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I. INTRODUCTION 

The purpose of the  work performed under EPA Contract  No. 68-02- 
1403, Task No. 26, Task Change No. 1, was t o  sample f u g i t i v e  emissions a t  
two primary lead sme l t e r s  t o  o b t a i n  t h e  fol lowing information: 

1. T o t a l  p a r t i c u l a t e  mass ( f u g i t i v e )  emission r a t e ;  

2 .  T o t a l  emission r a t e  of lead and a r sen ic :  

3. Lead conten t  by p a r t i c l e - s i z e  range; 

4. Chemical spec ie s  conta in ing  the lead;  and 

5. P a r t i c l e  dens i ty .  

Fugi t ive  (nonconfined o r  ducted)  emissions comprise two types:  f u g i t i v e  - dus t s ,  which a r e  those  from open a r e a s  such a s  s to rage  p i l e s  and open 
t r a n s f e r  points--backhoe t r a n s f e r  from t ruck  t o  bins;  and p r o c e s s  fugi -  
-, which a r e  those t h a t  come from t h e  process  opera t ions  themselves 
but  a r e  not  confined o r  ducted. 

I t  was important t o  the  Environmental P r o t e c t i o n  Agency (EPA) 
t h a t  this t a s k  be performed with d ispa tch  so  t h a t  resul ts  would be  ava i l -  
ab l e  t o  EPA t h e  end of August 1976. A s  a consequence, s p e c i f i c  subtasks 
were acce le ra t ed  i n  an at tempt  t o  meet t h i s  need. 

P r i o r  t o  r e c e i p t  of the  t a sk  order ,  Midwest Research I n s t i t u t e  
(MRI) s e n t  t o  EPA on May 7 a l i s t  of r e p r e s e n t a t i v e  primary lead  smel te rs  
and b a t t e r y  plants.* EPA made the i n i t i a l  c o n t a c t s  w i t h  the  lead smelters, 
and n o t i f i e d  MRI  t h e  2nd week of June 1976, t h a t  the  two smelters t o  test  
were those  of t h e  American Smelting and Refining Company (ASARM)) located 
i n  Glover, Missouri ,  and Eas t  Helena, Montana. On June 15, MRI ,  i n  con- 
junc t ion  with EPA, conducted a pre l iminary  survey of the Glover p lan t .  On 
June 17, they made a pre l iminary  survey of t h e  Eas t  Helena p lan t .  

It would be des i rous  t o  measure s p e c i f i c  f u g i t i v e  emissions. In 
most cases  t h i s  i s  extremely d i f f i c u l t  because t h e  emissions a r e  random, 
o r  they a r e  s h o r t  i n  dura t ion ,  o r  t h e r e  i s  no good way t o  measure a i r  flow, 
o r  sampling i s o k i n e t i c a l l y  was not  poss ib l e ,  o r  ob ta in ing  t r u l y  representa-  
t i v e  samples was n o t  poss ib l e ,  o r  combinations of these va r ious  reasons.  
Consequently, f u g i t i v e  emissions from an e n t i r e  opera t ion ,  such as from 

* These were l a t e r  de l e t ed  from t h e  t a sk  o r d e r  by a task  order  change and 
two lead smel te rs  rep laced  both type processes .  

1 



the i n d i v i d u a l  processes  of a s i n t e r  bu i ld ing ,  were considered as one fugi-  
t i v e  source.  One must  a l s o  recognize t h a t  t h i s  was not  an exhaust ive t e s t  
w i t h  only l imi t ed  r e p l i c a t i o n  of sampling t o  inc rease  the s i g n i f i c a n c e  of 
resu l t s .  

The sampling loca t ions ,  j o i n t l y  agreed upon by MRI and EPA a s  a 
r e s u l t  of  their pre l iminary  surveys,  a r e  i d e n t i f i e d  i n  Figures  1 and 2. 
More s p e c i f i c  information on the sampling loca t ions ,  t h e i r  p r i o r i t y ,  and 
genera l  remarks i s  given i n  Tables 1 and 2. A cond i t ion  of Mu's t e s t i n g  
was t h a t  processing d a t a  would not  be a v a i l a b l e  t o  them. 

The sampling a t  the l o c a t i o n s  g iven  above was conducted by M R I  
personnel  during t h e  following per iods:  
i n  Glover, Missouri;  and J u l y  21 t o  30 a t  t h e  ASARCU p l a n t  i n  Eas t  Helena, 
Montana. 

Ju ly  6 t o  16 a t  the ASARCO p l a n t  

On J u l y  13, M R I  personnel  met wi th  personnel  of  t h e  American 
Building Company of Helena, Montana. The East  Helena p l a n t  was v i s i t e d ,  
and a b i d  was obtained f o r  t h e  modi f ica t ions  t h a t  were needed t o  prepare  
t h e  s i t e  f o r  sampling. This  b id  was subsequent ly  approved by EPA. The mod- 
i f i c a t i o n s  were completed on Ju ly  20. 

The s i t e  modi f ica t ions  a t  the Eas t  Helena p l a n t  were q u i t e  ex- 
t ens ive ,  cos t ing  $12,500. These modi f ica t ions  a r e  summarized below by lo- 
c a t i o n  number (Table 2):  

Locat ion Modif ica t ions  

11 

17 and 18 

19 

2 1  

23 

Sampling p la t form with s a f e t y  r a i l s  was cons t ruc ted  around 
t h r e e  s i d e s  of t h e  opening (F igure  B-3, Appendix B). An 
access  walk platform with s a f e t y  r a i l s  was cons t ruc ted  
from e x i s t i n g  roof walkway t o  sampling platform. 

A double sec t ion  70- f t  s ca f fo ld  was e rec t ed  and secured 
t o  t h e  d r o s s - k e t t l e  operationlreverbatory-furnace opera- 
t i o n  bui lding.  A sampling p la t form (Figure  B-10, Appendix 
B) was cons t ruc ted  along t h e  e n t i r e  length of  t h e  roof 
opening (which was t h e  length of t h e  bui lding) .  A c ros s -  
over  p la t form (F igure  B-9, Appendix B) was cons t ruc ted  
over  t h e  dross  ope ra t ion  and t h e  reverba tory  ope ra t ion  
so t h a t  sampling could  be done a t  t hese  po in t s .  These 
cross-over  p la t forms  spanned t h e  15-f t  roof vent  a t  t h e  
two poin ts .  Sa fe ty  r a i l s  were around a l l  p la t form areas .  

A 5 f t  x 5 f t  sampling p la t form was constructed.  This  p l a t -  
form was suspended 15 f t  above t h e  b l a s t  furnace,  charge 
input  area.  The roof opening was j u s t  above t h e  platform. 

Sca f fo ld  was e rec t ed  (F igure  B-16, Appendix B). 

An overhanging p l a t fo rm was cons t ruc ted .  
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11. SUMMARY OF TEST RESULTS 

The r e s u l t s  of f i e l d  sampling and labora tory  a n a l y s i s  of samples 
a r e  s m a r i z e d  i n  f i v e  t a b l e s  (Tables 3 through 7 which a r e  loca ted  a t  t h e  
end of t h e  t e x t  of th i s  r e p o r t ,  pages 80 t o  111) .  Each t a b l e  c o n s i s t s  of 
information from both ASARCO p l a n t s  a t  which sampling was conducted. The 
f i rs t  seven columns of  each t a b l e  c o n t a i n  t h e  sampling data .  Runs 1 through 
1 2  were performed a t  t h e  Glover, Missouri ,  p l a n t ,  and Runs 20 through 33 
were performed a t  the  Eas t  Helena, Montana, p l an t .  (There were no Runs 13 
through 19.) Footnotes on the t a b l e s  h e l p  c l a r i f y  t h e  da ta .  

Table 3 con ta ins  sampling and c l i m a t i c  da ta .  The sampling da ta  
a r e  run  number, sampling loca t ion ,  d a t e  and time of run, sampling per iod,  
sample set, sample type,  f i l t e r  number, p a r t i c l e - s i z e  ranges ( f o r  S i e r r a  
impaction samples), sampler flow r a t e ,  f u g i t i v e  source flow r a t e  and e f -  
f e c t i v e  a rea ,  and t h e  volume of a i r  sampled under both a c t u a l  and s tan-  
dard  condi t ions.  The c l i m a t i c  da t a  cover  wind v e l o c i t y ,  wind d i r e c t i o n ,  
temperature,  and barometr ic  pressure.  I n  some loca t ions ,  MRI had i t s  own 
wind v e l o c i t y  and wind d i r e c t i o n  equipment. I n  these  cases ,  M R I ' s  mea- 
surements w e r e  used, because t h e  ins t ruments  were c l o s e r  t o  t h e  s p e c i f i c  
sampling s i t e s  than  were t h e  ASARCO meteoro logica l  s t a t i o n s .  Footnote "g" 
of  Table 3 exp la ins  which d a t a  a r e  MRI's and which are ASARa's. 

The s e t  and type of  samples s p e c i f i e d  i n  Columns 6 and 7 of Ta- 
b l e  3 a r e  def ined  i n  Footnote "c" o f  the tab le .  Fur ther  d i scuss ion  i s  given 
i n  Sec t ion  VI-A.  

P a r t i c u l a t e - s i z e  ranges a r e  a func t ion  of t h e  s p e c i f i c  flow r a t e  
a t  which a sampler with the 5-s tage S i e r r a  impactor was operated and t h e  
s p e c i f i c  g r a v i t y  and phys ica l  shape of  t h e  p a r t i c u l a t e .  The ranges given 
i n  Column 9 of Table 3 a r e  based upon 50% c o l l e c t i o n  e f f i c i e n c y  f o r  spher i -  
c a l  p a r t i c l e s  of s p e c i f i c  g r a v i t y  2.5 and a r e  ad jus ted  f o r  flow ra t e .  

The a i r  flow d a t a  given i n  Column 11 of Table 3 a r e  the ve loc i -  
t i e s  of the f u g i t i v e  emission streams. 

The e f f e c t i v e  a r e a  given i n  Column 12 of  Table 3 i s  t h a t  a r ea  
through h i c h  t h e  f u g i t i v e  emissions flow. This  area i s  ad jus t ed  t o  com- 
pensa te  f o r  the p a r t i c u l a t e  d i s t r i b u t i o n  p r o f i l e s  wi th in  an area. 

The c l i m a t i c  condi t ions  comprise wind v e l o c i t y ,  wind d i r e c t i o n ,  
ambient t m p e r a t u r e ,  and barometr ic  pressure .  The temperature and baromet- 
r i c  d a t a  g iven  i n  t h e  l a s t  two columns of  Table  3 a r e  measurements from 
t h e  p l a n t s '  weather s t a t i o n s .  A l l  wind v e l o c i t y  and wind d i r e c t i o n  da ta  
(Columns 15 and 16, r e spec t ive ly ,  of Table  3 )  a r e  from MRI f i e l d  meteoro- 
l o g i c a l  s t a t i o n s  un le s s  otherwise noted i n  t h e  tab le .  
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The t o t a l  mass ( i n  grams) of  each sample i s  g iven  i n  Column 9 Of 
Table 4 .  The weights of t h r e e  elements--Pb, As ,  and Cd-- ident i f ied i n  some 
of t h e  samples a r e  a l s o  g iven  i n  Columns 10 through 12, respec t ive ly .  Den- 
s i t y  va lues  were determined f o r  only a l i m i t e d  number of samples. These den- 
s i t y  va lues  a r e  given i n  Column 13 of Table  3. 

Table 5 g ives  t h e  t o t a l  p a r t i c u l a t e  concent ra t ions  ( i n  micrograms 
pe r  cubic  meter )  of each sample f o r  both a c t u a l  condi t ions  and s tandard con- 
d i t i o n s  (77OF and 29.92 in.  Hg) i n  Columns 9 and 10, respec t ive ly .  The con- 
c e n t r a t i o n s  ( i n  micrograms p e r  cubic  meter )  under a c t u a l  and s tandard condi- 
t i o n s  of Pb, As, and Cd i n  some of t h e  samples a r e  g iven  i n  the remaining 
columns of  Table 5. Locations 4A, 5A, 6,  6N, 65, 23A, 24N, and 245 provided 
only ambient-air  background concent ra t ions .  Although a l l  concent ra t ions  a r e  
given i n  t h r e e  f i g u r e s ,  i t  must be recognized t h a t  t h e  accuracy of f u g i t i v e  
sampling sources ,  a s  t hose  of t h i s  t es t ,  i s  dependent upon numerous uncon- 
t r o l l a b l e  f a c t o r s  such a s  those  s t a t e d  i n  Paragraph 3 of this sec t ion .  

Table 6 i s  a t a b u l a t i o n  of  t o t a l  p a r t i c u l a t e  Pb, A s ,  and Cd e m i s -  
s i o n  r a t e s  i n  mil l igrams pe r  minute under  both a c t u a l  and s tandard condi- 
t ions .  Since Locations 4A,  5A, 6, 6N, 6S, 23A, 24N, and 24s provided only 
ambient-air  background concent ra t ions ,  no emission r a t e s  w e r e  c a l c u l a t e d  
f o r  these  locat ions.  A l l  emission r a t e s  a r e  given i n  t h r e e  s i g n i f i c a n t  f i g -  
ures ,  s ince  c a l c u l a t i o n s  involving c l i m a t i c  condi t ions ,  velometer measure- 
ments, and e f f e c t i v e  a reas  do n o t  permit  any g r e a t e r  accuracy. 

Some of t h e  f i e l d  samples were analyzed f o r  lead  and a r s e n i c  spe- 
cies. Some of these  samples were analyzed by e l e c t r o n  spectroscopy f o r  chem- 
i c a l  a n a l y s i s  (ESCA), and t h e  o t h e r s  were analyzed by X-ray d i f f r a c t i o n .  The 
spec ie s  i d e n t i f i e d  a r e  given i n  Columns 9 through 22  of Table 7. Those ana- 
lyzed by ESCA were samples of S e t  3 (Column 6). Those analyzed by X-ray d i f -  
f r a c t i o n  were samples of S e t  4 (Column 6). 

Information on emission r a t e s  of t o t a l  p a r t i c u l a t e ,  lead,  and 
a r sen ic ,  l ead  conten t  by p a r t i c l e - s i z e  range, chemical spec ies  and p a r t i -  
c l e  dens i ty  f o r  each p l a n t  i s  presented  next .  A comparison of t hese  r e s u l t s  
f o r  the two p l a n t s  i s  d iscussed  i n  t h e  l a s t  p a r t  of t h i s  sec t ion .  

A. ASARCO P lan t ,  Glover,  Missouri  

This  subsec t ion  smmnarizes the r e s u l t s  of t h e  sampling t e s t s  t h a t  
were performed a t  t h e  ASARCO p l a n t  l oca t ed  i n  Glover, Missouri. The follow- 
ing  types of information a r e  presented:  
r a t e ,  t o t a l  emission r a t e  of both lead and a r sen ic ,  l ead  conten t  by p a r t i c l e -  
s i z e  range, chemical spec ie s  conta in ing  t h e  lead ,  and p a r t i c l e  dens i ty .  

t o t a l  p a r t i c u l a t e  mass emission 

9 



1. Fugi t ive  emission r a t e :  t o t a l  p a r t i c u l a t e ,  lead,  and arsenic :  
The emission r a t e s  a r e  summarized i n  Table  8 f o r  t he  s i n t e r  bu i ld ing  (Sam- 
p l i n g  Locations 1-top, 1-bottom, 2-north,  and 2-south), t h e  b las t - furnace  
and d r o s s - k e t t l e  a r eas  (Sampling Locations 3, 3A, and 4) ,  and the  ore- 
s torage-bin a r e a  (Sampling Location 5). A s m a t i o n  of t h e  emission r a t e s  
of t hese  t h r e e  a reas ,  which r ep resen t s  t h e  t o t a l  f u g i t i v e  emission of par-  
t i c u l a t e  from t h e  p l a n t ,  i s  a l s o  presented .  The o t h e r  sampling locat ions--  
6-overpass, 6-north,  and 6-south a t  t h e  o r e  t r u c k - t o - r a i l c a r  t r a n s f e r  
po in t ,  and Locations 4A and SA--were n o t  included, s ince  these s i t e s  pro- 
vided only ambient-air  background concent ra t ions .  The j u s t i f i c a t i o n  f o r  
e l imina t ing  these  loca t ions  i s  given i n  Sec t ion  VI-C-6, where the  emission 
c a l c u l a t i o n s  f o r  a l oca t ion  a r e  a l s o  g iven  and discussed. 

A t  those loca t ions  f o r  which emission r a t e s  w e r e  ca l cu la t ed  (Lo- 
c a t i o n s  1-top, 1-bottom, 1, 2N, 2S, 3, 3A, 4, and 5) ,  t h e  d a t a  from some 
of the  runs made a t  t hese  loca t ions  were not  used i n  c a l c u l a t i n g  the aver- 
age emission r a t e s  of t o t a l  p a r t i c u l a t e s ,  lead,  and arsenic .  The p r i n c i p a l  
reason f o r  excluding some d a t a  i s  wind d i r e c t i o n  (blowing i n t o  the  bui ld-  
ing a t  t he  sampler l oca t ion ) ,  and, i n  t h e  cases  f o r  lead and a r sen ic ,  an 
add i t iona l  reason i s  t h a t  there  were no d a t a  ava i lab le .  Table 9 i d e n t i f i e s  
t h e  runs f o r  which t h e  concent ra t ion  va lues  were (and were no t )  used i n  de- 
termining average emission rates. Appendix N conta ins  t h e  c a l c u l a t i o n s  of 
emission r a t e s  and a l s o  g ives  the j u s t i f i c a t i o n  f o r  e l imina t ing  concentra- 
t i o n  data .  

Representat ive average emission r a t e s  i n  Table 8 a re  given i n  
kilograms p e r  hour (kg/hr) ,  kilograms p e r  day (kg/day), pounds p e r  hour 
( lb /h r ) ,  and pounds p e r  day (lb/day).  The p l a n t ' s  t o t a l  f u g i t i v e  pa r t i cu -  
l a t e  r a t e  i s  253 lb/day. The s i n t e r  bu i ld ing  and the  b las t - furnace /dross-  
k e t t l e  a rea  a r e  t h e  h ighes t  with 122 and 123 lb/day emissions of t o t a l  
p a r t i c u l a t e s ,  which accounts f o r  48.2 and 48.6%, respec t ive ly ,  of t he  
p l a n t ' s  f u g i t i v e ,  t o t a l  p a r t i c u l a t e  emissions.  The t h i r d  a rea ,  o re-s torage  
b ins ,  emit ted 8.25 lb/day t o t a l  p a r t i c u l a t e  emissions,  which i s  only 3.2% 
of the f u g i t i v e  emissions. 

Lead f u g i t i v e  emissions f o r  the s i n t e r  bu i ld ing  and the  b l a s t -  
fu rnace /d ross -ke t t l e  a r ea  a r e  42.2 and 62.8 lb/day, respec t ive ly .  These 
emissions r ep resen t  38.8 and 57.7%, r e spec t ive ly ,  of t h e  t o t a l  f u g i t i v e  
lead  emissions from the  p l an t .  

The a r s e n i c  emissions a r e  low by comparison with e i t h e r  t o t a l  
p a r t i c u l a t e  o r  l ead  emissions,  These w e r e  0.04 and 0.21 lb/day emissions 
of a r sen ic ,  r e spec t ive ly ,  from t h e  s i n t e r  bu i ld ing  and t h e  b las t - furnace /  
d ross -ke t t l e  area.  Arsenic from t h e  ore-s torage-bin a rea  was i n s i g n i f i c a n t ,  
< 0.01 lb/day. 
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The emission r a t e s  g iven  i n  Table 8 were obta ined  from a l i m i t e d  
sampling program of s h o r t  d u r a t i o n  and do n o t  r e f l e c t  a l l  ope ra t ing  and 
weather condi t ions .  Moreover, t h e r e  were assumptions made on the  p a r t i c l e  
d i s t r i b u t i o n  p r o f i l e s  a t  each f u g i t i v e  source  sampled. (See Sec t ion  V I - C  
and Appendix M.) Therefore,  the r e s u l t s  g iven  cannot be  taken a s  absolu te ,  
b u t  r a t h e r  a s  r ep resen ta t ive .  

The r a t i o  of l ead - to - to t a l  p a r t i c u l a t e  i s  g iven  i n  Table  10. The 
l e a d - t o - t o t a l  p a r t i c u l a t e  r a t i o s  of  0.508 and 0.498 are g r e a t e s t  f o r  the 
ore-s torage-bin a r e a  and t h e  b l a s t - fu rnace  a reas ,  r e spec t ive ly .  The next  
h ighes t  r a t i o ,  0.275, was f o r  t h e  s i n t e r  bu i ld ing .  The lowest r a t i o  was 
0.104, which was background* measured a t  the ore ,  t r u c k - t o - r a i l  t r a n s f e r  
po in t .  

TABLE 10 

LEAD-TO-TOTAL PARTICULATE RATIO: GLOVER, MISSOURI, PLANT 

Operat ion 

Ore- s torage-b in  a r e a  
Blas t - furnace  a rea  
S i n t e r  b u i l  i ng  
Backgrounc@ 7 

Lead/Total  P a r t i c u l a t e  

0.508 
0.498 
0.275 
0.104 

- a /  A t  o re ,  t r u c k - t o - r a i l  t r a n s f e r  po in t .  

2 .  Lead content  by p a r t i c l e - s i z e  range: The p a r t i c l e - s i z e  range 
of t o t a l  p a r t i c u l a t e  f u g i t i v e  emissions was determined f o r  four loca t ions :  
s i n t e r  bu i ld ing ,  b l a s t - fu rnace  a rea  ( tapping  opera t ions) ,  b l a s t - fu rnace  a rea  
(charge-feed opera t ions) ,  and ore-s torage-b in  area.  The S i e r r a ,  Model 230, 
HiVol cascade impactor was used f o r  t h e s e  measurements. This  5-s tage  impac- 
t o r  with a back-up f i l t e r  provides  t h e  following s i z e  ranges i n  microns a t  
50% c o l l e c t i o n  e f f i c i e n c y  for s p h e r i c a l  p a r t i c l e s  of s p e c i f i c  g r a v i t y  of 2.5, 
when the sampler i s  operated a t  a flow r a t e  of 40 scfm: 

Back-up f i l t e r  
Stage 5 
Stage 4 

< 0.31 
0.31-0 -59 
0.59-0.95 

* Background i s  t h e  p a r t i c u l a t e  concent ra t ion  i n  t h e  ambient a i r  t h a t  i s  
not  con t r ibu ted  t o  by t h e  p a r t i c u l a r  source of f u g i t i v e  emiss ion ,be-  
ing  sampled. 
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Stage 3 
Stage 2 
S tage  1 

0.95- 1.9 
1.9-4.6 

> 4.6 

The lead  con ten t  by p a r t i c l e - s i z e  ranges,  ad jus t ed  f o r  t h e  va r i a -  
t i o n  o f  t h e  flow r a t e  of the sampler, i s  given i n  t a b u l a r  form i n  Table  11 
and i n  graphic  form i n  Figure 3. There a r e  two d i f f e r e n t  means by which t h e  
lead  conten t  i s  represented  i n  Table 11 and Figure  3. One i s  the lead  por- 
t i o n  of t h e  sample i n  micrograms pe r  c u b i c  meter, and t h e  o t h e r  i s  t h e  r a t i o  
of l e a d - t o - t o t a l  p a r t i c u l a t e .  

A t  t h e  s i n t e r  bu i ld ing  the  lead concent ra t ion  (micrograms pe r  cu- 
b i c  meter)  gene ra l ly  decreases  with a n  increase  i n  t h e  aerodynamic s i z e  range 
of t h e  p a r t i c u l a t e .  For t h e  f i n e  p a r t i c u l a t e  ( C  0.38 p ) ,  t h e  lead  concentra- 
t i o n  was 826 pg/m3. This  value decreased r a p i d l y  t o  120 pg/m3 f o r  p a r t i c u l a t e  
between 0.38 and 0.71 p and 101 pg/m3 fo r  t h e  s i z e  range 0.71 t o  1.15 p. The 
lead concen t r a t ion  then f e l l  t o  a va lue  of approximately 67 Pg/m3 f o r  t h e  
s i z e s  g r e a t e r  than 1.15 P. The r a t i o  of l e a d - t o - t o t a l  p a r t i c u l a t e  remained 
cons t an t  a t  0.581 throughout a l l  ranges. These r e s u l t s  seem t o  i n d i c a t e  t h a t  
t h e  m a t e r i a l  i s  of a f ixed  chemical composition and conta ins  r e l a t i v e l y  few 
compounds. 

Walter C. McCrone Associates ,  Inc., performed a p a r t i c l e - s i z e  anal-  
y s i s  on 10 samples: two from Locat ion 1, which is t h e  no r th  end of t h e  s i n t e r  
bu i ld ing;  and t h e  o t h e r  e i g h t  were from samples taken a t  East  Helena and a re  
the re fo re  repor ted  i n  Sec t ion  11-B-2. The r e s u l t s  of t h i s  a n a l y s i s  f o r  t h e  two 
samples (Nos. 3004 and 3006) from Locat ion 1 a r e  g iven  below by e i g h t  d i f f e r -  
e n t  s i z e  d i s t r i b u t i o n  groups i n  both number percent  and c a l c u l a t e d  weight per- 
cen t .  

S i ze  Number Pe rcen t  
2 3 0 0 e /  300f& 

C 5  83.1 
5- 10 12.5 

10- 15 2.4 
15-20 1.3 
20-25 0.5 
25-30 0.1 
30-40 0.1 
40- 50 - 
50+ 

52.5 
31.7 

9.1 
4.4 
0.9 
0.8 
0.4 
0.2 

Calculated Weight 
Percent  

3 0 0 e '  300G1 

7.2 1.2 
16.9 1.3 
14.9 5.0 
22.4 9.7 
18.2 8.7 
6.7 14.1 

13.7 14.5 
- 15.5 

- a /  Sample numbers. 
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TABLE 11 

LEAD CONTENT BY PARTICLE-SIZE RANGE: GLOVER, MISSOURI. PLANT 

Concentration Particle:, 

Location 

S ize  Range- D I  (IL R/rn3) Rat io 
- T.P.-' - Lead (Lead/T.P.) (1L ) a 

Sinter  building 1,420 8 26 0.581 < 0.38 
207 120 0.580 0.38-0.71 

112 65.1 0.581 1.15-2.3 
117 68.1 0.582 
116 67.5 0.581 > 5.6 

174 10 1 0.580 0.71-1.15 

2.3-5.6 

Blast furnace 
(tapping operations) 

44.1 27.5 0.625 < 0.31 
39 16.6 0.425 0.31-0.59 
32.7 15.0 0.459 0.59-0.95 
24.7 12.5 0.506 0.95-1.9 
40.4 22.5 0.557 1.9-4.6 
75.7 45 0.594 > 4.6 

Blast furnace 1,301 89 7 0.689 < 0.33 
(charge-feed area) 79.1 42.9 0.542 0.33-0.63 

82.1 40.7 0.496 0.63-1.0 
81.2 48.3 0.595 1.0-2.03 

190 107 0.563 2.03-4.9 
338 182 0.538 > 4.9 

Ore-storage-bin 
area 

312 80 0.215 < 0.31 
36.6 7.89 0.215 0.3 1-0.59 
54.4 11.7 0.215 0.59-0.95 
45.1 9.71 0.215 0.95-1.9 
89.5 19.3 0.216 1.9 -4.6 

177 38 0.215 > 4.6 

- a/ 
- b/ 

T.P. = t o t a l  part iculate .  
Aerodynamic p a r t i c l e  s i z e  (S ierra  5-stage impactor was used i n  H i V o l  

samp le s ) . 
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The b la s t - fu rnace  tapping ope ra t ions  a rea  gave more v a r i a b l e  re- 
s u l t s .  The concent ra t ion  was r e l a t i v e l y  high (27.5 pg/m3) f o r  t h e  f i n e  par- 
t i c u l a t e  (< 0.49 *), decreasing t o  12.5 pg/m3 i n  the s i z e  range of 0.95 t o  
1.9 p ,  and then increas ing  t o  45 pg/m3 f o r  s i z e s  3 1.9 p.  The r a t i o  of lead- 
t o - t o t a l  p a r t i c u l a t e  was v a r i a b l e  a l so .  It was g r e a t e s t  a t  0.625 f o r  par-  
t i c u l a t e  < 0.31 p,  dipped t o  a low of  0.425 f o r  the  s i z e  range 0.31 t o  0.59 
p,  and then  increased  t o  0.594 f o r  p a r t i c u l a t e  s i z e  3 0.59 !A. These r e s u l t s  
suggest the  presence of a v a r i e t y  of molten lead  compounds. 

The charge-feed a rea  of t h e  b l a s t - fu rnace  opera t ions  gave r e s u l t s  
l i k e  the s i n t e r  bu i ld ing  operat ions.  However, i n  t h i s  case ,  the r a t i o  curve 
i s  not  l i n e a r  a t  the lower s i z e  ranges. 

The lead  concent ra t ion  i n  micrograms pe r  cubic  meter  f o r  the ore- 
s torage-bin a rea  i s  very  nea r ly  the  same a s  t h a t  f o r  t h e  b l a s t - fu rnace  
tapping opera t ions  area.  However, t h e  r a t i o  curve i s  cons t an t  a t  0.215. 
The r e su l t s  i n d i c a t e  t h a t  the  m a t e r i a l  i s  of f ixed  composition. 

3. Chemical spec ies :  The r e s u l t s  of  t h e  chemical spec ie s  analy- 
s is  a r e  given i n  Table 7. These r e s u l t s  a r e  summarized i n  Table 1 2  and show, 
by ope ra t iona l  a r e a  a t  t h e  p l a n t ,  lead and a r s e n i c  spec ie s  a s  w e l l  a s  o t h e r  
species .  These r e su l t s  a r e  from t h e  a n a l y s i s  of only a p o r t i o n  of t h e  sam- 
p les .  

4. P a r t i c l e  dens i ty :  The p a r t i c l e  dens i ty  r e s u l t s  a r e  g iven  i n  
Table 4 by sampling loca t ion .  These r e s u l t s  a r e  summarized i n  Table 13  by 
ope ra t iona l  areas .  The r e s u l t s  a r e  from one sample only i n  each case ,  ex- 
cep t  f o r  t h e  s i n t e r  bu i ld ing  area.  The p a r t i c u l a t e s  from t h e  ore-s torage-  
b i n  a rea  had t h e  h ighes t  dens i ty  of 3.67 g/cm3. The next  h ighes t  was t h e  
b las t - furnace ,  charge-feed a rea  with 3.25 g/cm3. The s i n t e r  bu i ld ing  was 
2.76 g/cm3, which i s  an average of fou r  va lues  t h a t  ranged from 2.54 t o  
3.3 g/cm3. The p a r t i c u l a t e  from t h e  b l a s t - fu rnace  a rea  ( tapping ope ra t ions )  
had a va lue  of 2.04 g/cm3. The background was 1.2 g/cm . 3 

B. ASARCO P l a n t ,  Eas t  Helena, Montana 

This  subsec t ion  summarizes t h e  r e s u l t s  of t h e  sampling tests t h a t  
were performed a t  t h e  ASARCO p l a n t  l oca t ed  i n  East  Helena, Montana. The fo l -  
lowing types of information a r e  presented :  t o t a l  p a r t i c u l a t e  mass emission 
r a t e ,  t o t a l  emission r a t e  of both lead and a r sen ic ,  l ead  conten t  by p a r t i c l e -  
s i z e  range, chemical spec ie s  conta in ing  lead,  and p a r t i c l e  dens i ty .  
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TABLE 13 

PARTICLE DENSITY: GLOVER. MISSOURI, PLANT 

Density 
Opera t iona l  Area ( g I cm3 1 

O r e -  s torage-b in  a rea  3.67 
B l a s t  furnace 3.25 

S i n t e r  bu i ld ing  2.76 (avg .F  
B las t  furnace  2.04 

(charge-feed a r e a )  
a1 

( tapping a r e a )  
Background 1.2 

- a /  The range from t h e  f o u r  samples whose 
average i s  2.76 g/cm3 i s  2.54 t o  
3.3 gIcm3. 

1. Fugi t ive  emission r a t e :  t o t a l  p a r t i c u l a t e ,  lead,  and arsenic :  
The emission r a t e s  a r e  sunrmarized i n  Table  14 f o r  t h e  s i n t e r  bu i ld ing  (Sam- 
p l ing  Locations 11 through 16), t h e  d ross / r eve rbe ra to ry  bui ld ing  (Sampling 
Locations 17  and 18), b l a s t  furnace (Sampling Locations 19 and ZO), zinc- 
fuming f a c i l i t y  (Sampling Locat ions 2 1  and 22) and z inc  furnace (Sampling 
Location 23) ,  a s  w e l l  a s  t h e  summation o f  these  a reas  which r ep resen t  the  
t o t a l  f u g i t i v e  emissions of p a r t i c u l a t e  from t h e  p l an t .  The o t h e r  Sampling 
Locations 23A (ground level i n  the v i c i n i t y  of  t h e  z inc  furnace)  and 24N 
and 24s ( o r e  loading)  were not  included since they provided only background 
p a r t i c u l a t e  concent ra t ions .  The j u s t i f i c a t i o n  f o r  e l imina t ing  these  loca- 
t i o n s  is given i n  Sec t ion  VI-C-6, where t h e  emission c a l c u l a t i o n s  (Appendix 
N) f o r  a l o c a t i o n  a r e  a l s o  recorded and discussed.  

A t  those l o c a t i o n s  f o r  which emission r a t e s  were c a l c u l a t e d  (Lo- 
c a t i o n s  ll t o  23), t h e  d a t a  from some of t h e  runs made a t  these  loca t ions  
were not  used i n  c a l c u l a t i n g  the  average emission r a t e s  of t o t a l  p a r t i c u -  
l a t e s ,  lead,  and arsenic .  Table 15 i d e n t i f i e s  t h e  runs f o r  which run da ta  
were not  used i n  c a l c u l a t i n g  average lead  and a r sen ic  emission r a t e s .  The 
reason f o r  n o t  inc luding  t h e  runs i s  t h a t  t h e r e  were no concent ra t ion  va l -  
ues ava i l ab le .  Appendix N con ta ins  t h e  c a l c u l a t i o n s  of emission r a t e s .  

Representat ive average emission r a t e s  i n  Table 14 a r e  given i n  
kilograms per  hour,  kilograms per  day, pounds per  hour,  and pounds p e r  day. 
The p l a n t ' s  t o t a l  f u g i t i v e  emission r a t e  is  447 lb/day.  The dross / reverber -  
a t o r y  bui ld ing  had t h e  h ighes t  t o t a l  p a r t i c u l a t e  emission r a t e  of 300 l b /  
day o r  67.1% f o r  t h e  p l an t  t o t a l .  The s i n t e r  bu i ld ing  is next  wi th  64.8 
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TABLE 15 

RUNS AT EAST HELENA, MONTANA, PLANT FDR WHICH CONCENTRATION DATA 
WERE USED TO DETERMINE AVERAGE EMISSION RATES 

Runs 
Used Not Used 

As - Pb - T.P. - As - Pb T.P. Location - 
11 
12 
13 
14 
14A 
15 
16 
17 
18 
19 
20 
21 
22 
23 
23A 
24N 
24s 

20-22 
20-22 
20-22 
20,2 151 

22"/ 
20-22 
20-22 
27-33 
27-33 
28,29,30-33 
28,29,30-33 
23,25 
23,25 
23-27 
None- b l  
None51 

C I  None- 

20 
20,22 
20,22 

20 
22 

20,22 
20,22 
27,30,32,33 
27,32,33 
2 9,30,32,33 
29,30,32 

25 
25 

24,25,27 
None- b l  
None51 
None- c l  

20 - 
20.22 - 
20,22 - 

20 - a l  
22 - a l  

20,22 - 
20,22 - 

27,32,33 - 
29,30,32,33 - 
29,30,32 - 

25 - 
25 - 

24,25 27 - 
None- b l  - b l  

27,30,32,33 - 

None=/ - C I  
None- C I  - C I  

21,22 
21 
21 
21 

21 
21 

28,29,31 
28-31 

28 
28,33 

23 
23 

23,26 

- 

a/ 
- c /  
- C I  

21,22 
21 
21 
21 

21 
21 

28-31 
28 
28,33 
23 
23 
23,26 

- 

- 

a/ 
- c /  
- C I  

- a /  - b/ 

- c /  

There were only two runs f o r  Location 14 and one run  f o r  Location 14A. 
This  was a background sampler and thus  only concent ra t ion  i s  appl icable .  

These concent ra t ion  va lues  ranged from 1,230 t o  3,890 kg/m3. 
Because of t h e  wind d i r e c t i o n ,  t h e  concen t r a t ions  measured provide only 

p a r t i c u l a t e  background data .  The background concent ra t ions  ranged be- 
tween 2,380 and 4,870 lbg/m3 a t  t hese  loca t ions .  
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Ib/day or  14.5%. The b l a s t - fu rnace  and z inc- furnace  operat ions were essen- 
t i a l l y  t h e  same a t  34.9 and 33.6 lb/day,  r e s p e c t i v e l y ,  which were 7 .8  and 
7.5% of the  p l an t  t o t a l ,  r e spec t ive ly .  The zinc-fuming opera t ion  was 
l e a s t ,  wi th  14.0 lb/day o r  3.1% of  t h e  p l a n t  t o t a l .  

The l ead  f u g i t i v e  emission r a t e s  followed t h e  same genera l  pa t -  
t e rn ,  with t h e  d ross / r eve rbe ra to ry  o p e r a t i o n  having the h ighes t  lead emis- 
s i o n  r a t e ,  66.7 lb/day,  o r  82% of the p l a n t  t o t a l  of 81.4 lb/day. The s in-  
t e r  bu i ld ing  was nex t  wi th  6.25 lb/day o r  7.7% of t h e  p l a n t  t o t a l .  The 
b l a s t  furnace and z inc  furnace were about t h e  same w i t h  3.78 and 3.21 l b /  
day, r e spec t ive ly ,  o r  4.6 and 3.977, r e spec t ive ly .  The zinc-fuming opera- 
t i o n  i s  lowest with 1.49 lb/day o r  1.8% of t h e  p l a n t  t o t a l  f u g i t i v e  lead  
emission r a t e .  

The a r s e n i c  f u g i t i v e  emission r a t e s  were gene ra l ly  low. The high- 
est  was 30.3 lb/day from t h e  d ross / r eve rbe ra to ry  opera t ion ,  o r  96.2% of t h e  
p l a n t  t o t a l  of 31.5 lb/day. The b l a s t  furnace  and s i n t e r  bu i ld ing  opera t ions  
were next  h ighes t  with 0.55 and 0.51 lb/day,  r e spec t ive ly ,  o r  1.7 and 1.6% 
of t h e  p l a n t  t o t a l ,  r e spec t ive ly .  The z inc  furnace and z inc  fuming opera- 
t i o n s  were l e a s t  wi th  0.11 and 0.06 lb/day,  r e spec t ive ly ,  o r  0.3 and 0.2% of 
t h e  p l a n t  t o t a l ,  r e spec t ive ly .  

The emission r a t e s  g iven  i n  Table  14 w e r e  obtained from a l i m i t e d  
sampling of s h o r t  du ra t ion ,  and do not  r e f l e c t  a l l  opera t ing  and weather 
condi t ions.  Moreover, t h e r e  w e r e  assumptions made on the  p a r t i c l e  d i s t r i -  
bu t ion  p r o f i l e s  a t  each f u g i t i v e  source sampled. (See Sec t ion  VI-C and 4- 
pendix M.) Therefore ,  t h e  r e s u l t s  given cannot  be taken as  absolu te ,  b u t  
r a t h e r  a r e  r ep resen ta t ive .  

The r a t i o  of l ead - to - to t a l  p a r t i c u l a t e  i s  given i n  Table 16. Both 
t h e  h ighes t  and lowest va lues  were of ambient-air  background. The h ighes t ,  
a va lue  of 0.217, was a t  t h e  incoming o r e  loading area;  and t h e  lowest,  a 
va lue  of  0.019, was near  t h e  zinc-furnace bui ld ing .  The second h ighes t  r a t i o  
i s  0.222, which was from t h e  d ross / r eve rbe ra to ry  operat ions.  The o t h e r  four  
opera t ions ,  z inc  furnace,  s i n t e r  bu i ld ing ,  z inc  fuming, and b l a s t  furnace,  
w e r e  a l l  nea r ly  t h e  same, with r a t i o s  of 0.095, 0.096, 0.108, and 0.108. 

2. Lead conten t  by p a r t i c l e - s i z e  range: The p a r t i c l e - s i z e  range 
of t o t a l  f u g i t i v e  emissions was determined f o r  t h e  b l a s t - fu rnace  operat ions.  
The S i e r r a  Model 230 HiVol cascade impactor was used f o r  these  measurements. 
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TABLE 16  

LEAD-TO-TOTAL PARTICULATE RATIO: EAST HELENA, MONTANA. PLANT 

Operat ional  Area Lead/Total . P a r t i c u l a t e  

Background 
Ore loading 
Zinc furnace a rea  

Dross / reverbera tory  
bu i ld ing  

Zinc furnace 
S i n t e r  bu i ld ing  
Zinc fuming f a c i l i t y  
B l a s t  furnace 

0.217 
0.019 
0,222 

0.095 
0.096 
0.108 
0.108 

This  5-s tage impactor with a back-up f i l t e r  provides  the following s i z e  range 
i n  microns a t  50% c o l l e c t i o n  e f f i c i e n c y  f o r  sphe r i ca l  p a r t i c l e s  of  s p e c i f i c  
g r a v i t y  2.5, when t h e  sampler i s  operated a t  a flow r a t e  of 40 scfm: 

The 

Back-up f i l t e r  
Stage 5 
Stage 4 
Stage 3 
Stage 2 
Stage 1 

con ten t  by p a r t  ?- s ,e ranges 

< 0.31 
0.31-0.59 
0 59-0.95 
0.95- 1.9 
1.9-4.6 

5 4.6 

a iven  both i n  tabu .r form and 
I 

graphic  form i n  Figure 4. There a r e  two d i f f e r e n t  ways i n  which t h e  lead  
content  is represented  i n  Figure 4. One i s  t h e  lead  p o r t i o n  of  t h e  sample 
i n  micrograms p e r  cubic  meter and the o t h e r  i s  t h e  r a t i o  o f  l ead - to - to t a l  
p a r t i c u l a t e .  

The lead  concent ra t ion ,  a s  measured a t  t h e  b l a s t - fu rnace  roof open- 
ing  (Location 19) ,  v a r i e d  from 30.8 pg/m3 f o r  t h e  f i n e r  p a r t i c u l a t e  (< 0.31) 
t o  9.03 pg/m3 f o r  p a r t i c u l a t e s  between 1.9 and 4.6 P. The r a t i o  of lead-to- 
t o t a l  p a r t i c u l a t e  over  t h e  p a r t i c l e - s i z e  ranges va r i ed  from 0.038 t o  0.149. 

Walter C. McCrone Associates ,  Inc., performed a p a r t i c l e  s i z e  anal-  
ysis on 10 samples, e i g h t  of which (Samples Nos. 3042, 3047, 3052, 3062, 
3067, 3077, 3082, and 3087) were from s m p l i n g  a t  East  Helena, Montana. The 
r e s u l t s  of t h i s  a n a l y s i s  a r e  g iven  below i n  n ine  d i f f e r e n t  s i z e  d i s t r i b u t i o n  
groups i n  both number and c a l c u l a t e d  weight percent .  
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.v 3 
Concentration i n  p g / m  

Ratio Particle Size Range 
Total Particulate Lead Lead/T. P. i n  Microns - 

652.0 30.8 0.047 <0.31 
375.0 14.3 0.038 0.31 - 0.59 
242.0 18.9 0.078 0.59 - 0.95 
132.0 12.1 0.092 0.95 - 1.9 
102.0 9.03 0.088 1 . 9 - 4 . 6  
71.1 10.6 0.149 >4.6 

Measured at Blast Furnace Roof Opening: Location 19 L/ 

401 1.0 

0.9 

0.8 

0.7 

0.6 2 
j 0 . 5  ’ 

0.4 

0.3 

0.2 

0.1 

0 

MICRONS 

3 Figure 4 - Lead Content by P a r t i c l e  Size Showing Lead Concentrat ion i n  Pg/m 
and Lead-to-Total P a r t i c u l a t e  Ratio:  East Helena, Montana, P l a n t  
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Size  
It4L 

< 5  
5- 10 

10- 15 
15-20 
20-25 
25-30 
30-40 
40-50 
50+ 

Size  
15 
< 5  

5- 10 
10- 15 
15-20 
20-25 
25- 30 
30-40 
40-50 
50+ 

P a r t i c l e - S i z e  D i s t r i b u t i o n  i n  Number Percent  

S i n t e r  Bui lding 
3047 3042 

63.1 72.5 
29.0 21.4 
5.0 4.0 
1.9 1.5 
0.5 0.3 
0.4 0.2 
0.1 0.1 

- - 

- - 
- - 

Dross K e t t l e s  
3062 3082 

72.3 65.3 
22.7 23.2 

3.7 6.2 
1.1 3.2 
0.1 1.1 
0.1 0.5 - 0.4 
- 0.1 

- - 
Reverberatory 

Furnace 
3077 3067 

57.2 72.2 
30.2 20.2 

7.8 4.7 
2.9 1.7 
0.8 0.6 
0.7 0.4 
0.4 0.2 

- - 
B l a s t  

Furnace 
3087 

68.7 
20.0 
5.4 
3.3 
1.2 
0.6 
0.5 
0.2 
0.1 

P a r t i c l e - S i z e  D i s t r i b u t i o n  i n  Calcu la ted  Weight Percent  

S i n t e r  Bui lding 
3047 3042 

3.3 5.1 
23.4 23.4 
18.7 20.1 
19.5 20.8 
10.9 8.8 
16.0 10.7 

8.2 11.1 

- - 

- - 
- - 

Dross Kettles 
3062 3082 

7.0 2.0 
34.5 10.9 
25.9 13.4 
21.1 19.0 
4.1 13.9 
7.4 11.6 
- 19.1 - 10.1 

- - 

- - 

Reverberatory 
Furnace 

3077 3067 

1.8 3.7 
14.9 16.3 
17.8 17.5 
18.0 17.4 
10.6 13.0 
17.0 15.8 
19.9 16.3 

- - 

- - 

Blas t  
Furnace 

3087 

1.5 
7.0 
8.8 

14.6 
11.3 
10.3 
17.7 
15.1 
13.7 

Zinc 
Furnace 

3052 

72.7 

5.8 
2.2 
0.6 
0.2 
0.2 
0.1 

18.2 

- 

Zinc 
Furnace 

3052 

3.2 
12.5 

19.2 
11.1 
6.8 

14.0 
14.8 

18.4 

- 

3. Chemical spec ies :  The r e s u l t s  of the chemical spec ie s  analy- 
sis  a r e  g iven  i n  Table  7. These r e s u l t s  a r e  summarized i n  Table  17  and a r e  
shown by ope ra t iona l  a rea  a t  t h e  p l a n t ,  l e a d  and a r s e n i c  spec ie s  a s  w e l l  a s  
o ther  species .  These r e s u l t s  a r e  from t h e  a n a l y s i s  of only a p o r t i o n  of the 
samples. Since we d i d  not  sample i n  t h e  v i c i n i t y  of where t h e  lead  ingo t s  
a r e  poured, and the sources  we  d i d  sample were ho th igh tempera tu res ,  i t  is 
very l i k e l y  t h a t  a n a l y s i s  of samples would not  show m e t a l l i c  lead ,  such as 
t h e  da t a  i n  Appendix K. 

4. P a r t i c l e  dens i ty :  The p a r t i c l e  d e n s i t y  r e s u l t s  a r e  given i n  
Table 4 by sampling loca t ion .  These r e s u l t s  a r e  surmnarized i n  Table 18 by 
ope ra t iona l  areas .  
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TABLE 18 

PARTICLE DENSITY: EAST HELENA. MDNTANA, PLANT 

Operat ional  Area 

Dross-ke t t les  
Reverberatory- furnace 
Blast-  furnace 
S in t e r -  bu i  lding 
Zinc- furnace 
Background 

Densi ty  
(n/m31 

2 . d  

3.27 
2.62 

1.72k1 
1.54 
1.08 

- a /  

- b l  

An average of two sample densit ies--1.92 

An average of t h r e e  sample dens i t i e s - -  
and 2.40 g/cm3. 

2.18, 1.53, and 1.46 glcm3. 

The r e s u l t s  g iven  a r e  from one sample only i n  each case,  except f o r  t h e  
dross  k e t t l e s  where t h e r e  were two samples and t h e  s inter  bui ld ing  where 
the re  were three samples. The p a r t i c u l a t e s  from the d ross  kett les had the 
h ighes t  ' dens i ty  of 3.27 g/cm3. The r eve rbe ra to ry  furnace w a s  next  h i g h e s t  
with 2.62 gIcm3. The b l a s t - fu rnace  p a r t i c u l a t e  had an average dens i ty  of 
2.16 g/cm3, which was t h e  average of 1.92 and 2.40 g/cm3. The s i n t e r  
bu i ld ing  p a r t i c u l a t e  d e n s i t y  of 1.72 g/cm3 i s  the average from three sam- 
ples .  The zinc-furnace p a r t i c u l a t e  had a d e n s i t y  of 1.54 g/cm3. The back- 
ground p a r t i c u l a t e  sampled from t h e  zinc-furnace bu i ld ing  a t  ground l e v e l  
had a dens i ty  of 1.08 g/cm3. 

C. Comparison of  Resul t s  Between P l a n t s  

This s e c t i o n  summarizes r e s u l t s  f rom each of the p l a n t s  f o r  gen- 
e r a l  comparison purposes. The emission r a t e s  i n  pounds pe r  day f o r  t o t a l  
p a r t i c u l a t e ,  lead,  and a r sen ic ,  t h e  l e a d - t o - t o t a l  p a r t i c u l a t e  r a t i o ,  and 
t h e  p a r t i c l e  dens i ty  a r e  summarized i n  Table  19. Lead con ten t  by p a r t i c l e -  
s i z e  range i s  s m a r i z e d  i n  Figure 5. The comparison of spec ie s  i n  t o t a l  
p a r t i c u l a t e  i s  given i n  Table  20. 

There a r e  on ly  two ope ra t ions  c m o n  t o  both p l a n t s  where, on t h e  
average, the emission r a t e s ,  the l ead - to - to t a l  p a r t i c u l a t e  r a t i o ,  and den- 
s i t y  might be compared d i r e c t l y .  The s i n t e r  bu i ld ing  a t  the Glover, Missouri ,  
p l a n t  has  a t o t a l  p a r t i c u l a t e  emission r a t e  of 122 lb/day compared t o  64.8 
f o r  t h e  East Helena, Montana, p l an t .  

27 



?i 

4 
N 

0 
. I ,  

'9 
N 1 1  
v) 

v) 

0 
? 

0, 

3 
? 

3 

28 

3 
3 

0 

3 

? 
0 
V 

..4 
N 

0 

v) 

m 
CI 

m 

- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

al 

J 
al 
N 
4 
v) 

I 
0)  
4 
0 
4 
&I 
Y m 
PI 
h 

U 

n 

5 
LI c 
0 
U 

0 m 
3 
LI c m 
h 
m 
e 
al 

4 

NI NOllWlN33N03 

29 

2 
LI 
v) m 
W 
“4 

2 m 
LI 
e m 
h 
Y 
al 

4 

4 
W 
W 
0 

0 
v) 
.d 
&I m a 
0 
U 

e 

e 

I 

L r l  

al 
Y 
1 
M 

h 
4 



- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

x x  

x x x x x x x  
x 

0 Y 

4 Y 
u 
P 
m 
> Y 
!4 

x r x  

x x  

m 
c 
e 
-4 

x x 

x x x x x x x 

x x x x x x 

x x 

x 

x 

x 

x 

x 

x 

x x x x 

x 

x 

x 

x 

x x x 

x x  

x 

x 

x 

x 

X 

x 

x 

x 

N 
0 P P E  e 

N 

In 
N 0 N P 

n4 

30 



I 
I 
I 
I 

isr 

This  d i f f e r e n c e  i s  57.2 lb/day more o r  88%. The b l a s t  furnace comparison i s  
123 lb/day a t  the Glover p l a n t  and 34.9 lb/day a t  t h e  Eas t  Helena p lan t .  
This  d i f f e r e n c e  i s  88.1 lb/day or 252%. Comparing each p l a n t ' s  t o t a l  par-  
t i c u l a t e  emission r a t e ,  t h e  Glover p l a n t  has  253 lb/day,  compared t o  447 
lb/day f o r  the East  Helena p l an t .  This d i f f e r e n c e  i s  194 lb/day o r  the East  
Helena p l a n t  has  a 76.7% g r e a t e r  emission r a t e .  

The l ead  emission r a t e s  f o r  t h e  s i n t e r  bu i ld ings  a r e  42.2 and 6.25 
lb/day, r e spec t ive ly ,  f o r  t h e  Glover and East  Helena p lan ts .  The Glover p l a n t  
has  35.95 lb/day o r  575% g r e a t e r  emission r a t e  than t h e  East  Helena p l an t .  
The b l a s t  furnace  a t  the  Glover p l a n t  has  a 62.8 lb/day emission r a t e  com- 
pared t o  3.78 lb/day f o r  the East  Helena p l an t .  This i s  a 59 lb/day d i f f e r -  
ence, o r  t h e  Glover p l a n t  has  a 1,500% g r e a t e r  emission r a t e  of lead. The 
p l a n t ' s  t o t a l  l ead  emission r a t e s  a r e  c lose r .  The Glover p l a n t  i s  109 l b /  
day compared t o  81.4 lb/day f o r  the East Helena p lan t .  This  i s  a 27.6 l b /  
day d i f f e rence ,  or t h e  Glover p l a n t  has  a 33.9% g r e a t e r  emission r a t e .  

The a r s e n i c  emissions of t h e  Glover p l a n t  a r e  q u i t e  low--0.25 l b /  
day--in comparison with t h e  East  Helena p l a n t ,  which has  31.5 lb/day. The 
major con t r ibu t ing  opera t ions  a t  the Eas t  Helena p l a n t  a r e  t h e  d ross  ke t -  
t les and reverbera tory  furnace,  which combined g ive  30.3 lb/day,  o r  they 
c o n t r i b u t e  96.1% of t h e  p l a n t ' s  t o t a l  a r s e n i c  emissions. 

Figure 5 g i v e s  both a t a b u l a r  and graphic  p r e s e n t a t i o n  of compara- 
t i v e  lead  conten t  ve r sus  p a r t i c l e - s i z e  ranges.  These r e s u l t s  a r e  given i n  
two ways: lead  conten t  i n  micrograms p e r  cubic  meter and the r a t i o  of lead- 
t o - t o t a l  p a r t i c u l a t e .  These r e s u l t s  compare the  lead conten t  i n  the m i s s i o n s  
from the b la s t - fu rnace  ope ra t ions  i n  each case.  

Table  20 g ives  a comparison o f  spec ies .  There a r e  only  th ree  a reas  
f o r  comparison--the s i n t e r  bu i ld ing ,  the b l a s t  furnace,  and background. I n  
these  cases ,  t h e r e  were d i f f e r e n c e s  i n  t h e s e  spec ies  between the two p lan t s .  
Since t h i s  was not  an exhaus t ive  a n a l y s i s ,  i t  might be  t h a t  there i s  more 
commonality than i s  ind ica t ed  i n  the t ab le .  
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111. PRDCESS DESCRIPTION AND OPERATION 

A d e s c r i p t i o n  of t h e  o v e r a l l  o p e r a t i o n  a t  each lead  smel te r  i s  
given below. 

A. ASARCO P l a n t ,  Glover ,  Missouri  

A gene ra l  p rocess  layout  of t h e  smelter opera t ion  i s  g iven  i n  Fig- 
u r e  6. Th i s  p l a n t  i s  on a 24-hr ope ra t iona l  b a s i s ;  however, the opera t ion  i s  
f r equen t ly  stopped because of ambient SO2 l e v e l s .  There were no shutdowns 
because of SO2 levels dur ing  M R I ' s  t e s t i n g .  Th i s  p l a n t  has  no dross/reverb-  
e r a t o r y  furnaces ,  z i n c  primary furnace,  or a c i d  p lan t .  

Lead o r e  i s  brought t o  the p l a n t  by truck. The t r a n s f e r  of ore  i s  
t o  r a i l  hopper c a r s  a t  a p o i n t  (Figure A-3) about  1/4 m i l e  south of t h e  
p l a n t ' s  shipping and s t o r a g e  bui ld ing  (F igure  1). The o r e  i s  q u i t e  f i n e  and 
moist  (approximately 15% moisture) .  The t r a n s f e r  opera t ion  i s  an open-air  
one from the bed of a t ruck  through g r a t i n g  i n  t h e  road t o  r a i l c a r s  beneath 
the overpass  roadway (Figures  D-6 t o  D-8).  The t o t a l  drop i s  about 10 f t .  
This  i s  an i n t e r m i t t e n t  operat ion.  The o r e  i s  then  c a r r i e d  by these ASARCO- 
owned r a i l c a r s  t o  t h e  west s i d e  of the ope ra t ions  a rea  and unloaded. The 
ore  drops from t h e  bottom of  t h e  hopper c a r s  through g r a t e s  i n t o  s to rage  
bins.  An overhead c rane  with c lamshel l  i s  used t o  move t h e  o r e  t o  b i n s  t h a t  
a r e  contiguous t o  t h e  w e s t  s i d e  of the s i n t e r  bu i ld ing  from where i t  i s  
b e l t e d  t o  t h e  s i n t e r  operat ion.  

The charge t o  t h e  s i n t e r  machine i s  made from measured amounts of 
m a t e r i a l  from four  d i f f e r e n t  feeders  (coke breeze,  b l a s t - fu rnace  dus t ,  f l uxes ,  
and concent ra te ) .  The charge i s  then conveyed t o  a harmnermill t h a t  b reaks  down 
the lumps and thoroughly mixes t h e  ma te r i a l .  The charge i s  conveyed f i r s t  t o  a 
mixing drum and then  a p e l l e t i z i n g  drum. It i s  then t r a n s f e r r e d  t o  the s i n t e r  
machine, where t h e  s u l f u r  conten t  i s  burned o f f .  Th i s  s i n t e r  machine has an 
open, overhead g a s - f i r i n g  bed t h a t  produces fumes t h a t  r i s e  and a r e  emi t ted  
p r i n c i p a l l y  from roof openings. 

The s in te r  i s  then placed i n t o  a charge c a r  along with o t h e r  mate- 
r i a l s  (coke and scrap  i ron ) .  The c a r  m a k e s  60 d e l i v e r i e s  of charge p e r  24 
h r  t o  t h e  b l a s t  furnace.  A t  the  b l a s t  furnace ,  smelt ing occurs. The furnace 
burns t h e  coke w i t h  the a i d  of oxygen provid ing  h e a t  t o  me l t  the charge and 
t o  provide  an agent  t o  reduce t h e  lead  oxide  formed i n  t h e  s i n t e r  machine. 
A s  t h e  molten lead  flows down through the charge,  it absorbs o t h e r  meta ls ,  
i nc lud ing  si lver,  copper,  antimony, bismuth, and t i n .  The molten furnace 
l ead  and molten s l a g  a r e  tapped from t h e  bottom of  t h e  furnace. The s l a g  
components a r e  r egu la t ed  t o  provide a s e p a r a t i o n  of t h e  s l a g  and lead. 
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The furnace l ead  i s  separa ted  from t h e  s l ag  i n  a s e t t l e r  a t  t h e  
b l a s t  furnace.  It t akes  approximately 45 min t o  f i l l  a k e t t l e  a t  the  b l a s t  
furnace.  The m a t e r i a l  i s  then  t ranspor ted  v i a  a c rane  t o  a l oca t ion  nearby 
and poured i n t o  a d ross  k e t t l e .  It t akes  16 h r  t o  f i l l  one of the k e t t l e s .  
The dross  k e t t l e  i s  then  taken t o  t h e  r e f i n e r y  where t h e  var ious  elements 
a r e  separated.  Zinc and copper a re  removed, and t h e  lead i s  then formed 
i n t o  bul l ion .  

B. ASARCO P lan t ,  Eas t  Helena, Montana 

A gene ra l  p rocess  layout  of t h e  smel te r  opera t ion  i s  g iven  i n  Fig- 
u r e  7. This  p l a n t  i s  on a 24-hr ope ra t iona l  bas i s ;  however, t h e  opera t ion  i s  
f r equen t ly  stopped because of ambient SO2 l eve l s .  There were no shutdowns 
because of SO2 l e v e l s  dur ing  M R I ' s  t e s t i n g .  This  p l a n t  has  no r e f i n i n g  a rea .  

Concentrates  and o t h e r  m a t e r i a l s  a r e  unloaded from r a i l r o a d  c a r s  
by means of a backhoe. The ma te r i a l ,  which i s  temporar i ly  s t o r e d  in open 
b ins  f o r  s h o r t  per iods  of time, i s  then  conveyed by b e l t  under covered t r ans -  
f e r  systems t o  one of s e v e r a l  i n t e r n a l  s t o r a g e  bins .  The va r ious  components 
of the charge a r e  then  t r a n s f e r r e d  from t h e  s to rage  b ins  t o  the ore- 
propor t ion ing  feeders .  

The charge t o  t h e  s i n t e r  machine comprises m a t e r i a l  f rom each of 
10 feeders .  The charge f o r  t h e  s i n t e r  i s  conveyed t o  a hammermill. There i t  
i s  broken i n t o  lumps and thoroughly mixed. The mixed ma te r i a l  i s  conveyed 
t o  a nodul iz ing drum. There water i s  added t o  form the  charge i n t o  3/8-in.  
diameter  (on t h e  average) nodules. The nodules a r e  conveyed t o  a second nod- 
u l i z i n g  drum where r e t u r n  s i n t e r  i s  mixed with the  charge,  and then  t o  the 
s i n t e r  machine. This  s i n t e r  machine has  a c losed  f i r i n g  bed and t rapped gases  
a r e  drawn t o  an e x i s t i n g  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 .  The purpose of t h e  s in -  
t e r  machine i s  t o  e l imina te  t h e  s u l f u r  con ten t  of t h e  charge by burning i t  
of f .  

The coa r se  s i n t e r  i s  conveyed t o  a r o a s t  s to rage  hopper a t  t h e  
b las t - furnace  charge f loo r .  The r o a s t  i s  combined with coke and by-products 
i n  a charge c a r  t h a t  t r a n s p o r t s  this mixture  t o  t h e  b l a s t  furnace. The b l a s t  
furnace i s  a water- jacketed r ec t angu la r  column i n  which t h e  charge i s  smelted. 
The smelt ing occurs  when oxygen-enriched a i r  i s  i n j e c t e d  i n t o  t h e  bottom of 
t h e  i g n i t e d  furnace.  The b l a s t  a i r  burns the  coke, providing h e a t  t o  m e l t  t h e  
charge. It a l s o  provides  an agent t o  reduce t h e  lead oxide t h a t  was formed i n  
the s i n t e r  process .  A s  t h e  molten l ead  flows through the charge,  i t  absorbs 
o t h e r  metals  inc luding  gold ,  copper, silver, antimony, bismuth, and t i n .  The 
molten furnace lead  and t h e  molten s l a g  a r e  tapped from t h e  bottom of  t h e  
furnace. The s l a g  components a r e  c a r e f u l l y  regula ted  t o  provide  a c l ean  sep- 
a r a t i o n  o f  the s l a g  and t h e  lead. 
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N.P. Ry. CO. 
Tmck Ssdo 
cop. IWT0"l 

Y A W H O U S E  -Cop. 14 C d  

ORE 
PROPORTIONING FEEDERS 

8' x 576 Sq.  Ft. U $ d t  
Sintering Machino 
9W Tons Charge Per 24 Hn. 
( I 5 0  Tons Sulfur 
Per 24 H n . )  

Direcl Smelting Ore Blnr 
cop. 4wo Torn Cap. 56 Toni Eo.  

BAGHOUSE 
3@12W Bag, - I8 

REVERBERATORY FURNACE 
1. 9' x 22' Cap. 130 Ton Per 24 Hr. 

b g h w r e  
720 Bags 

I Gale% - - Matte to T o c o m  
IW Tons Per - r 
Dmy ZnO 

Gronulator Granulated Speiss to Tocmo - 
Figure 7 - General Layout of the Smelter Operation a t  the ASARCO 

Plant i n  East Helena, Montana 
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A by-product of t h e  b l a s t  furnace  i s  cadmium dus t .  This  ma te r i a l ,  
along with smoke and fume from t h e  b l a s t  furnace,  i s  c a r r i e d  t o  and col-  
l ec t ed  i n  a baghouse. The d u s t  i s  recyc led  and then t r a n s f e r r e d  i n t o  r a i l -  
road c a r s  (covered)  f o r  shipment to  an ASARCO p l a n t  i n  E l  Paso, Texas. 

The furnace  lead  i s  separa ted  from t h e  s l a g  i n  a s e t t l e r  a t  t h e  
b l a s t  furnace.  It i s  tapped from t h e  s e t t l e r  i n  10-ton uncovered p o t s  and 
t r a n s f e r r e d  t o  t h e  dross ing  p l a n t  where i t  i s  poured i n t o  l a rge  uncovered 
k e t t l e s .  The m a t e r i a l  i s  then  cooled and s t i r r e d .  This  causes  dross  ( a  
copper-bearing m a t e r i a l )  t o  r ise t o  t h e  top of the  k e t t l e .  The d ross  i s  
s k i m e d  o f f  by means of a c rane  and a c lamshel l  bucket,  and charged t o  a 
small  r eve rbe ra to r  furnace.  The remaining lead bu l l ion ,  which conta ins  
gold and si lver and o t h e r  impur i t i e s ,  i s  pumped i n t o  10-ton molds and t h e  
ma te r i a l  i s  shipped t o  an ASARCO p l a n t  i n  Omaha, Nebraska. The d ross  ke t -  
t l e s  and r eve rbe ra to ry  furnace a r e  contained i n  one long bui lding.  

The copper-bearing dross  i s  melted i n  a reverbera tory  furnace,  
and t h r e e  products  a r e  tapped from t h e  furnace  a t  d i f f e r e n t  l e v e l s  a s  de- 
termined by t h e  s p e c i f i c  g r a v i t y  of t h e  ma te r i a l .  Matte and s p e i s s  (cop- 
pe r  compounds) a r e  tapped from the  top two l e v e l s  of t h e  furnace,  and lead  
i s  tapped from t h e  bottom. The matte  and s p e i s s  a r e  shipped t o  ASARCO's 
copper smel te r  i n  Tacoma, Washington, and t h e  lead i s  r e tu rned  t o  t h e  
dross ing  p l a n t  t o  be  shipped t o  ASARCO's p l a n t  i n  Omaha, Nebraska. 

The molten s l a g  from the  b l a s t - fu rnace  set t ler  flows i n t o  5- ton 
pots.  The p o t s  a r e  conveyed t o  a z inc  furnace  i n  a nearby bui ld ing .  The 
z inc  i s  vaporized from t h e  s l a g  by blowing a i r  and powdered coa l  i n t o  t h e  
bottom o f  t h e  furnace.  The charging and blowing cyc le  r e q u i r e s  about 130 
min f o r  a 50-ton charge. The zinc vapor i s  exposed t o  ou t s ide  a i r  t h a t  
changes i t  t o  white zinc oxide ( z inc  fume), t h e  fume i s  cooled through a 
s e r i e s  of U-tubes and c o l l e c t e d  i n  a baghouse. Most of t h e  c o l l e c t e d  dus t  
i s  t r a n s f e r r e d  t o  r a i l c a r s  f o r  shipment t o  an ASARCO p l a n t  i n  E l  Paso, 
Texas. Dust shipped i n  c losed  hopper c a r s  i s  l e f t  un t r ea t ed  while  t h a t  
shipped i n  open r a i l c a r s  i s  sprayed wi th  a water - la tex  emulsion t o  pre- 
ven t  dus t - lo s s  enroute.  
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IV. LOCATION OF SAMPLE POINTS 

The loca t ions  a t  which sampling took p l a c e  a r e  descr ibed  f o r  both 
the  ASARCO p l a n t  i n  Glover, Missouri ,  and the p l a n t  i n  Eas t  Helena, Montana. 

A. ASARCO P l a n t ,  Glover, Missouri  

The p rocess  opera t ions  of the Glover p l a n t  are housed e s s e n t i a l l y  
under one roof (F igures  A-1 and A-2). The smel te r  began ope ra t ion  i n  1968. 
Drawings of this p l a n t  camprise Appendix A. 

1. S i n t e r  bu i ld ing:  The s i n t e r  bu i ld ing  r ep resen t s  an approxi- 
mately 300 x 145 x 70 f t  s e c t i o n  o f  the main bui ld ing  (Figures  A-4 and A-5). 
The west s i d e  i s  contiguous t o  the ore-s torage  a rea  and i s  c losed  o f f  while  
the o t h e r  t h r e e  s i d e s  a r e  open from the ground t o  approximately mid-height. 
The bui ld ing  i s  a l s o  equipped wi th  n ine  l i n e a r  roof vent  i n t e r v a l s .  Since 
the p reva i l i ng  wind i s  from t h e  southwest,  t h e  roof ven t s  and no r th  end were 
chosen a s  sampling loca t ions .  Figure A-12 p r e s e n t s  a p l a n  layout  of  the 
s in t e r -bu i ld ing  i n t e r i o r  showing t h e  l o c a t i o n s  of t h e  major p i eces  of equip- 
ment. 

Sampling Location 1 was taken  a t  t h e  nor th  end of t h e  s i n t e r  bui ld-  
ing (Figure A-8). This  end c o n s i s t s  of s i x  bays approximately 24 x 34 f t .  The 
sampling appara tus  was placed a t  the c e n t e r  of t h e  bay being sampled. Loca- 
t i o n  2 was taken a t  the  roof ven t s  of the s i n t e r  bu i ld ing  (Figure A-11). These 
ven t s  a r e  approximately 4 f t  wide by 4 f t  high and of two lengths ,  134 and 42 
f t .  Due t o  r e s t r i c t i o n s  i n  gaining access  t o  these  a reas ,  on ly  two ven t s  were 
chosen f o r  sampling, a no r th  s i t e  g e n e r a l l y  over  t h e  i g n i t i o n  end of t h e  s in -  
ter machine, and a south  s i t e  n e a r e r  the te rmina l  end of t h e  machine. The sam- 
p l e r s  w e r e  loca ted  h o r i z o n t a l l y  approximately 12 f t  from the e a s t  edge of t h e  
bui ld ing  and 1 f t  below t h e  roof l i n e  (Figure D-2). 

2. Blas t - furnace  area:  The b las t - furnace ,  d r o s s - k e t t l e  opera t ions  
a re  loca ted  near  t h e  c e n t e r  of t h e  main bu i ld ing  (Figures  A-2 and A-16). The 
charge c a r  opera tes  i n  t h e  a rea  nor th  of  t h e  b l a s t  furnace and west of t h e  
s i n t e r  bui lding.  P o s i t i o n s  no r th  of t h e  opera t ions  were chosen a s  sample 
sites because of the p r e v a i l i n g  wind. 

Location 3 was s i t e d  on t h e  o f f i c e  bui ld ing  roof no r theas t  of t h e  
d r o s s - k e t t l e s  and b l a s t - fu rnace  pouring a rea  (Figures  A-13 and A-16). This  
l oca t ion  i s  separa ted  from t h e  charging opera t ion  by a wall. The a rea  be- 
tween t h e  dross  k e t t l e s  and sampling s i t e  i s  open f o r  th ree- four ths  the 
height .  Location 3 4  was loca ted  e a s t  of  t h e  dross  k e t t l e s  t o  sample any 
d r i f t  no t  blown nor th  by t h e  wind (Figure A-13). Location 4 was s i t e d  nor th  
of t h e  b l a s t  furnace  and west of the w a l l  ad jacent  t o  Location 3 (Figures  
A-2, A-13, and A-14). Location 4 A  w a s  west of Location 4, j u s t  a t  t h e  edge 
of the  bu i ld ing  (F igures  A-1 and A-4). 
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3. Ore-bin area:  The ore-bin-and-mater ia l -s torage a rea  i s  lo- 
ca t ed  nor th  of the b l a s t  furnace and west o f  t h e  s i n t e r  bu i ld ing .  The e a s t  
wal l  i s  c losed  while  t h e  w e s t  and north w a l l s  a r e  almost t o t a l l y  open. The 
a rea  i s  d iv ided  i n t o  s e v e r a l  b ins  along a r a i l  spur  i n t o  which t h e  var ious  
m a t e r i a l s  a r e  dmped. Along the  e a s t  wal l  a r e  hoppers from which t h e  mate- 
r i a l s  a r e  a l l o c a t e d  t o  the s i n t e r  and charging operat ions.  

Locat ion 5 was placed a t  the northwest  end of t h e  b i n  a rea  near  
t h e  o r e  dumping s i tes  (Figures  A - 1  and A-15). Location 5A was s i t e d  j u s t  
west of Location 5 along t h e  roadway. 

4. Ore - t r ans fe r  area:  The t ruck - to - r a i l ca r  t r a n s f e r  a rea  i s  lo- 
c a t e d  approximately 1/4 m i l e  southeas t  of t h e  main bui ldings.  The r a i l c a r s  
a r e  on spur  t r a c k s  wi th  the roadway on an overpass.  The o r e  i s  dumped from 
t h e  t rucks ,  through g r a t i n g ,  i n t o  t h e  r a i l c a r s  f o r  t r a n s f e r  t o  t h e  ore-b in  
area.  There a r e  t h r e e  t ruck  lanes  on t h e  overpass ,  each w i t h  g ra t ings ,  with 
two being used f o r  lead  ore. The t h i r d  i s  used f o r  m a t e r i a l  t h a t  never goes 
t o  any ASARCO p l a n t  opera t ions  area.  There a r e  t h r e e  r a i l  spurs  correspond- 
ing  t o  t h e  three g ra t ings .  

Locat ion 6* was on t h e  overpass between the two lanes  assoc ia ted  
with lead o r e  (F igures  A-18 and A-19). Two f u r t h e r  s i t e s *  were loca ted  a t  
t r a c k  level, j u s t  e a s t  of t h e  t r acks ,  a t  a d i s t a n c e  of 40 f t  no r th  and 
south of t h e  overpass,  Locations 6 N  and 6S, r e s p e c t i v e l y  (Figure A-3). 

B. ASARCO P lan t ,  East  Helena, Montana 

The process  opera t ions  of t h e  E a s t  Helena p l a n t  a r e  housed i n  
many noncontiguous bu i ld ings  (Figure B-1). The sme l t e r  began ope ra t ion  i n  
1888. Drawings of  t h i s  p l a n t  comprise Appendix B. 

1. S i n t e r  bu i ld ing:  The s i n t e r  bu i ld ing  i s  approximately 160 
f t  long, 130 f t  wide, and 55 E t  high. It is gene ra l ly  enclosed with t h e  ex- 
cep t ion  of  roof vents ,  windows, and doors  (Figures  B-2 t o  B-6). Because t h e  
wind d i r e c t i o n  v a r i e s  a t  th is  s i te ,  sampling loca t ions  were s e l e c t e d  on 
t h r e e  s i d e s  of t h e  bu i ld ing  as wel l  a s  t h e  roof. 

* These samples provided only background p a r t i c u l a t e  concent ra t ions  because 
of t h e  l o c a t i o n  of t h e  samplers w i t h  regard  t o  t h e  t r a n s f e r  po in t s ,  and 
and t h e  f a c t  t h a t  t h e r e  was no v i s u a l  i n d i c a t i o n  of emissions. This  l a t -  
ter  p o i n t  i s  s u b s t a n t i a t e d  by t h e  f a c t  t h a t  t h e  ore  was q u i t e  mois t  (ap- 
proximately 15%). 
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Location 11 was s e l e c t e d  at t h e  middle of three roof openings and 
i s  above t h e  s i n t e r  machine (Figure B-6). This  opening was nea res t  t he  s in-  
t e r  i g n i t i o n  area. Location 12 w a s  a t  an exhaust vent  on one of t he  noduliz- 
ing drums (Figures  B-5 and B-6). Sampling was done on the  roof where the vent  
exhausted. Location 13 was along a walkway j u s t  ou t s ide  t h e  upper level of 
windows along the  no r theas t  s i d e  of t he  bu i ld ing  (Figures  B-2 and B-6). The 
sampler was r a i s e d  t o  the  level of t he  windows. This level of wiidows i s  j u s t  
above t h e  l e v e l  of t he  s i n t e r  machine. Locat ion 14 was along a walkway j u s t  
i n s ide  t h e  lower l e v e l  of windows along t h e  no r theas t  s i d e  of t he  bui ld ing  
(Figures B-2 and B-6). This l e v e l  of windows i s  j u s t  below the l e v e l  of t he  
s i n t e r  machine. Location 1 4 A  was southeas t  of Location 14 along the  same row 
of windows. Location 15 was one l e v e l  below the  s i n t e r  l e v e l  j u s t  northwest 
of t he  machine i t s e l f ,  i n s i d e  a window along the northwest s i d e  of t h e  bui ld-  
ing (Figures B-5 and B-6). Location 16 was located j u s t  ou t s ide  a window 
along t h e  southeas t  s i d e  of t he  bui ld ing  (Figures  B-4 and B-6). 

2. Dross-kettle/reverberatory-furnace building:  The dross/reverb-  
e ra to ry  bui ld ing  i s  approximately 180 f t  long, 90 f t  wide, and 60 f t  high. It 
a l s o  i s  gene ra l ly  enclosed except f o r  door openings and a roof vent  running 
the  length of t he  bui lding.  The roof ven t  i s  approximately 15 f t  wide and 5 
f t  high. Location 1 7  was s i t u a t e d  on a catwalk alongside the roof vent  over 
the  d ross  k e t t l e s  (Figures  B-10 and B-11). Location 18 was s i m i l a r  t o  Loca- 
t i o n  1 7  except t h a t  i t  was over t h e  reverbera tory  furnace (Figures  B-10 and 
B-11). 

3. Blast-furnace bui lding:  Two b l a s t  furnaces  a r e  located i n  a 
bu i ld ing  approximately 190 f t  long, 40 f t  wide, and 60 f t  high. The furnace 
a t  t he  southwest end of t h e  bui ld ing  i s  t h e  newer of t he  two and i s  the most 
used. It i s  vented by an approximately 10 x 3 f t  duc t  along t h e  no r theas t  
wall. There i s  a l s o  an opening i n  t h e  roof above the  furnace i t s e l f .  Loca- 
t i o n  19 was s i t u a t e d  i n  t h e  roof opening while  Location 20 was the  furnace 
vent  duc t  (Figures  B-12 and B-15). 

4. Zinc-fume baghouse and r a i l - l oad ing  f a c i l i t y :  The zinc-fume 
baghouse and r a i l - l oad ing  bu i ld ing  i s  approximately 140 f t  long, 85 f t  wide, 
and 80 f t  high. The r a i l - l oad ing  shed i s  ad jacent  t o  t h e  main baghouse bui ld-  
ing along t h e  no r theas t  side.  Adjacent t o  t h e  southeas t  s i d e  of t he  baghouse 
bui ld ing  and extending southeas t  f o r  approximately 250 f t  a r e  the  zinc fume- 
condensing columns. A t  ground level below these  columns i s  a tunne l - l i ke  a rea  
running the  length of t h e  columns and baghouse bui ld ing  t h a t  used t o  serve  a s  
the r a i l - l oad ing  area.  

Location 2 1  was atop a 15 - f t  high s c a f f o l d  a t  t he  e a s t  corner  of 
t he  r a i l - l oad ing  shed (Figures  B-16 t o  B-18).  This  was near  the top of t he  
r a i l c a r s .  Location 22 was a t  the  sou theas t  end of the tunnel  a r e a  below t h e  
fume-condensing columns (Figure B-18). 

39 



5 .  Zinc-furnace bui lding:  The zinc-furnace bu i ld ing  i s  approxi- 
mately 45 f t  long, 45 f t  wide, and 60 f t  high. The furnace ven t s  through an 
11 x 20 f t  s t a c k  i n  t h e  roof. Other  openings a r e  doors and windows i n  t h e  
w a l l s .  

Location 23 was a t  t h e  exhaust s t a c k  on the roof (F igures  B-20 and 
B-22). Locat ion 23A was s i t e d  t o  the southeas t  of t h e  bu i ld ing  a t  ground 
l e v e l  (Figures  B-19 and B-22). 

6. Ore unloading and s to rage  a rea :  The incoming ore  i s  off-loaded 
from r a i l c a r s  and placed i n  open s to rage  b i n s  by u s e  of a backhoe placed be- 
tween the r a i l  t r acks  and s t o r a g e  bins .  The s to red  o r e  i s  moved from t h e  b ins  
t o  a conveyor b e l t  u t i l i z i n g  a f ront loader .  There a r e  t h r e e  b ins  a v a i l a b l e  
f o r  o r e  s to rage ,  and one f o r  use  of t h e  f ron t loade r  i n  moving the ore. 

Locations 24N and 245 were loca ted  north and south,  r e spec t ive ly ,  
of t h e  ore-s torage  a r e a  (F igure  B-1). 
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V. SAMPLING PROCEDURES 

General comments on sampling procedures a r e  given t h a t  p e r t a i n  t o  
both the  Glover, Missouri ,  p l a n t  and the E a s t  Helena, Montana, p l an t .  Then 
a more d e t a i l e d  d i scuss ion  p e r t a i n i n g  s p e c i f i c a l l y  t o  the procedures used 
a t  each p l a n t  i s  presented. 

A. General  Cormnents 

AS this s tudy was a s soc ia t ed  w i t h  f u g i t i v e  r a t h e r  than  source emis- 
s ions ,  t h e  equipment and methods used corresponded more t o  ambient sampling 
r a t h e r  than  t o  s t ack  sampling. The major p i e c e  of equipment used f o r  co l l ec -  
t i o n  of the t o t a l  mass samples was the High Volume A i r  Sampler (HiVol). Three 
models were used i n  this test: the General Metal Works Model 2000H; t h e  
Cur t in  S c i e n t i f i c  Products  Model 251-223; and t h e  Unico Model 550 (Figures  
C - 1  and C-2). The General Metal Works and Cur t in  models a r e  equipped with 
Dickson Type 3-B-L-X Minicorders t h a t  record  a i r  f low through the sampler 
aga ins t  time. The Unico model i s  a small ,  hand-held type t h a t  may be  used 
with o r  without  i t s  stand. These samplers were operated e i t h e r  v e r t i c a l l y  
o r  ho r i zon ta l ly ,  depending on t h e  sampling loca t ion .  They a r e  a l l  designed 
t o  handle 8 x 10 in .  g l a s s - f i b e r  f i l t e r s .  Another type of samqler used i n  
obta in ing  t o t a l  mass samples was t h e  MU-bu i l t  p r o f i l e  sampling apparatus  
(F igures  C-6, C-7, and C-9). This  sampler can be  used t o  o b t a i n  samples from 
up t o  four  samplers arranged on a v e r t i c a l  m a s t .  Samples from h e i g h t s  up t o  
14 f t  6 in.  can be obtained with t h i s  apparatus ,  providing some measure of  
t h e  v e r t i c a l  p r o f i l e  of the d u s t  concentrat ion.  A hu r r i cane  blower on a 
valved-manifold system provides  the vacuum, while  magnehelic gauges i n d i c a t e  
flow through each sampling head. 

Cascade impactor samples t o  determine the p a r t i c l e - s i z e  range of 
t h e  emissions were obtained by means of a 5-s tage S i e r r a  impactor. This  u n i t  
was mounted on a General Metal Works Model 310 Accuvol f o r  most of the runs 
done a t  the Glover p l a n t  (Figure C-3). This  u n i t  samples a t  40 acfm regard- 
less of the impactor loading o r  p re s su re  drop. For t h e  remainder of t h e  
Glover impactor tests, and f o r  a l l  of  the  Eas t  Helena impactor tests, the 
S i e r r a  u n i t  was mounted on a s tandard HiVol. 

A i r  flow measurements were made both with f ixed  meteorological  
s t a t i o n s  and hand-held velometers. Wong Labora tor ies  EcoWIND 111 wind rec- 
ording systems w e r e  used t o  o b t a i n  wind speed and d i r e c t i o n  (Figures  A-3 
and B-1). Data were a l s o  received from the va r ious  meteorological  s t a t i o n s  
a t  the p l a n t s  themselves. MRI u n i t s  w e r e  l oca t ed  a t  Locations 1, 3, 4A, 5, 
and 6N a t  Glover and Locations 21 and 245 of  Eas t  Helena. The ASARKJ s t a -  
t i o n s  were no r th  of t h e  admin i s t r a t ion  bu i ld ing  a t  Glover and a top  t h e  s in -  
ter  bu i ld ing  (near  Locat ion 1 2 )  and midway up t h e  zinc-fume baghouse s t a c k  
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(near  Location 2 1 )  a t  East  Helena. Direct a i r  f low near  t h e  sampling heads 
was measured us ing  either an Alnor Type 3002-2G air-vane velometer (Glover 
and East  Helena) or a Hastings-Raydist  Model AB-27 hot-wire a i r  meter (East  
Helena) (Figure C-8) .  Taylor  anemometers were a l s o  loca ted  on t h e  sampling 
head b racke t s  of t h e  p r o f i l e  sampling apparatus .  

The genera l  approach t o  sampling t h e  bui ld ing  sources  was t o  p l a c e  
t h e  sampler a s  c l o s e  t o  the  p l a n t  of t h e  opening a s  poss ib le .  Background sam- 
p l e r s  were loca ted  a s  near  t h e  ope ra t ion  i n  ques t ion  a s  p r a c t i c a b l e  wi th in  
the emission plume. Two samplers a t  t h e  East Helena p l a n t  were modified t o  
a l low sampling from ducted sources by adding an a u x i l i a r y  probe in t ake  t o  
t h e  sampling head (Figure C-4). The predominant wind d i r e c t i o n  f o r  each p l a n t  
was determined, and the samplers were loca ted  gene ra l ly  downwind from t h e  
r e s p e c t i v e  emission sources.  Samplers w e r e  g e n e r a l l y  run f o r  two lengths  
of  time, 4 t o  6 h r  and 14 t o  16 hr. The s h o r t e r  runs  were during t h e  day, 
while the longer  runs  were overnight.  T h i s  was done t o  o b t a i n  more samples 
i n  a given amount of t i m e ,  and t o  provide  l a r g e r  sampling volumes and mass 
ca t ches  i n  c a s e  t h e  lead and a r s e n i c  loadings  were low. The overn ight  sam- 
p l e s  were run without  observa t ion  by M R I  personnel.  

B. ASARCO P lan t ,  Glover,  Missouri  

1. S i n t e r  bu i ld ing:  The p r o f i l e  sampling appara tus  used a t  Lo- 
c a t i o n  1 cons i s t ed  of a mast w i t h  sampling i n t a k e s  f o r  8 x 10 in. g l a s s -  
f i b e r  f i l t e r s  a t  two he igh t s  (Figures  C-6, C-9, and D - 1 ) .  The bottom i n t a k e  
was 6 f t  6 in .  above ground l e v e l  and t h e  top was 14 f t  6 in.  above ground 
leve l .  For Runs 1, 2, and 5, t h e  p r o f i l e r  was pos i t i oned  i n  t h e  c e n t e r  of 
a s i n g l e  bay f o r  t h e  e n t i r e  test. These were Bays 1, 3 ,  and 3,  respec t ive ly .  
For Run 3, the p r o f i l e r  was moved from bay t o  bay, sampling each bay for 
45 min each, thus  cornpositing t h e  sample. Only f i v e  bays (Bays 2 t o  6 )  were 
sampled be fo re  t h e  process  went down f o r  t h e  day. The sampling r a t e  f o r  each 
sampler was ad jus t ed  us ing  magnehelic gauges, one per  sampler, on t h e  mani- 
f o l d  of t h e  p r o f i l e  apparatus  (Figure C-7). A c o n s i s t e n t  1.0 in. magnehelic 
reading f o r  t h e  ent i re  sampling per iod  gave a flow of a i r  through each 8 x 
10 in .  f i l t e r  of 38 acfm. A meteoro logica l  s t a t i o n  was used s imultaneously 
with ope ra t ion  of t h e  p r o f i l e  apparatus .  The meteorological  s t a t i o n  was po- 
s i t i o n e d  100 f t  t o  t h e  no r th  of t h e  bu i ld ing ,  d i r e c t l y  no r th  of t h e  north-  
e a s t  corner  of the bu i ld ing  i n  an open a rea  (Figure A-3). For t h e  impactor 
test a t  Location 1, an Accuvol f i t t e d  wi th  a 5-s tage S i e r r a  impactor was 
p laced  on the t r a i l e r  ad jacent  t o  t h e  lower of t h e  two 8 x 10 in.  f i l t e r  
Samplers of the p r o f i l e  sampling apparatus .  The v e l o c i t y  of t h e  a i r  moving 
out  of t h e  bu i ld ing  was measured using Taylor  anemometers on each sampler 
(Figure C-5) and an Alnor velometer (F igure  C-8) near  t h e  bottom sampler. 
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For Locations 2N and ZS, a HiVol sampler with 8 x 10 in.  g l a s s -  
f i b e r  f i l t e r  was pos i t i oned  h o r i z o n t a l l y  i n  the vents high above the sin- 
t e r  machinery i n  the e a s t  p o r t i o n  of t h e  bu i ld ing  (Figures  C-2 and D-2). 
Samplers were placed i n  this opening s o  t h a t  t h e  i n t a k e s  of the HiVols were 
t o  t h e  maximum ex ten t  poss ib l e ,  d i r e c t l y  i n  t h e  flow of hot  gases  and par- 
t i c u l a t e  ma t t e r  coming from t h e  s i n t e r  machinery. The a i r  flow r a t e  through 
the  vent  openings was measured a t  the same loca t ion  a s  t h e  i n t a k e  of the sam- 
p l e r s  using the Alnor velometer. A gant ry  c rane  allowed access  t o  t h e s e  two 
samplers f o r  MRI personnel.  

2. Blas t - furnace  a rea :  The HiVol sampler with 8 x 10 in .  g l a s s -  
f i b e r  f i l t e r  a t  Location 3 was placed on t o p  of t h e  o f f i c e  nea r  t h e  b l a s t  
furnace (F igures  A-16, A-17,  C-1,  and D-3). Ameteoro logica l  s t a t i o n  a t  t h e  
same l o c a t i o n  measured a i r  flow from t h i s  end of the bui lding.  Since t h e r e  
i s  gene ra l ly  a south (180 degree)  o r  southwest wind (225 degree),  t h e r e  i s  
a l a r g e  plume of p a r t i c u l a t e  and g a s  from each blast-furnace-pour  ope ra t ion  
( t r a n s f e r  of m a t e r i a l  t o  dross k e t t l e s ) .  A sampler was set  downwind ( j u s t  
ou t s ide  of t h e  bu i ld ing )  from t h e  pour opera t ion .  The hand-held sampler with 
an 8 x 10 in.  f i l t e r  was a l s o  p laced  t o  the e a s t  of t h e  blast-furnace-pour  
opera t ions  (Location 3A). For Runs 1 and 5 this sampler was operated only  
when pouring took p l a c e  (Figure C-2). The sampler a t  Location 3A w a s  oper- 
a t e d  cont inuously f o r  Tes t  Runs 2 and 4. The samplers a t  Locations 3 and 3A 
(and impactor tests) were operated i n  an u p r i g h t  pos i t ion .  

An u p r i g h t  HiVol was p laced  i n s i d e  t h e  bu i ld ing  on a catwalk j u s t  
nor th  of t h e  b l a s t  furnace  (Locat ion 4). P a r t i c u l a t e  ma t t e r  from t h e  b l a s t -  
furnace charge-input a rea  d r i f t e d  i n  a n o r t h e r l y  d i r e c t i o n  i n t o  t h e  b i n  
bui ld ing  where Sampler 4 was located.  It i s  a l s o  t r u e  t h a t  two ope ra t ions  
wi th in  t h e  b i n  bui ld ing  (Figure D-4)  genera ted  sane p a r t i c u l a t e  ma te r i a l .  
However, n e g l i g i b l e  amounts a r e  suspected t o  have been c o l l e c t e d  on t h e  8 x 
10 in .  f i l t e r  a t  Location 4. F i r s t ,  t h e  t r a n s f e r r i n g  of o r e  and o t h e r  mate- 
r i a l  from s t o r a g e  b ins  t o  hopper b i n s  accounted f o r  t h e  genera t ion  of b r i e f  
clouds of d u s t  i n  va r ious  p a r t s  of t h e  bui ld ing .  Second, t h e  dumping of o r e  
from r a i l c a r s  i n t o  s t o r a g e  b i n s  r e s u l t e d  i n  some a i rborne  p a r t i c u l a t e  mat- 
t e r  being suspended f o r  s h o r t  i n t e r v a l s  w i th in  t h e  building. An impactor 
t e s t  was performed a t  Location 4. A HiVol sampler was placed along the road- 
way j u s t  w e s t  of  t h e  edge of the b in  bu i ld ing  for one t e s t  (Location 4A). 
A meteoro logica l  s t a t i o n  recorded wind d i r e c t i o n  and v e l o c i t y  there f o r  Run 
No. 12. 

3. Ore-bin a rea :  A meteoro logica l  s t a t i o n  and HiVol sampler 
were placed a t  Location 5 a t  the f a r  nor th  end of the  b i n  bui ld ing  (F igure  
D-5). A 180 degree a i r  movement from the f a r  end and through t h e  length  of 
the b i n  bu i ld ing  accounted f o r  suspended m a t t e r  d r i f t i n g  toward the v i c i n -  
i t y  of t h e  Location 5 sampler. A s e p a r a t e  sampling l o c a t i o n  was pos i t i oned  
ou t s ide  the bu i ld ing  along t h e  roadway (Locat ion 5A). 
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4. Ore - t r ans fe r  a rea :  Three HiVol samplers (with 8 x 10 in .  fil- 
t e r s )  were used s imultaneously a t  Location 6 (Figures  A-18 and A-19). Loca- 
t i o n  6 i s  t h e  dumping area  f o r  o r e  de l ive red  t o  t h e  p l a n t  by t ruck  a t  v a r i -  
ous t imes dur ing  t h e  day. Del ivery began a t  approximately 7 a.m. each morning, 
and i s  f in i shed  by 6 p.m. da i ly .  The capac i ty  of  each t ruck  i s  approximately 
20 tons.  On an average, 30 loads pe r  day were dumped. A sampler was placed on 
t h e  overpass between two of t h e  g ra t ings ,  through which the ore  i s  dumped i n t o  
r a i l c a r s .  Another sampler and a meteoro logica l  s t a t i o n  were pos i t ioned  about 
40 f t  downwind (no r th )  of the t r a n s f e r  s i t e .  A t h i r d  sampler was placed about 
40 f t  upwind (south)  of  the t r a n s f e r  site. The samplers were operated i n  e i t h e r  
of two ways: day t e s t  of 5 t o  6 h r  and overn ight  tests of approximately 14 hr .  
An Accuvol sampler was u t i l i z e d  f o r  t h e  S i e r r a  impactor test  a t  Location 6. 

C. ASARCO P lan t ,  East  Helena, Montana 

1. S i n t e r  bu i ld ing:  The roof opening above t h e  s i n t e r  machinery, 
which i s  Locat ion 11 (Figure C-2), was sampled with a h o r i z o n t a l l y  placed 
HiVol t h a t  contained an 8 x 10 in .  g l a s s - f i b e r  f i l t e r .  The i n t a k e  of t h e  sam- 
p l e r  was pos i t i oned  t o  hang 6 in.  over  the edge of the  roof opening s o  as  t o  
be, t o  the e x t e n t  poss ib l e ,  w i th in  t h e  s t ream of  gases  and p a r t i c u l a t e  t h a t  
t r ave led  upward through the roof opening. The Alnor velometer and t h e  Hastings 
a i r  meter w e r e  used t o  make a i r - f low measurements (F igure  C-8). A wood and 
s t e e l  p la t form w i t h  r a i l i n g s  had been e r e c t e d  by a subcont rac tor  t o  a l low ac- 
ces s  t o  Location 11 from t h e  top of the s i n t e r  bui lding.  

The HiVol sampler a t  Location 12 was equipped with an a u x i l i a r y  
i n t a k e  (Figures  C-4 and E - 1  t o  E-3) t o  enable  sampling of a small  p o r t i o n  
of the gas  stream. The diameter  of the v e n t  duc t  was approximately 18 in .  
and t h e  opening of  the a u x i l i a r y  in t ake  was 2-1/2 in.  diameter.  No S i e r r a  
impactor sample was taken a t  Location 12. 

The no r theas t  s i d e  of t h e  s i n t e r  bu i ld ing  had two rows of window 
vents :  one high, up about 1 level above t h e  s i n t e r  machinery, and one i n  
t h e  middle, 6 f t  lower than t h e  s i n t e r  machine. Upright HiVol samplers w e r e  
placed a t  Locations 13, 14, and 14A (Locat ion 1 4 A  i s  50 E t  south of Location 
14) ,  t h e  middle windows (Figures  C - 1 ,  E - 1 ,  and E-2). Velometers w e r e  used t o  
measure a i r  f low o u t  of t hese  windows. The samplers were pos i t ioned  so  t h a t  
t h e  i n t a k e s  were a t  a l e v e l  approximately 6 in.  above the lower edge of t h e  
windows. T e s t  runs were made during the  daytime with a sampling per iod  of  
about 300 min, o r  overn ight  when the  d u r a t i o n  was 14 hr .  A p a r t i c l e  s i z i n g  
test  was performed a t  Locations 13 and 14 us ing  t h e  S i e r r a  impactor. 

Locat ion 15 was placed a t  a window on t h e  northwest s i d e  of the 
bu i ld ing  a t  the same l e v e l  a s  Location 14 ( 6  f t  below sinter machinery). 
The sampler a t  Locat ion 15 was operated up r igh t  and loca ted  so t h a t  the 
sampler i n t a k e  was above t h e  lower edge of t h e  window. The Location 16 
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sampler was pos i t i oned  upr ight ,  3 f t  o u t s i d e  t h e  s i n t e r  bu i ld ing  on a ca t -  
walk a t  the  southeas t  f ace  of the  bui lding.  The s i n t e r  machinery was Some 
d i s t ance  away near  Location 15. A l a rge  r o t a t i n g  drum e x i s t s  near  the south- 
e a s t  window, o u t s i d e  of which was Locat ion 16. A S i e r r a  impactor run  was 
performed a t  Locations 15 and 16. 

2. Dross-kettlelreverberatorv-furnace building:  Samplers 1 7  and 
18 w e r e  loca ted  on top of the drosslreverberatory-furnace bu i ld ing  on a ca t -  
walk and p la t form erec ted  f o r  t h i s  test. A 70-f t  s c a f f o l d  was used t o  ga in  
access  t o  t h e  top of this bui lding.  Location 1 7  (d ross )  was an up r igh t  HiVol 
pos i t ioned  between t h e  roof and the v e n t  roof--an opening of approximately 
5 f t  i n  h e i g h t  (Figure E-4). The p o s i t i o n  of t h e  sampler corresponds t o  the 
loca t ion  of t h e  d ross  opera t ions  below. A l a r g e  plume of gases  and pa r t i cu -  
l a t e  a rose  from t h e  dross  opera t ion  regular ly .  Since the bu i ld ing  i s  almost 
c losed  a t  ground level, t h e  h o t  gas and p a r t i c u l a t e  cloud rises and e x i t s  
through t h e  roof vent. Location 18 sampler was s i m i l a r l y  placed over t h e  
reverbera tory  furnace (Figures  E-3 and E-&). With a c o n s i s t e n t l y  northwest 
wind (315 degree),  t h e  cloud l e f t  the v e n t  i n  the d i r e c t i o n  of  wind f low 
(135 degree). The samplers were p laced  accordingly.  Velometers were used 
t o  determine e x i t  v e l o c i t y  a t  Locations 1 7  and 18. A t e s t  run with the 
S i e r r a  impactor was conducted a t  each sampling loca t ion .  

3. Blast-furnace bui ld ing:  Sampling Locations 19 and 20 w e r e  
i n s i d e  the b la s t - fu rnace  bu i ld ing  t h a t  c o n t a i n s  equipment f o r  charging 
(feeding)  two furnaces.  The a reas  of i n t e r e s t  a r e  a t  the charge loca t ions  
where fumes and p a r t i c u l a t e  ma t t e r  leav ing  the upper p o r t i o n s  of the fur -  
naces e x i t  through a roof opening above the b la s t - fu rnace  charge i n l e t  
a rea ,  and through an opening ad jacent  t o  this opening through which fumes 
were emit ted from t h e  output  of t h e  b l a s t  furnace.  An unusual occurrence 
r e s u l t s  when the furnace "upsets,"* sending a la rge ,  dense cloud of gases ,  
steam, and s o l i d  p a r t i c l e s  ou t  the top of  t h e  bui lding.  This upse t  condi- 
t i o n  was the p r i n c i p a l  emission t o  sample. The pre l iminary  survey revea led  
t h a t  an upse t  occurred on a random bas is .  There w e r e  some "upsets" during 
the  per iod  of  our  sampling. 

Sampler 19 was placed on a suspended p la t form d i r e c t l y  above the 
charging a rea  of the b l a s t  furnace a t  t h e  southeas t  p a r t  of t h e  bu i ld ing  
and j u s t  below the roof opening (Figure E-5). The HiVol sampler was operated 
I n  t h e  h o r i z o n t a l  mode wi th  a n  overhang of 6 in .  An impactor t es t  run was 
performed, b u t  with the  sampler upr ight .  

* Terminology used by p l a n t  personnel.  
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The Location 20 sampler was designed t o  g a t h e r  p a r t i c u l a t e  mate- 
r i a l  e x i t i n g  through t h e  b l a s t - fu rnace  v e n t i l a t i o n  exhaust s tack ,  which i s  
t o  one s i d e  of the furnace  i t s e l f  (Figure E-5). The Location 20 sampler was 
equipped with the  a u x i l i a r y  i n t a k e  f o r  T e s t  Runs 28, 29, 30, and 32. For 
the t e s t  run  with t h e  impactor,  t h e  a u x i l i a r y  i n t a k e  was not  used. 

4. Zinc-fume baghouse and r a i l - l o a d i n g  f a c i l i t y :  The HiVol sam- 
p l e r  a t  Location 21 was opera ted  h o r i z o n t a l l y  with t h e  i n t a k e  a s  c l o s e  t o  
t h e  r a i l c a r  loading hoppers a s  p o s s i b l e  (F igures  E-7 and E-8). The sampler 
was approximately 15 f t  above t h e  ground l e v e l  near  t h e  top of  t h e  opening 
through which the r a i l c a r s  pass. A meteoro logica l  s t a t i o n  was operated dur- 
i ng  t h e  sampling pe r iod  f o r  Location 21. The s t a t i o n  was pos i t ioned  between 
t h e  r a i l c a r s  and the h i l l s i d e  near  t h e  z i n c  s tack .  The c o n s i s t e n t  breeze 
from a d i r e c t i o n  o f  270 degrees  allowed e f f e c t i v e  sampling of t h e  r a i l -  
loading operat ion.  Locat ion 22 sampler was placed i n  a 1 2  x 14 f t  tunnel  
under t h e  zinc-fume condensers a t  ground l e v e l  (Figure E-6). It was opera ted  
i n  an up r igh t  mode. The 270-degree wind made f o r  some dus t  and p a r t i c u l a t e  
ma t t e r  moving through the length of t h e  bu i ld ing ,  s t a r t i n g  a t  the  v i c i n i t y  
of  t h e  baghouse, l eav ing  the bu i ld ing  a t  t h e  v i c i n i t y  of Location 22. 

5. Zinc-furnace bui lding:  Samplers 23 and 23A were loca ted  a t  
the zinc-furnace bu i ld ing  which i s  loca ted  i n  t h e  e a s t e r n  po r t ion  of t h e  
ASARCO p l a n t  (Figure E-9). The sampler a t  Location 23 was operated ho r i -  
zon ta l ly  i n  t h e  exhaust  s t a c k  from the z i n c  furnace.  A p la t form had been 
b u i l t  by the subcont rac tor  so  t h a t  MRI personnel  could p l a c e  the sampler 
p a r t  way i n t o  t h e  s tack ,  overhanging t h e  edge of t h e  p la t form 6 t o  8 in .  
The r e s u l t  was t h a t  t h e  i n t a k e  f o r  t h e  HiVol was near  the c e n t e r  l ine  of 
t h e  s tack ,  approximately 3 f t  from one end. Access t o  this p o s i t i o n  was by 
ladder  and e x i s t i n g  s ta i rway.  Location 23A was a sampler placed up r igh t  on 
ground l e v e l  o u t s i d e  and away from t h e  z inc- furnace  bui lding.  P a r t i c u l a t e  
m a t t e r  had been observed covering t h e  ground a t  this loca t ion ,  so test runs 
were made t o  provide a gene ra l  p i c t u r e  of ambient a i r  concentrat ions.  An 
impactor t e s t  run was made a t  each of these loca t ions .  

6. Ore-unloading and s to rage  a rea :  A t  Locations 24N and 245 
(ore-unloading) samplers were placed u p r i g h t  a t  upwind and downwind posi-  
t i o n s  i n  r e l a t i o n  t o  t h e  ore-unloading and s to rage  a rea  (Figure E-10). A 
meteoro logica l  s t a t i o n  a t  Location 24s (downwind) gave wind-speed and wind- 
d i r e c t i o n  data .  Wind-blown m a t e r i a l s  from the a rea  where o r e  was being un- 
loaded gene ra l ly  d r i f t e d  s o u t h e a s t e r l y  toward t h e  t a l l  s tack.  A n a t u r a l  
narrows i s  c rea t ed  between t h e  b ins  themselves and the baghouse bu i ld ing  
t o  t h e  southwest; wind v e l o c i t y  through t h a t  l o c a t i o n  was except iona l ly  
high. D r y  d u s t  and o t h e r  m a t e r i a l  were subsequent ly  picked up by winds and 
c a r r i e d  t o  t h e  v i c i n i t y ,  and p a s t  Locat ion 24s. Location 24N s i m i l a r l y  re- 
ceived some blowing d u s t  f rom o t h e r  ope ra t ions  t o  the northwest and west 
of t h a t  loca t ion .  Vehicular  t r a f f i c  through the a rea  and e s p e c i a l l y  on t h e  
roadway between the b i n s  and t h e  bag bu i ld ing  made f o r  a confusing s i t u a t i o n  
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regarding accura te  sampling of the ore-unloading operat ions.  It i s  bel ieved 
t h a t  the m a t e r i a l  c o l l e c t e d  on t h e  f i l t e r  a t  24s r ep resen t s  a t  l e a s t  severa l  
loca t ions :  dus t  from t h e  surrounding roadway, dry dus t  from t h e  ore  i n  the  
bins ,  and some un iden t i f i ed  ma te r i a l  r e s u l t i n g  from a baghouse-cleaning op- 
e r a t i o n  t h a t  was i n  progress  a t  the  t i m e .  



VI. ANALYSIS PFOCEDURES 

A. General  Comnents 

P a r t i c u l a t e  samples were c o l l e c t e d  a t  13 loca t ions  a t  t h e  Glover, 
Missouri ,  p l a n t  and a t  17  loca t ions  a t  t h e  East Helena, Montana, p l a n t  (Ap- 
pendices  A and B). The p a r t i c u l a t e  was c o l l e c t e d  on 8 x 10 in .  Gelman Type 
A-E g l a s s - f i b e r  f i l t e r s  f o r  t o t a l  mass and on 4 x 5 in.  S i e r r a  g l a s s - f i b e r  
f i l t e rs  f o r  t o t a l  mass by aerodynamic p a r t i c l e - s i z e  ranges. 

The popula t ion  of t h e  samples taken i s  i d e n t i f i e d  i n  Table 2 1  f o r  
each t e s t  s i t e  (Glover, Missouri ,  and East  Helena, Montana) by t o t a l  number 
of samples and by fou r  d i f f e r e n t  popula t ion  s e t s .  Each of these  f i v e  d i f f e r -  
e n t  c a t e g o r i e s  was f u r t h e r  subdivided by types  of samples: Type 1 a r e  8 x 
10 in .  g l a s s - f i b e r  f i l t e r s  on which p a r t i c u l a ' t e s  were c o l l e c t e d  by using 
HiVol samplers (Figures  C - 1  and C-2) o r  by using M R I ' s  v e r t i c a l - p r o f i l e  sam- 
p l i n g  appara tus  (F igures  C-6 and C-9); and Type 2 a r e  4 x 5 i n .  g l a s s - f i b e r  
f i l t e r s  on which p a r t i c u l a t e s  were c o l l e c t e d  by s i z e  ranges,  us ing  a S i e r r a  
5-s tage impactor i n  a HiVol a i r  sampler (Figure C-3). 

Since t h e r e  a r e  b a s i c a l l y  two d i f f e r e n t  types of analyses--chemi- 
c a l  and mathematical--each of these  a r e  presented  s e p a r a t e l y  below i n  Sec- 
t i o n  VI-B and VI-C,  r e spec t ive ly .  

B. Chemical Analysis 

The samples taken i n  t h e  f i e l d  a r e  c l a s s i f i e d  i n t o  four  sets a s  
shown i n  Table  21 and d iscussed  above. S e t  1, which comprised t h e  t o t a l  s e t  
of 200 samples (Type 1, 55 from Glover p l u s  60 f rom Eas t  Helena; and Type 
2,  35 from Glover p l u s  50 from East Helena), was analyzed a t  MRI f o r  the 
t o t a l  mass of p a r t i c u l a t e  on each f i l t e r .  Se t  2, which comprised 103 sam- 
p l e s  (Type 1, 35 from Glover p l u s  33 from East  Helena; and Type 2, 25 from 
Glover p l u s  10 from East  Helena), was analyzed a t  M R I  f o r  t h e  quan t i ty  of 
lead and t h e  quan t i ty  of  a r s e n i c  i n  each sample. S e t  3,* vhich was made up 
from S e t  2, was analyzed a t  Physical  E lec t ron ic  I n d u s t r i e s  (Appendix F) 
f o r  both lead  and a r s e n i c  species .  S e t  4 ,  which comprised 62 samples (Type 
1, 13  from Glover p l u s  19 from East  Helena; and Type 2, 5 from Glover p l u s  
25 from East  Helena), was analyzed by Walter C. McCrone Associates ,  Inc., 
f o r  dens i ty  and lead  and a r s e n i c  spec ie s  (Appendix G). Samples were s e n t  
t o  McCrone t o  be analyzed f o r  dens i ty ,  and while t he re ,  McCrone a l s o  ana- 
lyzed them f o r  species .  

* S e t  3 comprised samples from Set  2, i.e., seven of Type 1 and f i v e  of 
Type 2 from Glover, and e i g h t  of Type 1 and 15 of Type 2 from East  
Helena . 
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The analyses performed on the samples are discussed below: first, 
the analysis for total mass; second, the analyses by MRI for lead, arsenic, 
and cadmium mass; lead and arsenic species analyses by Physical Electronic 
Industries (PEI); and third, the analyses by McCrone for density and lead 
and arsenic species. 

1. Set 1 - Samples analyzed for total mass: Prior to going to 
the field, all filters were tared at MRI in a temperature- and humidity- 
controlled room. The filters were in this room a minimum of 48 hr prior to 
being tared on a Gram-Atic Balance, Type B6, made by E. Mettler with a maxi- 
mum balance of 106 g (0.5 mg _+ 0.2 mg). After being tared, each filter was 
placed into a glassine envelope and in turn this envelope was placed into a 
manila envelope. Each filter was assigned a different number. The filter 
number and the tare weight of each filter were logged and written on the 
manila envelope. 

After the filters had been used in the field, they were put back 
into their respective envelopes. Run numbers and dates of the sampling were 
recorded on the envelope. 

Upon return of the filter samples to MFU, they were placed in the 
same temperature- and humidity-controlled weighing room for a minimum period 
of 48 hr before they were weighed. The same laboratory person who tared the 
filters weighed the filter samples. All weights were recorded. 

2. Set 2 - Samples analyzed for concentration of lead and arsenic: 
This population of samples represented all the sampling locations at both 
the Glover, Missouri, site and the East Helena, Montana, site. 

a. Experimental analysis: The instrumentation, chemicals 
and reagents, and procedures used are discussed below. 

(1) Instrumentation: The measurements for the quantity 
of lead and arsenic in the samples were made on a Varian AA5 atomic absorp- 
tion spectrophotometer with background correction. Lead and cadmium* concen- 
trations were determined in air-acetylene flames. Arsenic concentration was 
determined in a nitrogen-hydrogen-entrained flame by the hydride method (con- 
verting arsenic to arsine and sweeping the gas through the same flame). The 
instrument settings were as described in the Varian Methods Manual. 

* Although cadmium was not a required analysis, it was included since it 
essentially was no additional effort. 
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( 2 )  Chemicals and reagents :  Reagent grade HC1 and HNO3 
were prechecked f o r  contamination and found t o  be below t h e  d e t e c t i o n  l i m i t  
f o r  each element analyzed. The a c i d s  were used t o  make t h e  aqua r e g i a  used 
f o r  t h e  d i g e s t i o n  of the  samples; the 5% HNO3 used t o  r i n s e  and d i l u t e  t h e  
samples t o  volume and t o  make the c a l i b r a t i o n  s tandards;  and t h e  50% HC1 
used i n  the hydride method. Commercially a v a i l a b l e  atomic absorp t ion  s tan-  
dards  were used a s  t h e  s tock  s o l u t i o n s  f o r  t h e  c a l i b r a t i o n  standards.  A 10% 
sodium borohydride, 10% sodium iod ide  i n  1% sodium hydroxide s o l u t i o n  was 
used t o  produce a r s i n e ,  and gave no d e t e c t a b l e  a r s e n i c  s igna l .  

(3) Procedure: A 4 x 4 in .  s e c t i o n  was c u t  from t h e  
8 x 10 in .  f i l t e r  and weighed. The amount of f i l t e r  t a r e  was ca l cu la t ed ,  
then sub t r ac t ed  from t h e  weight of t h e  s e c t i o n  t o  o b t a i n  t h e  weight of t h e  
p a r t i c u l a t e .  The e n t i r e  S i e r r a  f i l t e r  was used. The f i l t e r s  were c u t  i n t o  
acid-washed beakers and 30 m l  aqua r e g i a  were added. The samples were cov- 
ered with cover g l a s s e s ,  heated on a h o t  p l a t e  f o r  4 h r ,  and occas iona l ly  
s t i r r e d  with g l a s s  rods t o  a s su re  adequate con tac t  of t h e  p a r t i c u l a t e  with 
the acid.  The aqua r e g i a  was decanted i n t o  100-ml volumetr ic  f l a s k s ,  the 
f i l t e r s  r i n sed  a t  l e a s t  t h r e e  times with 5% “ 0 3 ,  and t h e  d iges ted  samples 
were d i l u t e d  t o  volume with 5% HN03. 

b. Discussion of a n a l y s i s  

(1)  Pre l iminary  cons idera t ions :  Since the samples had 
been c o l l e c t e d  on f i l t e r s ,  a method was chosen t h a t  would al low t h e  removal 
of t h e  p a r t i c u l a t e  from t h e  f i l t e r s  without  d i s so lv ing  the f i l t e r s .  Dissolu- 
t i o n  of g l a s s - f i b e r  f i l t e r s  by hydro f luo r i c  a c i d  r equ i r e s  very  long diges- 
t i o n  per iods ,  r e s u l t s  i n  hfgh background l e v e l s ,  and a low recovery (< 5%) 
of a r s e n i c  from t h e  f i l t e r s .  Therefore,  aqua r e g i a  r a t h e r  than  hydrof luor ic  
acid was used t o  t r e a t  the  samples. The aqua r e g i a  t rea tment  r e s u l t e d  i n  d i s -  
s o l u t i o n  of t h e  p a r t i c u l a t e  leaving a c l e a n  f i l t e r  sur face .  P r i o r  t o  t h e  ac- 
t u a l  d iges t ion  of t h e  samples, t h e  ease  of handling t h e  f i l t e r s  and t h e  re- 
covery o f  f o r t i f i e d  ana lyses  from va r ious  ac ids ,  f i l t e rs ,  and Nat ional  Bureau 
of Standards F ly  Ash No. 1633 were determined. The chosen method was a 4-hr 
leach i n  aqua reg ia .  

( 2 )  Resul ts  of p a r t i c u l a t e  ana lys i s :  The concent ra t ion  
and t o t a l  weight of lead,  a r s e n i c ,  and cadmium a r e  g iven  i n  Table 4. The con- 
c e n t r a t i o n  ranged from 0.62 t o  69% f o r  lead ,  0.0062 t o  9.6% f o r  a r sen ic ,  and 
0.01 t o  16% f o r  cadmium. 

(3)  Remarks: Most of t h e  lead compounds expected a r e  
acid-soluble;  one except ion i s  lead-bound s i l i c a t e ,  and another  i s  one in-  
so lub le  form of PbO. This  form of PW forms white  p l a t e l e t s  i n  aqua regia .  
S imi la r  p l a t e l e t s  were occas iona l ly  seen i n  some of  t h e  d iges t ed  samples, 
bu t  w e r e  a very low f r a c t i o n  of t h e  t o t a l  p a r t i c u l a t e .  One sample was semi- 
q u a n t i t a t i v e l y  analyzed by X-ray emission, and cadmium was detected.  Since 
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cadmium i s  a hazardous m a t e r i a l ,  the samples were a l s o  analyzed f o r  cadmium 
by atomic absorp t ion  spectroscopy. 

( 4 )  Prec i s ion  and accuracy: The r e l a t i v e  s tandard devi- 
a t i o n s  (RSD) of t h e  atomic absorp t ion  methods were 1.7% f o r  cadmium a t  the  
50 ppm l e v e l ,  3.6% f o r  lead  a t  the  100 ppm l e v e l ,  and 4.1% f o r  a r s e n i c  a t  the  
30 ppm leve l .  The RSD of the  hydride method was 3.7% f o r  a r sen ic  a t  t h e  0.3 
pg leve l .  The accuracy of  t h e  method f o r  N B S  f l y  ash  was 98% f o r  arsenic .  The 
recovery of f o r t i f i e d  f i l t e r  blanks was 100% f o r  a r s e n i c  and 100% f o r  lead. 
The a n a l y s i s  of t h e  f i l t e r  blanks was 1.3 pg A s ,  8.8 Pg Pb, and < 10 pg Cd 
f o r  a whole S i e r r a ,  and < 0.6 Pg A s ,  < 0.5 Pg Pb, and < 10 Pg Cd f o r  one- 
fou r th  of an 8 x 10 in .  f i l t e r .  

3. Se t  3 - Samples analyzed f o r  lead and a r s e n i c  spec ies  by Physi- 
c a l  E lec t ron ic  Indus t r i e s :  A po r t ion  of t h e  samples was analyzed by Physi- 
c a l  E lec t ron ic  I n d u s t r i e s ,  Minneapolis, Minnesota. This  a n a l y s i s  is discussed 
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below. Another p o r t i o n  of  t h e  samples was analyzed by X-ray d i f f r a c t i o n  by 
Walter C. McCrone Assoc ia tes ,  Inc., Chicago, I l l i n o i s .  This  l a t t e r  group i s  
discussed i n  Sec t ion  VI-B-4 .  

The ins t rumenta t ion  and procedures  used a r e  d iscussed  below. 

a. Instrumentat ion:  The chemical spec ie s  of lead were de te r -  
mined by e l e c t r o n  spectroscopy f o r  chemical a n a l y s i s  (ESCA) using a PHI Model 
548. The ana lyses  were performed by Phys ica l  E lec t ron ic  I n d u s t r i e s  i n  t h e i r  
a n a l y t i c a l  l abora tory .  Samples f o r  ana lyses  were chosen from both smelter 
loca t ions  t o  be  r e p r e s e n t a t i v e  of sampling l o c a t i o n s  and p a r t i c u l a t e  s i z e  
d i s t r i b u t i o n .  

The ESCA r e s u l t s  y i e l d  i d e n t i f i c a t i o n  of the  su r face  compo- 
s i t i o n  of t h e  p a r t i c u l a t e  mater ia l .  A gene ra l  scan was made of each sample 
which ind ica t ed  elements p re sen t  a t  g r e a t e r  than 1% concentrat ion.  The lead 
spec ie s  were determined from a h igh - re so lu t ion  scan of appropr i a t e  binding 
energies .  Su l fu r  spec ie s  were a l s o  determined from h igh- re so lu t ion  scan be- 
cause of t h e  a n t i c i p a t e d  presence of lead s u l f u r  compounds. Se lec ted  samples 
conta in ing  d e t e c t a b l e  a r s e n i c  l e v e l s  p 1%) were analyzed by h igh- reso lu t ion  
scan t o  determine a r s e n i c  species .  

b. Discussion and conclusions:  The following s e c t i o n  d i s -  
cusses  t h e  d i f f e r e n t  types of ESCA data  obtained and how these  da t a  were in-  
t e rp re t ed .  The ESCA d a t a  from a l l  samples and Physical  E lec t ron ic  I n d u s t r i e s '  
i n t e r p r e t a t i o n  a r e  included i n  Appendix F. The r e s u l t s  of lead spec ie s  iden- 
t i f i e d  f o r  a l l  t h e  samples analyzed a r e  then  surmaarized. 

The ESCA s p e c t r a  from 1,000 t o  0 ev binding energy were taken 
f o r  each sample. An example i s  shown i n  Figure 8. The peaks de t ec t ed  were 
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assigned t o  elements p re sen t ,  and to  t h e o r b i t a l  f romwhichthe e l e c t r o n  came 
based on the binding energy. The important f e a t u r e s  of Figure 8 were the Pb 
4f,12 peak a t  140 ev, and t h e  A s  3d a t  45 ev. The presence of t h e  lead and 
a r s e n i c  peaks ind ica t ed  s u f f i c i e n t  concen t r a t ion  C, PL) t o  determine spe- 
cies present .  The s u l f u r  2p3 peak a t  160 ev i s  of low i n t e n s i t y  with re- 

t h e  predominate anion on lead. 
l a t i o n  t o  the lead  4f, /2 pea 1! . The f a c t  i n d i c a t e d  t h a t  s u l f u r  could not  be 

A l l  samples analyzed were on g l a s s - f i b e r  f i l t e r s  which e lec-  
t r i c a l l y  i n s u l a t e  the  sample and bu i ld  an e l e c t r o s t a t i c  charge during ESCA. 
The e l e c t r o s t a t i c  charge s h i f t s  binding ene rg ie s  and must be co r rec t ed  dur- 
ing  h igh - re so lu t ion  ana lys i s .  Carbon was used t o  determine the binding energy 
cor rec t ion .  Figure 9 i s  a h igh- reso lu t ion  scan i n  t h e  carbon 1s binding en- 
ergy. The accepted va lue  f o r  carbon 1s i s  285.0 ev. As  i nd ica t ed  i n  Figure 9, 
a -3.5 ev c o r r e c t i o n  i s  necessary f o r  t h i s  sample. The same c o r r e c t i o n  i s  ap- 
p l i e d  to a l l  o t h e r  h igh - re so lu t ion  scans f o r  o t h e r  elements of i n t e r e s t  i n  
t h i s  sample. A carbon 1s scan was made f o r  each sample, and the ca l cu la t ed  
binding energy c o r r e c t i o n  was appl ied  t o  the o t h e r  elements analyzed. 

F igure  10 i s  a h igh - re so lu t ion  scan of lead 4f7/2 binding 
energy. This  lead  binding energy was s e l e c t e d  because i t  shows the l a rg -  
est  s h i f t  due t o  chemical spec ie s .  The ESCA r e s o l u t i o n  i s  only 1 ev a t  
h a l f  peak h e i g h t ,  t h e  binding energy of s i n g l e  compounds i s  ind ica t ed  by 
1 ev h a l f  h e i g h t  peak wid th ,  and the peak o f  a s i n g l e  compound i s  i n d i -  
ca ted  i n  Figure 10. The cor rec ted  binding energy of 139 ev i n d i c a t e s  the 
presence of  PbO. I f  the  PbCrO4 were p r e s e n t ,  t h e  C r  binding energy a t  43 
ev would be de t ec t ed  i n  Figure 10. The binding energ ies  f o r  lead spec ie s  
a r e  given i n  Table 21 .  A l l  va lues  l i s t e d  a r e  cor rec ted  t o  carbon 1s = 
285.0 ev.  Figure 11 i s  of a sample t h a t  con ta ins  l ead - su l fu r  and lead-  
oxygen bonds. When the s i g n a l  s t r e n g t h  of Figure 11 i s  compared t o  t h a t  
of  Figure 10, no te  the e leva ted  s i g n a l  s t r e n g t h  between the lead 4f 
and 4f5 /*  peaks. This  i n d i c a t e s  an unresolved peak which was assigned t o  
e i t h e r  lead s u l f a t e  or  lead s u l f i d e .  The binding energ ies  a r e  too c lose  
t o  r e so lve  which s u l f u r  spec ie s  i s  present  (Table 2 2 ) .  The binding ener-  
g i e s  of s u l f u r  were used t o  a s s i g n  the lead s u l f u r  spec ie s  (Table 23).  

7 1 2  

High-resolut ion scans were made of s u l f u r  2~312  i n  a l l  sam- 
p les .  Table 23 l is ts  t h e  binding energ ies  of su l fur -conta in ing  compounds. 
The two spec ie s  of i n t e r e s t  i n  t h i s  s tudy were s u l f a t e  and s u l f i d e  with 
binding ene rg ie s  of 169 and 162 ev, r e spec t ive ly .  Figure 12 shows a sample 
conta in ing  both s u l f a t e  (169.7 ev) and s u l f i d e  (162.8 ev). 

Analysis of Figures 11 and 12 ind ica t ed  t h e  presence of lead- 
s u l f u r  spec ies ,  bu t  from Figure 12 t h e  l ead  spec ies  could not  be assigned 
only a s  a s u l f a t e  o r  s u l f i d e  because of t h e  presence of both s u l f u r  forms. 
ESCA i s  a su r face  a n a l y s i s  technique, and i t  i s  p o s s i b l e  t h a t  s u l f i d e  on the 
p a r t i c u l a t e  su r face  may be oxidized t o  s u l f a t e .  To determine i f  t h i g  su r face  
oxida t ion  were occurr ing,  Sample 2039 was s p u t t e r i n g  t o  remove 100 A of the  
sur face .  
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TABLE 22  

1 
I 
I 

Pb(4f7,2) B I N D I N G  ENERGIES 

Compound Binding Energy (ev 

Pb' 137.0 (136.9%/ b/ 

P M 2  137.0 (137.5)- 
Pb[S2P(OQIzH5 )212 138.3 
PbCrOq 138.3 
PbO 139.2 

140.0 
140.9 
141.0 
141.1 
141.8 
142.2 

I 
I 

~ 

a /  T. A. Carlson, Photoelectron and Auger Spectroscopy, Plenum Pres s  

b/ 

I 
I 

- 
(1975 1. 

K. S. Kim,  T. J .  O'Leary, and N. Winograd, Anal. Chem., 45:2214 (1976). - - 

TABLE 2 3  

SULFUR (2p) B I N D I N G  ENERGIES 

a/  Compound Binding Energy (ev)- 

162.0 
163.7 
164.2 
166.7 
168.9 
170.2 
174.6 
177.4 

- a/ T. A. Carlson, gho toe lec t ron  and Auxer SDectroscopy, P l e n m  Pres s  
(1975). 
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The sample was aga in  analyzed f o r  lead and s u l f u r  species .  The l ead - su l fu r  
bond wil:i clet,ectc!d ; i ~ x l i i ,  tml: 1 : 1 1 6 !  si11 liir nri:rl y s i s  :;tiown I n  Fip,urr 1 7  iiidi.- 
c u t c d  L I i c  prcseiicc 01.' S U I  l ' idc atid I IVL S U I  C a ~ c .  SLuiLlor sputcur lng  expert- 
ments were performed on Samples 3001, 3004, and 2027. I n  each case ,  t h e  
removal of t h e  su r face  caused an inc rease  i n  the s u l f i d e  peak. In Samples 
3004 and 2039, t h e  Pb02 was a s soc ia t ed  w i t h  t h e  su r face  and disappeared 
when the o r i g i n a l  s u r f a c e  w a s  removed. Sample 3001 and 2027 d id  not  i n d i -  
c a t e  any Pb02 on t h e  o r i g i n a l  su r f ace .  

Arsenic was de tec ted  i n  some samples from Eas t  Helena, 
Montana (F igure  8). The concent ra t ion  was s u f f i c i e n t  t o  j u s t i f y  a high- 
r e s o l u t i o n  scan  of  a r s e n i c  3d binding ene rg ie s  i n  an at tempt  t o  determine 
a r s e n i c  spec ia t ion .  The binding energ ies  f o r  a r s e n i c  a r e  presented  i n  Table 
24. The d i f f e r e n c e  i n  binding energ ies  of the a r s e n i c  I11 and V oxida t ion  
s t a t e s  were too low f o r  ox ida t ion  s t a t e  i d e n t i f i c a t i o n  of  e i t h e r  t h e  oxides 
o r  s u l f i d e s .  The binding energy d i f f e r e n c e  between t h e  s u l f i d e  and oxide 
i s  s u f f i c i e n t  t o  d i f f e r e n t i a t e  between the t w o  anion forms. Figure 14 i s  
a h igh - re so lu t ion  scan  of  a r s e n i c  binding energ ies  which i n d i c a t e  t h e  pres-  
ence of a r s e n i c  s u l f i d e .  

TABLE 24 

A 6  (3d) BINDING EIEFGIES 

Compound a /  Binding Energy (ev)- 

- a /  T .  A. Carlson,  Photoe lec t ron  and Auger Spectroscopy, 
Plenum Press (1975). 
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The low-resolut ion scan of S i e r r a  Samples 3062 t o  3066 and 
3077 t o  3087 ind ica t ed  an inc rease  i n  a r s e n i c  peak h e i g h t  a s  the pa r t i cu -  
l a t e  s i z e  decreased. The peak h e i g h t  of a g iven  element 's  binding energy 
i s  d i r e c t l y  p ropor t iona l  t o  i t s  concen t r a t ion  on the surface.  Figure 15 
shows the r e l a t i o n  between a r s e n i c  concen t r a t ion  and the inve r se  of t h e  
p a r t i c u l a t e  diameter. This c l e a r l y  i n d i c a t e s  a d i r e c t  r e l a t i o n s h i p  between 
p a r t i c u l a t e  s i z e  and a r s e n i c  concentrat ion.  An explana t ion  f o r  t h i s  obser- 
v a t i o n  i s  t h a t  a r s e n i c  w a s  vaporized during the smelt ing operat ion.  A s  t h e  
gas was cooled, the a r s e n i c  condensed on p a r t i c u l a t e  sur faces .  The smal le r  
p a r t i c u l a t e s  have a g r e a t e r  su r f ace  a rea  p e r  given weight of ma te r i a l ,  and 
the re fo re  show an enrichment i n  a r s e n i c  concentrat ion.  The sampling a rea  
of t h e  ESCA i s  f ixed  i n  s i z e  so t h a t  l a r g e  p a r t i c u l a t e s  show smal le r  t o t a l  
su r f ace  a rea  than  sma l l e r  p a r t i c u l a t e s  f o r  t h e  same su r face  a rea  coverage 
of t h e  f i l t e r .  Therefore ,  t h e  a r s e n i c  Concentrat ion increases with decreas- 
ing p a r t i c l e  s i ze .  

The ESCA results a r e  sunmarized i n  Table 25. The predominate 
lead su r face  spec ie s  i n  a l l  samples was PbO. Several  samples con ta in  PW2, 
but  this i s  l i k e l y  a r e s u l t  of su r f ace  ox ida t ion  of PM, a s  determined from 
the  su r face  s p u t t e r i n g  experiments d i scussed  above. Only Samples 2032 and 
2099 had lead  s u l f i d e  on t h e  surface.  Spu t t e r ing  experiments on a e l e c t e d  
samples ind ica t ed  no a d d i t i o n a l  lead  s u l f i d e  a t  depth up t o  200 A. There 
is no i n d i c a t i o n  of any su r face  dependence of lead spec ie s  based on s i z e  
o r  loca t ion .  There i s  no i n d i c a t i o n  of an i n c r e a s e  i n  s u r f a c e  lead  concen- 
t r a t i o n  ( a s  determined by peak h e i g h t )  a s  p a r t i c u l a t e  s i z e  decreases.  

The ESCA r e s u l t s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  from the X-ray 
d i f f r a c t i o n  resu l t s  with r e spec t  t o  lead  spec ies .  It should be  emphasized 
t h a t  the ESCA r e s u l t s  a r e  f o r  p a r t i c u l a t e  su r faces ,  and independent of crys-  
t a l l i n e  composition. The microscopic  examination of t h e  p a r t i c u l a t e s  i nd i -  
ca ted  amorphous m a t e r i a l  which would n o t  be  de t ec t ed  by X-ray d i f f r a c t i o n .  
The X-ray d i f f r a c t i o n  y ie lded  information about  t h e  p a r t i c u l a t i o n  a t  a 
g r e a t e r  depth. The ESCA technique would be more comparable t o  t h e  X-ray d i f -  
f r a c t i o n  i f  s p u t t e r i n g  techniques had been used extensively.  The two tech- 
niques a r e  looking a t  t h e  p a r t i c u l a t e  mat ter  i n  very  d i f f e r e n t  ways, and 
comparison of t h e  r e s u l t s  between t h e  two procedures  cannot be made. 

4. S e t  4 - Samples analyzed f o r  dens i ty :  McCrone was not  a b l e  
t o  analyze t h e  samples f o r  d e n s i t y  because t h e r e  was no s o l u t i o n  a v a i l a b l e  
s u f f i c i e n t l y  heavy f o r  d e n s i t y  de te rmina t ion  by g rad ien t  methods (maximum 
of 3.33 g/cm3). However, t h e  spec ie s  pe rcen t  composition r e s u l t s  from 
McCrone d i d  make p o s s i b l e  t h e  de te rmina t ion  of t h e  d e n s i t y  (Sec t ion  VI-C- 
5). 

The s p e c i e s  de te rmina t ion  was done by X-ray d i f f r a c t i o n .  The cop- 
i e s  of t h e  o r i g i n a l  X-ray p a t t e r n s  a r e  g iven  i n  Appendix G. The percent  com- 
p o s i t i o n  r e s u l t s  a r e  given i n  Table 26. The i d e n t i f i c a t i o n  of  each of t hese  
phases was confirmed by l i g h t  microscopy. 
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l/Particulate Diameter ( In  Microns) 

Figure 15 - Arsenic Concentration by Particulate  S ize  f o r  Samples 
3063 t o  3066,  Location 17, Dross Operations a t  

East Helena, Montana, Plant 
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TABLE 26 

PERCENTAGE COMPOSITION OF S P E C I E S  AS DETERMINED BY X-RAY DIFFRACTION 

Sample 

2002 
2004 
2006 
2013 
2015 
20 16 
2025 
2026 
203 1 
2035 
2038 
2040 
2055 
205 7 
2070 
2071 
2072 
2073 
2074 
208 1 
2082 
2083 
2084 
2086 
2087 
209 1 
2103 
2 104 
2 106 
2107 
2 109d 

2117 
2126 
3005 
3006 
3007 
3008 
3009 
3010 
3047 
3048 

- 
a5 
60 
70 

70 
75 
70 
85 
80 
75 
75 
40 
75 
15 
55 
25 
45 
55 
55 
2 
10 
60 
40 
15 
30 
3 
10 
15 
40 
50 
35 
(10) 
48 - 
80 
70 
85 
85 
75 
60 
55 

12 
10 
10 

10 
8 
20 
10 
10 
5 
15 
10 
25 
15 
20 
20 
25 
20 
20 
28 
10 
15 
15 
15 
15 
5 
5 
10 
10 
10 
40 
(20) 
2 
- 

10 
20 
5 
10 
20 
15 
15 

Species 
CdO Zn - - - - Pb PbS PbSOL ZnO ZnS Cam3 As203 Cas4 - - - 

3 - 
30 - 
10 - 

20 - 
10 - 
10 - 
5 - 
10 - 
20 - 
10 - 
50 - 
10 - 
25 - 
40 - 
20 - 
20 - 
15 - 
5 - 
15 - 
30 - 
10 20 
10 30 
10 - 
5 - 
10 - 
5 - 
5 - 
10 - 

Insufficient Sample 

- - 

- - 
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- 
3049 2 
3050 5 
305 1 10 
3052 - 
3053 5 
3054 10 
3055 .20 
3056 - 
3067 20 
3068 10 
3069 30 
3070 30 
307 1 - 
3082 35 
3083 30 
3084 15 
3085 - 
3086 15 

3088 10 
3089 15 
3090 10 
309 1 5 

3087 20 

TABLE 26 (Concluded) 

Species 
Samule Pb PbS PbS04 ZnO ZnS Cam3 A s 2 0 3  . Cas04 CdO Zn - - - - - - - - - 

60 20 10 8 
50 40 5 - 
45 45 - - - 25 60 15 
10 15 65 5 
10 20 50 10 
10 10 52 8 
10 12  70 8 
50 15 5 10 
65 15 3 5 
50 10 10 - 
15 30 25 - 

2 28 70 - 
65 - - - 
70 - - - 
50 - 8 10 
60 5 20 - 
35 - 10 - 
40 20 10 10 
20 10 15 5 
5 5 55 - 
- 5 55 5 
- 8 65 4 

Dens i t i e s  11.34 7.5 6.2 5.61 4.10 2.71 3.74 2.96 8.15 7.14 

a/ Sample 2109 was analyzed on t h e  f i l t e r  d i r e c t l y ,  r e s u l t s  i n  0;  and a s  
powder removed therefrom. The f i l t e r  depos i t  w a s  layered, black on t h e  
bottom and white ( b o )  on top. 
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There wasaninsuff ic ientsampleonSamples  2013 and 3005 to analyze. 

C. Mathematical Analyses 

1. General comments: The mathematical calculations that were 
performed required wind direction, wind velocity, ambient temperature, baro- 
metric pressure, sampler flow rate, duration of sampling, weight of sample, 
and effective area. The climatological raw field data that were used are 
given in Appendices H through J. At both sites, meteorological data from 
ASARCO weather stations were obtained, as well as data from MRI meteorolog- 
ical stations that had been set up at sampling locations where this infor- 
mation was needed. 

The flow rates of some of the samplers were constant. Others var- 
ied within acceptable bounds. In the latter case, flow records from the in- 
dividual samplers were taken during sampling. Copies of these records com- 
prise Appendices K and L. 

The duration of the sampling period was recorded by field person- 
nel. These data are sumnarized in Table 3. 

The weight of the total particulate and the lead and arsenic con- 
tents of a sample were determined as discussed in the preceding section (Sec- 
tion VI-B). 

The effective area is a complex aspect of the mathematical calcu- 
lations. It is a factor that represents the emission profile (two-dimensional 
aspect) at an emission point. Calculation data sheets on this subject are 
given in Appendix M, 

2. Climatological data: These data comprise wind velocity, wind 
direction, ambient temperature, and barometric pressure. The average wind 
velocity and direction data given in Table 3 are the average vector values 
that were determined from the raw data given in Appendices H and I, respec- 
tively. These average vector values were used in the calculations. 

The temperature and barometric pressure data given in Table 3 are 
average values of the ambient temperatures and barometric pressures recorded 
during the sampling periods. The temperatures and barometric pressures in 
all cases were obtained from the ASARCO on-site weather stations. The aver- 
age values were used in the evaluations. 
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3. Volume sampled: The volume sampled w a s  ca l cu la t ed  by us ing  
t h e  following equat ions:  

Volumeact. (m3) =Sampler r a t e  (s) x Duration (min) x 0.028317 

and 

t (2 )  
3 537- Barometric pressure Volumes td (m3) = VOI~,.. (m ) x - x 

29.92 Temp. O F  + 460" 

where 

0.028317 i s  t h e  f a c t o r  fo r  convert ing f t 3  t o  m3 . 
An example is:  

Given: Run 1, Location: 1-top 

Sample Fate = 31.25 cfm 
Sample Duration = 222 min 

Determine: 

Volact . = 37.25 x 222 x 0.028317 = 234 m3 

4. Concentrat ions o f  t o t a l  p a r t i c u l a t e ,  lead,  a r sen ic ,  and cadmium: 
Actual and s tandard concent ra t ions  were ca l cu la t ed  by us ing  the  following equa- 
t ion  : 

Concentration (pg/m3) = weight (pg2 
volume (m3) 

(3)  

where weight is  t h e  mass as determined by g rav ime t r i ca l  methods as d i s -  
cussed i n  Sec t ion  V I - B ;  and 

volume is e i t h e r  t h e  a c t u a l  o r  s tandard volume a s  determined by 
Eqs. (1)  and ( 2 ) ,  r e spec t ive ly .  
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An example is:  

Given: Run 3, Location: 1- top  

T o t a l  p a r t i c u l a t e  mass = 1.5784 g 
Lead weight = 700 m g  
Arsenic weight = 550 pg 
Cadmium weight = 4,600 pg 

= 234 m3 Volumes c t . 
= 233 m3 vO1umes t d  . 

* Determine: 

= _  1. - 784 = 6,740 pg/m3 T o t a l  P a r t i c u l a t e  Concentrat ionact .  
234 

- - 1.5784 = 6,770 pg/m3 
233 

- 700 - - x lo3 
234 

700 
233 

550 
234 

T o t a l  P a r t i c u l a t e  Concentrationstd.  

= 2,990 pg/m3 Lead Concentrationact 

Lead ConcentrationStd. = - x lo3 = 3,000 pg/m3 

= 2.35 pg/m3 - -  - Arsenic Concentrationact.  

Arsenic Concentrationstd.  - - -  550 = 2.36 pg/m3 

- - 4,600 = 19.6 pg/m3 

233 

2 34 
Cadmium Concentrationact 

Cadmium Concentrationstd = 19.7 pg/m3 -4,600 - 
233 

5. P a r t i c l e  dens i ty :  There were 64 d i f f e r e n t  samples from which 
dens i ty  de te rmina t ion  was attempted. This  populat ion of  samples covered both 
Types 1 and 2 samples (see Table 3) and represented  most sampling loca t ions  
a t  both ASARCO si tes--Glover ,  Missouri, and E a s t  Helena, Montana. In two cases  
(Samples 2013 and 3005) t h e r e  was not  s u f f i c i e n t  sample. 

.X Resul t s  are g i v e n . t o  t h r e e  s i g n i f i c a n t  f i g u r e s  only. 
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Since t h e r e  w a s  no q u a n t i t y  determinat ion by McCrone of  each spe- 
c i e s  i n  a sample, r e p r e s e n t a t i v e  va lues  were determined by a n  averaging tech-  
nique from l ead  and a r s e n i c  mass concen t r a t ion  va lues  determined by MRI on 
o t h e r  samples taken a t  t h e  same, locat ions.  This  average va lue  of lead and 
a r s e n i c  mass concen t r a t ions ,  
concent ra t ion  va lue  f o r  t h e  sample 

%, was,divided by t h e  t o t a l  p a r t i c u l a t e  mass 
3, t o  g ive  a n  adjustment f a c t o r  K , o r  

(4)  

The r e p r e s e n t a t i v e  t o t a l  s p e c i e s  mass concent ra t ion ,  M, , f o r  a 
sample of  t h e  populat ion o f  62 analyzed by McCrone i s  determined by mul t i -  
plying t h e  K va lue  f o r  a sample by i t s  t o t a l  p a r t i c u l a t e  mass concentra-  
t i o n  va lue ,  , which w a s  determined by MRI, o r  

%=9 * (5)  

Now, having determined Mo , knowing % , and assuming 6, = 1," t h e  dens i ty  
of a sample i s  ca l cu la t ed  from t h e  fol lowing equat ion:  

o r  (7)  

- 
where 6 = 0.01 (P i61  + p262 + .... + Pn6,) (8)  

P i  = percent  of  a spec ies  i n  a sample a s  determined by McCrone 
(Table 26) and i = 1, 2, ...., n where n = 10 

6i = handbook va lue  of a s p e c i e s  given by McCrone and i = 1, 2 ,  ..., n where t h e  spec ie s  a r e :  6 1  = 11.34 f o r  Pb, 62 = 
7.5 f o r  WS, 63 = 6.2 f o r  %SO4, 64 = 5.61 fo r  ZnO, 65 = 

4.1 f o r  ZnS, 66 = 2.71 fo r  CaC03, 6 7  = 2.87 f o r  As2O3, 
68 = 2.96 f o r  CaS04, 69 = 8.15 f o r  CdO, and 610 = 7.14 
fo r  Zn . 

* A d e n s i t y  of  1 was assumed f o r  t h e  m a t e r i a l  i n  a sample that  was not  t h a t  
of t h e  spec ie s  i d e n t i f i e d  (Table 26) ,  s i n c e  it was be l ieved  t h a t  most of  
t h i s  p o r t i o n  of t h e  sample was f l y  a sh  and a dens i ty  of 1 w a s  represen-  
t a t i v e  o f  it. 
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An example is:  

Given: - 
T o t a l  Pb A s  Cd 

Cone .- a /  Conc .- a /  Conc .- a /  Conc .- a /  (Pb+As+Cd) 
Location ~ u n  (pg/m3) (pglm3) ( p g / m 3 ~  (pg/m3) (pg/m3) 

1-Bo tt om 2 3,280 6 84 0.76 5.45 690 
1-Bot t om 3 8,340 2,740 2.44 23 .50 2,766 
1-Bottom 1 11,000 - - - - 
Densi t ies :b/  

Percentages:bl 

- a /  - b/ Table 26. 

Determine: Density of sample ( F i l t e r  No. 2004) of Location 1-bottom from 

bo = 1, 62 = 7.5, 63 = 6.2, 65 = 4.10 

p 1  = 60, p3 = 10, p5 = 30 

Actua l  condi t ions  - Table 5. 

Run 1 - 
The average va lue  of  lead ,  a r s e n i c ,  and cadmium concent ra t ions  

from 1-bottom of Runs 2 and 3 i s  determined as follows: 

' 690 + 2*766 = 1,728 pg/J . 
2 Mo = 

The average va lue  of  t h e  t o t a l  concent ra t ion  of p a r t i c u l a t e  from 
1-bottom of Runs 2 and 3 i s  determined a s  fol lows:  

From Eq. ( 4 ) ,  K i s  ca l cu la t ed  , 

The t o t a l  mass of t h e  sample ( F i l t e r  No. 2006) of  Location 1-bottom 
from Run 1 is: 

% = 11,000 pg/m3 . 
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Now, using Eq. ( 5 ) ,  

% = = 0.297 x 11,000 = 3,267 pg/m3 . 
- 

Solving Eq. ( a ) ,  6 becomes, 
- 
6 = 0.01 (60 x 7.5 + 10 x 6.2 + 30 x 4.1) = 6.35 

S u b s t i t u t i n g  
t h e  dens i ty  of t h e  p a r t i c u l a t e  fo r  t h e  sample becomes: 

6, = 1, 6 = 6.35, + = 11,000, and = 3,267 i n t o  Eq. (7 ) ,  

- 6.35 x 3,267 + 11,000 - 3,267 
6P - 11,000 11,000 

o r  

6 = 1.89 + 0.703 = 2.59 . 
P 

6. Emission r a t e  - t o t a l  p a r t i c u l a t e ,  l ead ,  and a r sen ic :  The emis- 
s i o n  r a t e s  a r e  ca l cu la t ed  by using e i t h e r  Eqs. (9 )  o r  (10) given below, depend- 
ing on t h e  s p e c i f i c  type  of f u g i t i v e  emission: 

Emission Rate (pg/min) = Conc. (pg/m3) x Flow (fpm) x Area ( f t 2 )  x (9)  
3 

0.028317 !!L 
f t 3  

where Concentration was ca lcu la ted  us ing  Eq. (3) .  

Flow used was t h a t  measured by a hand-held velometer o r  t he  wind - 
v e l o c i t y  measured by MRI’s meteorological  s t a t i o n  if one were a t  
t h e  loca t ion ,  and if n o t ,  t h a t  measured by an  ASARCO weather s t a -  
t i on .  

Area is t h a t  from which t h e r e  were emissions from the  type source 
f o r  which a sampling loca t ion  represented (Sect ion V I - C - 1 ,  and 
Appendix N). 

- 

0.028317 i s  t h e  f a c t o r  f o r  convert ing f t 3  t o  m 3 
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Average Transport  ( f t /min )  x 
Veloci ty  

Emission Rate (mg/min) = 

(mg/m3) x 0.028317 (10) 
ackground Concentrat ion I P a r t i c u l a t e  

Minus 

where Cross-sec t iona l  t r a n s p o r t  a r e a  is t h e  v e r t i c a l  p r o f i l e  of  t h e  fug i -  
t ive  source mul t ip l i ed  by a f a c t o r  of  1 ?; k 5 2 , where t h e  va lue  
of k 
source.  

depends upon t h e  relative loca t ion  of t h e  sampler t o  t h e  

Average t r a n s p o r t  v e l o c i t y  i s  t h e  flow a s  s p e c i f i e d  f o r  Eq. ( 9 ) .  

Average p a r t i c u l a t e  concen t r a t ion  minus background concent ra t ion  
is t h e  concent ra t ion  measured by t h e  sampler t h a t  sampled t h e  
f u g i t i v e  emissions from a source ,  and t h e  background is the con- 
c e n t r a t i o n  determined from ambient samplers placed upwind from 
t h e  f u g i t i v e  source.  

0.028317 i s  t h e  f a c t o r  f o r  conver t ing  f t 3  t o  m3. 

Equation (9)  w a s  used f o r  c a l c u l a t i n g  emission rates ( r e s u l t s  a r e  
given i n  Table  6) a t  a l l  l oca t ions  except 4 A ,  5A, 6, 6N, and 65 a t  Glover,  
Missouri ,  and 23A, 24N, and 24s a t  Eas t  Heiena, Montana. Locations 4A, 5A, 
and 23A provided only d a t a  on background p a r t i c u l a t e  concent ra t ions .  Loca- 
t i o n s  6, 6N, and 6s a l s o  provided only background p a r t i c u l a t e  concent ra t ions  
because of t h e  loca t ion  of t h e  samplers w i th  regard t o  t h e  t r a n s f e r  po in t s  
and t h e  f a c t  t h a t  t h e r e  w a s  no v i s u a l  i n d i c a t i o n  of emissions.  This  lat ter 
point  is s u b s t a n t i a t e d  by t h e  f a c t  t h a t  t h e  o r e  was q u i t e  moist  (approxi-  
mately 15%). Location 23A was not  a c t u a l l y  intended t o  o b t a i n  emission da ta .  
Rather it was t o  provide supplemental  information fo r  ambient-air  concentra-  
t i o n s .  Because of q u i t e  v a r i a b l e  wind cond i t ions ,  Locations 24N and 24s only 
provide d a t a  on ambient-air  concent ra t ions .  These concent ra t ions  given i n  
Table 5 a r e  be l ieved  t o  be prinoarily ambient-air  background concent ra t ions  
because of t h e  low emissions observed v i s i b l y  during t r a n s f e r  operat ions.  

Since t h e r e  was  only a small set of  d a t a  from Locations 6, 6N, 6S, 
24N, and 24S, and the wind condi t ions  and surrounding t e r r a i n  compounded 
th i s  p i c t u r e ,  no emission information was a t t a i n a b l e .  Therefore ,  Eq. (10) 
w a s  not  used. 

An example of a n  emission c a l c u l a t i o n  by Eq. (9)  i s :  
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Given: - 

Location 

1-top 
1-top 
1-top 
1-top 

1-bo t tom 
1- bot tom 
1 -bottom 
1 -bot tom 

Run 

1 
2 
3 
5 

- 
T o t a l  Pa r t .  E f f e c t i v e  Wind 

Conc.d Flo&l Area D i r .  Vel. 
(pg/m3) &Q ( s q  f t )  (deg.1 (fpm) 

2,060 25 (v)  3,090 337 265 
4,380 90 2,315 360 90 
6,740 67.5 (v )  3,090 135 175 

353 275 (v)  3,090 337 265 

11,000 25 ( v )  1,540 337 265 
3,280 90 2,315 360 90 
8,340 67.5 (v )  1,540 135 175 

447 275 (v)  1,540 337 265 

Remarks 

1-top i s  upper 
sampler of t h e  
v e r t  i ca l -pro-  
f i l e  sampler. 

1-bottom i s  lower 
sampler of t h e  
v e r t  i ca l -prof  i l e  
samp l e r  . 

1 1 6,300 25 (v)  1,540 360 265 Location 1 i s  a 
1 2 1,480 90 2,315 360 90 HiVo1 pos i t ioned  

on t h e  ground 
t o  sample a t  
t h e  same he ight  
a s  1-bottom and 
nearby. 

- a /  Actual condi t ions .  

- b/ The va lues  w i t h  a (v) a f t e r  them were taken by a hand-held velometer and 
t h e  a i r  flow was out  of  t h e  bu i ld ing  a t  t h e  r a t e s  indicated.  

T o t a l  Pa r t .  E f f e c t i v e  Wind 
Conc.d Flow-' Area D i r .  Vel. b '  

(14 R/ m (sq  f t )  (den.) (fpm) Location m 3) 

2-north 1 3,330 125 945 337 265 
2-north 2 11,500 125 945 360 90 
2-north 3 2,140 125 945 135 175 
2-north 4 17,200 125 945 15 7 265 
2-north 5 14,100 125 945 337 2 10 

2-south 1 2,920 225 485 337 265 
2-south 2 5,180 225 485 360 90 
2-south 3 3,100 225 485 135 175 
2 -south 4 5,970 225 485 15 7 265 
2-south 5 8,160 225 485 337 2 10 

- a /  Actual  condi t ions .  
- b l  

Determine: 

The va lues  given w e r e  taken by a hand-held velometer. 

Emission Rate of To ta l  P a r t i c u l a t e  from S i n t e r  Building Under 
Actua l  Condi t ions 
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The t o t a l  p a r t i c u l a t e  emissions w i l l  be t h e  sum of those from Lo- 
ca t ions  1 and 2. 

F i r s t ,  however, an  emission va lue  i s  determined by using Eq. (9 )  
f o r  each sample of each run a t  a loca t ion .  Then, an average emissions value 
i s  determined f o r  each loca t ion  (1 and 2 ) ,  and these  average va lues  a r e  then  
sunrmed a r i t h m e t i c a l l y  t o  g ive  a r e p r e s e n t a t i v e  emission va lue  f o r  t h e  s i n t e r  
bui lding.  

An MRI weather s t a t i o n  w a s  loca ted  approximately 60 f t  t o  t h e  
no r th  of Location 1, and t h e  va lues  given i n  Columns 6 and 7 of t h e  above 
t abu la t ions  a r e  wind d i r e c t i o n  and wind v e l o c i t y  measured by t h i s  s t a t i o n .  
The v e r t i c a l - p r o f i l e  sampler a l s o  contained anemometers--one f o r  t h e  t o p  
sampler and one f o r  t h e  bottom sampler. I n  t h e  absence of a velometer read- 
ing during a run,  t hese  anemmeter readings were used a s  t h e  flow reading. 

General ly ,  wind v e l o c i t y  and wind d i r e c t i o n  were va r i ab le .  Con- 
sequent ly ,  t h e  va lues  shown i n  t h e  t a b u l a t i o n  a r e  weighted averages.  It i s  
bel ieved t h a t  temperature d i f f e rences  (bui ld ing  and outdoor ambient) and 
t h e  geometry o f  t h e  bu i ld ing  s t r u c t u r e s  caused micrometeorological a i r  move- 
ments, as w e l l  as o the r  confounding s i t u a t i o n s  a t  the  bu i ld ing  opening when 
t h e  sampling took place.  Because o f  t hese  two f a c t o r s ,  t h e  wind d a t a  shown 
a r e  not bel ieved t o  be  h ighly  s i g n i f i c a n t .  Consequently, t h e  velometer read-  
ings, al though v a r i a b l e  a l s o ,  w e r e  s e l e c t e d  as t h e  va lues  t o  be used i n  t h e  
ca l cu la t ions .  

Since Run 2 gave flow i n t o  t h e  bu i ld ing ,  t h e  1-top, 1-bottom, and 
1 loca t ions  of Run 2 are excluded from t h e  set  of da t a ,  and t h e  average emis- 
s ion  from t h e  loca t ions  is determined as fol lows,  using Eq. (9 ) :  

Run Emission Rate, E,- a/ i n  mg/min - Location 

1-top 1 E = 2,060 x 25 x 3,090 x 0.028317 x LOm3 = 4,500 
1-top 3 E = 6,740 x 67.5 x 3,090 x 0.028317 x = 39,800 
1-top 5 E = 353 x 275 x 3,090 x 0.028317 x = 8,490 
1-bo t t om E = 11,000 x 25 x 1,540 x 0.028317 x = 12,000 
1 -bottom E = 8,340 x 67.5 x 1,540 x 0.028317 x 10-3 = 24,600 
1 -bottom 5 E = 447 x 275 x 1,540 x 0.028317 x = 5,360 
1 1 E = 6,300 x 25 x 1,540 x 0.028317 x 10-3 = 6,860 

101 , 610 
EAverage 14,500 

1 
3 

ET0 t a 1 

- a /  "E" va lues  rounded t o  t h r e e  s i g n i f i c a n t  f igures .  



The average emission r a t e ,  E l  average , f o r  l oca t ion  1 (1- top,  1-bottom, and 
1 )  i s  c a l c u l a t e d  by s u m i n g  t h e  seven emission r a t e s  i n  t h e  t a b u l a t i o n  above 
and d iv id ing  by 7 t o  g ive :  

4,500 + 39,800 + 8,490 + 12,000 + 24,600 + 5,360 + 6,860 - - - - 
E1 avg. 7 

101'610 14,500 mglmin . 
7 

The average emission r a t e ,  
c a l c u l a t e d  s i m i l a r l y  : 

E2 avg. , f o r  Location 2 (2-north and 2-south) i s  

Locat ion 

2-north 
2-north 
2-north 
2-north 
2-north 
2-south 
2-south 
2 -south 
2-south 
2-south 

- Run Emission Rate,  E,?/ i n  mglmin 

1 E = 3,330 x 125 x 945 x 0.028317 x 
2 E = 11,500 x 125 x 945 x 0.028317 x 
3 E = 2,140 x 125 x 945 x 0.028317 x 
4 E = 17,200 x 125 x 945 x 0.028317 x 
5 E = 14,100 x 125 x 945 x 0.028317 x 10-3 
1 E = 2,920 x 225 x 485 x 0.028317 x 10-3 
2 E = 5,180 x 225 x 485 x 0.028317 x 
3 . E = 3,100 x 225 x 485 x 0.028317 x 
4 E = 5,970 x 225 x 485 x 0.028317 x 10-3 
5 E = 8,160 x 225 x 485 x 0.028317 x 

ETotal 
EAverage 

= 11,100 
= 38,400 
= 7,150 
= 57,500 
= 47,200 

= 16,000 
= 9,580 
= 18,400 
= 25.200 

= 240,000 
= 24,000 

= 9,020 

a/ "E" va lues  rounded t o  t h r e e  s i g n i f i c a n t  f igures .  

, f o r  Location 2 (2-north and 2-south) is:  E~ avg. The average emission r a t e ,  

- - 240'000 = 24,000 mglmin. 
10 E~ avg. 

Therefore ,  t h e  average t o t a l  p a r t i c u l a t e  emission r a t e  from t h e  s i n t e r  bu i ld-  
ing  is:  

= 14,500 + 24,000 = 38,500 mglmin - 
avg. - avg. + E~ avg. 

o r  

ET avg. = 38.5 glmin . 
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The lead,  a r s e n i c ,  and cadmium emissions (s tandard cond i t ions )  a r e  
ca l cu la t ed  s i m i l a r l y  using t h e i r  r e s p e c t i v e  va lues  from Table 5. 

To f ind  emission r a t e s  under s tandard condi t ions ,  t h e  s tandard con- 
d i t i o n s  concent ra t ion  va lues  of Table 5 would be used i n  p lace  of the  a c t u a l  
condi t ions  concent ra t ion  values  from t h e  same t a b l e .  These c a l c u l a t i o n s  and 
r e s u l t s  a r e  given i n  Appendix N. 
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APPENDIX A 

DRAWINGS OF THE ASARCO PLANT. GLQVER, MISSOURI 
(Sampling locat  ions are i d e n t i f i e d )  
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DRAWINGS OF THE ASARCO PLANT, GLOVER, MISSOURI 

Locat ions 
No. 

1 
2N 
2 s  
3 

3A 
4 

4A 

5 
5A 
6 

6N 

65 

- 

Figure  

A - 1  

A-2 

A- 3 

A-4  

A- 5 

A- 6 

A- 7 

Poin t  F igure  - 
North end of S i n t e r  Bldg. 
Roof opening of S i n t e r  Bldg. 
Roof opening of S i n t e r  Bldg. 
Outside,  north of b l a s t  furnace  

tapping opera t ion  
Eas t  of b l a s t  furnace  
I n s i d e ,  no r th  of charge feed 

p o s i t i o n  of  b l a s t  furnace 
Outside,  west of charge i n l e t  

t o  b l a s t  furnace  
North of o r e  s to rage  b ins  
West of o r e  s to rage  bins  
On t r u c k  t o  r a i l  c a r  o r e  

Ground l e v e l  n o r t h  of t r a n s f e r  

Ground level  sou th  of t r a n s f e r  

t r a n s f e r  br idge  

br idge  

br idge  

A - 1  t o  A-6, A-8, A-9, A-12 
A - 1  t o  A-5, A-9, A-11, A-12 
A - 1  t o  A-5, A-9, A-11, A-12 
A - 1  t o  A-5, A-13, A-14 

A - 1  t o  A-5, A-13  
A - 1  t o  A-5, A-13, A-14  

A - 1  to A-5, A-13  

A - 1  t o  A-6, A - 1 5  
A - 1  t o  A-6, A-15 
A-1, A-3  

A-1, A-3 

A-1, A-3 

T i t  le 

Pe r spec t ive  V i e w  of P l an t ,  I n d i c a t i n g  Locations 1 t o  6s . . A-4  

Perspec t ive  V i e w  of P l a n t ,  I n d i c a t i n g  Locations 1 t o  SA . . A-5 

General P l an t  Plan V i e w ,  I n d i c a t i n g  Locations 1 t o  6s . . .  A-6 

Plan V i e w  of Main Building,  wi th  Dimensions, I n d i c a t i n g  
Locations 1 t o  5A . . . . . . . . . . . . . . . . . . . .  A-7 

Deta i l ed  Measurements Locat ing Sampling Locations 
1 t o  5 A .  . . . . . . . . . . . . . . . . . . . . . . . .  A - 8  

D e t a i l ,  North S ide  of Bui lding,  I n d i c a t i n g  Locations 
1, 5, and 5A. . . . . . . . . . . . . . . . . . . . . . .  A-9 

D e t a i l ,  South Side of Bui lding.  . . . . . . . . . . . . . .  A-10 

A-2 
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Figure  

A-8 

A-9 

A- 10 

A- 11 

A- 12 

A- 13 

A- 14 

A- 15 

A- 16 

A- 17 

A- 18 

A- 19 

T i t l e  - 
Detail ,  Location 1. . . . . . . . . .  
Detai l ,  Eas t  S ide  of S i n t e r  Bui lding,  

@ 

. . . .  A-11 
a t ions  

1 to 2s . . . . . . . . . . . . . . . . . . . . . . . . .  A-12 

D e t a i l ,  South S ide  of S i n t e r  Bui lding . . . . . . . . . . .  A-13 
D e t a i l ,  Roof of S i n t e r  BuildFng, I n d i c a t i n g  Locations 

2N and 2 s  . . . . . . . . . . . . . . . . . . . . . . . .  A-14 

D e t a i l ,  Plan I n t e r i o r  of S i n t e r  Bui lding,  I n d i c a t i n g  
Locations 1 t o  25 . . . . . . . . . . . . . . . . . . . . .  A-15 

D e t a i l ,  Eas t  S ide  of Dross-KettlejBlast-Furnace Area, 
I n d i c a t i n g  Locations 3 to 4A. . . . . . . . . . . . . . .  A-16 

D e t a i l ,  Blast-Furnace Area, I n d i c a t i n g  Locations 3 and 4. . A-17 
Detail ,  Ore-Bin Area, I n d i c a t i n g  Locations 5 and 5A . . . .  A-18 
V i e w  to t h e  South I n t e r i o r  of Dross-operat ions Buildings,  

B l a s t .  . . . . . . . . . . . . . . . . . . . . . . . . .  A-19 

D e t a i l ,  Back Side  of S i n t e r  Bui lding (Side D) t o  Dross- 
Operat ions Building (Side F) .  . . . . . . . . . . . . . .  A-20 

Sampling Locations 6N, 65, 6 Overpass, Overhead View.  . . .  A-21 
Sampling Location 6, D e t a i l  . . . . . . . . . . . . . . . .  A-22 
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APPENDIX B 

DRAWINGS OF THE ASARCO PLANT, EAST HELENA, MONTANA 
(Sampling locations are identified) 
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DRAWINGS OF THE ASARCO PLANT, EAST HELENA, MONTANA 

Sampling Locat ions 
Po in t  - No. - 

11 
1 2  
13 
14 
14A 
15 
16 
17 
18 
19 
20 
21 
22 
23 
23A 

2 4N 
24s 

Figure  

B- 1 

B - 2  

B- 3 

B - 4  

B-5 

B - 6  

Roof opening 
Vent duc t  
Windows, top l e v e l  e a s t  
Windows, middle l e v e l  e a s t  
Windows, middle l e v e l  e a s t  
North windows, s i n t e r  l e v e l  
South windows, s i n t e r  l e v e l  
Dross opera t ions  
Reverberatory furnace  
Blas t - furnace  roof opening 
Blast-furnace vent  duct  
R a i l  loading,  z i n c  fuming 
Tunnel, z i n c  fuming 
Zinc-furnace,  roof opening 
Ground l e v e l  v i c i n i t y  

O r e  loading - n o r t h  
Ore loading - sou th  

z i n c  furnace  

F igure  

B-1 ,  B-3 t o  B-6 
B-1  t o  B - 6  
B - 1 ,  B-2, B - 6  
B - 1 ,  B-2, B-6 
B-1 ,  B-2, B-6 
B-1  t o  B-3, B-5, B-6 
B - 1  t o  B - 4 ,  B-6 
B - 1 ,  B-8 t o  B - 1 1  
B-1 ,  B-7, B-9 t o  B - 1 1  
B - 1 ,  B-12, B-13 ,  B - 1 5  
B-1 ,  B - 1 2 ,  B-14 ,  B-15 
B-1 ,  B-16 t o  B-18  
B-1 ,  B-18 
B-1 ,  B-19, B-20, B-22 
B - 1 ,  B - 1 9  t o  B-22 

B- 1 
B- 1 

T i t l e  

General  P l an t  Plan View, I n d i c a t i n g  Locations 11 t o  24s . B-4 

Detail,  Northeast  S ide  of  S i n t e r  Bui lding,  I n d i c a t i n g  
Locations 12 t o  16. . . . . . . . . . . . . . . . . . .  B - 5  

D e t a i l ,  Southwest S ide  of  S i n t e r  Bui lding,  I n d i c a t i n g  
Locations 11, 12 ,  15, and 16. . . . . . . . . . . . . .  B-6 

Locations 11, 12,  and 16. . . . . . . . . . . . . . . .  B - 7  

Locations 11, 1 2 ,  and 15. . . . . . . . . . . . . . . .  B-8 

1 1 t o 1 6 . .  . . . . . . . . . . . . . . . . . . . . . .  B-9 

D e t a i l ,  Southeast  S ide  of S i n t e r  Bui lding,  I n d i c a t i n g  

D e t a i l ,  Northwest Side of S i n t e r  Building, I n d i c a t i n g  

D e t a i l ,  Roof of  S i n t e r  Bui lding,  I n d i c a t i n g  Locat ions 

B-2 
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Figure  

B-7 

B- 8 

B-9 

B- 10 

B- 11 

B- 12 

B- 13 

B- 14 

B- 15 

B- 16 

B- 17 

B- 18 

B- 19 

B-20 

B-21 

B-22 

T i t l e  

D e t a i l ,  Southwest S ide  of Dross-Reverberatory Building, 
Ind ica t ing  Location 18. . . . . . . . . . . . . . . . .  B-10 

Detai l ,  Northeast  S ide  of Dross-Reverberatory Building, 
I n d i c a t i n g  Location 17. . . . . . . . . . . . . . . . .  B - 1 1  

D e t a i l ,  Northwest S ide  of Dross-Reverberatory Building, 
I n d i c a t i n g  Locations 17 and 18. . . . . . . . . . . . .  B-12 

D e t a i l ,  Southeast  S ide  of Dross-Reverberatory Building, 
Ind ica t ing  Locations 17 and 18. . . . . . . . . . . . .  B - 1 3  

D e t a i l ,  Roof of Dross-Reverberatory Building, 
I n d i c a t i n g  Locations 17 and 18. . . . . . . . . . . . .  B-14 

Detail ,  Southeast  Side of Blast-Furnace Building, 
I n d i c a t i n g  Locations 19 and 20. . . . . . . . . . . . .  B-15 

D e t a i l ,  Southwest S ide  of  Blast-Furnace Building, 
I n d i c a t i n g  Location 19. . . . . . . . . . . . . . . . .  B-16 

I n d i c a t i n g  Location 20. . . . . . . . . . . . . . . . .  B-17 

Locations 19 and 20 . . . . . . . . . . . . . . . . . .  B-18 

Detai l ,  Northeast  S ide  of Blast-Furnace Building, 

D e t a i l ,  Roof of Blast-Furnace Building,  I n d i c a t i n g  

Perspec t ive  V i e w  of Zinc-Fume R a i l  Loading, Ind ica t ing  
Location 2 1 . . . . . . . . . . . . . . . . . . . . . .  B- 19. 

D e t a i l ,  Northeast  S ide  of Zinc-Fume Building, I n d i c a t i n g  
L o c a t i o n 2 1  . . . . . . . . . . . . . . . . . . . . . .  B-20 

D e t a i l ,  Northwest Side of Zinc-Fume Building, I n d i c a t i n g  
Locations 2 1  and 22 . . . . . . . . . . . . . . . . . .  B-21 

D e t a i l ,  Northeast  S ide  of Zinc-Furnace Building,  
I n d i c a t i n g  Locations 23 and 23A . . . . . . . . . . . .  B-22 

D e t a i l ,  Southeast  S ide  of Zinc-Furnace Building, 
I n d i c a t i n g  Locations 23 and 23A . . . . . . . . . . . .  B-23 

Ind ica t ing  Location 23A . . . . . . . . . . . . . . . .  B-24 
D e t a i l ,  Southwest Side of Zinc-Furnace Building,  

D e t a i l ,  Roof of Zinc-Furnace Building,  Ind ica t ing  
Locations 23 and 23A. . . . . . . . . . . . . . . . . .  B-25 

B-3  
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Figure B - 1  - General Plant Plan View, Indicating Locations 11 to 245 
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APPENDIX C 

PHOTOGRAPHS OF FIELD SAMPLING EQUIPMENT 
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Figure  C - 1  Figure C-2 

F igure  C - 1  - HiVo1 Samplers i n  Upright Operat ion Mode, Three Types: L e f t  t o  
Right ,  "Hand-Held'' Unico Model 550 i n  Cabinet,  General Metal Works GMWL 2000-H, 
Cur t in  251-223 

Figure C-2 - HiVo1 Samplers i n  Hor izonta l  Mode, L e f t  t o  Right ,  "Hand-Held" 
Without Cabinet,  General  Metal  Works, Cur t in  

' I  , 

Figure  C-3 
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I 

Figure  C-4 I 

I 
I 

Figure  C-3  - D e t a i l  of S i e r r a  5-Stage Impactor i n  Pos i t i on  on General Metal Works 
Model 310 "Accuvol" Sampler 

F igu re  C-4 - D e t a i l  of Auxi l ia ry  In t ake  i n  P o s i t i o n  on HiVo1, Used a t  Sampling 
Locations 12 and 20. In t ake  i s  a t  90-degree bend ( l e f t ) .  
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Figure C-5 Figure C-6 

Figure C-5 - Deta i l  of  Meteorological Stat ion and Data Recorder, Wong 
Laboratories Ecowind I11 

Figure C-6 - Deta i l  of P r o f i l e  Apparatus Used a t  Location 1 (Glover, Missouri, 
P lant ) .  
is 14 f t ,  6 in.  above ground; bottom i s  6 ft, 6 in .  above ground. 

Intakes are white rectangles ,  7 i n .  x 9 i n .  openings. Top intake 
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Figure  C-7 Figure C-8 

1 Figure C-7 - Two Types of Low Veloci ty  Sensors  Used i n  t h e  F i e l d  Determination 
of A i r  Veloci ty:  
I l l i n o i s  Tes t ing  Laboratory "Alnor 3002-26'' Velometer. 
e l e c t r o n i c  components of Hast ings A i r  Meter. 

L e f t ,  Sensor Probe of Hast ings A i r  Meter AB-27. Center,  
Right,  gauge and 

I 
I 
I 

Figure C-8 - D e t a i l ,  P r o f i l e  Apparatus and Magnetic Gauges. Tornado Model 
8700 DF'W Blower i s  behind, a t  lower p a r t  of U-shaped manifold. 
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Figure C-9 - The MRI Vert ica l -Prof i le  Sampling Apparatus 
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APPENDIX D 

PHOTOGRAPHS OF SAMPLING LOCATIONS AT THE ASARCO PLANT, 
GLOVER, MISS OUR1 
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PHOTOGRAPHS OF SAMPLING IOCATIONS OF THE ASARCO PLANTL 
GLOVER, MISSOURI 

Sampling Locat ions 
Po in t  - No. - 

1 
2N 
2s 
3 

3A 
4 

4 A  

5 
5 A  
6 

6N 

65 

North end of  S i n t e r  Bldg. 
Roof opening o f  S i n t e r  Bldg. 
Roof opening of S i n t e r  Bldg. 
Ins ide ,  no r th  o f  b l a s t  -furnace 

tapping  ope ra t ion  
East  of  b l a s t  furnace 
Ins ide ,  no r th  of  charge-feed 

p o s i t i o n  of  b l a s t  furnace 
Outside,  west of charge i n l e t  

t o  b l a s t  furnace  
North of  ore-s torage  b ins  
West o f  o re - s to rage  b ins  
On t r u c k  t o  r a i l  car o r e  

Ground l e v e l  no r th  of 

Ground l e v e l  south of 

t r a n s f e r  br idge  

t r a n s f e r  br idge  

t r a n s f e r  br idge  

Figures  

D-1  
D-2 - 
D-3  

- 
D-4, D-5 

D-4, D-5  
- 

D-6, D-8  

D-6  

n-7 

T i t  le  - Figure  

D-1 S i n t e r  Building, Location 1. . . . . . . . . . . . . .  D-3 

D-2 S i n t e r  Building, Location 2N . . . . . . . . . . . . .  D-3 

D-3 Blast-Furnace Area, Location 3 . . . . . . . . . . . .  D-3 

D-4 Blast-Furnace Ore-Bin Area, Locations 4 and 5. . . . .  D-3 

D-5 Ore-Bin Area, Locations 4 and 5. . . . . . . . . . . .  D-4 

D-6 Ore-Unloading Area, Locations 6 and 6N . . . . . . . .  D-4 

D-7 Ore-Unloading Area, Location 6s. . . . . . . . . . . .  D-4  

D-0 Ore-Unloading Area, Location 6 . . . . . . . . . . . .  D-4 

- 
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Figure D - 1  - S i n t e r  Building, F igure  D-2 - S i n t e r  Building, Location 2N.  
Location 1. P r o f i l e  apparatus  Viewed from below, sampler i n  pos i t i on  
i n  p o s i t i o n  a t  Bay 1 of no r th  
s i d e  of s in t e r  bui ld ing .  Locat ion 2s s i m i l a r  i n  appearance. 
Sampling in t akes  a r e  a t  l e f t  
margin of p i c t u r e  i n  t h e  plane 
of the  f a c e  of the  bui ld ing .  

a t  roof opening of s i n t e r  bu i ld ing .  

1 

i 

J 
Figure D-3 - Blast-Furnace Area, 

Location 3. Oblique view of Locations 4 and 5. Sampler (foreground, 
sampler a t o p  o f f i c e  roof ad- 
j a c e n t  t o  b l a s t  furnace.  ore-bin a r e a .  Location 5 i n  background. 
V i s ib l e  from l e f t  t o  r i g h t  a r e  
the  meteorological  s t a t i o n ,  
Accuvol wi th  S i e r r a  impactor,  
and HiVol sampler. 

F igure  D-4 - Blast-Furnace Ore-Bin Area, 

Locat ion 4 )  between b l a s t  furnace and 

D - 3  
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Figure D-5 - Ore-Bin Area, Locations 4 
and 5. Sampler (foreground, Location 
5) t o  nor th  of o r e  and ma te r i a l  
s to rage  b i n s .  
r i g h t  of p i c tu re .  
background. 

R a i l  c a r  dump is  a t  
Locat ion 4 i n  

Figure D-7 - Ore-Unloading Area, 
Location 6s. Sampler ad jacent  

i s  on due t o  an e a r l i e r  r a i n  
shower. 

' t o  ore  hopper c a r .  HiVol cover 

D-4 

F igure  D - 6  - Ore-Unloading Area, 
Locations 6 and 6 N .  Samplers a t  
s i t e  when ore  t r ans fe r r ed  from 
t rucks  t o  r a i l  c a r s .  Meteorological 
s t a t i o n  a t  cen te r  foreground. 

~ 

.- .. L- l i " -  
\ 

n u v  
.- Gam 

. -  ~ 

- I x- 
. . .. _* .- 

; "Hopper to Roil Car" 1 
Figure  D - 8  - Ore-Unloading Area, 

1 I . . . .  . ~ . .  .- 

Location 6.  Sampler a t o p  overpass 
ad jacent  t o  hopper g ra t ings .  Ore 
dumped from t rucks  on overpass,  
through g ra t ings ,  i n t o  r a i l  ca r s  
below. HiVo1 covered due t o  an 
e a r l i e r  r a i n  shower. 
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APPENDIX E 

PHOTOGRAPHS OF SAMPLING LOCATIONS AT THE ~ ASARCO PLANT, 
EAST HELENA, MONTANA 
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PHOTOGRAPHS OF SAMPLING LOCATIONS AT THE ASARCO PLANT, 
EAST HELENA, MONTANA 

S am0 
Po in t  - No. - 

11 
1 2  
13 
14 
14A 
15 
16 
17 
18 
19 
20 
21  
22 
23 
23A 
24N 
245 

Roofing opening 
Vent duct  
Windows, t op  l e v e l  e a s t  
Windows, middle l e v e l  e a s t  
Windows, middle l e v e l  e a s t  
North windows, s i n t e r  l e v e l  
South windows, s i n t e r  l e v e l  
Dross ope ra t ions  
Reverberatory furnace  
Blast-furnace roof opening 
Blast-furnace vent  duct 
Rai l - loading ,  z i n c  fuming 
Tunne 1, zinc-f uming 
Zinc-furnace, roof opening 
Ground l e v e l  v i c i n i t y  z i n c  furnace  
Ore-loading - nor th  
Ore-loading - south 

Figure 

- 
E - 1  t o  E-3 
E-1, E-2 
E-2 

- .  
- 

E-4 
E-3, E-& 
E-5 
E-5 
E-7, E-8 
E-6 
E-9 - 

- 
E-10 

T i t  l e  - Figure  

E- 1 S i n t e r  Building, Locations 1 2  and 13. . . . . . . . . .  E-3 

E-2 S i n t e r  Building, Locations 1 2  t o  14 . . . . . . . . . .  E-3 

E-3 S i n t e r  and Dross-Reverberatory Buildings,  Locat ions 12 
and 1 8 . .  ...................... E-3 

E -4 Dross and Reverberatory Building,  Locations 17 and 18 . E-3 

E-5 Blast-Furnace Building, Locat ions 19 and 20 . . . . . .  E-4 

E-6 Zinc-Fume Building, Location 22 . . . . . . . . . . . .  E-4 

E-7 Zinc-Fume Building, Location 2 1  . . . . . . . . . . . .  E-4 

E-8 Zinc-Fume Building, Location 21  . . . . . . . . . . . .  E-4 

E-9 Zinc-Furnace Building, Locat ion 23. . . . . . . . . . .  E-5 

E-10 Ore Bins, Location 24s. . . . . . . . . . . . . . . . .  E-5 

E-2 
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LOC 12- LOC 13 . 

Figure E-1 - S i n t e r  Building, Locations F igure  E - 2  - S i n t e r  Building, Locations 
12 and 13. Northeast  s i d e  of bui lding.  12 t o  1 4 .  Northeast  s i d e  of s i n t e r  
P l an t  meteorological s t a t i o n  d i r e c t l y  bui ld ing .  Blast-furnace charge-car 
behind Location 12. loading area  i n  shed (foreground).  

P l a n t  meteorological  s t a t i o n  adjacent  
t o  Location 12. 

t 
Lac 18 

\ l 2  1 

Figure E-3 - S i n t e r  and Dross- F igure  E-4 - Dross and Reverberatory 
Reverberatory Buildings,  Locations Building, Locations 17 and 18. Catwalk 
12 and 18. P lan t  meteorological  a top  bui ld ing ,  dross  sampler (Location 
s t a t i o n  ad jacent  t o  Location 1 2 .  17) located background, reverbera tory  

sampler (Location 18) located foreground. 
Sampler remved when photo taken. 
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Figure E - 5  - Blast-Furnace Building,  
Locations 19 and 20. B las t  furnace 
i n  lower cen te r .  

9 

LOC 21 ~ 

Figure E-7 - Zinc-Fume Building,  Location 
21. Zinc-furnace bui ld ing  i n  l e f t  
foreground. Process l i n e  extends t o  
zinc-fume condensing columns. Baghouse 
t o  r e a r  and r a i l  c a r  loading f a c i l i t i e s  
t o  r i g h t  of columns. P l a n t  meteoro- 
l o g i c a l  s t a t i o n  located a top  zinc-fume 
baghouse s t a c k  ( r i g h t  background). 

E -4 

, 

Figure  E-6 - Zinc-Fume Building,  Location 
22. Zinc-fume condensing column i n  
cen te r ;  baghouse a t  l e f t  cen te r .  

Location 21. Sampler located 
h o r i z o n t a l l y  a top  sca f fo ld ing  
cen te r  (sampler removed when 
photo taken) .  MRI meteorological  
s t a t i o n  located between sca f fo ld  
and bank ( r i g h t ) .  



I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
'I 
1 
1 
I 
1 
I 
I 
I 

Figure E-9 - Zinc-Furnace Building, 
Location 23. East corner of 
building. Location 23 i n  stack 
a t  top. Location 23A out of 
picture t o  left .  

. .~ . . . . . _ _  r I 

Figure E-10 - Ore Bins,  Location 24s .  
Rail  cars j u s t  behind bins and power 
shovel .  S in ter  building i n  f a r  
background. 
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APPENDIX F 

GRAPHS OF ESCA (ELEmRON SPECTROSCOPY FOR CHEMICAL ANALYSIS) 
RESULTS ON SPECIES DETERMINATION 

. .  
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August 25, 1976  

M r .  Mark Marcus 
MIDWEST RESEARCH INSTITUTE 
425 Volker Blvd. 
Kansas C i t y ,  Missour i  64110 

Re :  P.O.# 2 4 2 1  
Job  # 6053 

D e a r  Mark: 

Enclosed you w i l l  f i n d  ESCA s p e c t r a  f o r  t h e  specimens submi t ted  
f o r  a n a l y s i s .  A l l  s t u d i e s  were performed i n  o u r  ESCA/Auger 
u l t r a  h igh  vacuum system us ing  a magnesium anode f o r  X-ray 
s t i m u l a t i o n  of  p h o t o e l e c t r o n s .  

The ESCA s p e c t r a  are p r e s e n t e d  as t h e  p h o t o e l e c t r o n  energy  d i s t r i -  
b u t i o n  a s  a f u n c t i o n  o f  b inding  energy .  The scale s e n s i t i v i t i e s  
have been r eco rded  on each c h a r t  i n  u n i t s  of counts  p e r  second per 
inch .  The peak h e i g h t  of  each p h o t o e l e c t r o n  l i n e  is  p r o p o r t i o n a l  
t o  atomic c o n c e n t r a t i o n .  Some of  t h e  d a t a  w e r e  ob ta ined  u t i l i z i n g  
t h e  h igh  ene rgy  r e s o l u t i o n  c a p a b i l i t i e s  of t h e  double  p a s s  c y l i n d r i -  
cal  mirror a n a l y z e r .  The a b s o l u t e  i n s t r u m e n t a l  r e s o l u t i o n  i s  
approximate ly  2 %  of t h e  p a s s  ene rgy  i n d i c a t e d  i n  t h e  upper r i g h t -  
hand c o r n e r  of  each  c h a r t .  

RESULTS 

I have a l so  enc losed  t a b l e s  f o r  t h e  b ind ing  e n e r g i e s  of Pb, 
and S compounds as w e l l  a s  a sample c a l c u l a t i o n  of t h e  
atomic c o n c e n t r a t i o n s  f o r  one specimen. A s  you w i l l  recal l ,  
d u r i n g  your v i s i t  t h e r e  w a s  some q u e s t i o n  whether  o r  n o t  Pb 
s u l f a t e  o r  Pb s u l f i d e  cou ld  be i d e n t i f i e d .  I w i l l  t r y  t o  
i n d i c a t e  i n  t h e  r e p o r t  where Pb s u l f i d e  i s  i n d i c a t e d  by t h e  
data. I have enc losed  a t a b l e  g i v i n g  t h e  c o r r e c t e d  b inding  
e n e r g i e s  f o r  Pb and S f o r  each sample. I have also l i s t e d  
t h e  Pb peak wid th  (FWHM) which I b e l i e v e  t o - b e  i n d i c a t i v e  of 
t h e  presence  of  o t h e r  bonds o t h e r  t han  Lead oxide .  

PHYSICAL ELECTRONICS INDUsTRlES, INC. 
6509 FLYING CLOUD DRIVE (612) 941-5540 
EDEN PRAIRIE, MINNESOTA 55343 F - 2  TLX 29-0407 
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Specimen' # 30 0 0 

The survey  spectrum of t h i s  specimen shows t h a t  t h e  s u r f a c e  
c o n s t i t u e n t s  were 0,  C ,  Na, S,  Pb and S i .  I n  t h i s  c a s e ,  I 
b e l i e v e  t h a t  very  l i t t l e  of  t h e  S w a s  a s s o c i a t e d  wi th  t h e  Pb. 
The Pb 'peak wid th  w a s  approximately 2 . 1  e V  which i s  one of t h e  
narrower peak wid ths  measured. A l s o ,  t h e  peak symmetry ( o r  
asymmetry) i n d i c a t e s  t h e  p o s s i b i l i t y  of  a l o w e r  b ind ing  energy 
s ta te  b u t  no t  a h i g h e r  b ind ing  ene rgy  s t a t e  t h a t  could be 
a s s o c i a t e d  wi th  a Pb s u l f i d e  or Pb s u l f a t e .  The Pb b inding  
energy is  c o n s i s t e n t  wi th  PbO and w i t h  t h e  p o s s i b i l i t y  of  a 
s m a l l  amount of  PbO p r e s e n t .  The S b ind ing  energy  i s  cons i s -  
t e n t  w i th  t h e  s u l f a z e  such asNa s u l f a t e .  

Specimen #3001 

The survey  spectrum of  t h i s  specimen shows t h a t  t h e  s u r f a c e  
c o n s t i t u e n t s  were 0, C ,  N a ,  S and Pb. Again, t h e r e  is l i t t l e  
ev idence  of  s t r o n g  a s s o c i a t i o n  between Pb and S .  The b ind ing  
e n e r g i e s  are c o n s i s t e n t  wi th  PbO and S as a , s u l f a t e .  A f t e r  
s p u t t e r i n g  t h i s  specimen (approximate ly  2 0 0 A  removed) bo th  
s u l f a t e  and s u l f i d e  were a p p a r e n t  from t h e  S p h o t o e l e c t r o n  
spectrum. The Pb p h o t o e l e c t r o n  peak,  however, d i d  no t  change 
s i g n i f i c a n t l y  . 
Specimen #3002 

The a s  r e c e i v e d  spectrum of  t h i s  specimen shows t h a t  t h e  
s u r f a c e  c o n s t i t u e n t s  were 0, C a ,  C ,  N a ,  S ,  Pb and S i .  Here, 
t h e  Pb p h o t o e l e c t r o n  spectrum i n d i c a t e s  t w o  s u r f a c e . b o n d s  
which are c o n s i s t e n t  wi th  PbO and Pb02. S w a s  p r e s e n t  as 
a s u l f a t e .  

Specimen #3003 

The as r e c e i v e d  spectrum of  t h i s  specimen shows t h a t  t h e  sur -  
f a c e  c o n s t i t u e n t s  were 0, C a ,  C ,  N a ,  S ,  Pb and S i .  Again, 
PbO, PbO and s u l f a t e  a r e  i n d i c a t e d  on t h e  s u r f a c e .  2 
Specimen #3004 

The as r e c e i v e d  spectrum of  t h i s  specimen shows t h a t  t h e  sur -  
f a c e  c o n s t i t u e n t s  were 0, C,  N a ,  P b  and S i .  Very l i t t l e  S 
w a s  d e t e c t e d  a t  t h e  s u r f a c e .  Pb and S s p e c t r a  i n d i c a t e s  t h e  
presence  of  PbO, PbO and s u l f a t e .  A f t e r  s p u t t e r i n g  of t h i s  
specimen (approximatg ly  200A removed) Pb and S b ind ing  e n e r g i e s  
were c o n s i s t e n t  w i t h  PbO and a s u l f i d e .  

F - 3  
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Specimen # 2 0 0 7  

The as r e c e i v e d  spectrum of t h i s  specimen shows t h a t  t h e  s u r -  
face c o n s t i t u e n t s  were 0, C ,  N a ,  S ,  Pb  and S i .  Here, Pb 
b inding  e n e r g i e s  were c o n s i s t e n t  w i t h  PbO and Pb02. 
i s  l i t t l e  i f  any ev idence  of Pb-S bonding i n  any form. Both 
s u l f a t e  and s u l f i d e s  are i n d i c a t e d  on t h e  s u r f a c e .  

There 

Specimen #'2027 

The a s  received spec t rum of t h i s  specimen shows t h a t  t h e  sur-  
f a c e  c o n s t i t u e n t s  were 0,  C,  N a ,  S, C 1  and Pb. Binding e n e r g i e s  
w e r e  c o n s i s t e n t  w i th  PbO, a c h l o r i d e  and a s u l f a t e .  Again, no 
ev idence  of  Pb-C1 or Pb-S.bonding. A f t e r  removing approximate ly  
50A from t h e  s u r f a c e ,  t h e  C 1  concent ra t ion  inc reased .  However 
a l l  chemical  bonds appeared  t o  remain t h e  same a t  t h i s  depth.  

Specimen #2032 

The survey spec t rum of t h i s  specimen shows t h a t  t h e  s u r f a c e  
c o n s t i t u e n t s  w e r e  0, C,  N a ,  S ,  Pb and S i .  PbO (wi th  a s m a l l  
amount of  Pb02) was t h e  dominant Pb s p e c i e s .  

Specimen #2033 

The a s  r e c e i v e d  spec t rum of  t h i s  specimen shows t h a t  t h e  su r -  
f a c e  c o n s t i t u e n t s  w e r e  0,  C a ,  C ,  N a ,  S ,  Pb and S i .  Both PbO 
and PbO were p r e s e n t  a t  t h e  surface. S was found t o  be i n  
bo th  s u j f a t e  and s u l f i d e  forms. 

Specimen # 2 0 4 7  

The as r e c e i v e d  spectrum of  t h i s  specimen shows t h a t  t h e  
s u r f a c e  c o n s t i t u e n t s  were 0, C a ,  C ,  N a ,  S ,  Pb and S i .  Pb 
w a s  predominant ly  i n  t h e  form of  PbO and S i n  t h e  form of  
a s u l f a t e .  

Specimen #2042  

The as r e c e i v e d  spectrum of  t h i s  specimen shows t h a t  t h e  
s u r f a c e  cons t i t uen t s  were 0, C ,  N a ,  S ,  S i  and Pb. Pb w a s  
p redominant ly  PbO b u t  t h e  s was 50% s u l f a t e  and 50% s u l f i d e .  

Specimen #2039 

The as r e c e i v e d  spec t rum of  t h i s  specimen shows t h a t  t h e  
surface c o n s t i t u e n t s  were Zn, 0,  N ,  Ca, C ,  N a ,  C 1 ,  S ,  S i  and 
Pb. The Pb spectrum h e r e  p o s s i b l y  i n d i c a t e s  t h e  presence  of  
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Pb s u l f i d e  a t  a b inding  energy  of 1 4 1  e V .  The dominant 
s p e c i e s ,  however, was PbO wi th  s m a l l  amounts of  Pb02 p r e s e n t .  
A t  t h e  s u r f a c e ,  S yas i n  t h e  form of  a s u l f a t e  and a s u l f i d e .  
A f t e r  removing l O O A  from t h e  s u r f a c e  t h e  Pb spectrum was s t i l l  
i n d i c a t i v e  of  Pb s u l f i d e  and most of  t h e  S a t  t h i s  dep th  w a s  
i n  t h e  form of a s u l f i d e .  

Specimen #3042 

The as r ece ived  spectrum of  t h i s  specimen shows t h a t  the sur -  
face c o n s t i t u e n t s  were Zn, 0, Pb, C a ,  C and S. The dominant 
Pb species a t  t h e  s u r f a c e  w a s  PbO. There was no ev idence  of  
Pb s u l f i d e  or Pb s u l f a t e  bonding. 

Specimen #3043 

The as r e c e i v e d  spectrum of  t h i s  specimen shows t h a t  t h e  sur-  
f a c e  c o n s t i t u e n t s  were Zn, C,  Pb, C a ,  N a ,  S and S i .  Again, 
t h e  dominant Pb s p e c i e s  were PbO and Pb02. 

Specimen #3044 

The as r e c e i v e d  spectrum of  t h i s  specimen shows t h a t  the sur-  
face c o n s t i t u e n t s  were Zn, 0, Pb, Ca, C ,  N a ,  S and S i .  The 
dominant Pb species a t  t h e  surface w a s  PbO. 

Specimen #3045 

The as r e c e i v e d  spectrum of t h i s  specimen shows t h a t  t h e  sur -  
f a c e  c o n s t i t u e n t  were Zn, 0, C a ,  K ,  C ,  Na, S ,  Pb and S i .  The 
Pb p h o t o e l e c t r o n  spectrum was i n d i c a t i v e  of  PbO. 

Specimen #3046 

The as r e c e i v e d  spectrum of t h i s  specimen shows t h a t  t h e  sur-  
f a c e  c o n s t i t u e n t s  w e r e  Zn, 0, C a ,  K ,  C ,  N a ,  S ,  Pb and S i .  
Again, the Pb spectrum w a s  i n d i c a t i v e  of  PbO. 

Specimen # 2 0 6 9  

The a s  r e c e i v e d  spectrum shows t h a t  t h e  s u r f a c e  c o n s t i t u e n t s  
were Zn, 0, C a ,  K ,  C ,  Na, ' S ,  Pb and S i .  
were t h e  dominant Pb s p e c i e s  a t  t h e  surface. 

PbO and Pb02 

Specimen #3062 

The as r e c e i v e d  spectrum of t h i s  specimen shows t h a t  t h e  
s u r f a c e  c o n s t i t u e n t s  were Zn, 0, C ,  N a ,  S ,  Pb, S i  and A s .  
The dominant Pb s p e c i e s  a t  t h e  s u r f a c e  w a s  PbO . 
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Specimen #3063 

The as r e c e i v e d  spectrum of t h i s  specimen shows t h a t  t h e  
s u r f a c e  c o n s t i t u e n t s  were Zn, 0, C ,  Na, S ,  Pb, S i  and A s .  
The dominant Pb s p e c i e s  a t  t h e  s u r f a c e  w a s  PbO. 

Specimen #3064 

The as r e c e i v e d  spectrum of t h i s  specimen shows t h a t  t h e  sur-  
f a c e  c o n s t i t u e n t s  were 0, N,  C ,  N a ,  S ,  Pb and A s .  PbO was 
t h e  dominant Pb s p e c i e s  a t  t h e  s u r f a c e .  

Specimen # 3 0 6 5 

The as r e c e i v e d  spectrum of t h i s  specimen shows t h a t  t h e  sur -  
f a c e  c o n s t i t u e n t s  were Zn, 0, N ,  C ,  Na, Pb and As. The main 
Pb species a t  t h e  s u r f a c e  was PbO. 

Specimen # 306 6 

The as r e c e i v e d  spectrum of t h i s  specimen shows 
f a c e  c o n s t i t u e n t s  were 0, C ,  Na, S ,  Pb and AS. 
s p e c i e s  a t  t h e  s u r f a c e  w a s  PbO. 

Specimen #2103 

The as r e c e i v e d  spectrum of t h i s  specimen shows 
f a c e  c o n s t i t u e n t s  were N a ,  Zn, 0, Pb, N ,  C ,  N a ,  
The dominant Pb s p e c i e s  a t  t h e  s u r f a c e  w a s  PbO. 

SUMMARY 

t h a t  t h e  sur -  
The main Pb 

t h a t  t h e  s u r -  
S ,  Pb and As. 

The only specimen where Pb s u l f i d e  on t h e  s u r f a c e  was c l e a r l y  
i n d i c a t e d  w a s  specimen #2039. I n  a l l  o t h e r  c a s e s ,  t h e  dominant 
Pb s p e c i e s  w e r e  PbO and Pb02. 
and specimen #2108  a l l  had A s  on t h e  s u r f a c e .  

I hope t h a t  you f i n d  these r e s u l t s  s a t i s f a c t o r y  and t h a t  we  
can c o n t i n u e  t o  be of service. Please d o n ' t  h e s i t a t e  t o  c o n t a c t  
m e  i f  I have l e f t  any q u e s t i o n s  unanswered. 

S i n c e r e l y ,  

PHYSI AL ELECTRONICS INDUSTRIES, INC.  

Specimens #3062 through #3066 

/F .A 

A n a l y t i c a l  Labora tory  
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CORRECTED B I N D I N G  E N E R G I E S  ( e V )  

Sample Pb 4 f 7 I 2  Pb FWHM 

3000 

3001 

" af ter  s p u t t e r i n g  
3002 

3003 

3004 

" af ter  s p u t t e r i n g  

2007 

2027 

2027 a f t e r  s p u t t e r i n g  

2032 
2033 

2047 

2042 

2039 

a . r T r  s . p u c L t r j n ?  

3042 

3043 

3044 

3045 

3046 

2069 

3062 

3063 

3064 

3065 

3066 

2108 

139.1 

139.1 

139.0 

139.2 137.4 

139.1 

139.1 137.4 

139.1 

139.1 137.4 

, 139.4 

139.1 

139.1 

139.0 

139.2 

139.3 

1 4 1  139  137 

1 4 1  139 

139 

139 

139 

139 

1 3 9  
139 

13 9 

139  

139  

1 3 9  
139 

139 
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2.1 

2 .1  

2.3 

2.3 

2.3 

2.9 

2.5 

3.0 

2.0 

2.2 

2.2 

2 . 5  
1 .9  

2.0 
3.0 

2.2 

2.3 

2.3 

2.2 

2.2 

2 . 1  
2 . 1  
2.2 

2 . 1  
2.1 
2 . 1  
2.3 

169 

169 

169 162 

169 

169 1 6 2  

169 162 

162 

169 162 

169 

169 162 

169 

169 

169 162 

169 162 

169 162 

169 

169 

169 

169 

169 

169 

169 

169 

169 

169 

169 

169 



September 28, 1976 

~ r .  Marc Marcus 
MIDWEST RESEARCH INSTITUTE 
4 2 5  Volker Blvd. 
Kansas City, Missouri 64110 

Re: P.O.# 2421 
Job # 6053 

Dear Marc: 

Enclosed you will find ESCA spectra for the balance of specimens 
submitted during your first visit. The procedure for analysis and 
data format are essentially as before. With the data you will 
find a table listing the Pb and S peak energies as well as the 
Pb peak width indicative of the presence of other bonds other 
than Pb oxide. 

RESULTS 

Specimen 3077 

The survey spectrum of this specimen shows that the surface 
constituents were Na, 0, C, Pb, Si, S and As. The S concentra- 
tion on this sample was considerably lower than that found on 
most of the other samples. The As concentration on this speci- 
men was relatively low compared to other samples in this series. 
The table shows that the Pb binding energy is consistent with 
PbO and the S binding energy is consistent with a sulfate. The 
peak width of the Pb photoelectron line suggests that there 
was only one Pb species. 

Specimen 3078 

The survey spectrum of this specimen shows that the surface 
constituents were Na, 0, C, S, Pb, Si and As. The As concentra- 
tion level in this specimen was greater than that found for 3077. 
The photoelectron binding energies for specimen 3078 suggest Pb 
existed as PbO and most of the S was sulfate. Possibly some 
sulfide was detected. The peak width suggests only one Pb species 

PHYSICAL ELECTRONICS INDUSTRIES, INC. 
6509 FLYING CLOUD DRIVE 

EDEN PRAIRIE, MINNESOTA 55343 F-8 
I6121 941-5540 

T L X  290407 
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M r .  Marc Marcus 
MIDWEST RESEARCH INSTITUTE -2- September 28, 1976 

Specimen 3079 

The as received spectrum of this specimen shows that the surface 
constituents were Na, 0, C, S ,  Pb, Si and As. Again, the As 
concentration was higher than the previous specimen. The photo- 
electron binding energies and Pb peak width are the same as 
that found for specimen 3078. 

Specimen 3080 

The survey spectrum of this specimen shows that the surface 
constituents were Na, Zn, 0, C, S ,  Pb and As. Again, the As 
concentration was higher than that found for the previous 
specimens. Here, the Pb photoelectron binding energy was found 
to be slightly lower suggesting that some Pb02 could have been 
present. The S binding energies suggest that most of the S 
was sulfate with the possibility of some sulfide being present. 

Specimen 3081 

The survey spectrum of this specimen shows that the surface 
constituents were Na, Zn, 0, C, S, Si and As. This specimen 
had the highest As concentration of all the specimens in this 
series. The binding energy of the Pb photoelectrons again 
suggest the presence of PbO and PbO2. S was predominantly in 
the form of a sulfate. 

Specimen 2077 

The surface constituents of this specimen were Na, Zn, 0, Ni, 
Ca, C, S and Pb. The Zn concentration was considerably higher 
than on previous specimens. The binding energy and peak width 
of the Pb photoelectrons was consistent with PbO. S was 
predominantly in the form of sulfate. 

Specimen 2099 

The as received spectrum of this specimen shows that the surface 
constituents were Na, 0, C, Si, Pb and Al. The Pb concentration 
of this specimen was considerably lower than that found on other 
specimens and S was not detected. The binding energy and Pb 
peak width, however, suggest that Pb sulfide was present. It 
is possible that the S was below the detectability limit. 

Specimen 2100 

The as received spectrum of this specimen shows that the surface 
constituents were Zn, 0, N, C, S and Pb. The N concentration of 
this specimen was significantly higher than found on other 
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specimens. 
presence of PbO and sulfates on the surface. 

Specimen 2113 

The as received spectrum of this specimen shows that the sur- 
face constituents were Na, Zn, 0, Pb, N, C, S and As. Again, 
PbO and sulfates existed on the surface. 

Measurements of the photoelectrons suggest the 

I hope that you find these results satisfactory and that we 
can continue to be of service. Please don't hesitate to 
contact me if I have 

Sincerely, 

PHYSICAL ELECTRONICS 

left any questions unanswered. 

INDUSTRIES, INC. 

Dr. L. E. Davis, Director, 
Analytical Laboratory 

LED:jh 

Enclosures 
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Pb FWHM S2P 
712 - Sample Pb4f 

’ 3077* 138.9 2.3 170 

3078* 138.6 2.0 169 162? 

3079* 138.6 2.0 169 162? 

3080* 138.4 2.0 169 162? 

3081* 138.3 2.0  169 162? 

2077 139.2 2.1 169 162? 

2099 141.0 2.4 

2100 139.2 2.1 169 

2113* 138.8 2.2 16 9 162 

*Samples containing As 
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Figure F - 1  - ESCA Graph - Run 1, Location lB, Sierra Backup, F i l t e r  2007 

Figure F-2 - ESCA Graph - Run 1, Location 1 B ,  Sierra Backup, F i l t e r  2007 
F-13 



Figure F-3  - ESCA Graph - Run 1, tocat ion D,  Sierra Backup, F i l t e r  2007 

Figure F-4 - ESCA Graph - Run 1, Location 1 B ,  Sierra Backup, F i l t e r  2007 
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Figure F-6 - ESCA Graph - Run 5 ,  Location 2 N ,  F i l t e r  2027 
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Figure F-8 - ESCA Graph - Run 5 ,  Location 2N, F i l t e r  2027 
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Figure F-9 - ESCA Graph - Run 5 ,  Location 2N, Filter 2027 

Figure F-10 - ESCA Graph - Run 5 ,  Location 2N, F i l t e r  2027 
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I Figure F-11 - ESCA Graph - Run 5 ,  Location 2N, F i l t e r  2027 

Figure F-12 - ESCA Graph - Run 5 ,  l oca t ion  2N, F i l t e r  2027 
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Figure F-13 - ESCA Graph - Run 5 ,  Location 2N, Fi l ter  2027 

Figure F-14 - ESCA Graph - Run 5 ,  Location 2N, F i l t e r  2027 
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Figure F-15 - ESCA Graph - Run 5 ,  Location IB, F i l t e r  2032 

Figure F-16 - ESCA Graph - Run 5 ,  h c a t i o n  IB, F i l t e r  2032 
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Figure F-17 - ESCA Graph - Run 5 ,  Location lB, F i l t e r  2032 

Figure F-18 - ESCA Graph - Run 5 ,  Location l B ,  F i l t e r  2032 
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Figure F-19 - ESCA Graph - Run 5 ,  Location 3, F i l t e r  2033 

Figure F-20 - ESCA Graph - Run 5 ,  Location 3, F i l t e r  2033 
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Figure F-21 - ESCA Graph - Run 5,  Location 3, F i l t e r  2033 E 
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Figure F-22 - ESCA Graph - Run 5 ,  Location 3, F i l t e r  2033 
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I Figure F-23 - ESCA Graph - Run 8,  Location 65, F i l t e r  2039 
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I Figure.F-24 - ESCA Graph - Run 8 ,  Location 6S,  F i l t e r  2039 
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Figure  F-25 - ESCA Graph - Run 8, Location 6S, F i l t e r  2039 

Figure  F-26 - ESCA Graph - Run 8, Location 65 ,  F i l t e r  2039 
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Figure F-27 - ESCA Graph - Run 8,  Location 65, F i l t e r  2039 

Figure F-28 - ESCA Graph - Run 8 ,  Location 65, F i l t e r  2039 
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Figure F-30 - ESCA Graph - Run 8, Location 5 ,  F i l t e r  2042 
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Figure F-31 - ESCA Graph - Run 8, Location 5, F i l t e r  2042 

Figure F-32 - ESCA Graph - Run 8,  Location 5, F i l t e r  2042 
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Figure F-33 - ESCA Graph - Run 11, Location 4,  F i l t e r  2047 

Figure F-34 - ESCA Graph - Run 11, Location 4, F i l t e r  2047 
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Figure F-35 - ESCA Graph - Run 11, Location 4, F i l t e r  2047 I 

Figure F-36 - ESCA Graph - Run 11, Location 4 ,  F i l t e r  2047 
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Figure F-37 - ESCA Graph - Run 21, Location 11, Sierra Backup, F i l t e r  2069 

Figure F-38 - ESCA Graph - Run 21, Location 11, Sierra Backup, F i l t e r  2069 
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Figure F-39 - ESCA Graph - Run 21, Location 11, Sierra Backup, F i l t e r  2069 

Figure F-40 - ESCA Graph - Run 21, Location 11, Sierra Backup, Fi l ter  2069 
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Figure F-41 - ESCA Graph - Run 22, Location 11, Fi l ter  2077 I 
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Figure F-42 - ESCA Graph - Run 22, Location 11, F i l t e r  2077 1 
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Figure F-43 - ESCA Graph - Run 22, Location 11, F i l t e r  2077 I 
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Figure F-44 - ESCA Graph - Run 22, Location 11, F i l t e r  2077 
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Figure F-46 - ESCA Graph - Run 25, Location 23A, F i l t e r  2099 
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Figure F-47 - ESCA Graph - Run 25, Location 23A, F i l ter  2099 

Figure F-48 - ESCA Graph - Run 25, Location 24N, F i l t e r  2100 
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Figure F-49 - ESCA Graph - Run 25, Location 24N, F i l t e r  2100 

Figure F-50 - ESCA Graph - Run 25, Location 24N, F i l t e r  2100 
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Figure F-52 - ESCA Graph - Run 29, Location 17,  Sierra Backup, F i l t e r  2108 

F-38 

I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
1 
1 
- 



I 
I 
I 
1 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Figure F-53 - ESCA Graph - Run 29, Location 17, Sierra Backup, F i l t e r  2108 

Figure F-54 - ESCA.Graph - Run 29, Location 17, Sierra Backup, F i l t e r  2108 
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Figure F-55 - ESCA Graph - Run 29, Location 17, Sierra Backup, F i l t e r  2108 
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Figure F-56 - ESCA Graph - Run 30, Location 18, F i l t e r  2113 
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Figure  F-57 - ESCA Graph - Run 30, Location 18, F i l t e r  2113 
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Figure  F-58 - ESCA Graph - Run 30, Location 18, F i l t e r  2113 
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Figure F-59 - ESCA Graph - Run 30, Location 18, F i l t e r  2113 
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Figure F-60 - ESCA Graph - Run 1, Location 1, Stage 5 ,  F i l t e r  3000 
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Figure F-63 - ESCA Graph - Run 1, Location 1, Stage 5 ,  F i l t e r  3000 

Figure F-64 - ESCA Graph - Run 1, Location 1, Stage 5 ,  F i l t e r  3000 
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Figure F-65 - ESCA Graph - Run 1, Location 1, Stage 4, F i l t e r  3001 

Figure F-66 - ESCA Graph - Run 1, Location 1, Stage 4, Fi l ter  3001 
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Figure F-67 - ESCA Graph - Run 1, Location 1, Stage 4 ,  Filter 3001 
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Figure F-69 - ESCA Graph - Run 1, Location 1, Stage 4 ,  F i l t e r  3001 

Figure F-70 - ESCA Graph - Run 1, Location 1, Stage 4, Fi l ter  3001 
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Figure F-71 - ESCA Graph - Run 1, Location 1, Stage 4 ,  F i l t e r  3001 I 

Figure F-72 - ESCA Graph - Run 1, Location 1, Stage 3, F i l t e r  3002 
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Figure F-73 - ESCA Graph - Run 1, Location 1, Stage 3 ,  F i l t e r  3002 

Figure F-74 - ESCA Graph - Run 1,  Location 1, Stage 3,  F i l t e r  3002 
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Figure F-75 - ESCA Graph - Run 1, Location 1, Stage 3,  F i l t e r  3002 

Figure F-76 - ESCA Graph - Run 1, Location 1, Stage 2, 
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Figure  F-77 - ESCA Graph - Run 1, Location 1, Stage 2,  F i l t e r  3003 

Figure  F-78 - ESCA Graph - Run 1, Location 1, Stage 2, F i l t e r  3003 
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Figure F-79 - ESCA Graph - Run 1, Location 1, Stage 2 ,  F i l t e r  3003 

Figure F-80 - ESCA Graph - Run 1, Location 1, Stage 1, F i l t e r  3004 
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Figure F-81 - ESCA Graph - Run 1, Location 1, Stage 1, F i l t e r  3004 

Figure F-82 - ESCA Graph - Run 1, Location 1, Stage 1, F i l t e r  3004 

F-53 



Figure F-83 - ESCA Graph - Run 1, Location 1, Stage 1,  F i l t e r  3004 

Figure F-84 - ESCA Graph - Run 1, Location 1, Stage 1, F i l t e r  3004 
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Figure F-85 - ESCA Graph - Run 1, Location 1, Stage 1, F i l t e r  3004 

Figure F-86 - ESCA Graph - Run 1, Location 1, Stage 1, F i l t e r  3004 
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Figure F-87 - ESCA Graph - Run 1, Location 1, Stage 1, Fi l ter  3004 

Figure F-88 - ESCA Graph - Run 21, Location 11, Stage 1, F i l t e r  3042 
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Figure F-89 - ESCA Graph - Run 21, Location 11, Stage 1, Fi l ter  3042 

Figure F-90 - ESCA Graph - Run 21, Location 11, Stage 1, F i l t e r  3042 
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Figure F-91 - ESCA Graph - Run 21, Location 11, Stage 1, F i l t er  3042 
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Figure F-92 - ESCA Graph - Run 21, Location 11, Stage 2,  F i l t e r  3043 
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Figure F-93 - ESCA Graph - Run 21, Location 11, Stage 2 ,  F i l t e r  3043 

Figure F-94 - ESCA Graph - Run 21, Location 11, Stage 2 ,  F i l t e r  3043 
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Figure F-95 - ESCA Graph - Run 21, Location 11, Stage 2 ,  F i l t e r  3043 
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Figure F-97 - ESCA Graph - Run 21, Location 11, Stage 3 ,  F i l t e r  3044 

Figure F-98 - ESCA Graph - Run 21, Location 11, Stage 3,  F i l t e r  3044 
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Figure F-99 - ESCA Graph - Run 21, Location 11, Stage 3 ,  F i l t e r  3044 

I 
Figure  F-100 - ESCA Graph - Run 21,  Location 11, Stage 4 ,  F i l t e r  3045 
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Figure F-101 - ESCA Graph - Run 21, Location 11, Stage 4 ,  Filter 3045 

Figure F-102 - ESCA Graph - Run 21, Location 11, Stage 4 ,  F i l t e r  3045 
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Figure F-103 - ESCA Graph - Run 21, Location 11, Stage 4 ,  Fi l ter  3045 

Figure F-104 - ESCA Graph - Run 21, Location 11, Stage 5 ,  F i l t e r  3046 
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Figure F-105 - ESCA Graph - Run 21, Location 11, Stage 5 ,  F i l ter  3046 

Figure F-106 - ESCA Graph - Run 21, Location 11, Stage 5 ,  F i l t e r  3046 
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Figure F-107 - ESCA Graph - Run 21, Location 11, Stage 5 ,  F i l t e r  3046 

Figure F-108 - ESCA Graph - Run 29, Location 17,  Stage 1, Fi l ter  3062 

F-66 

I 
I 
I 
I 
I 
I 
I 
I, 
I 
I' 
I 
I 
I 
I 
I 
I 
I 
I 
I 
4 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

Figure F-109 - ESCA Graph - Run 29, Location 17, Stage 1, F i l t e r  3062 

Figure F-110 - ESCA Graph - Run 29, Location 17, Stage 1, F i l t e r  3062 

F-67 



Figure F-111 - ESCA Graph - Run 29, Location 17, Stage 1, Fi l ter  3062 
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Figure F-113 - ESCA Graph - Run 29, Location 17, Stage 1, F i l t e r  3062 

Figure F-114 - ESCA.Graph - Run 29, Location 17, Stage 2,  F i l t e r  3063 
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Figure F-115 - ESCA Graph - Run 29, Location 17, Stage 2,  F i l t e r  3063 

Figure F-116 - ESCA Graph - Run 29, Location 17, Stage 2, Filter 3063 
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Figure F-117 - ESCA Graph - Run 29, Location 17, Stage 2, F i l t e r  3063 

Figure F-118 - ESCA Graph - Run 29, Location 17, Stage 3, F i l t e r  3064 
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Figure F-119 - ESCA Graph - Run 29, Location 17, Stage 3 ,  Filter 3064 

Figure F-120 - ESCA Graph - Run 29, Location 17 ,  Stage 3, F i l ter  3064 
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Figure F-121 - ESCA Graph - Run 29, Location 17, Stage 3, F i l t e r  3064 

Figure F-122 - ESCA Graph - Run 2 9 ,  Location 17, Stage 4 ,  F i l t e r  3065 
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Figure F-123 - ESCA Graph - Run 29, Location 17, Stage 4 ,  F i l t e r  3065 

Figure F-124 - ESCA Graph - Run 29, Location 17, Stage 4 ,  Filter 3065 
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Figure F-125 - ESCA Graph - Run 29, Location 17, Stage 4 ,  F i l t e r  3065 

Figure F-126 - ESCA Graph - Run 29, Location 17, Stage 5,  F i l t e r  3066 
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Figure F-127 - ESCA Graph - Run 29, Location 17, Stage 5 ,  F i l t e r  3066 
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Figure F-129 - ESCA Graph - Run 29, Location 17 ,  Stage '5, F i l t e r  3066 

Figure F-130 - ESCA Graph - Run 29, Location 17, Stage 5 ,  Filter 3066 
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Figure F-131 - ESCA Graph - Run 31, Location 18, Stage 1, Fi l ter  3077 

Figure F-L32 - ESCA Graph - Run 31, Location 18, Stage 1, F i l t e r  3077 
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BINDING ETh&Y. sY 

Figure F-133 - ESCA Graph - Run 31, Location 18, Stage 1, F i l t e r  3077 

Figure F-134 - ESCA Graph - Run 31, Location 18, Stage 1, F i l t e r  3077 
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Figure F-135 - ESCA Graph - Run 31, Location 18, Stage 2 ,  Filter 3078 I 

Figure F-136 - ESCA Graph - Run 31, Location 18, Stage 2,  Filter 3078 
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Figure F-138 - ESCA Graph - Run 31, Location 18, Stage 2, Filter 3078 
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Figure F-139 - ESCA Graph - Run 31, Location 18, Stage 3, F i l t e r  3079 

Figure F-140 - ESCA Graph - Run 31, Location 18, Stage 3, F i l t e r  3079 
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Figure F-141 - ESCA Graph - Run 31,  Location 18, Stage 3, F i l ter  3079 

Figure F-142 - ESCA Graph - Run 31, Location 18, Stage 3,  F i l t e r  3079 
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Figure F-143 - ESCA Graph - Run 31, Location 18, Stage 4 ,  F i l t e r  3080 

Figure F-144 - ESCA Graph - Run 31, Location 18, Stage 4 ,  F i l t e r  3080 
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Figure F-145 - ESCA Graph - Run 31, Location 18, Stage 4 ,  F i l t e r  3080 

Figure F-146 - ESCA Graph - Run 31, Location 18, Stage 4, F i l t e r  3080 
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Figure F-147 - ESCA Graph - Run 31, Location 18, Stage 5,  F i l t e r  3081 
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Figure F-148 - ESCA Graph - Run 31, Location 18, Stage 5 ,  F i l t e r  3081 
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Figure F-149 - ESCA Graph - Run 31, Location 18, Stage 5 ,  F i l t e r  3081 

Figure F-150 - ESCA Graph - Run 31, Location 18, Stage 5 ,  F i l t e r  3081 
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APPENDIX G 

X-RAY DIFFRACTION CHARTS ON S P E C I E S  DETERMINATION 



Figure G - 1  - Run 1, Location 1B, F i l t e r  2004 

Figure G-2 - Run 2 ,  Location 3 ,  F c l t e r  2013 G-3  



G - 4  

Figure G- 

Figure G 

- Run 2 ,  Location 1 ,  BU, Fi l ter  2015 
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,4 - Run 3,Location 2 S ,  F i l t e r  2016 
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Figure G - 5  - Run 4 ,  Location 2N, F i l t e r  2025 
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Figure G-6  - Run 4 ,  Location 3, Backup, F i l t e r  2026 I G -5 



Figure 4-8 - Run 6,  Location 4 ,  F i l t e r  2035 
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I Figure G-9  - Run 7 ,  I aca t ion  5 ,  F i l t e r  2038 

Figure G-10 - Run 8,  Location 6N, F i l t e r  2040 G - 7  
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G-8 I 
Figure q-12 - Run 12,  Location 4 A ,  F i l t e r  2057 
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Figure G-13 - Run 21, Location 12, F i l t e r  2070 

Figure G-14 - Run 21 ,  Location 13, Backup, F i l t e r  2071 I G-9 
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Figure G - 1 7  - Run 21,  Location 16, F i l t e r  2074 
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Figure G-18 - Run 23, Location 21,  Fixter 2081 G-11 



Figure G ' 1 9  1 - Run 23, Location 23,, F i l t e r  2082 
I 

I G-12 Figure G-20 - Run 23, Location 24N, Filter 2083 1 
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11 Figure G-21 - Run 23,  Location 24S, F i l t e r  2084 
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Figure G-22 - Run 23, Location 22 ,  F i l t e r  2086 G-13 
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Figure G-23 - Run 2 3 ,  Locat ion 23A, F i l t e r  2087 I 

G-14 Figure G-24 ! Run 2 6 ,  Location 2 3 ,  Backup, F i l t e r  2091 
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Figure G-25 - Run 28, Location 19 ,  F i l t e r  2103 

Figure G-26 - Run 28, Location 20, Fi l l te r  2104 G-15 



G-16 

Figure  G-27 - Run 28, Locat ion 1 7 ,  F i l t e r  2106 
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Figure G-29 - Run 28, Location 18, F i l t e r  2107 I 

Figure G-30 - Run 29, Location 18, Backup, F i l t e r  2109 G- I 



Figure  G-31 . 

G-18 Figure G-32 - 

Run 29, Location 18, Backup, F i l t e r  2109 

Run 31, Location 1 7 ,  Backup, F i l t e r  2117 
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Figure G-33 - Run 33, Location 20, Backup, F i l t e r  2126 

Figure G-34 - Run 2 ,  Location 1, F i l t e r  3006 
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35 - Run 2, Location 1, F i l t e r  3007 
Figure 4- 

G-20 Figure $-36 - Run 2, Location 1, F i l t e r  3008 
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I Figure G-37 - Run 2 ,  Location 1, F i l t e r  3009 

Figure 6-38 - Run 2, Location 1, Filter 3010 G-21 



Figure 6-39 - Run 21, Location 13, F i l t e r  3047 

G - 2 2  Figure -40 - Run 2 1 ,  Location 13,  F i l t e r  3048 4 
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Figure G-41 - Run 21, Location 13, F i l t e r  3049 

Figure 6-42 - Run 2 1 ,  Location 13, F i l t e r  3049 I 
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Figure G- 3 - Run 2 1 ,  Location 13, F i l t e r  3050 t 

- Run 21, Location 13, F i l t e r  3051 
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Figure G-45 - Run 2 6 ,  Location 2 3 ,  F i l t e r  3052 

Figure 6-46  - Run 2 6 ,  Location 2 3 ,  F i l t e r  3053 G-25 



Figure G-47 I - Run 26, Location 23, F i l t e r  3054 

G-26 8 - Run 26, Location 23, F i l t e r  3055 
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Figure G-49 - Run 2 6 ,  Location 2 3 ,  F i l t e r  3056 

Figure G-50 - Run 29,  Location 18, F i l t e r  3067 G-27 
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F igure  G- 1 - Run 29, Location 18, F i l t e r  3068 1 
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Figure  G-42 - Run 29, Location 18, F i l t e r  3069 
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Figure 6-53 - Run 29,  Location 18, F i l t e r  3070 

Figure G-54 - Run 29 ,  Location 18,  F i l t e r  3071 
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G-30 Figure G-36 

Figure G- 5 - Run 31, Location 17, F i l t e r  3082 r 

- Run 31, Location 17, F i l t e r  3083 
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Figure 6-57 - Run 31, Location 17, F i l t e r  3084 

Figure 6-58 - Run 31,  Location 17 ,  FiFter 3085 6-2 I 1  



Figure GI59 - Run 31, Location 17,  Fi l ter  3086 

Figure G-60 I - Run 33, Location 20, Fi l ter  3087 I 
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Figure G-61 - Run 33, Location 20, F i l t e r  3088 I 

Figure G-62 - Run 33, Location 20, F i l t e r  3089 G-33 I 



Figure G' 6 3  - Run 3 3 ,  Location 20, F i l t e r  3090 
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Figure G-64 - Run 3 3 ,  Location 20, F i l t e r  3091 G-34 
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APPENDIX H 

ASARCO WEATHER STATION DATA, 
GLOVER, MISSOURI 
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APPENDIX I 

ASARCO WEATHER STATION DATA, 
EAST HELENA, MONTANA 



There were s e v e r a l  ASARCO weather s t a t i o n s  a t  t h e  East Helena, 
Montana, p l an t .  The d a t a  contained i n  t h i s  appendix a r e  those taken a t  t h e  
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APPENDIX J 

CHARTS FROM MRI ON-SITE METEOROLOGICAL STATIONS 
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APPENDIX K 

H i V o l  SAMPLER RECORDER CHARTS - GLOVER, MISSOURI 

The charts i n  t h i s  appendix cons t i tu te  raw f i e l d  data. 
da must be adjusted by ca l ibrat ion  data for  the individual  san: 
The adjustment is  shown below each chart.  

These 
l e r s  used. 
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'1 -- . '  
1310-1640 1300- 1632 

39 x 1.09 = 42 
HiVol Run No. 1, Location 2N 

38 x 0.96 = 37 cfm 
HiVol Run No. 1, Location 2s 

1303-1530 1635-725 
55 x 0.94 = 53 cfm 

HiVol Run No. 1, Location 3 
(27-20) x 1.09 = 18 cfm 

HiVol Run NO. 2, Location 2N 
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1640-730 1650-1930 
(66-24)  x 0.96 = 4 0  cfm 55 x 0.94 = 53 cfm 

HiVol Run No. 2 ,  Location 3 HiVol Run No. 2 ,  Location 2.9 

730-1505 730-1545 
( 6 4 - 2 4 )  x 0.96 = 38 cfm 55 x 0.94 = 53 cfm 

HiVol Run No. 3 ,  Location 3 HiVol Run No. 3 ,  Location 25 

K-3 



1535-905 1540-905 
(30-20) x 1.09 = 11 cfm (64-24) x 0.94 = 38 cfm 

HiVo1 Run No. 4, I a c a t i o n  2N HiVol Run No. 4, Location 2s 

.z 

830-1415 1540-9 05 
56 x 0.94 = 53 C f m  

HiVol Run No. 4, Location 3 
(32-20) x 1.09 = 13 cfm 

HiVo 1 Run No. 5 ,  Location 2N 
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830-1415 900-1500 
(64-24) x 0.96 = 39 cfm 54 x 0.96 = 52 cfm 

H i V o l  Run No. 5, Location 2s HiVol Run No. 5, Location 3 

1600-915 1600-915 
45 x 1.13 = 50. cfm 

HiVol Run No. 6, Location 4 
55 x 1.06 = 58 cfm 

HiVol Run No. 6, Location 5 
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1300-1545 1300-1545 
51 x 1.13 = 57 cfm 54 x 1.06 = 57 c f m  

HiVol Run No. 7 ,  Location 4 HiVol Run No. 7 ,  Location 5 

1600-730 1400-1400 
55 x 1.06 = 58 cfm 49 x 1.09 = 53 cfm 

HiVol Run No .' 8, Location 5 HiVol Run No. 8, l o c a t i o n  6N 
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I 

- 

1400-1400 
50 x 0.94 = 47 cfm 

HiVol Run No. 8, Location 65 HiVol 

1400-1400 
50 x 0.96 = 48 cfm 
Run No. 8 ,  Location 6 

Overpass 

725-1245 
5 1  x 1.13 = 58 cfm 

HiVol Run No. 9, Location 4 

730-1245 
56 x 1.06 = 59 cfm 

HiVol Run No. 9,  Location 5 

K- 7 



1600-720 1600-730 
47 x 1.13 = 53 cfm 56 x 1.06 = 59 cfm 

HiVol Run No. 10, Location 4 HiVol Run No. 10, Location 5 

I 
I 
I 
- 

1400-800 1400-800 
44  x 1.09 = 48 cfm 5 1  x 0.94 = 48  c f m  

HiVol Run No. 10, Location 6 N  HiVol Run No. 10, Location 6s 

K- a 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1400- 800 
52 x 0.96 = 50 cfm 

HiVol Run No. 10, Location 6 - 
Overpass 

..... 

720-1300 
55 x 1.13 = 62 cfm 

HiVol Run No. 12, Locat ion 4A 

K-9 

~- 
4 "- . 
12 30 -1600 

.. - 

5 1  x 1.13 = 58 cfm 
HiVol Run No. 11, Location 4 

730-1300 
55 x 1.06 = 58 cfm 

HiVol Run No. 12, Location 5A 



800-1245 
49 x 1.09 = 53 cfm 

H i V o l  Run No. 12, Location 6N 

800- 1415 
52 x 0.96 = 50 cfm 

H i V o l  Run No. 12, Location 6 - 
Overpass 

K- 10 

800-1430 
50 x 0.94 = 47 cfm 

H i V o l  Run No. 12,  Location 65 
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APPENDIX L 

H i V o l  RECORDER CHARTS, EAST HELENA. MONTANA 

The charts i n  t h i s  appendix cons t i tu tes  raw f i e l d  data. These 
data must b e  adjusted by ca l ibrat ion data for the individual samplers used. 
The adjustment i s  shown below each chart.  
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1530-0744 1520-754 
30 x 1.09 = 33 cfm 

Hivol Run No. 2 0 ,  Location 11 
34 x 0.96 = 33 cfm 

HiVol Run No. 2 0 ,  Location 12 

1550-738 1520-740 

30 x 0.94 = 28 cfm 
HiVol Run No. 2 0 ,  Location 13 

40 x 1.13 = 45 cfm 
HiVol Run No. 2 0 ,  Location 1 4  

L-2 

- 
I 
I 
I 
I 
E 
I 
I 
E 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
- 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I 

1530 -800 752-L510 
42 x 1.07 = 45 cfm 22 x 1.09 = 24 cfm 

HiVol Run No. 20, Location 15 HiVol Run No. 21, Ioca t ion  11 

807 - 1520 742-1540 
46 x 0.96 = 44 cfm 40 x 0.94 = 38 cfm 

HiVol Run No. 21, Location 12 HiVol Run No. 21, Location 13 

L- 3 
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, _ _ _  -- _- 

750-1526 800-1508 
51 x 1.13 = 58  cfm 52 x 1.06 = 55 cfm 

HiVol Run No. 21, Location 14 HiVol Run No. 21, Location 15 

i ..- 

l5l5-740 1530-745 
35 x 1.09 = 38 cfm 46 x 0.96 = 44 cfm 

H i V o l  Run No. 22, Location 12 HiVol Run No. 22, Location 11 
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1540-750 1547-735 
39 x 0.94 = 37 cfm 44 x 1.13 = 49 cfm 

HiVol Run No. 22, Location 13 HiVol Run No. 22, Location 14A 

15 14 - 75 0 1005-1445 
42 x 1.06 = cfm 65 x 0.94 = 61 cfm 

HiVol Run No. 22,  Location 15 H i V o l  Run No. 23, Location 21 
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1220-1450 1030-1457 
50  x 1.09 = 54  c f m  

HiVol Run No. 23, Location 22 
49 x 0.96 = 47 cfm 

HiVol Run No. 23, Location 23 

1035-1515 1040-1520 
48 x 1.13 = 54 cfm 54 x 1.06 = 57 cfm 

HiVol Run No. 23,  Location 24N HiVol Run No. 23, Location 24s 
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1501-0750 730- 1425 
44 x 0.96 = 43 cfm 55 x 0.94 = 52 cfm 

HiVol Run No. 24, Location 23 HiVol Run No. 25, Location 2 1  

735 - 1430 

Hivoi Run NO. 25,  Location 22 

753 - 1045 
5 1  x 1.09 = 56 cfm 43 x 0.96 = 41 cfm 

HiVol Run No. 25, Location 23 
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820- 1500 
42 x 1.13 = 47 cfm 

HiVol Run No. 25, Location 24N 

810-15 10 
51 x 1.06 = 54 cfm 

HiVol Run No. 25, Location 24s 

1055-1445 1530-930 
40 x 0.96 = 39 cfm 42 x 0.94 = 39 cfm 

HiVol Run No. 26, Location 23 HiVol Run No. 27, Location 17 
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1530-920 1447-0725 
37 x 1.09 = 40 cfm 46 x 0.96 = 44 cfm 

HiVol Run No. 27, Location 18 H i V o l  Run NO. 27, Location 23 

935-1505 
44'x 0.94 = 41 cfm 

H i V o l  Run No. 28, Location 17 

L-9 

925 - 15 10 
40 x 1.09 = 44 cfm 

HiVol Run No. 28, Location 18 



85 0- 15 30 900-1530 

39 x 1.06 = 41 c f m  
HiVol Run N O .  28,  Location 19 

33.5 x 1.13 = 38 cfm 
HiVol Run No. 28,  Location 20 

1515-745 1520-740 
32 x 1.09 = 35 cfm 

HiVol Run NO. 29, Location 18 
41 x 0.94 = 38 cfm 

HiVol Run No. 29,  Location 17 
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1530 -8 10 1535-815 
25 x 1.06 = 27 cfm 14 x 1.13 = 16 cfm 

HiVol Run No, 29, Location 19 HiVol Run No. 29, Location 20 

747-1035 745-1050 
46 x 0.94 = 44 cfm 40 x 1.09 = 44 cfm 

HiVol Run No. 30, Location 17 HiVol Run No. 30, Location 18 
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815- 15 10 8 1 7  - 1520 
33 x 1.06 = 35 cfm 28 x 1.13 = 32 cfm 

HiVol Run No. 30, Location 19 HiVol Run No. 30, Location 20 

1040- 1455 1055- 1500 
37 x 0.94 = 35 cfm 3 1  x 1.09 = 34 cfm 

HiVol Run No. 31, Location 17  HiVol Run No. 31, Location 18 
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I 

1500-725 1505 -730 
29 x 0.94 = 27 cfm 17 x 1.09 = 19 cfm 

HiVol Run No. 32, Location 17  HiVol Run No. 32, Location 18 

i 
1 
1 
I 
I 
I. 
I 
I. 

I 

1515 -740 152 0- 745 
21  x 1.06 = 22 cfm 18.5 x 1.13 = 21 cfm 

HiVol Run No. 32, Location 19 HiVol Run No. 32, Location 20 

I L- 13 



730-1340 735-1340 
39 x 0.94 = 36 cfm 30 x 1.09 = 32 cfm 

HiVol Run No. 33, Location 17  HiVol Run No. 33, Location 18 

740-1400 750-1355 
38 x 1.06 = 4 1  cfm 29.7 x 1.13 = 34 cfm 

HiVol Run No. 33, Location 19 HiVol Run No. 33, Location 20 
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APPENDIX M 

CALCULATIONS OF EFFECTIVE AREAS 
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In t roduc t ion  

I n  many cases  the  f u g i t i v e  p a r t i c u l a t e s  t h a t  were emit ted from 
an opening were not  evenly d i s t r i b u t e d  over  t h e  a rea  (A) of t h e  opening. 
Consequently t o  properly estimate the  emission r a t e s  (based upon samples 
a t  one poin t )  i t  was necessary t o  devise  a technique compensating f o r  t h i s  
nonuniformity . 

For t h e  homogeneous s i t u a t i o n ,  emission r a t e  (E) i s  the  product 
of t h e  opening a r e a  (A) , t he  v e l o c i t y  ( V )  of t he  media normal t o  the  
opening, and the  mass concent ra t ion  (m) o f  the element of i n t e r e s t .  Thus 

E =VmA. 

When mass concent ra t ion  and v e l o c i t y  a r e  func t ions  of pos i t i on  
( P ) ,  t he  above formula i s  e a s i l y  extended t o  t he  continuous case  as 

E = JVpmpdA 6 

The opening can be divided i n t o  smal le r  regions as des i r ed  and the  emission 
r a t e  formula then becomes 

E = V 1 miAi 
i 

with the  assumption of uniform c ross - sec t iona l  flow. 

L e t  us redef ine  emission r a t e  by 

where M,,, i s  t h e  concent ra t ion  measured a t  t h e  sampling poin t  and A, 
i s  an "e f f ec t ive  area"  such t h a t  t h e  mass t r a n s p o r t  balance 
through the  opening i s  maintained. Equation (1) i n  conjunct ion 
wi th  Equation (2)  y i e lds  

M-2 

I 
1 
I 
I 
I 
I 
I 
I' 
1' 
r 
I' 
I 
il 
I 
1 
1 
3 
I 



I 
1 
T 
1 
1 
1 
1 
1 
1 
1 

I 
I 
1 
1 
I 
I 
1 
r 

a 

but 

where mi represent  t he  est imated r e l a t i v e  emissions ( i n  terms of % ) 
over Ai , 

A i s  t h e  t o t a l ' a r e a ,  and 

rn is t h e  average concent ra t ion  over  t h e  t o t a l  a rea .  
- 

Consequently, A, =( k ) A  

The emissions a r e  given by 

- 6 

conversion from micrograms t o  grams. 
where v i s  t h e  average a i r  speed f o r  t h e  area i n  ques t ion ,  and 10 t h e  

The approach to sampling and computation f o r  r ep resen ta t ive  
values  was as follows: 

1. P a r t i t i o n  t h e  opening i n t o  several regions with Ai being 
t h e  a rea  of t h e  ith region. 

2 .  Assign a f u g i t i v e  emission p r o f i l e  t o  the  regions based upon 
the  air- f low d i r e c t i o n ,  t h e  air - f low v e l o c i t y ,  t he  loca t ion  of t he  f u g i t i v e  
source with r e spec t  t o  the  opening, and any o t h e r  information a v a i l a b l e  t h a t  
would be p e r t i n e n t ,  such a s  physical  aspec ts  of t h e  f u g i t i v e  emission source,  
and observat ions of t he  f l o w  of t h e  p a r t i c u l a t e s .  

3 .  Calcula te  an e f f e c t i v e  a r e a ,  A, , based upon the  measured 
concent ra t ion  of p a r t i c u l a t e s  M,,, 
using f O n U U h  equat ions 4 and 4a. 

a t  some po in t  and t h e  emission p r o f i l e ,  

M-3 



Example 

Given: (1) Situat ion as  shown i n  accompanying f igure .  
(2)  Area sampled, 25 f t  x 25 f t  
(3)  Wind Direct ion,  315 degrees 
( 4 )  wind Velocity,  1,000 fpm 

Find: Ef fec t ive  Area, Ae . 
The opening A sampled i s  i l l u s t r a t e d  below: 
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1 
I 
E 
1 

1 
I 
I 
I 
1 
0 
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1 
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s 
I 
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, I  

i 

r 

25 ' 

i s  t h e  po r t ion  (0.5) of A wi th  an assumed uniform concen- 
A1 . 2Mm 

where 
t r a t i o n  of - over  AI,  and A2 i s  t h e  po r t ion  (0.5) of A 
wi th  an assumJd uniform concen t r a t ion  of K,,, over  A2 . The 
b a s i s  f o r  t h e  uniformity of concen t r a t ion  over each a r e a  and t h e  
r e s p e c t i v e  concent ra t ions  are based on t h e  observa t ions  of t h e  
flow of t h e  f u g i t i v e  p a r t i c u l a t e s  from t h e  source,  which are, 
i n  t u r n  based upon t h e  l o c a t i o n  of t h e  opening wi th  r e spec t  t o  
t h e  source,  t h e  s i z e  of  t h e  opening, t h e  wind v e l o c i t y  and wind 
d i r e c t i o n  i n  t h e  area--source t o  opening--and phys ica l  a spec t s  
of t h e  source.  

The o rd ina te  (o r  y-axis  of t h e  opening) emission p r o f i l e  i s  a s -  
sumed t o  be uniform v e r t i c a l l y  f o r  a l l  po r t ions  of A . 

The absc i s sa  (o r  x-axis of  t h e  opening) emission p r o f i l e  is a s -  
sumed t o  be: 

I 
12.5' 

M- 5 



Now t o  c a l c u l a t e  t h e  e f f e c t i v e  a r e a ,  A, : 

Area of opening A = 25 f t  x 25 f t  = 625 sq f t  
Area of A 1  = A12 
Area of A2 = A / 2  
Emissions from Al a r e  213 the  emissions from A2 , i . e . ,  

m l  = 213 m2 = 213 s- 
Therefore ,  the  e f f e c t i v e  a r e a  i s :  

- A e = - A  m 
% 

S u b s t i t u t i n g  - m = - M, 6 
i n  the  e f f e c t i v e  a r e a  equat ion ,  

M, 

- 5  _ -  A 
6 

ASARCO: Glover, Missouri  

The sampling loca t ions  f o r  which e f f e c t i v e  a r e a s  were c a l c u l a t e d  
a r e  : 

1. North end of the S i n t e r  Building. 

2 .  2N and 2s Roof openings of t h e  S i n t e r  Bui lding.  

3. Outside and nor th  of t h e  b l a s t  furnace  tapping opera t ion .  

3A. E a s t  of the  b l a s t  furnace.  

4 .  I n s i d e  and nor th  of the charge feed p o s i t i o n  of the b l a s t  
furnace.  

5 .  North of t h e  ore  s torage  b i n .  

M-6 
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The c a l c u l a t i o n s  of e f f e c t i v e  a r e a  f o r  each of t hese  a r e  given 
below. 

S i n t e r  Bui lding 

Fug i t ive  emissions were sampled a t  two loca t ions :  

Location 1 - (Figures  A - 1  t o  A-6, A - 8 ,  A-9, and A-12); and 
Locat ion 2 - (Figures  A - 1  t o  A-5, A-9, A - 1 1 ,  and A-12). 

Locat ion 1: There were two samples a t  t h i s  l o c a t i o n ,  namely, Top 
(1-T) and bottom (1-B). These samplers were run  s imultaneously using the  
MRI v e r t i c a l  p r o f i l e  sampler (Figure C - 9 )  a t  t h e  north end of the  S i n t e r  
Building. This  s i d e  of the  bu i ld ing  had s i x  bay openings, each of which i s  
approximately 32.5  f t  x 2 3 . 8  f t ,  and a r e  shown i n  Figure M - 1 .  A run  cons is ted  
of traverse sampling of the  s i x  bays y i e ld ing  a composite sample f o r  each of 
the  two sampling e l eva t ions .  There were four  such runs (Runs 1, 2 ,  3 ,  and 5)  
providing four  samples from the top sampler and four from the  bottom sampler. 
Run 2* w a s  no t  used i n  c a l c u l a t i n g  concent ra t ions  f o r  Locat ion 1 because t h e  
wind was blowing i n t o  t h e  bu i ld ing .  

Figure M - 1  g ives  the  emission p r o f i l e s  assumed i n  the  c a l c u l a t i o n s  
of the  e f f e c t i v e  a r e a s .  For a l l  runs  i t  i s  assumed t h a t  the  emissions a r e  
d i s t r i b u t e d  uniformly i n  the  ho r i zon ta l  d i r e c t i o n  across  the  e n t i r e  no r th  
face of the  S i n t e r  Building. The p r o f i l e s  f o r  Runs 1, 3 ,  and 5 a r e  based 
upon t h e  assumption t h a t  bottom sampler r e s u l t s  r ep resen t  t h e  emissions 
through the bottom t h i r d  of a bay opening and the  top sampler r ep resen t s  
the  emissions through the  remainder of the  bay. 

The t o t a l  emission a rea  ac ross  t h e  no r th  face i s  equal  t o  the  com- 
bined a rea  of the  s i x  bays ( 6  x 32.5 f t  x 23 .77  f t )  o r  4 , 6 3 0  sq f t .  For Runs 
1, 3 ,  and 5 ,  the top and bottom sampler a r e  assumed t o  r ep resen t  emission 
a reas  i n  the r a t i o  of 2:l. Therefore ,  the e f f e c t i v e  a r e a s  f o r  the top and 
bottom sampler a r e :  

2 A, ( top)  = 7 ( 4 , 6 3 0  Sq f t )  = 3 , 0 9 0  sq f t  

A, ( t o t a l )  = 4 ,630  S q  f t .  

Table 9 i n  the t e x t  shows the  runs  t h a t  were used t o  determine emission 
r a t e s .  

* See page N - 2  'of Appendix N. 
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Location 2: There were two samplers a t  t h i s  l o c a t i o n ,  namely 2N 
and 2s. These samplers were r u n  s imultaneously a t  roof openings of the 
S in t e r  Bui lding.  There a r e  n ine  roof openings--four a r e  s h o r t  and f i v e  a re  
long. A drawing of these  openings i s  given i n  Figure M-2 f o r  purposes of 
explana t ion  i n  t h i s  s ec t ion .  (Figures  A - 2 ,  A - 1 1 ,  and D-2.) The s i n t e r  pro- 
ces s  equipment i s  loca ted  (Figure A-12) near  the  e a s t  s i d e  of the S i n t e r  
Building and nea r ly  centered  below t h e  s m a l l  roof openings.  

A s  a consequence of the  l o c a t i o n  of the  equipment, emis s ions . a re  
expected t o  be higher  f o r , t h e  e a s t e r n  p o r t i o n  of the  openings than f o r  the 
emissions from t h e  more w e s t e r l y  po r t ions .  For purposes of t h i s  a n a l y s i s ,  
the  e a s t e r n  42 f t  of the  openings i s  considered a high emission a rea .  The 
assumed north-south r e l a t i v e  emission p r o f i l e  (based upon equipment pos i t ion-  
ing  and i t s  emission) f o r  the  high-emission openings i s  p l o t t e d  i n  Figure 
M - 2 .  The average emission value f o r  the remainder ( the  low emission region)  
of a long opening ( the  western 92 f t  of length)  i s  assumed t o  be one-half of 
the  emission va lue  a t  the  high emission p o r t i o n  of the r e spec t ive  open- 
ing. The north-south emission p r o f i l e  f o r  ' t h i s  low emission r eg ion '  i s  a l s o  
shown i n  Figure M-2.  A s  the  pos i t i on ing  of  the  two samplers i s  symmetrical 
w i th  r e s p e c t  t o  t h e  roof  openings,  the  a r e a  a s soc ia t ed  wi th  each sample i s  
located on e i t h e r  s i d e  of the  l i n e  drawn- through the  middle roof 'opening 
(opening '5 i n  Figure M - 2 ) .  

Given f o r  Runs 1 through 5 ( a l l  the' r u n s  a t '  these  loca t ions )  

1. .Nine s h o r t  openings of high emission,  each opening 4 f t  x 42 
f t  = AH = 168 sq f t ; ' a n d  f i v e  long openings of low emissions,  each opening 
4 f t  x 92  f t  AL = 368 sq f t .  

2 .  Area sampled by each sampler,  the  nor th  sampler and the  south 
sampler, is one-half  t h e  t o t a l  a r e a  of t h e  combined n ine  openings. 

3 .  The d i r e c t i o n  of t h e  a i r  flow from wi th in  the  bu i ld ing  a t  these  
openings was upward. 

The weighted average E f o r  the  south  sampler then becomes: 

where AS i s  the  t o t a l  a r ea  of a l l  the  openings on the south s i d e .  

M- 9 



Low 92' 

High 42' c 
L 
- 

I 
I 
I 
I 

S&N 
Location 2 

Physical Loyout of Roof Openings 
I 

South Portion 
of Profile 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

North Sompler 

Samder 

6 7 8 9  
North Portion - of Profile 

North- South Emission Profile 
High Emission Region 

5/6 M m  

3/6 M m  

1/6 M m  

1 3 
South Portion 

of Profile 

M m  (N) 
I 
I 

I North Portion 
I of Profile 

North - South Emission Profile 
Low Emission Region 

Figure M-2 

M- 10 

I 
1 
I 
1 
I 
I 
I 
I 
1 
I 
1 
1 
I 
I 



1 
1 

I 
1 
1 
5 
1 
e 
1 
I 
1 
3 
I 
I 
I 
1 

I' 

t 

I M-11 

But 

and 

But 

and 

Therefore, 

The e f f e c t i v e  area for the south sampler becomes 

A, = 1,099 sq f t .  

Similarly,  for  the north sampler, 

Therefore, 

49 + 25 
-A = 28 L 

A, = 917 sq f t .  

Blast-Furnace/Dross Operations 

This operation wa8 covered by samplers a t  three d i f f erent  loca- 
t ions .  Locations 3 ,  3A, and 4 (Figures A - l  through A-9).  



Locat ion 3: 
t u r e  a t  t h e  no r theas t  opening of  the b u i l d i n g  i n  which t h e  b l a s t  furnace i s  
loca ted  (Figure A-5). 
s ions  i s  given i n  Figure M-3, and f o r  t h i s  layout ,  one i s  looking t o  the  

This  sampler was pos i t ioned  on top of an o f f i c e  s t r u c -  

The opening through which the re  were f u g i t i v e  emis- 

south .  

52.5' I 
A2 

I 
I A1 
I 
I 
I 
I 

Office 
4.751- 

u 

Figure M-3 

The area of t h i s  opening is:  

A = A 1  + A2 (52.5 f t  x 23.25 f t )  + (40.5 f t  x 28.75 f t  + 1 2  f t  x 4.75 f t )  

= 1 , 2 2 1  + 1,221 = 2,442 sq f t ,  

where A1 = A = 0.5A. 
2 

The emissions from A1 a r e  assumed t o  be uniform throughout A 1  
w i t h  a concent ra t ion  m i  = G. 
uniform throughout A 2  with a concent ra t ion  of m 2  = ' &. The wind d i r ec -  

245 t o  265 fpm. Runs 1 and 5 were not  used because the re  was no flow out  
of the bui ld ing  toward t h e  sampler a t  Location 3 (Table 9) .  

The emissions from A a r e  assumed t o  be 

t i o n  f o r  Runs 2 through 4 was 135 t o  180 degrees an 3 the  wind v e l o c i t y  was 
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The e f f e c t i v e  a r e a  A, i s  determined a s  fol lows:  

Locat ion 3A: The sampler w a s  l oca t ed  ou t s ide  the  e a s t  s i d e  of 
the bu i ld ing  (Figures  A-5 and A-13). The opening through which there  were 
f u g i t i v e  emissions i s  given i n  Figure M-4, and f o r  t h i s  layout ,  one i s  look- 
ing  t o  t h e  west. The area of  the  opening i s  

A = A1 + A 2  + A3 = 183.75 f t  x 52.5 f t  = 9,646 sq f t  

where A 1  = A2 = A 3  = 3,215 S q  f t .  

The emissions from A1 a r e  assumed t o  be uniform throughout A 1  wi th  a 
concent ra t ion  of Zl = M,,, . The emissions from 
form throughout A2 wi th  a concent ra t ion  of W2 = . The emissions 
from A3 are assumed t o  be uniform throughout A3 wi th  a concent ra t ion  of 

. The concent ra t ions  were p ropor t iona l  i n  t h i s  manner b a s i c a l l y  by m3 - - 3 
judgment based upon observa t ion  of the  opera t ions .  The wind d i r e c t i o n  and 
wind v e l o c i t y  during sampling back up these  assumptions. These judgments 
on concent ra t ions  d i s t r i b u t i o n  a l s o  take i n t o  account the  loca t ion  of the 
source,  i t s  type of opera t ion ,  e t c .  

a r e  assumed t o  be uni-  
A22 % 

- -  M, 

* 

The e f f e c t i v e  a r e a  A, i s  determined a s  fol lows:  

- m = ' [ m l A 1  + m2A2 + m3A3] 
A 

= A [ (Yn) (t) +(+In'($) +($ME) ($3 

* The wind d i r e c t i o n  f o r  Runs 3 and 5 was 213 t o  327 degrees and t h e w i n d  
v e l o c i t y  was 450 t o  500 fpm. 
wind was i n t o  t h e  bui ld ing  (Table 9 ) .  

Runs 1, 2,  and 4 were not  used because 

I 
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Location 4 

,, Sampler 

4 -40.5' 4 

Ae = ?  Hence, 

Location 4 

,, Sampler 

4 -40.5' 4 

2 
3 

= - A  . 
3. Locat ion 4: This  sampler (Figure A-14) sampled emissions from 

the e n t i r e  opening (Figure M-5, which is a view looking sou th ) .  Since the 
a i r  d i r e c t i o n  and v e l o c i t y  i n  the  loca t ion  o f  t h i s  f u g i t i v e  source were such 
a s  t o  d i r e c t  the  f u g i t i v e  emissions t o  the  no r th ,  and because of t h e  loca-  
t i o n  of the  sampler and the geometry of the source and sampling s i t e  area, 
the  emissions were assumed t o  be cons tan t  a c r o s s  the e n t i r e  opening. 

I 

Figure M-5 

Thus, the area of t h e  e n t i r e  opening i s  the  e f f e c t i v e  a rea  o r  

A, = A = 40.5 f t  x 16 f t  = 648 sq f t .  

The d a t a  from sampling Location 4A were not used because the  winds 
were d i r e c t e d  i n t o  the  bu i ld ing  dur ing  t h e  t ime the  sampler was operated 
(see Appendix N ,  page 5 ) .  

Ore Storage Area 

The high volume sampler t h a t  was a t  Location 5 (Figures  A - 1 ,  A-5, 
and A-15) sampled emissions from t h e  no r th  opening of the  bui ld ing  which had 
dimensions as shown looking south i n  Figure M-6. 
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n 

Figure  M-6 

The a r e a  A of t h e  opening i s ,  

A = A 1  + A2 + A3 = (25 ft,x 26.5 f t )  + (35 f t  X 26.5 f t )  -F 

26.5 f t  + 48.5 f t  
2 40 x ( 

= 662.5 + 927.5 + 1,500 = 3,090 s q  f t .  

The emissions from A 1  , A 2  , and A3 
v e r t i c a l  d i r e c t i o n .  
a r e a  A1 has a uniform concent ra t ion  of El = throughout A1 ; a rea  
A 2  has a u n i f o r m  concent ra t ion  of m2 = 0.40 M,,, throughout A?; and A3 has 
a uniform concent ra t ion  of m3 = 0.125 % throughout A3. The  a i r  flow a t  
Location 4 was from the  south t o  t h e  nor th .  

a r e  assumed t o  be uniform i n  the  
The ho r i zon ta l  p r o f i l e  is given i n  Figure M-6, where 
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The proport ioning of these concent ra t ions  by a r e a  s e c t o r  (Ai, 
A 2 ,  and A3) w a s  a judgment based upon the loca t ion  of the sampler wi th  r e -  
spec t  t o  t h e  f u g i t i v e  source,  the  phys ica l  a spec t s  of the  source,  the  wind 
d i r e c t i o n  and wind v e l o c i t y  i n  the  source/sampler a r e a ,  e t c .  Since the  wind 
d i r e c t i o n  a t  Sampler 5A w a s  d i r e c t e d  i n t o  the bui ld ing ,  the  d a t a  from t h a t  
sampler were not  used i n  c a l c u l a t i n g  f u g i t i v e  emisssions.  
c a l c u l a t i o n s  were n o t  app l i cab le  t o  Locations 6 ,  6N,  and 6s.  

E f fec t ive  a rea  

The e f f e c t i v e  a r e a  A, is  determined as follows 

m = 1 m l A 1  + m2A2 + m3A3 - ' [  
= 1 [M&1 + 0.4  M, A2 + 0.125 M, A3 

A 

A, = A 1  + 0.4 A2 + 0.125 A3 

= 662.5 + 0.4 (927.5) + 0.125 (1,500) 

= 1,220 sq f t .  

ASARCO, Eas t  Helena, Montana 

A s  the openings i n  the  bui ld ings  of the Helena p l a n t  were smal le r  
than those of the  Glover p l a n t ,  no e f f e c t i v e  a rea  c a l c u l a t i o n s  were made. 
Emissions were assumed cons tan t  ac ross  an opening. I n  most ca ses ,  the  en- 
t i re  opening a rea  w a s  used i n  the  emission computations. For Locations 13 ,  
14, and 14A, i t  w a s  assumed t h a t  one-half of the  windows would be closed by 
s h u t t e r s  so only h a l f  t h e  opening a r e a  was used. For Locations 17 and 18 
only one of the two openings (each 5 f t  x 120 f t )  was used s ince  the  samp- 
l e r s  were placed on the  downwind s i d e .  Each of these  sampler l oca t ions  cov- 
e red  a 5 f t  x 60 f t  opening, o r  one-half  of  the  t o t a l .  For Location 21 ,  an 
a r e a  9 f t  by 14 f t  was excluded from the  opening a rea  t o  account f o r  t h a t  
space taken up by a r a i l r o a d  c a r .  The area of the  platform (3 f t  x 2 f t )  
w a s  excluded from the s t a c k  a r e a  on Locat ion 23. 

Location 11 
Area = 4 (6 f t )  (10 f t )  = 240 s q  f t  

Location 1 2  
Area = (n) (0.75 s q  f t )  = 1.8 s q  f t  

Location 13 (windows) 
4 f t )  (12 f t )  + (4 f t )  (16 f t )  ( 2 )  + (4 f t )  (13 f t )  = 

Area = ( sq 2 

M- 17  

t 



Locat ion 14 (windows) 

Location 14A (windows) 

Location 15 
Area = (4  f t )  (6 f t )  ( 2 )  = 48 sq f t  

Locat ion 16 
Area = (4 f t )  (16 f t )  = 64 s q  f t  

Locations 17 and 18 
Area = ( 5  f t )  (60 f t )  = 300 sq f t  (each) 

Location 19 
Area = (12  f t )  (40 f t )  = 480 sq f t  

Locat ion 2 0  
Area = (3 f t )  (10 f t )  = 30 sq f t  

Location 2 1  
Area = (17 f t )  (15 f t )  - (14 f t )  ( 9  f t )  = 129 sq f t  

Location 22  
Area = (12 f t )  (15 f t )  = 180 sq f t  

Locat ion 23 
Area = (20 f t )  (11 f t )  - (3 f t )  (2 f t )  = 214 s q  f t  

E f fec t ive  a r e a  c a l c u l a t i o n s  were not  app l i cab le  t o  Locations 23A, 
24N, and 245 because they were sampling t h e  ambient a i r .  
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APPENDIX N 

EMISSION RATE CALCULATIONS FOR TOTAL 
PARTICULATE. LEAD AND ARSENIC 

N- 1 
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Location 

1-top 
1-top 
1-top 
1-top 

1-bottom 
1-bottom 
1-bottom 
1- bottom 

1 
1 

2-north 
2-north 
2-north 
2-north 
2-north 

Z-south 
2-south 
Z-south 
2-south 
2-south 

ConcentratioS/(ug/m 3 ) 

Total 
Pb - -  Run Part. - 

1 2,090 939 
2 4,270 687 
3 6,770 3,000 
5 356 - 
1 11,100 - 
2 3,190 666 
3 8,370 2,740 
5 451 - 
1 6,370 - 
2 1,440 - 
1 3,370 2,010 
2 '11,200 1,120 
3 2,150 1,250 
4 16,700 - 
5 14,300 - 

1 2,960 1,560 
2 5,040 502 
3 3,090 - 
4 5,810 1,050 
5 8,230 1,220 

~ ~ ~~ - a/ Standard conditions. 

Total Particulates: 

Location Run - 

AS 

0.48 
1.10 
2.36 

- 

- 
- 

0.74 
2.44 - 
- 
- 

0.96 
2.43 
0.58 - 
- 

0.92 
1.52 

1.74 
2.23 

- 

Flow 
w 

25 
90 
61.5 
275 

25 
90 
67.5 

275 

25 
90 

125 
125 
125 
125 
125 

225 
2 25 
225 
2 25 
2 25 

Effective Wind 
Area Dir. 

(sq ft) (deg.) 

3,090 
2,315 
3,090 
3,090 

1,540 
2,315 
1,540 
1,540 

1,540 
2,315 

945 
945 
945 
945 
945 

485 
485 
485 
485 
485 

Emission Rate in mglmin 

337 
360 
135 
331 

337 
360 
135 
337 

360 
360 

337 
360 
135 
157 
337 

337 
360 
135 
157 
337 

1-top 1 
I-top 3 E 6,770 x 67.5 x 3,090 x 0.028317 x 
1-top 5 
1-bottom 1 
1-bottom 3 
1-bottom 5 E 451 x 275 x 1,540 x 0.028317 x 10-3 
1 1 

E E 2,090 x 25 x 3,090 x 0.028317 x 

E = 356 x 275 x 3,090 x 0.028317 x 
E = 11,100 x 25 x 1,540 x 0.028317 x 
E = 8,370 x 67.5 x 1,540 x 0.028317 x 

E = 6,370 x 25 x 1,540 x 0.028317 x 10-3 

E1 = 14,600 mg/min 

N-2 

Vel. 
w Remarks 

265 1-top, 1-bottom 

175 of Run 2 not used 
265 because of wind 

direction. 
265 
90 
175 
265 

265 
90 

90 and 1 conc. values 

265 1- 1 conc. vc-1e.s 
90 used in emission 
175 rate calculations. 
265 
2 10 

265 
90 
175 
265 
210 

= 4,570 
= 40,000 
= 8,570 
= 12,100 
= 24,600 
= 5,410 
=6,940 
102,000 

1 
1 
I 
I 
I 
I 
1 
I 
I 

I 
I 
1 
1 
I 
I 
f 
I 
1 

i 



t 
i 
I 
1 
1 
I 
I 
I 
1 
1 
I 
I 
1 
I 
I 
I 
I 
I 
t 

Location 

2-north 
2-north 
2-north 
2-north 
2-north 
2-south 
2-south 
2-south 
2-south 
?.-south 

Run Emission Rate in mg/min - 
1 E = 3,370 x 125 x 945 x 0.028317 x loT3 
2 E = 11,200 x 125 x 945 x 0.028317 x 10-3 
3 E = 2,150 x 125 x 945 x 0.028317 x 
4 E = 16,700'~ 125 x 945 x 0.028317 x 
5 E = 14,300 x 125 x 945 x 0.028317 x 
1 E = 2,960 x 225 x 485 x 0.028317 x 
2 E = 5,040 x 225 x 485 x 0.028317 x 
3 E = 3,090 x 225 x 485 x 0.028317 x 
4 E = 5,810 x 225 x 485 x 0.028317 x 
5 E = 8,230 x 225 x 485 x 0.028317 x 10-3 

E2 = 23,700 mg/min 

Emission rate from sinter building is 

= E1 + E2 = 14,600 + 23,700 
ESB 

= 38,300 mg/min 

An emission rate can be converted as follows: 

ESB = 38,300 (mg/min) x 60 
IO6 (mg/kg) 

ESB 

= 2.30 kg/hr 

= 2.30 (ka/hr) x 24 = 55.2 kg/day, 

ESB = 

ESB = 

2.30 (kg/hr) x 2.2046 = 5.07 lb/hr, and 

5.07 (lb/hr) x 24 = 122 lb/day, 

Where 2.2046 is the factor to convert kg to lb. 

Lead : - 
Run Location - 

1-top 
1-top 
1 -bottom 

= 11,300 
= 37,500 
= 7,190 
= . 55,900 
= 47,800 
= 9,150 
= 15,600 
= 9,550 
= 18,000 
= 25,400 
237,000 

1 E = 939 x 25 x 3,090 x 0.028317 x = 2,050 
3 = 17,700 

E = 2,740 x 67.5 x 1,540 x 0.028317 x 10-3 = 8,060 
27,800 

E = 3,000 x 67.5 x 3,090 x 0.028317 x 
3 

E1 = 9,270 mg/min 

N-3 



I 
1 
I 
I 
I 
I 
I 

I' 
1 
I 
1 
1 
1 
1 
t 
I 
1 

i 

Lead: 

Location 

2-north 
2-north 
2-north 

- 

2-south 
2-south 
Z-south 
2 -south 

Run 

1 
2 
3 
1 
2 
4 
5 

- 
E = 2,010 x 125 x 945 x 0.028317 x LOm3 
E = 1,120 x 125 x 945 x 0.028317 x 10-3 
E = 1,250 x 125 x 945 x 0.028317 x 
E = 1,560 x 225 x 485 x 0.028317 x 
E = 502 x 225 x 485 x 0.028317 x 10-3 
E = 1,050 x 225 x 485 x 0.028317 x 10-3 
E = 1,220 x 225 x 485 x 0.028317 x 10-3 

= 
= 
= 
= 
= 
= 
= 

E2 = 4,000 mg/min 

Lead - 

Arsenic: 

Location 

1-top 1 
1-top 3 
1- bottom 3 

Run - 

Arsenic: 

Locat ion 

2-north 1 
2-north 2 
2-north 3 
2-south 1 
2-south 2 
Z-south 4 
2-south 5 

Run - 

6,720 
3,750 

4,820 
1,550 
3,240 

4,180 

3,770 
28,000 

E = 0.48 x 25 x 3,090 x 0.028317 x 10-3 
E = 2.36 x 67.5 x 3,090 x 0.028317 x 
E = 2.44 x 67.5 x 1,540 x 0.028317 x 

= 1.05 
= 13.9 
= 7.18 

22.1 
E~ = 7.37 mg/min 

E = 0.96 x 125 x 945 x 0.028317 x los3'= 3.21 
E = 3.71 x 125 x 945 x 0.028317 x = 12.4 
E = 0.58 x 125 x 945 x 0.028317 x = 1.94 
E = 0.92 x 225 x 485 x 0.028317 x LOm3 = 2.84 
E = 1.52 x 225 x 485 X 0.028317 x = 4.70 
E = 1.74 x 225 x 485 x 0.028317 x 10-3 = 5.38 
E = 2.23 x 225 x 485 x 0.028317 x = 6.89 - 

37.4 
E2 = 5.34 mg/min 

Arsenic: 

N-4 

~ 

1 



1 
1 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
1 
I 
I 
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Location 

3 
3 
3 
3 
3 
3 

3A 
3A 
3A 
3A 
3A 

Run 

1 
2 
3 

' 4  
4 
5 

- 
Concent ra t i o d  (uf: /dl 
Total  Flow 

As Pb P a r t .  - - 
1,920 9 17 1 . 8 4  0 

6 34 - - 245 
7 15 35 1 0 .53  265 
257 139 0.11 265 
377 184 0 .22  265 

2,259 - - 175 

399 - - 215 
158 60 .2  0.047 190 
412 252 0 .74  500 
153 5 3 . 3  0.084 360 
306 118 0 . 7 1  450 

Effec t ive  
Area 

(sq f t )  

2,035 
2,035 
2,035 
2,035 
2,035 
2,035 

6 ,430 
6 ,430 
6 ,430  
6 ,430 
6,430 

Wind 
D i r  . V e l .  

(den.)  (fpm) Remarks 

- C a l m  Runs 1 a n d  5 
245 conc. values  180 

180 265 not  used be- 
135 265 cause of  no 
135 265 flow out  of 
360 175 bldg. opening 

57 215 Runs 1, 2 and 
113 190 4 conc. values  
213 500 not  used be- 
152 360 cause winds 
327 450 i n t o  bldg. 

4 6 9,770 - 
4 7 4,450 1,840 
4 8 2,080 1,320 
4 9 1,160 5 86 
4 10 7,120 2,040 
4 11 1,100 - 

4A 12 270 - 

- 10 650 - C a l m  A l l  conc. 
1.65 10 650 - C a l m  values  used. 
0.55 10 650 - C a l m  
0.23 10 650 - C a l m  
1.50 10 650 - C a l m  - 10 650 - C a l m  

- 10 Amb . 225 300 Not used be- 
cause wind 
d i r ec t ed  i n t o  
bui ld ing .  

a/ Standard condi t ions  - 

N -5 



3 
3 
3 
3 

3A 
3A 

(Take 

4 
4 
4 
4 
4 
4 

T o t a l  P a r t i c u l a t e s :  

Locat ion - Run 

E = 634 x 245 x 2,035 x 0.028317 x = 8,950 
E = 715 x 265 x 2,035 x 0.028317 x = 10,900 
E = 257 x 265 x 2,035 x 0.028317 x = 3,920 
E = 377 x 265 x 2,035 x 0.028317 x = 5,760 

29,500 

E3 = 7,380 mg/min 

E = 412 x 500 x 6430 x 0.028317 x = 37,500 
E = 306 x 450 x 6430 x 0.028317 x = 25j100 

58,700 

going out  o f  d g .  f o r  Location 4 s ince  sampler was located wi th in  J. 

6 E = 9,770 x 10 x 650 x 0.028317 x 1,800 
7 E = 4,450 x 10 x 650 x 0.028317 x 819 
8 E 2,080 x 10 x 650 x 0.028317 x 383 
9 E = 1,160 x 10 x 650 x 0.028317 x 214 

10 E = 7,120 x 10 x 650 x 0.028317 x 10-3= 1,310 
11 E = 1,100 x 10 x 650 x 0.028317 x 202 

4,730. 

10% E4 = 788 = 78.8 mg/min 
10 

Emission from Blast FurnacefDross K e t t l e :  

= E3 + E3* + 0.10 E4 

= 7,380 + 31,300 + 78.8 

= 38,800 mgfmin 

EBF/DK 

Lead - ER: 

Location Run - 
3 
3 
3 

3 E = 351 X 265 x 2035 x 0.028317 x = 5,360 
4 E = 139 x 265 x 2035 x 0.028317 x = 2,120 
4 E = 184 x 265 x 2035 x 0.028317 x 10-3 = 2.810 

10,300 

= 3,430 mglmin 

N-6 
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I 
I 
I 
I 
I 
1 
1 
1 
1 
1 
I 
I 
I 
1 
1 
1 
I 
I 
I' 

Lead - 
Run Location - 

3A 3 E = 252 x 500 x 6,430 x 0.028317 x = 22,900 
3A 5 E = 118 x 450 x 6,430 x 0.028317 x = 9.670 

32,600 
E ~ A  = 16,300 Illg/mill  

- Lead 

Location 

( t ake  10% of sample as going o u t  of bu i ld ing )  

4 7 E = 1,840 x 10 x 650 x 0.028317 x = 339 
4 8 E = 1,320 x 10 x 650 x 0.028317 x = 243 
4 9 E = 586 x 10 x 650 x 0.028317 x = 108 
& E = 2,040 x 10 x 650 x 0.028317 x = 375 

1,060 
- 10 

10% E4 = "060 

EBF/DK 

= 265 mg/min x 0.10 = 26.5 mg/min 
4 x 10 

= E3 + E3A +- E4 

= 3,430 + 16,300 + 26.5 = 19,800 mg/min 

Arsenic : 

Location 

3 
3 
3 

Arsenic : 

Location 

3A 
3A 

Run - 
3 E = 0.53 x 265 x 2,035 x 0.028317 x = 8.09 
4 E = 0.11 x 265 x 2,035 x 0.028317 x = 1.68 
4 E = 0.22 x 265 x 2,035 x 0.028317 x = 3.36 

13.1 
E 3  = 4.37 mglmin 

Run 

3 
5 

- 
E = 0.74 x 500 x 6,430 x 0.028317 x 
E = 0.71 x 450 x 6,430 x 0.028317 x 

= 67.4 
= - 58.2 
126 

E3 = 63.0 mgfmin 

N-7 



Arsenic : 

Run Location - 
7 ' E = 1.65 x 10 x 650 x 0.028317 x = 0.304 
8 E = 0.55 x 10 x 650 x 0.028317 x = 0.101 
9 E = 0.23 x 10 x 650 x 0.028317 x = 0.043 

E = 1.50 x 10 x 650 x 0.028317 x = 0.276 
0.724 
- 10 

E4 = 0.181 mg/min x 0.10 = 0.018 

- EBF/DK - E3 + E3A + E4 

= 4.37 + 63.0 + 0.018 = 67.4 mg/min 

N-8 

1 
1 
I 
I 
I 
1 
I 
I 
I 
I 
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1 
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I 
I 
I 
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I 
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1 
I 
1 
I 
I 
I 
1 
1 
1 
1 
1 
1 
I 
I 
I 
1 
I 
1 
I 

~oncentratio~’(pR1rn3) Effective Wind 
Total 
Part. - Location 

5 6 2 14 
5 7 270 
5 8 91 
5 9 197 
5 10 774 
5 10 114 

5A 12 885 

a/ Standard conditions - 

Pb 

104 

- 

- 
- 
100 
166 
30.8 

- 

As 

0.049 

- 

- 
- 

0.048 

0.019 
- 

- 

(No calculations for 6, 6N, and 6s.) 

Concentration- a/ (pg/rn3> 
Total 
Part. - Location 

6-overpass 8 854 
6-overpass 10 296 
6-overpass 12 405 

6-north 8 139 
6-north 10 3,080 
6-north 12 162 
6-north 12 175 

6-south 8 25 2 
6- south 10 79.3 
6-south 12 112 

- Pb As 
102 0.12 
139 0.060 
117 0.055 

- - 
114 0.19 
- - 
22.8 0.014 

- - 
6.60 0.005 
16.7 ‘0.011 

a/ Standard conditions. - 

N-9 

Flow 
GEEl 

165 
3 10 
230 
360 
5 10 
165 

245 

Flow 
GE!!l 

200 
160 
255 

200 
160 
350 
225 

200 
160 
225 

Area 
(sq ft) 

1,190 
1,190 
1,190 
1,190 
1,190 
1,190 

- 

Dir. Vel. 
(deg.) (fprn) Remarks 

225 165 Runs 6, 8, and 
135 310 10 conc. value 
324 230 not used be- 
176 360 cause wind was 
225 510 directed into 
360 165 bldg. 

247 245 Not used because 
wind directed 
into bldg. 

Effective Wind 
Area Dir. Vel. 

(sq ft) (deR.) , Remarks 

- 225 200 6, 6N, and 6s 
- 180 160 gave only  ambi- - 225 255 ent background 

conc.; thus no 
emissions were 
calculable. 

225 200 
180 160 
225 350 
225 255 

225 200 
180. 160 
225 255 



Total Particulates: 1 
I 
I 
I 

Location - Run Emission Rate in mg/min 

5 7 E = 270 x 310 x 1,190 x 0.028317 x = 2,820 
5 9 E = 197 x 360 x 1,190 x 0.028317 x = ?,390 

5,210 
E5 = 2,600 mg/min 

EosB = E5 = 2,600 mg/min 

Lead: 

Location 

- 
Run Emission Rate in mg/min 

5 9 E = 100 x 360 x 1,190 x 0.028317 x = 1,210 

- 

EosB = E5 = 1,210 mgfmin 

Arsenic : 

Location - Run Emission Rate in mgfmin 

5 9 E = 0.048 x 360 x 1,190 x 0.028317 x = 0.582 

E o s ~  = E5 = 0.582 mg/min 

N- 10 
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I 
I 
I 
I 
1 
1 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
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Location 

11 
11 
11 

12 
12 
1 2  

13 
13 
13 

14 
14 

14A 

15 
15 
15 

16 
16 
16 

Run 

20 
21 
22 

20 
21 
22 

20 
21 
22 

20 
21 

22 

20 
21 
22 

20 
21 
22 

- 

'a/ Standard con - 
Run 

11 20 
11 21 
11 22 

Location - 

12 20 
1 2  21 
1 2  22 

Part. - 
6,620 

10,700 
3,130 

4,120 
5,150 
3,730 

15,700 
1,740 
6,050 

3,340 
1,100 

3,010 

2,610 
3,090 
3,930 

7,220 
2,730 

684 

i t i ons .  

Pb 

54 1 

- 

- 
- 

753 

296 

734 

498 

221 

- 

- 

- 

256 

383 

904 

416 

131 

- 

- 

Concentration- a /  ( w ~ m 3 1  Effect ive  
Total Flow Area 

A s  (sq f t )  - 
48.7 275 ( v )  

- 100 (v )  
- 225 ( v )  

106 275 (v )  

20.6 300 (b) 
- 75 (v)  

82.3 275 

25.8 300 

22.1 . 275 (v )  

- 270 

- 100 (v )  

10.9 50 

12.5 275 (v) 

22.2 250 (v)  

3 2 . 1  50 (v )  

2.99 300 (v)  

- 150 (v)  

- 250 (v) 

240 
240 
240 

1.8 
1 .8  
1.8 '  

114 
114 
114 

114 
114 

74 

48 
48 
48 

64 
64 
64 

Wind 
Dir. Vel. =w Remarks 

240 
65 

19 2 

240 
65 

19 2 

240 
Var . 
19 2 

240 
Var . 
192 

240 
Var . 
192 

240 
Var . 
192 

620 A l l  conc. values 
705 f o r  Runs 11 t o  
995 16 were used. 

620 
705 
995 

620 
705 
995 

620 
705 

995 

620 
705 
995 

620 
7 05 
995 

E = 6,620 x 275 x 240 x 0.028317 x = 12,400 
E = 10,700 x 225 x 240 x 0.028317 x = 16,400 
E = 3,130 x 100 x 240 x 0.028317 x = 2,130 

30.900 
Ell  = 10,300 mg/min 

E = 4,120 x 275 x 1.8 x 0.028317 x 
E = 5,150 x 75 x 1.8 x 0.028317 x 
E = 3,730 x 300 x 1.8 x 0.028317 x 

57.8 
= 19.7 
= - 57.0 

134.5 
. 

E12 = 44.8 mg/min 

N-11 



Locat ion 

13 
13 
13 

14 
14 
14 

15 
15 
15 

16 
16 
16 

Lead: 

Locat ion 

11 

- 

Run 

20 
21 
22 

- 

20 
21 
22 

20  
2 1  
22 

20  
2 1  
22 

E = 15,700 x 275 x 114 x 0.028317 x = 13,900 
E = 1,740 x 270 x 114 x 0.028317 x = 1.520 
E = 6,050 x 300 x 114 x 0.028317 x lov3 = 5,860 

21,300 
E13= 7,100 mg/min 

-3  
E = 3,340 x 275 x 114 x 0.028317 x 10 = 2,960 
E = 1,100 x 100 x 114 x 0.028317 x = 355 
E = 3,010 x 50 x 74 x 0.028317 x = 315 

3,630 

E14 = 1,210 mglmin 

E = 2,610 x 275 x 48 x 0.028317 x = 976 
E = 3,090 x 150 x 48 x 0.028317 x 10-3 = 630 
E = 3,930 x 250 x 48 x 0.028317 x 10-3 =1,340 

2,950 

E15 = 983 mglmin 

E = 7,220 x 50 x 64 x 0.028317 x = 654 
E = 2,730 x 250 x 64 x 0.028317 X y3 = 1,240 
E = 684 x 300 x 64 x 0.028317 x 10- = 372 

2,270 

E16 = 757 mg/Udn 

- 
ESin te r  Bui lding - + E12 + E13 + E14 + E15 -k E16 

= 10,300 + 44.8 + 7,100 + 1,210 + 983 + 757 

= 20,400 mg/min 

Run - 
20 E = 541 x 275 x 240 x 0.028317 x = 1,010 mg/min 

= 1,010 mg/min 

N- 12 

I 
1 
I 
1 
I 
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Lead ,I 
Run Locat ion - 

I 12 20 E = 753 x 275 x 1.8  x 0.028317 x = 1 0 . 6  
12 22 E = 296 x 300 x 1 . 8  x 0.028317 x = 4.53 

15.1 
= 7.55 mg/min 

Run - Location 

13 20 E = 734 x 275 x 114 x 0.028317 x = 652 
13 22 E = 498 x 300 x 114 x 0.028317 x = - 482 

1,130 

I 
I E13 = 565 mg/min 

1 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

Lead: 

Location 

- 
Run - 

14 20 E = 221 x 275 x 114 x 0.028317 x = 196 
14A 22 E = 256 x 50 x 74 x 0.028317 x = 7 26.8 

223 
~ 1 4  = 112 mglmin 

Lead: - 
Run - Location 

15 20 ' E  = 360 x 275 x 48 x 0.028317 x = 134 
= - 307 

44 1 
22 E = 904 x 250 x 48 x 0.028317 x is 

= 220 mg/min 

Lead: - 
Run Location - 

16 20 E = 416 x 50 x 64 x 0.028317 x = 38.0 
16 E = 131 x 300 x 64 x 0.028317 x LOs3 = - 7 1 . 2  22 

109 , 

E16 = 54.5 mg/min' 

= E 1 1  + E12 + . . . + E16 ESin ter  Building 
= 1,010 + 7.55 + 565 + 112 + 220 + 54.5 = 1,970 mg/min 

Arsenic: 

Run Location - 
20 11 E = 48.7 x 275 x 240 x 0.028317 x 10-3 = 91.0 mg/rnin 

E 1 1  = 91.0 mg/min 

N-  13 



Arsenic  : 

Run Location - 
12 20 ~ = 1 0 6  x '275 x 1.8 x 1.8 x 0.028317 x 10-3 = 1.48 
12 E = 2 0 . 6  x 300 x 1.8 x 1.8 x 0.028317 x 10-3 = 0.32 

1.80 
22  

E12 = 0.90 mg/min 

Arsenic:  

Run 

20 
22  

Location - 
13 
13 

E = 8 2 . 3  x 275 x 114 x 0.028317 x 10-3 = 73.1 
E ~ 2 5 . 8  x 300 x 114 x 0.028317 x LOw3 = 25.0 

98.1 

E13 = 49.0 mglmin 

Arsenic:  

Location Run 

20 

- 
14 
14A 22 ~ = 1 0 . 9  x 50 x 74 x 0.028317 x = - 1.14 

E = 2 2 . 1  x 275 x 114 x 0.028317 x 10-3 = 19.6 

20.7 

E = 10.4 rngjrnin 
14 

Arsenic : 

Locat ion Run - 
15 20 ~ = 1 2 . 5  x 275 x 48 x 0.028317 x = 4.67 
15 22 E = 2 2 . 2  x 250 x 48 X 0.028317 X io-3 = 7.54 - 

12.2 

= 6.10 mglrnin 
E15 

Arsenic : 

Location 

16 
16 

Run - 
20 E = 3 2 . 1  x 50 x 64 x 0.028317 x = 2.91 
22 = 1.62 

4.53 
~ = 2 . 9 9  x 300 x 64 x 0.028317 x - 

= 2.26 rnglrnin E16 

= Ell+ ......+ E 16 ESin ter  Building 

= 91 + 0.90 + 49 + 10:4 + 6.10 + 2.26 = 160 rnglrnin 

N- 14 
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Concentration- a /  (pg/m3) Effec t ive  Wind 
Total Flow Area Dir.  Vel.  

A s  (fpm) (sq f t )  (deg . )  (fpm) Remarks - Pb Location Run - Part.  - 
17 27 
17 28 
17 29 
17 30 
17 31 
17 32 
17 33 

18 27 
18 28 
18 29 
18 30 
18 31 
18 32 
18 33 

988 
1,540 
1,200 
3,500 
3,360 
7,070 
3,260 

1,170 
1,230 
3,150- 
6,150 
1,830 
10,400 
3,490 

- a /  Standard condit ions .  

Total Particulate:  

Location Run - 
17 
17 
17 
17 
17 
17 
17 

18 
18 
18 
18 
18 
18 
18 

27 
28 
29 
30 
31 
32 
33 

27 
28 
29 
30 
31 
32 
33 

EDross/ Reverb 

223 - 
- 
8 16 

9 12 
- 

1,000 

282 - - 
- 
- 

1,140 
.1,060 

65.4 975 
- 8 10 
- 975 
286 420 
- 580 

596 1,125 
301 535 

56.1 975 
- 8 10 
- 975 
- 420 
- 580 
691 1,125 
176 535 

600 
600 
600 
600 
600 
600 
600 

600 
600 
600 
600 
600 
600 
600 

315 975 Use all conc. 
209 810 values.  
230 975 
322 420 
360 580 
275 1,125 
338 535 

315 975 Use a l l  conc. 
225 810 values.  
230 975 
322 420 
360 580 
275 1,125 
338 535 

- - E = 988 x 975 x 600 x 0.02831 x 10-3 
E = 1,540 x 810 x 600 x 0.02831 x = 
E = 1,200 x 975 x 600 x 0.02831 x = 
E = 3,500 x 420 x 600 x 0.02831 x = 
E = 3,360 x 580 x 600 x 0.02831 x = 

E = 7,070 x 1,125 x 600 x 0.02831 x = 
E = 3,260 x 535 x 600 x 0.02831 x = 

E17 = 40,000 mg/min 

16,400 
21,200 
19,900 
25,000. ' 

33,100 
135,000 
29,600 
280.000 

E = 1,170 x 975 x 600 x 0.02831 x = 19,400 
E 1,230 x 810 x 600 x 0.02831 x = 16,900 
E = 3,150 x 975 x 600 x 0.02831 x = 52,200 
E = 6,150 x 420 x 600 x 0.02831 x = 43,900 
E = 1,830 x 580 x 600 x 0.02831 x = 18,000 
E = 10,400 x 1,125 x 600 x 0.02831 x 199,000 
E = 3,490 x 535 x 600 x 0.02831 x = 31,700 

381,000 
E18 = 54,400 mg/min 

= E17 + E18 = 40,000 + 54,400 = 94,400 mgjmin 

N-15 



Run 

1 
1 

- Lead : 1 
I 
1 

E18 = 12,000 mg/min I 
I 

- Locat ion 

1 7  2 7  E = 223 x 975 x 600 x 0.028317 x = 3,690 
1 7  30 E = 816 x 420 x 600 x 0.028317 x = 5,820 
1 7  32 E = 912 x 1,125 x 600 x 0.028317 x 10-3 = 17,400 
1 7  33 E = 1,000 x 535 x 600 x 0.028317 x 10-3 = 9,090 

36,000 

E17 = 9,000 mg/min C 

Run - Location 

18 27 E = 282 x 975 x 600 x 0.028317 x = 4,670 
18 32 E = 1,140 x 1,125 x 600 x 0.028317 x = 21,800 
18 33 E = 1,060 x 535 x 600 x 0.028317 x = 9,640 

36,100 

E = 9,000 + 12,000 = 21,000 rng/min 
D ross/Reverb 

Arsenic: 

Location Run - 
1 7  27 
1 7  30 
1 7  32 
1 7  33 

Arsenic : 

Locat ion  Run - 
18 27 
18 32 
18 33 

E = 65.4 x 975 x 600 x 0.028317 x = 1,080 
E = 286 x 420 x 600 x 0.028317 x 10-3 = 2,040 
E = 596 x 1,125 x 600 x 0.028317 x 10-3 = 11,400 
E = 301 x 535 x 600 x 0.028317 x 10-3 = 2,740 

17,300 

El, = 4,320 mg/min 

E = 56.1 x 975 x 600 x 0.028317 x = 929 
E = 691 x 1.125 x 600 x 0.028317 x = 13.200 
E = 176 x 535 x 600 x 0.028317 x = 1,600 

15,700 

I 
I 
I 
I 
I 
I 
I 
I 
I 

= 4,320 + 5,230 = 9,550 mg/min EDross/Reverb 

N- 16 J 
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i 
I Location 

19 28 
29 
30 19 

19 32 
33 

20 28 
29 
30 20 

I 19 

I 20 

20 32  I 20 33 

Concentration- a/ (lln/m31 Effec t ive  Wind 
Flow Area Dir.  V e l .  Total 

Part.  - 
5,170 
7,320 
4,280 

18,400 
1,570 

2,730 
15,300 
5,900 

10,700 
3,590 

a /  Standard condit ions.  I -  
Total Part iculates:  

Run 

19 28 
29 
30 19 

- I Location 

I 19 

19 32 
33 

A s  (fprn) (sq f t )  - Pb - 
- - 100 (v) 480 

1,420 103 100 (v) 480 
636 54.2 100 (v) 480 

1,100 290 100 (v) 480 
95.9 23.8 100 (v) 480 

- - 150 (v)  30 
738 167 150 (v) 30 
682 55.6 150 (v) 30 
642 105 150 (v )  30 

(deg . )  (fprn] Remarks 

35 820 A l l  conc. 
270 915 values used. 
345 510 
275 1,125 
340 535 

35 820 A l l  conc. 
270 915 values used .  
345 510 
275 1,125 - - 150 (v) 30 340 

E = 5,170 x 100 x 480 x 0.028317 x = 
E = 7,320 x 100 x 480 x 0.028317 x = 
E = 4,280 x 100 x 480 x 0.028317 x 10-3 = 

E = 18,400 x 100 x 480 x 0.028317 x = 
E = 1,570 x 100 x 480 x 0.028317 x = 

E19 = 9,980 mg/min 

20 28 E = 2,730 x 150 x 30 x 0.028317 x = 
29 E = 15,300 x 150 x 30 x 0.028317 x = 
30 = 

32 = 

33 E = 3,590 x 150 x 30 x 0.028317 x = 

E = 5,900 x 150 x 30 x 0.028317 x 
E = 10,700 x 150 x 30 x 0.028317 x 

1 ;: 
I 2o 

20 

= 974 mglmin 

- I EBlast Furnace - E19 + E20 = 9.980 + 974 = 11,000 mg/min 

1 
N-17 

535 

7,030 
9,950 
5,820 

25,000 
2,130 

49,900 

348 
1,950 

752 
1,360. 

45 7 
4,870 
- 



Lead: 

Location - Run 

1 :  
1 
1 19 29 E = 1,420 x 100 x 480 x 0.028317 x , = 1,930 

19 30 E - 636 x 100 x 480 x 0.028317 X = 864 
19 32 E = 1.100 x 100 x 480 x 0.028317 x 10-3 = 1,500 
19  130 

4,420 
33 E = 95.9 x 100 x 480 X 0.028317 X w3 = - 

= 1,100 mg/min 
E19 

Lead :  

Run - Location 

20 29 E = 738 x 150 x 30 x 0.028317 x = 94.0 
20 30 E = 682 x 150 x 30 x 0.028317 x 10-3 = 86.9 

E = 642 x 150 x 30 x 0.028317 x 10-3 = 81.8 20 32 - 
26 3 

EZ0 = 87.7 mg/min 

= 1,100 + 87.7 = 1,190 mg/min EBlast Furnace 

Arsenic : 

Location Run - 
19 29 E = 103 x 100 x 480 x 0.028317 x 10-3 = 140 
19  30 E = 54.2 x 100 x 480 x 0.028317 x = 73.7 
19 32 E = 290 x 100 x 480 x 0.028317 x 10-3 = 394 
19 33 E = 23.8 x 100 x 480 x 0.028317 x 10-3 = 32.3 

640 

E19 = 160 mg/min 

Arsenic: 

Location Run - 
20 29 E = 167 x 150 x 30 x 0.028317 x loe3 = 21.3 
20 30 E = 55.6 x 150 x 30 x 0.028317 x 10-3 = 7.08 
20 32 E = 105 x 150 x 30 x 0.028317 x 10-3 = 13.4 

41.8 

E20 = 13.9 mg/min 

E = 160 + 13.9 = 174 mg/min 
Blast Furnace 

N- 18 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

) I, 

Concentratiord ( p g / d )  Effect ive  Wind 
Total F l o w  Area D i r .  Vel. 
Part. A s  (fpm) (sq  f t )  (deg.)  (fpm) Remarks - Pb - Location - 

23 2,140 - - 440 129 305 440 A l l  conc. values 21 
2 1  25 1,420 129 4.77 970 129 315 970 were used 

22 23 569 - - 50 (v) 180 305 840 
22 25 706 50.3 4.18 50 (v) 180 285 1,815 

~ ~~ ~ - a/ Standard condit ions.  

Total Particulates:  

Location & 

21 23 E = 2,140 x 440 x 129 x 0.028317 x = 3,440 
21 25 E = 1,420 x 970 x 129 x 0.028317 x = 5,030 

8,470 
E21 = 4,240 

22 23 E = 569 x 50 x 180 x 0.028317 x = 145 
22 25 E = 706 x 50 x 180 x 0.028317 x = - 180 

325 
E22 E 162 

- 
EZinc Fuming - E21 + E22 

= 4,240 + 162 = 4,400 mg/min 

Lead: 

Location & 

21 25 

- 

E = 129 x 970 x 129 x 0.028317 x 10-3 = 457 mg/min 

Lead: 

Location 

- 

22 25 E = 50.3 x 50 x 180 x 0.028317 x = 12.8 mg/min 

= 457 + 12.8 = 470 mg/min - 
EZinc Fuming - E21 4- 

N- 19 



Arsenic : 

Locat ion  Run - 
21 25 E = 4.77 x 970 x 129 x 0.028317 x = 16.9 mg/min 

Arsenic: 

Location Run - 
22 25 E = 4.18 x 50 x 180 X 0.028317 x = 1.06 mg/min 

= 16.9 + 1.06 = 18.0 mg/min - 
EZinc Fuming - E21 + E22 

N-20 

1 
I 
I 
I 
1 
1 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
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1.1 
I' 
I 
I 
I 
I 
I 
I 
I 
I. 
, I  

I 
I 
I 
1 
I 
t 
1 

,' 7 

~I 

Total 
Part. Location - 
Concentrational ( u g / d l  Effective Wind 

Flow Area Dir. Vel.  - Pb & (sq ft) (dea.) (fpm) Remarks 

23 23 3,980 
23 24 3,320 
23 25 5,690 
23 26 3,200 
23 27 3,620 

23A 23 3,890 
23A 24 1,230 
23A 25 3,280 
23A 26 3,030 
23A 27 1,750 

- a/ Standard conditions. 

Total Particulates: 

Run - Location 

23 
23 
23 
23 
23 

Lead: 

Location 

- 

23 
23 
23 

- - 475 (v) 
269 1.55 500 (v) 
744 18.4 400 (v) 

165 21.2 400 (v) 
- - 450 (v) 

- - 1,135 
30.6 1.40 1,320 - - 1,655 
71 .8  3.64 1,935 
1 2 . 0  0.63 1,055 

2 14 
2 14 
2 14 
214 
2 14 

Amb. 
Arab. 
Arab. 
Arnb. 
Amb . 

680 Runs 23 to 27 305 
270 1,350 conc. values 
288 1,655 used 
273 1,935 
260 1,120 

292 . 1,135 This was an 
267 1,320 ambient air 
288 1,655 background 
273 1,935 sampler. 
260 1,055 

23 E = 3,980 x 475 x 214 x 0.028317 x = 11,400 
24 E = 3,320 x 500 x 214 x 0.028317 x 10-3 = 10,100 
25 E = 5,690 x 400 x 214 x 0.028317 x = 13,800 
26 E = 3,200 x 450 x 214 x 0.028317 x = 8,730 
27 E = 3,620 x 400 x 214 x 0 . 0 2 8 3 1 7 . ~  10-3 = 8,770 

52,800 
EZ3 10,600 

= E23 5 10,600 mg/min EZinc Furnace 

Run - 
24 E = 269 x 500 x 214 x 0.028317 x 10-3 = 815 
25 E = 744 x 400 x 214 x 0.028317 x 10-3 = 1,800 
27 E = 165 x 400 x 214 x 0.028317 x 10-3 = 2 

3,020 

= 1,010 mg/min EZinc Furnace = E23 

Arsenic: 

Run Location - 
23 24 E = 1.55 x 500 x 214 x 0.028317 x 10-3 = 4.70 
23 

= 51.4 23 
25 
27 

E - 18.4 x 400 x 214 x 0.028317 x 10-3 = 44.6 
E = 21.2 x 400 x 214 x 0.028317 x 

10 1 
= E23 - - 33.7 mglmin EZinc Furnace 

N - 2 1  



.I 
I 
I 

ConcentratioL a /  (unIrn3) Effect ive  Wind 
F l o w  Area D i r .  Vel.  - Pb &¶ (sq f t )  (deg.) Remarks 

Total 
Part.  

24N 23 2,380 

- Location - Run 

24N 25 4,870 

24s 23 3,640 

24s 25 3,980 

- - 210 Amb. 900-1130 

1130- 1630 
360" 

Var. - - 465 Amb. Var. 

360" 

Var . 
865 18.5 465 Amb. Var. 

900-1130 

- - 210 Amb. 1130-1630 

- a /  Standard condit ions.  

N-22 

210 Because of the 
wind direct ion,  
these were only 
ambient air 

465 background con- 
centrations.  

2 10 

465 
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