r i c a l  equipment, 
tagou t of v a lv e s , f i r e  and rescue b rig a d e s , sa fe  work p e rm its , v e s se l en try  
perm its , wearing of s a fe ty  g la sse s  and h a rd h a ts , and housekeeping.

Developers of occupational s a fe ty  and h e a lth  programs should use (1) 
the  genera l in d u s try  stand ards sp e c if ie d  in  the Code of F edera l R egulations 
(29 CFR P a rt 1910), (2) v o lu n ta ry  g u id e lin e s  from s im ila r  in d u s t r ie s ,  (3) 
NIOSH recommendations d esc rib in g  s p e c if ic  work p ra c tic e s  fo r  s im ila r  
m a te r ia ls  [1 6 ,1 7 ,2 0 ], (4) recommendations from equipment m anu fac tu rers, and
(5) p ro fe s s io n a l judgment and o p e ra tin g  experience .

For eng ineering  c o n tro ls , supplem ental work p ra c t ic e s ,  and personal 
p ro te c tiv e  equipment to  be e f f e c t iv e ,  employers should ensure th a t  workers 
a re  informed of the  hazards a sso c ia te d  w ith  the  m a te r ia ls  p re se n t, the  
procedures fo r  handling m a te r ia ls  and c lean ing  up s p i l l s ,  and the  use of 
personal p ro te c tiv e  equipment and emergency p rocedures. Where p o s s ib le , 
o ra l  in s tru c t io n s  should be augmented by w r itte n  and au d io v isu a l m a te r ia ls  
to  ensure th a t  workers a re  always aware of th e  most c u rre n t procedures and 
techniques fo r  ensuring th e i r  s a fe ty  and h e a l th . In  a d d it io n , worker 
comprehension of in s tru c t io n s  should be e v a lu a te d .
O perating Procedures

Procedures a re  being developed fo r  coal l iq u e fa c tio n  p i lo t  p la n ts  fo r  
each phase of o p e ra tio n , in c lu d in g  s ta r tu p ,  normal o p e ra tio n , ro u tin e  
m aintenance, normal shutdown, emergency shutdown, and shutdown fo r  extended 
p e rio d s . P ro v is io n s  should be made in  th ese  procedures fo r  sa fe ly  s to r in g  
process m a te r ia ls ,  p reven ting  s o l id i f ic a t io n  of d isso lv ed  c o a l, c lean ing  up 
s p i l l s ,  and decontam inating equipment th a t  re q u ire s  m aintenance. 
P reventing  leaks i s  a major problem during s ta r tu p  of high p re ssu re  coal 
l iq u e fa c tio n  system s; th e re fo re , systems should be g rad u a lly  p re ssu riz e d  
and checked fo r  le a k s , e sp e c ia l ly  a t  va lve  o u t le t s ,  b l in d s , and f la n g e s . 
R ecently re p a ire d , se rv ic e d , o r rep laced  equipment should be c a re fu l ly  
examined. I f  no leak s a re  found, th e  system should be slow ly brought up to  
o p e ra tin g  p re ssu re  and tem peratu re . I f  leak s occur, a p p ro p ria te  r e p a ir s  
should be made.

Equipment th a t  o p e ra tes  a t  high p re ssu re s  should be ro u tin e ly  in spected  
to  determ ine m aintenance needs. In te rv a ls  should be e s ta b lish e d  fo r 
m onitoring and rep lac in g  equipment su sc e p tib le  to  e ro sio n  and c o rro s io n . 
M onitoring requ irem ents, schedu les, and replacem ent in te rv a ls  should be 
p a r t  of a q u a li ty  assurance program.
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Confined Space Entry
NIOSH has made recommendations th a t  a re  g e n e ra lly  a p p lic a b le  to  en try  

in  confined spaces in  coal l iq u e fa c tio n  f a c i l i t i e s  [36 ]. These 
recommendations p e r ta in  to  e n try  perm its , te s t in g  work atm ospheres, 
m onitoring , m edical su rv e il la n c e , personnel t r a in in g ,  la b e lin g  and p o s tin g , 
p re p a ra tio n s  such as i s o la t io n ,  lo cko u t, ta g o u t, purg ing , and v e n t i la t io n ,  
s a fe ty  equipment and c lo th in g , rescue  equipment, and recordkeep ing . One 
coal l iq u e fa c tio n  f a c i l i t y  v i s i t e d  by NIOSH recommends an a i r  changeover 
r a te  of s ix  tim es per hour during e n try  and work in  confined spaces.
R e s t r i c t e d  Areas

Access should be c o n tro lle d  a t  coal l iq u e fa c tio n  p la n ts  to  preven t 
e n try  by persons u n fa m ilia r  w ith  the  hazards p re se n t, the  p recau tio n s 
necessary , and th e  p la n t emergency p rocedures. Access a t  one coal 
l iq u e fa c tio n  f a c i l i t y  i s  c o n tro lle d  by using  warning s ig n s , red l i g h t s ,  and 
b a r r ie r s  [37 ]. Because th is  f a c i l i t y  i s  sm all, the  use of doors as 
p h y sica l b a r r ie r s  i s  f e a s ib le  fo r  access c o n tro l .  Fences and g a te s  serve  a 
s im ila r  purpose in  la rg e r  o p e ra tio n s . Employers should keep a log of 
workers e n te rin g  r e s t r i c te d  a rea s  to  provide a reco rd  of who i s  exposed in  
high r i s k  o p e ra tio n s . A v i s i t o r s '  log would a id  in  accounting fo r  people 
a t  the  p la n t in  an acc id en t o r emergency. V is i to r s  should be informed of 
th e  hazards, necessary  p re ca u tio n s , and emergency p rocedures.
S p i l l  Decontam ination

S p il ls  of to x ic  l iq u id s  should be cleaned up a t  th e  e a r l i e s t  sa fe  
o p p o rtu n ity . Equipment should be designed to  ensure th a t  s p i l l s  and leaks 
w il l  be contained w ith  a minimum of worker exposure. Small s p i l l s  may be
contained by a so rb en t; spent so rben t should then  be disposed of in  a sa fe
manner. I f  s p i l l s  must be removed by hand, only workers who a re  in s tru c te d  
and tra in e d  in  sa fe  decontam ination and d isp o sa l procedures should
su p erv ise  and perform cleanup. Employers must supply a p p ro p ria te  personal
p ro te c tiv e  equipment and ensure th a t  workers understand how to  use i t .

D ried t a r  i s  d i f f i c u l t  to  remove from su rfa c e s . For th i s  reason , 
e a s i ly  s tr ip p a b le  co a tin g s may be used where t a r  may s p i l l .  Because such
coating s do not adhere w e ll, the  t a r  can be removed w ith  th e  c o a tin g . The
c lean  su rface  can then be rec o a te d . In  some p la n ts ,  where such co a tin g s 
a re  not used, manual sc rap ing  and ch ipp ing , commercial c le a n s e rs , or steam 
have been used [38]. These methods fu r th e r  in c rea se  th e  hazard to  cleanup 
personnel. For example, steam s t r ip p in g  may g en era te  a irb o rn e
contam inants, as w ell as in c rea se  th e  p o te n t ia l  fo r  burns. For th ese
reaso n s, steam s tr ip p in g  i s  d iscouraged . Where o rganic  so lv e n ts  a re  used 
fo r  cleanup, sp e c ia l care  i s  necessary  to  l im i t  exposure to  so lv en t vapors 
and a e ro so ls . This may in c lude  th e  use of lo c a l  v e n t i la t io n  and approved 
r e s p i r a to r s .

Hand t o o l s  and p o r t a b le  equipment may be con tam ina ted  and shou ld  be 
c lean ed  b e f o re  r e u s e .  They can be s te am -c lean ed  in  an en c lo sed  system  o r
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cleaned by vapor degreasing  and u l tr a s o n ic  a g i ta t io n .  The re s id u e  should 
be contained and disposed of p ro p e rly , and so lv e n ts  should be w e ll 
c o n tro lle d .
P ersonal Hygiene

Where eng ineering  c o n tro ls  a re  inadequate to  preven t exposure, workers 
should be extrem ely a l e r t  to  th e  p o te n t ia l  hazards o f d i r e c t  co n tac t w ith  
co a l-d eriv ed  p ro d u cts . They must e x e rc ise  good pe rso n a l hygiene by (1) 
avoiding touching th e i r  fa c e s , g e n i ta l s ,  o r r e c ta l  a re a s  w ithout f i r s t  
washing th e i r  hands; (2) washing sk in  w ith  soap and w ater a f t e r  d i r e c t  
co n tac t w ith  c o a l-d e riv ed  p roducts; and (3) washing th e i r  hands, forearm s, 
fa c e , and neck a f t e r  com pleting each o p e ra tio n  where th e re  was known or 
suspected  co n tac t w ith  co a l-d eriv ed  p rodu cts. Workers must a lso  be a l e r t
to  so res th a t  do not h e a l p ro p erly , dead sk in , and changes in  w arts and
m oles. A ll su sp ic io u s  le s io n s  should be rep o rted  im m ediately to  th e  
m edical departm ent because they may be e a r ly  s ig n s  of cancer.

To ensure good persona l hygiene in  p la n ts ,  workers must take  showers a t  
th e  end of each s h i f t .  Workers should thoroughly wash th e i r  h a ir  and 
h a i r l i n e  during showers and should c a re fu l ly  c lean  sk in  c rea ses  and
f in g e r n a i ls .  Double lo cker rooms a re  a lso  necessary  to  seg reg a te
contam inated c lo th in g  from s t r e e t  c lo th in g . Employers should p rovide an
adequate number of washrooms throughout th e  p la n t and encourage th e i r  u se . 
Washrooms should be c lo se  to  lunchrooms so workers can wash b e fo re  e a tin g . 
Employers should ensure th a t  lunchrooms remain uncontam inated to  minimize 
the lik e lih o o d  of in h a la t io n  or in g e s tio n  of c o a l-d e riv ed  p ro d u c ts . 
Employers should re q u ire  workers to  remove contam inated p ro te c tiv e  c lo th in g  
and wash befo re  e n te rin g  th e  lunchroom. Bar soap should be provided in  a l l  
p la n t showers, and la n o lin -b a se d  or eq u iv a len t w a te rle s s  hand c le an e rs
should be provided in  a l l  p la n t washrooms and in  the  lo ck e r f a c i l i t y .
Organic so lv e n ts  should not be used, because they may cause the
contam inants to  f u r th e r  p e n e tra te  the  sk in  and they a re  in h e re n tly  to x ic  in  
many cases .
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V

PERSONAL PROTECTIVE EQUIPMENT AND CLOTHING

Design of coal l iq u e fa c tio n  p la n ts  must focus on eng ineering  contro ls 
to  e f fe c t iv e ly  minimize worker exposure to  co a l-d eriv ed  p ro d u cts . In  thost 
in s ta n c es  where engineering  c o n tro ls  do not provide adequate p ro te c tio i 
(mechanical breakdown, fo r  exam ple), good work p ra c tic e s  become the  primary 
means of safeguard ing  h e a l th . I f  the  work p ra c tic e s  a re  a lso  inadequate 
and workers a re  d i r e c t ly  exposed to  co a l-d eriv ed  p ro d u c ts , i t  may be 
necessary  to  use personal p ro te c tiv e  equipment and c lo th in g .
R esp ira to ry  P ro te c tio n

Use of r e s p ir a to r s  fo r  p ro te c tio n  i s  a ccep tab le  only when eng ineering  
c o n tro ls  and standard  work p ra c tic e s  a re  im p ra c tic a l and cannot be 
improved. Because coal l iq u e fa c tio n  i s  a f le d g lin g  in d u s try , th e re  should 
be few circum stances where equipment needs to  be r e t r o f i t t e d  to  improve 
eng ineering  c o n tro l . I d e a lly , equipment should be i n i t i a l l y  designed to  
provide adequate c o n tro l . However, i f  design  i s  inadequate  and engineering  
c o n tro ls  do need to  be in s ta l le d  a f t e r  p la n ts  a re  in  o p e ra tio n , r e s p ir a to r s  
must be used u n t i l  engineering  c o n tro ls  a re  in  e f f e c t .  O ther circum stances 
during which r e s p ir a to r s  may be necessary  fo r  sh o rt pe riods include  
m aintenance, em ergencies, le a k s , s p i l l s ,  and f i r e s .

When r e s p ir a to r s  a re  used, they should reduce in h a la t io n  and in g e s tio n  
of a irb o rn e  contam inants and provide l i f e  support in  oxy gen -d efic ien t 
atm ospheres. Although r e s p ir a to r s  a re  u se fu l fo r  reducing exposure to  
hazardous m a te r ia ls ,  they have se v e ra l u n d es irab le  a sp e c ts . Problems 
a sso c ia te d  w ith  using r e s p ir a to r s  include  poor communication and h e a rin g , 
reduced f ie ld  of v is io n , increased  fa t ig u e  and reduced worker e f f ic ie n c y , 
s t r a in  on h e a r t  and lungs, sk in  i r r i t a t i o n  or d e rm a tit is  caused by 
p e r s p ira t io n  or f a c ia l  con tac t w ith  the  r e s p i r a to r ,  and d isco m fo rt. 
M edical screen ing  should be conducted to  determ ine a w orker 's  a b i l i t y  to  
wear a r e s p i r a to r .  F a c ia l f i t  i s  c ru c ia l  fo r  e f fe c t iv e  use of most 
n eg a tiv e  p re ssu re  r e s p i r a to r s ,  because i f  leak s occur, a i r  contam inants may 
be in h a led . F a c ia l h a i r ,  such as beards or long s id eb u rn s, and f a c ia l  
movements can prevent good r e s p ir a to r  f i t ;  th e re fo re , i t  i s  im portant th a t 
c a re fu l f i t  te s t in g  be conducted to  a ssu re  an adequate f i t .

T ra in ing  workers to  p roperly  use , hand le , and m ain ta in  r e s p ir a to r s  
h e lp s to  achieve maximum e ffe c tiv e n e ss  of r e s p ira to ry  p ro te c tio n . Minimum 
tra in in g  requirem ents fo r  workers and su p erv iso rs  have been e s ta b lish e d  by 
the  Department of Labor (29 CFR 1910.134). These requirem ents include  
handling the  r e s p i r a to r ,  proper f i t t i n g ,  te s t in g  fa c e p ie c e - to - fa c e  s e a l ,  
and wearing th e  r e s p i r a to r  in  uncontam inated workplaces during a long t r i a l  
p e rio d . This t r a in in g  should enable th e  worker to  determ ine whether the 
r e s p i r a to r  i s  o p era tin g  p roperly  by checking i t  fo r  c le a n l in e s s , le a k s , 
proper f i t ,  and spen t c a r tr id g e s  or f i l t e r s .  Employers should im press upon 
workers th a t  r e s p ira to ry  p ro te c tio n  i s  necessary  i f  eng ineering  c o n tro ls  
a re  not s u f f ic ie n t .
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R esp ira to r  facep ieces  need to  be m aintained re g u la r ly  to  remove 
contam ination and to  slow down th e  aging of rubber p a r ts .  Employers should 
co n su lt the  m anu fac tu rers ' recommendations on c lean ing  methods, and care  
should be taken not to  use so lv e n ts  th a t may d e te r io r a te  rubber p a r ts .
Gloves

Gloves a re  u su a lly  worn a t  coal l iq u e fa c tio n  p i lo t  p la n ts  in  cold 
w eather, when heavy equipment i s  handled, and in  a reas  where th e re  i s  hot 
p rocess equipment. Where gloves w il l  not cause a s ig n if ic a n t  sa fe ty  
hazard , they should be worn to  p ro te c t the hands from p rocess m a te r ia ls .  
Gloves made of se v e ra l types of m a te r ia ls  have been used in  coal 
l iq u e fa c tio n  p i lo t  p la n ts ,  in c lu d in g  co tto n  m ill  g loves, v in y l-c o a te d  heavy 
rubber g loves, and neoprene ru b b e r-lin e d  co tto n  g loves.

No q u a n t i ta t iv e  d a ta  on glove p e n e tra tio n  by coal l iq u e fa c tio n  
m a te r ia ls  have been re p o rte d . One should assume, however, th a t  g loves and 
o th er p ro te c tiv e  c lo th in g  do not provide complete p ro te c tio n  a g a in s t sk in  
c o n ta c t. To preven t contam ination of glove l in in g s ,  workers should wash 
th e i r  hands befo re  p u ttin g  on g loves. Because p e n e tra tio n  by to x ic  
chem icals may occur in  a r e l a t iv e ly  sh o rt tim e, gloves should be d iscarded  
fo llow ing n o tic e a b le  contam ination .
Work C lothing and Footwear

Work c lo th in g  and footw ear can reduce exposure to  c o a l-d e riv ed  
p rodu cts , e sp e c ia lly  heavy o i l s .  Work c lo th in g  should be su pp lied  by the 
employer. The c lo th in g  program a t  one coal l iq u e fa c tio n  p i lo t  p la n t 
provides each p ro cess-a rea  worker w ith  15 s e ts  of s h i r t s ,  s la c k s , T - s h i r t s ,  
underpan ts, and co tto n  socks; 3 ja c k e ts ;  and 1 rubber ra in c o a t [39 ]. In 
another f a c i l i t y ,  therm al underwear fo r  use in  cold w eather was provided 
[14 ]. Work c lo th in g , in c lud in g  workshoes and h a rd h a ts , should be changed 
a t  the end of every w o rk sh ift or as soon as p o s s ib le  when contam inated.

A ll work c lo th in g  and footw ear should be l e f t  a t  the p la n t a t  the end 
of each w o rk sh ift, and the  employer should be re sp o n s ib le  fo r  handling and 
laundering  the  garm ents. Because of th e  volume of laundry invo lved , on
s i t e  laundry f a c i l i t i e s  would be convenient. Any commercial laundering  
estab lishm en t th a t  c leans work c lo th in g  should rec e iv e  o ra l  and w r it te n  
warning of p o te n t ia l  hazards th a t  m ight r e s u l t  from handling contam inated 
c lo th in g . O perators of coa l l iq u e fa c tio n  p la n ts  should re q u ire  w r itte n
acknowledgment from laundering  estab lishm en ts th a t  proper work procedures 
have been adopted.
Hearing P ro te c tio n

In  c e r ta in  in s ta n c e s , engineering  c o n tro ls  w i l l  not be adequate, and 
ex p o su re -to -n o ise  le v e ls  exceeding th e  NIOSH-recommended l im i t  (85 dBA fo r  
an 8-hour period) may occur in  some a re a s . Under th ese  c ircum stances, 
workers should be provided w ith  p ro te c tiv e  dev ices to  preven t hearing  lo s s .
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There  a r e  two b a s i c  ty p e s  o f h e a r in g  p r o t e c t o r s  a v a i l a b l e :  ea rm uffs
t h a t  f i t  over th e  e a r  and e a rp lu g s  t h a t  a r e  i n s e r t e d  i n t o  th e  e a r .  Workers 
should  choose th e  ty p e  o f  h e a r in g  p r o t e c t o r  they  want to  w ear.  Some 
workers may f in d  e a rp lu g s  u n co m fo rtab le ,  and o th e r s  may be u n a b le  to  wear 
ea rm u ffs  w ith  t h e i r  g l a s s e s ,  h a r d h a t s ,  o r  r e s p i r a t o r s .

A h e a r in g  c o n s e rv a t io n  program should  be e s t a b l i s h e d .  As p a r t  o f  t h i s  
program, w orkers shou ld  be i n s t r u c t e d  in  th e  c a r e ,  u s e ,  and c le a n in g  o f 
h e a r in g  p r o t e c t o r s .  The program shou ld  a l s o  e v a lu a t e  th e  need f o r  
p r o t e c t i o n  a g a i n s t  n o i s e  i n  v a r io u s  a re a s  o f th e  p l a n t  and p ro v id e  th e  
w orkers w ith  a ch o ice  o f  h e a r in g  p r o t e c t o r s  s u i t a b l e  f o r  th o s e  a r e a s . 
Workers shou ld  be c a u t io n ed  n o t  to  u se  e a rp lu g s  t h a t  a r e  con tam ina ted  w ith  
c o a l  l i q u e f a c t i o n  m a t e r i a l s .
Eye and Face P r o t e c t i o n

Eye and fa c e  p r o t e c t i o n ,  such as  s a f e t y  g l a s s e s  and f a c e s h i e l d s ,  shou ld  
be p rov ided  f o r  and worn by a l l  w orkers engaged i n  a c t i v i t i e s  i n  which 
hazardous m a t e r i a l s  may c o n ta c t  t h e  eyes o r f a c e .  In  a d d i t i o n ,  f u l l - l e n g t h  
p l a s t i c  f a c e s h i e ld s  shou ld  be worn i n  a r e a s  where c o n ta c t  w i th  t a r  o r  t a r  
o i l  i s  l i k e l y ,  excep t when f u l l - f a c e p i e c e  r e s p i r a t o r s  a r e  b e in g  worn.
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EMERGENCY PLANS AND PROCEDURES

During the  design  of th e  p la n t and be fo re  o p e ra tio n , emergency p lans
and procedures fo r  f i r e s ,  ex p lo sio n s, and rescue  should be developed and
given to  a l l  a p p ro p ria te  personn el. The p lans should e s ta b l is h  th e  
o rg a n iz a tio n  and r e s p o n s ib i l i t i e s  of a f i r e  and rescue  b rig a d e , name a l l  
emergency personnel and th e i r  lo c a tio n s , s t a t e  tr a in in g  req u irem en ts, and 
g ive  g u id e lin es  fo r  developing emergency p rocedures. The g u id e lin e s  should 
fo llow  the  ru le s  pub lished  in  th e  F edera l R e g is te r , F ire  P ro te c tio n , Means 
of E gress, Hazardous M a te r ia ls , F in a l Rule (September 12, 1980).
R egulations contained  in  a manual of what now the  Department of Energy 
(DOE) Chapter 0601, Emergency Planning P reparedness and Response Program 
[40], should a lso  be used as g u id e lin e s  fo r  developing th e  emergency p lan .

Emergency personnel should a lso  be tra in e d  according to  g u id e lin es  in
29 CFR 1910, Subpart L, g iv ing  sp e c ia l a t te n t io n  to  systems handling c o a l-
derived  m a te r ia ls  and to  any a sso c ia te d  sp e c ia l p rocedures. Inform ation on 
sp e c ia l f i r e f ig h t in g  and rescue  p rocedures, p ro te c tiv e  c lo th in g  
requ irem ents, and b re a th in g  appara tu s needs should be d is t r ib u te d  fo r  a reas 
where m a te r ia ls  might be re lea se d  from th e  p rocess equipment during a f i r e  
or exp lo sio n . These procedures should be in co rp o ra ted  in to  w r it te n  
standard  o p e ra tin g  p rocedures, and copies should be g iven to  a l l  emergency 
p e rso n n e l.

P la n t emergency se rv ic e s  should be adequate to  c o n tro l such s i tu a t io n s  
u n t i l  community-provided emergency se rv ic e s  a r r iv e .  Where a community f i r e  
departm ent i s  s ta f fe d  w ith  permanent, p ro fe s s io n a lly  tra in e d  w orkers, a 
p la n t manager may re ly  more on the  emergency se rv ic e s  of th a t  departm ent. 
When community se rv ic e s  a re  r e l ie d  on fo r  emergency s i tu a t io n s ,  th e  p la n t 
emergency p lan  should in c lude  p ro v is io n s fo r  c lo se  co o rd in a tio n  w ith  th ese  
s e rv ic e s , frequen t e x e rc ise s  w ith  them, and adequate tr a in in g  in  the  
p o te n t ia l  hazards of v a rio u s  systems in  the  p la n t .

Emergency m edical p e rsonn el, such as nu rses o r th ose  w ith  f i r s t - a i d  
t r a in in g ,  should be p re sen t a t  the  p la n t a t  a l l  tim es. Immediate response 
i s  needed when a delay  in  trea tm en t would endanger l i f e .  These cases may 
involve in h a la tio n  of to x ic  gases such as hydrogen s u lf id e  o r carbon 
monoxide and asphy x ia tio n  due to  oxygen displacem ent by in e r t  gases such as 
n itro g e n .
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