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In reccnt years, an increased awareness has _--/.
, r rsen  o f  the  po lynuc lear  a ronat ic  hydrocarbon con-
:en t  o f  e ¡n iss ions  f rom sources  such as  coke ovens ,
- f ,31  ta r  heaters ,  o r  in te rna l  conbust ion  eng ines .
: ro r iever ,  the  fug i t i ve  e rn iss ions  genera ted  dur ing  the
: : -oduc t ion  o f  g raph i te  have rece ived re la t i ve ly  l i t -
:1e ,  i f  any ,  a t ten t ion .  The purpose o f  th is  in te r -
: : \ ' i s iona l  s tudy  is  to  charac ter ize  po ten t ia l  PAH-
- -on ta in ing  fug i t i ve  en iss ions  assoc ia ted  ¡ r i th  the
:n-house production of graphite from a petroleurn
: i t c h  d i s t i l l a t e .  T h e  p r o c e s s e s  u s e d  i n  t h i s  p r o d u c -
: ion  o f  g raph i te  have^been descr ibed in  p rev ious
J ¡ r b o n  C o n f e r e n c e s , ' , ' a n d  t h e  w o r k  o p e r a t i o n s  o f
:oncern  in  th is  s tudy  invo lved the  chopp ing ,  g r ind-
:ng ,  and s iev ing  o f  p i tch ,  coke,  o r  p i tch-mod i f ied
:oke  as  we l l  as  cer ta in  au toc lave  load ing  and un load-
rng  opera t ions  w i th  p i tch- in fused coke.  Emiss ions
from baking ovens also were nonitored.

In  the  f i rs t  phase o f  the  s tudy ,  o rgan ic  fug i -
: i ve  en iss ions  assoc ia ted  hr i th  spec i f i c  work  opera-
: ions  were  charac ter ized  by  a  p r io r i t i zed  sys ten  o f
: .na lys is  o f  a i - r  sample  par t i cu la tes  co l lec ted  on  a i r
: i l te r  pads  in  a  survey  examinat ion  o f  the  opera t ions .
-he  par t i cu la tes  co l lec ted  on  the  a i r  f i l te r  pads
. e r e  s p i k e d  w i t h  r a C  l a b e l e d  b e n z o ( a ) p y r e n e  ( B a p ) ,
. - r t rac ted  w i th  benzene,  and the  f luorescence spec t ra
¡ f  the  c rude ex t rac ts  were  recorded.  The ex t rac ts
.e re  p r io r i t i zed  fo r  spec i f i c  BaP ana lys is  by  a  rank-
:ng  accord ing  to  the i r  f luorescence in tens i ty  a t  a
3aP en iss ion  wave length  and the i r  par t i cu la te  we igh t .
i r io r i t i zed  ex t rac ts  were  sub jec ted  to  adsorp t ion
:oIu¡nn chronatography and f inal BaP neasurenent by
i luorescence or  gas  chronatography  (GC) .  Recover ies
¡ere  de termined by  l iqu id  sc in t i l l a t i -on  count ing .
.he  gr ind ing  o f  coke or  p i tch-coated  coke produced
:o ta l  par t i cu la te  a i r  concent ra t ions  f ¡on  <0 .2  to
i5  mg/m" ,  w i th  BaP a i r  concent ra t ions  f ro rn  0 .23  to
1 .63  ncg/n ' .  The chopp ing  o f  p i tch  y ie lded somewhat
l o w e r  e n i s s i o n s ,  w i t h  0 . 9 2  m g / n '  o f  p a r t i c u l a t e s  a n d
, i .12  ncg /n3  o f  BaP.  Th is  resu l t  nay  ar ise  f ron  the
s t icky ,  cohes ive  na ture  o f  the  raw p i tch  and a  lesser
tendency  o f  the  agg lomera ted  par t i c les  to  becone a i r -
borne .  Furnace en iss ions  appeared to  be  re la t i ve ly
low.  On a  72-hr  heat ing  cyc le ,  a  bake oven produced
-1 .06  ng /m3 to ta l  par t i cu la tes  and 0 .075 mcg/m3 BaP
Ja lcu la ted  as  72-hr  averages .  The ins tan taneous con-
cent ra t ions  a t  any  po in t  in  the  heat ing  cyc le ,  how-
ever ,  cou ld  have been h igher .

The s ing le  work  opera t ion  assoc ia ted  w i th  the
h ighes t  emiss ions  was the  re rnova l  o f  p i tch- impreg-
nated  coke b locks  f ro rn  an  au toc lave  bucket .  0n  one
occas ion  when cons iderab le  d i f f i cu l ty  was  exper i -
enced in  d is lodg ing  the  b locks ,  the  to ta l  par t i cu-
Ia te  a i r  concent ra t ion  reached 9 .31  mg/mi  and BaP
was 2 .70  mcg/m3.  The res idue f ron  the  in fus ing
pitch in the bucket probably h¡as the najor source of
BaP in  these en iss ions .  0n  a  seDara te  occas ion  when

the  au toc laved b locks  r , ¡e re  re rnoved f rom thc  buckc t
w i t h  r e l a t i v e l y  I i t t l e  d i f f i c u l t y ,  t h e  t o t a l  p a r t i c -
u l a t e  a n d  B a P  l e v e l s  w c r c  0 . 2 O  m g / m 3  a n d  0 . 1 9  m c g / m 3 ,
respec t ive ly .  These da ta  suggest  tha t  cons iderab le
v a r i a b i l i t y  i s  p o s s i b l e  i n  t h e  n e a s u r e d  e m i s s i o n s
assoc ia ted  w i th  a  g iven work  opera t ion .  I :ac to rs  con-
t r ibu t ing  to  such var iab i l i t y  wou ld  inc lude < l i f fe r -
ences  in  how the  opera t ions  were  car r . ied  ou t  as  we l l
a s  t h e  u s u a l  u n c e r t a i n t i e s  i n  r e p r o d u c i n g  a n  a i r
s a n p l e  c o l l e c t i o n .

S ince  nos t  o f  these work  opera t ions  were  can ied
out  in  a  s ing le  workroon,  thc  g rea tes t  s ing le  source
of  po ten t ia l  worker  exposure  appeared to  be  genera l -
l y  res t r i c ted  to  tha t  roon.  I lence,  in  the  second
phase o f  th is  s tudy ,  emiss ions  genera tcc l  in  tha t
roon dur ing  the  course  o f  a  typ ica l  work  sh i f t  were
charac ter ized  in  g rea ter  de ta i l  to  es t imate  an  over -
a l l  po ten t ia l  exposure  resu l t ing  f ron  the  var ious
work  opera t ions  car r ied  ou t  in  a  sh i f t .

S ta t ionary  h igh-vo lune a i r  sanp les  were  pos i -
t ioned a t  th ree  loca t ions  hr i th in  the  workroon to
nonitor emissions which might be offered to a worker
a t  t h o s e  t h r e e  s i t e s .  A i r  f i l t e r  c a s s e t r e s  w e r e
changed hourly to al low an hour-by-hour neasurement
o f  en iss ions ,  The worker  car r ied  a  b rea th ing  zone
persona l  mon i to r  to  es t ina te  ac tua l  hour ly  exposure .
The sanp les  were  ana lyzed by  the  sane pr io r i t i zed
sys ten  as  be fore .

In  re la t i ve ly  lu l l  per io< ls  o f  en iss ions  cor re -
spond ing  to  un load ing  and re load ing  o f  a  cok ing  fu r -
nace,  and the  load ing  o f  an  au toc lave  bucket ,  h igh-
vo lu rne  a i r  sanp lers  loca ted  a t  th ree  workroom pos i -
t ions  ind ica ted  hour ly  a i r  concent ra t ions  o f  to ta l
par t i cu la tes  rang ing  f rom <0.07  to  0 .6  rng / rn3 .  In
t i -ne  in te rva ls  o f  peak  ern iss ions  resu l t ing  f rom
gr ind ing  opera t ions  and c lean ing  the  f loor  and
grinding equipnent with a vacuum, total part j-culates
i n c r e a s e d  t o  a s  h i g h  a s  I . 7 3  m g / n 3  a n d  S á p  a i r  c o n -
cent ra t ions  reached 0 .72  rncg /mi  in  one loca t ion .
Comparison of the data for the three samplers shorved
the  genera t ion  and spread o f  e ¡n iss ions  across  the
roo¡n .  In  one t ine  in te rva l ,  an  a i r  sampler  across
the  roon f ron  the  s i te  o f  the  gr ind ing  ópera t ions
ind ica ted  en iss ions  equa l  in  concent ¡a t ion ,  bu t
de layed sonewhat  in  t ime,  w i th  those mon i to red  by
the  sanp ler  nex t  to  the  gr ind ing  opera t ion .  T l ' r i s
resu l t  suggests  tha t  the  bu i ld ing  a i r  cond i t ion ing
moved the  en iss ion  c loud d i rec t l y  pas t  the  second
sampler  and tha t  the  core  o f  the  en iss ions  c loud
was und in in ished in  concent ra t ion .  l lence,  d i lu t ion
of emissions may not always be assuned and workel
exposure at a location sonehrhat renoved from the
ac tua l  s i te  o f  en iss ion  genera t ion  po ten t ia l l y  rnay
be as  h igh  as  a t  the  ac tua l  genera t ion  s i te .

S ign i f i can t ly ,  the  en i -ss ions  ind ica ted  by  a
breath ing  zone persona l  non i to r  car r ied  by  a  worker
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wc. r ' c .  th re ' ( .  to  f i ve  t imcs  grea ter  in  concent ra t ion
th¿n those non i to red  by  the  s ta t ionary  h igh-vo lume
a i l  s a m p l e r s .  D r r l i n g  l u l l  p e r i o d s  o f  e n i s s i o n s ,
to t¿r I  p : r r t i cu la te  b re i r th ing  zone a i r  concent ra t ions
w e l e  . 0 . l  m g / n ' ,  b u t  d u r i n g  p e r i o d s  o f  p e a k  e m i s s i o n s
to ta l  par t i cu ln tes  inc reased to  as  muc l ' r  as  5 .6  mg/ !3 ,
and BaP a i r  c 'onccnt ra t ions  reached about  1 .3  mcg/m' .
1 'hese h igher  en iss ion  concent ra t ions  ind ica ted  by  the  /
pe lson i i l  mon i to r  must  re f lec t  a t  leas t  two fac to rs .  /
F i r s t ,  t h e  p e r s o n a l  n o n i t o r  i s  c l o s e r  t h a n  t h e  h i g h -
v o l u m e  a i r  s a n p l e r s  t o  t h e  s o u r c e  o f  e m i s s i o n s  ( í . e . ,
the  produc t ion  opera t ion  be ing  car r ied  ou t  by  the
worker ) .  Second,  the  worker  i s  cons tan t ly  mov ing
¿rnd shif t ing about, and nay corne into and out of con-
t a c t  w i t h  l o c a l i z e d ,  p o s s i b l y  s t a g n a n t  a n d  h i g h l y
concent ra ted  p lumes or  c louds  o f  en iss ions  inacces-
s ib le  to  the  s ta t ionary  h igh-vo lune samplers .

However ,  PAI Is  o ther  than BaP n igh t  be  present
in  the  par t i cu la tes  and t l ' re i r  p resence was inves t l -
ga ted  by  sub jec t ing  a  24-hr  a i r  sanp le  to  a  gas
chronatographic nult icomponent PAII analyt ical proce-
dure . '  Th i r ty  iden t i f iab le  (co-chronatography  and/
or  mass  spec t roscopy)  PAH rang ing  in  r ing  s ize  f ron
9-methy l f luorene to  1 ,12-benzopery lene were  ten ta-
t i ve ly  ident i f ied .  Four - r ing  PAI Is  were  present  in
grea tes t  concent ra t ions .  chrysene was the  nos t  abun-
dant  PAl l ,  w i th  an  a i r  concent ra t ion  o f  1 .91  ncg /m3
(24-hr  average)  and a  concent ra t ion  in  the  par t i cu-
la tes  o f  6 .45  ncg /mg.  Two C1-chrysene/benzanthracene/
t r ipheny lene ( i somer  indeterminate  by  NIS)  to ta led
2.23  ncg/mr .  A  benzof luoroanthene,  a  f i ve- r ing  PAl l ,
w a s  p r e s e n t  a t  0 . 7 9  r n c g / n 3 .  B a P  w a s  r o u g h l y  e s t i -
mated (because o f  in te r fe rences . )  a t  <0 .25  rncg /nr .
Some unass igned isoners  o f  benzof luoroanthene,  methy l -
chrysene,  and/  o r  methy lbenzanthacene possess  carc ino-
gen ic  ac t iv i t y ,  bu t  i somer  ass ignnents ,  fo r  the
spec ies  in  the  a i r  sanp le ,  have no t  ye t  been car r ied
out. The remaining PA¡-1 ranged in concentrat ions
f r o m  0 . 4  t o  0 . 0 1  m c g / n r .  T h e  t o t a l  G c - v o l a t i l e  P A i i s
were  es t imated  to  cor respond to  an  a i r  concent ra t ion
in  the  range o f  8  to  17  rncg / rn r  (24-hr  average) ,  and
to  cons t i tu te  3  to  5e ;  by  we igh t  o f  the  par t i cu la tes .

Thus, BaP made up only a small  part of the total PAII

in  túe  a i r  par t i iu la te  sample ,  a l though i t  i s  the  PAl l

o f  g rea tes t  Popu lar  in te res t .

To  assess  the  po ten t ia l  inha lab i l i t y  o f  the
workroom e¡n iss ions ,  a  par t i c le  s ize  ana lys is  was car -
r ied  ou t  on  severa l  b rea th ing  zone to ta l  par t i cu la te
sanp les .  Par t i cu la te  a i r  concent ra t ions  hrc re  found
to  range f rom 0 . I  to  2  x  10s  pa¡ t i c les / l  w i th  a  mass
median diameter of 7.5 Um, depending upon the part ic-
ular grinding operation. About 70% by weight of the
par t i -c les  were  <10 pn  in  d ianeter ;  hence a  s ign i f i -
cant port ion were within a respirable range of part j--
c le  s izes .  However ,  on ly  about  1% were  w i th in  the
0.8  to  1 .6  um d iameters  cor respond ing  to  max inum
par t i c le  depos i t ion  in  the  f ine  bronch io les  and
a l v e o l i . q

An overal l  considerati"on of the results from
this study suggests that graphite production fron
pet ro leum p i tch  can re lease h igh ly  loca l i zed  ( in  bo th
t ime and space) ,  resp i rab le ,  PAH-conta in ing  par t i cu-
late fugit ive e¡nissions. Worker protection equipnent
is in use in our workroons, and enission-containnent
dev ices  are  be ing  des igned.  S imi la r  measures  are
suggested for other laboratories producing graphite
f ron  pe t ro leun or  coa l - ta r  p i tches .
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