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A. I n t r o d u c t i o n  

s i b i l i t y  f o r  m a i n t a i n i n g  t h e  document -- Comp i la t i on  o f  A i r  P o l l u t a n t  

Emission Fac tors ,  AP-42, which i s  a bas ic  source o f  emission f a c t o r  

in fo rmat ion .  Th is  document i s  used i n  t h e  p r e p a r a t i o n  o f  State imp le-  

mentat ion plans, review o f  P reven t ion  o f  S i g n i f i c a n t  D e t e r i o r a t i o n  

app l i ca t i ons ,  and a m u l t i t u d e  o f  o ther  emiss ions e s t i m a t i n g  e f f o r t s .  

The emission f a c t o r s  a r e  updated p e r i o d i c a l l y  t o  r e f l e c t  new data  t h a t  

may c h a r a c t e r i z e  emissions from an i n d u s t r y  o r  process operat ion.  A 

recent focus o f  t h e  Agency has been the  c h a r a c t e r i z a t i o n  o f  emissions 

o f  f i n e  p a r t i c u l a t e  mat te r ,  which has s p e c i f i c  adverse e f f e c t s  on h e a l t h  

r e l a t e d  t o  i t s  r e s p i r a b i l i t y .  

p a r t i c u l a t e  and s i z e - s p e c i f i c  emiss ion f a c t o r s  f o r  t h e  g r a i n  hand l i ng  

and process ing  i n d u s t r i e s  have been compiled. 

o r i g i n  o f  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n s  and s i z e - s p e c i f i c  emission 

fac to rs  developed f o r  f o u r  operat ions,  and S e c t i o n  C documents t h e  

t o t a l  p a r t i c u l a t e  f a c t o r s  developed f o r  s i x  operat ions.  

and B c o n t a i n  t h e  re fe rence  i n f o n a t i o n  f rom which the  emission f a c t o r s  

i n  Sect ions B and C, r e s p e c t i v e l y ,  were developed. 

t h e  m i s s i o n  f a c t o r s  t h a t  were p r e v i o u s l y  i n  t h e  A P 4 2  Sect ion.  

D con ta ins  t h e  r e v i s e d  AP-42 Sec t ion  6.4. 

The E P A ' s  A i r  Management Technology Branch (AMTB) has t h e  respon- 

In t h i s  r e v i s i o n  e f f o r t ,  b o t h  t o t a l  

Sec t i on  B discusses t h e  

Appendices A 

Appendic C documents 

Appendix 

I n  o r d e r  t o  impart  i n f o r m a t i o n  on t h e  r e l i a b i l i t y  and accuracy of  

the  emiss ion f a c t o r s  i n  Sec t i on  6.4, t h e  f a c t o r s  and s i z e  d i s t r i b u t i o n  

i n f o r m a t i o n  have been l e t t e r  ra ted  t o  r e f l e c t  t h e  amount and q u a l i t y  of 

t h e  data used t o  develop t h e  fac to rs .  I n  t h i s  system, emiss ion f a c t o r s  

based on more t e s t s  o f  b e t t e r  q u a l i t y  a r e  g i v e n  a h ighe r  l e t t e r ,  such 

as A o r  B. Conversely, f a c t o r s  base1 on o n l y  one o r  two t e s t s .  o r  on 
t e s t s  p e r f o n e d  u s i n g  nonstandard methods, a r e  assigned r a t i n g s  o f  C, D 
o r  E. Genera l l y ,  f a c t o r s  based on severa l  t e s t s  a t  f a c i l i t i e s  r e p r e s e n t i n g  

a good c ross -sec t i on  o f  the  i n d u s t r y  would rece ive  an A r a t i n g .  

r a t e d  B are somewhat l e s s  r e p r e s e n t a t i v e  of t h e  i n d u s t r y  or r e f l e c t  

fewer t e s t s .  

assigned o v e r a l l  r a t i n g s  r e f l e c t i n g  a s u b j e c t i v e  e v a l u a t i o n  o f  t h e  

average r a t i n g  o f  a l l  t h e  f a c t o r s  i n  t h e  tab le .  

vary somewhat f rom t h i s  o v e r a l l  r a t i ng .  

Fac tors  

The emission f a c t o r  t a b l e s  i n  S e c t i o n  6.4 have been 

I n d i v i d u a l  f a c t o r s  may 
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The g r a i n  d i s t r i b u t i o n  and process ing  i n d u s t r y  moves g r a i n  (wheat, 

corn,  soybeans, e tc . )  f rom i t s  o r i g i n  a t  farms through va r ious  s to rage  

p o i n t s  ( e l e v a t o r s )  t o  t h e  process ing  p l a n t s  and m i l l s  wnere g r a i n  

products  ( f l o u r ,  s ta rch ,  animal feed, etc.)  a re  produced. Gra in e le -  

vators  can be c l a s s i f i e d  as count ry  (near  farms) ,  i n l a n d  t e r m i n a l ,  o r  
expor t  (mar ine)  e leva tors .  A t  e leva to rs ,  incominy g r a i n  i s  unloaded, 

t r a n s f e r r e d  on conveyors, and s t o r e d  i n  s i l o s .  The processes are  

reversed f o r  ou tgo ing  shipments. 

t h e  g r a i n  be fo re  storage. A m i l l  o r  p rocess ing  p l a n t  performs most o f  

these same steps, as we l l  as manufac tur ing  some type o f  f i n a l  p roduc t  

fran t h e  y ra in .  Therefore,  t h e  a d d i t i o n a l  s teps  o f  g r i nd ing ,  b lending,  

coo l i ng ,  and pe1, le t i z ing  may occur  a t  these p lan ts .  Each s t e p  o f  

handl ing,  t r a n s f e r ,  and process ing o f  d r y  g r a i n  o r  y r a i n  p roduc ts  

generates p a r t i c u l a t e  emissions. These two i n d u s t r y  segments, g r a i n  

e leva to rs  and g r a i n  process ing p l a n t s ,  a r e  presented i n  two d i s t i n c t  

subsect ions w i t h i n  Sec t ion  6.4 o f  AP-42. 

An e l e v a t o r  may a l s o  c lean  and d r y  



i l  

P 

B. P a r t i c l e  S ize  D i s t r i b u t i o n s  

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  d a t a  f o r  f o u r  y r a i n  hand l i ng  and 

process ing opera t ions  have been i n c l u d e d  i n  t h e  r e v i s e d  AP-42 Sect ion 

6.4. While o t h e r  d i s t r i b u t i o n s  were found and examined, none of them 

was complete ly  enough descr ibed, o r  t e s t  methods were inadequate,  t o  

j u s t i f y  t h e i r  i n c o r p o r a t i o n  i n t o  t h e  Sect ion.  The f o u r  operat ions f o r  

which s i z i n g  da ta  were a v a i l a b l e  are:  

1. Barge un load ing  and conveyor t r a n s f e r  (corn  and soybeans) 
2. Loading o f  sh ips  (wheat) 
3. R ice  aryer  
4. Carob k i b b l e  r o a s t e r  

The d a t a  f o r  ope ra t i on  no. 1 were l oca ted  i n  an EPA t e s t  repo r t ,  
and represent  t h e  o u t l e t  stream f rom a f a b r i c  f i l t e r  c o n t r o l  system a t  

an export  e l e v a t o r .  The d a t a  f o r  t h e  second expor t  e l e v a t o r  ope ra t i on  

were con ta ined  i n  two EPA repo r t s ,  and r e f l e c t  a combinat ion o f  s i z i n g  

t e s t s  performed on t h r e e  d i f f e r e n t  types  o f  uncon t ro l l ed  sh ip load ing  

operat ions.  Tes ts  o f  t h e  two g r a i n  process ing operat ions,  r i c e  d r y i n g  

and carob roas t i ng ,  were performed by KVB, Inc., f o r  t h e  S t a t e  o f  

C a l i f o r n i a .  

t i c l e  Emission I n f o r m a t i o n  System (FPEIS). 

descr ibe t h e  s i z i n g  da ta  and c o n t a i n  t h e  p l o t s  o f  p a r t i c l e  s i z e  and 

s i z e - s p e c i f i c  emiss ion f a c t o r s .  

These da ta  a r e  con ta ined  i n  EPA's computer ized F i n e  P a r -  

The f o l l o w i n g  subsect ions 

1. Barge Unloading and Conveyor Transfer  

These were EPA t e s t s  on t h e  o u t l e t  o f  a c o n t r o l  system ( f a b r i c  

Gra in i s  unloaded from 

The buckets d ischarge t h e  

f i l t e r )  f o r  un load ing  o f  g r a i n  from barges. 

barges by  a "marine l e g "  bucke t  e leva to r .  

y r a i n  i n t o  a surge b i n  which con t inuous ly  feeds i t  on to  a conveyor 

b e l t .  The g r a i n  i s  t r a n s f e r r e d  f rom two s h o r t  conveyors t o  a f i n a l  

conveyor t h a t  c a r r i e s  i t  t o  t h e  e leva to r .  The c o n t r o l  system asp i ra tes  

dusty a i r  f r om t h e  f r o n t  and back o f  t h e  l eg ,  t h e  surge b in ,  and t h e  

conveyor t r a n s f e r  po in ts .  Dur ing  t h e  t e s t i n g ,  corn and soybeans were 

unloaded . 
Reference r e p o r t :  EPA:EMB Tes t  No. 74-GRN-7 (January 1474). 
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Table 5 o f  t h e  re fe rence repo r t  (see Appendix A )  shows P a r t i c l e  S ize  

Resu l ts  f o r  two t e s t  runs. 

Run 1 - 
P a r t i c u l a t e  ca tch  = 22,450 ug (p robe & cyc lone)  + 2,070 ug ( s i z i n g  

s tages)  

= 24,520 ug. 

P a r t i c l e  Weight each Cumulative Cumulat ive we igh t  % 
Stage s i ze ,  um stage, ug weight ,  ug < s t a t e d  s i z e  

1 3.14 1,480 2,070 8.44 
2 1.63 190 590 2.41 
3 1.10 210 400 1.63 
4 0.57 120 190 0.77 
5 0.33 70 70 0.29 

- 
T o t a l  c a t c h  -_ -- 24,520 100 

Run 2 - 
P a r t i c u l a t e  ca tch  = 44,900 ug  (p robe & cyc lone)  + 1,440 ug ( s i z i n g  

s tages)  

= 46,340 ug. 

P a r t i c l e  Weight each Cumulat ive Cumulat ive we igh t  % 
Stage s i ze ,  um stage, ug weight ,  ug < s t a t e d  s i z e  

T o t a l  ca tch  -- -- 46,340 100 
1 3.14 1,260 1,440 3.1 
2 1.63 90 180 0.39 
3 1.10 30 90 0.19 
4 0.57 40 60 0.13 
5 0.33 20 20 0.04 

The s i z e  p l o t  (F igu re  1 )  is based on t h e  average o f  t h e  two runs. Thus, 

Pa r t  i c l  e Avg. cumula t ive  w t .  % 
s ize ,  um < s t a t e d  s i z e  

0.33 0.17 
0.57 ’ 0.45 
1.10 0.91 
1.63 1.4 
3.14 5.8 

P 
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b 
b 
B 
b 
b 
b 
b 
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F i g u r e  1. Barge Unloading/Conveying a t  E x p o r t  E l e v a t o r s :  
P a r t i c l e  S i ze  D i s t r i b u t i o n  and Emission F a c t o r  
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Emission Fac to r  Table -_, 

362 
1,259 
1,045 

Parameters measured i n  t e s t s :  

3 .O 
5.0 
3.3 

Process Rate, 
Run No. Mg/hr 

1 1,307 
2 1,494 
3 1,206 

P a r t i c l e  
d iameter ,  urn 

I 

P a r t i c u l a t e  Rate, kg /hr  
Contro l  i h;h;;l 
I n l e t  

Cumulat ive weight  % Emission f a c t o r ,  
< s t a t e d  s i z e  mg/Mg 

Cont ro l  1 ed 

Emission f a c t o r ,  
kg/Mg 

I 
Uncont ro l led1  C o n t r o l l e d  

a I 0.002 
0.84 0.004 
0.87 I 0.003 

C o n t r o l l e d  1 

aRun No. 1 i n l e t  t e s t  was 19.5% i s o k i n e t i c ;  t h e r e f o r e ,  i t  was d isregarded.  

Average u n c o n t r o l l e d  emission f a c t o r  = 0.85 kg/Mg. 
Average c o n t r o l l e d  emission f a c t o r  = 0.003 kg/Mg. 

Contro l  system c o l l e c t i o n  e f f i c i e n c y  = O A 5  - 0.0°3 x 100% = 99.6%. 

The measured emiss ion f a c t o r  o f  0.85 kg/Mg f o r  u n c o n t r o l l e d  unloading/  

conveying i s  s i m i l a r  t o  t h e  f a c t o r s  i n  Table 6.4-1 o f  AP-42 f o r  Unload- 

i n g  ( r e c e i v i n g ) ,  0.5 kg/Mg; Removal f rom b i n s  ( t u n n e l  b e l t ) ,  0.7 kg/Mg; 

and Headhouse ( l e g s ) ,  0.8 kg/Mg. Therefore,  none o f  these emission 

f a c t o r s  was r e v i s e d  on t h e  bas i s  o f  t h e  two i n l e t  t e s t  runs. The t a b l e  

below shows s i z e - s p e c i f i c  emission f a c t o r s  f o r  t h e  c o n t r o l l e d  opera- 

t i o n ,  based on a t o t a l  emission f a c t o r  o f  0.003 kg/Mg. Note t h a t  u n i t s  

are mg/Mg (mg = 10-6 kg) .  

0.85 

0.33 
0.57 
1.10 
1.63 
3.14 
10.0a 

I 

0.17 
0.45 
0.91 
1.4 
5.8 

18 .o 

5.1 
13.5 
27.3 
42  

174 
540 

aExt rapo la ted  da ta  p o i n t .  
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2. Sh ip load ing  o f  Graia a t  Expor t  E l e v a t o r s  

The 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 s  o f  dus t  emissions from g r a i n  

l oad ing  a t  severa l  expor t  e l e v a t o r s  i n  Por t land,  Oregon, were measured 

i n  1978. Two types  o f  systems were used t o  reduce o r  c o n t r o l  emis- 

s ions :  1 )  a s p i r a t e d  t e n t  system and 2 )  dead-box system; and one e l e v a t o r  

was u n c o n t r o l l e d  a t  t h e  t i m e  o f  t h e  t e s t s .  A probe c o n s i s t i n g  o f  an 

Andersen cascade impactor,  a c y c l o n i c  p re-separa tor ,  and a g l a s s  

f i b e r  f i l t e r  was used t o  determine t h e  s i z e  d i s t r i b u t i o n .  

Reference r e p o r t s :  

1. W .  8 a t t y e  and R. H a l l .  P a r t i c u l a t e  Emission Fac to rs  and F e a s i b i l i t y  
o f  Emission Cont ro ls  f o r  Shi p l  oad ing  Operat ions a t  Por t1  and, Oregon 
Gra in  Terminals  - Volume I .  GCA Corpora t ion  f o r  U.S. EPA. EPA 
Con t rac t  No. 68-01-4143. June 1979. 

Emission F a c t o r  Development f o r  Sh ip  and Barge Loading o f  Grain. 
GCA Corpo ra t i on  f o r  U.S. EPA. EPA Con t rac t  No. 68-02-3510. 
October 1984. 

2. 

Table 2 i n  Reference 2 shows t h e  impactor  s i z e  data.  F igure  10 

(Ref. 2 )  and F i g u r e  5 (Ref. 1) show p l o t s  o f  these data (see Appendix 

A f o r  Table 2 and F igu re  5 ) .  

over lap one another,  a d e c i s i o n  was made i n  t h e  i n t e r e s t  o f  c l a r i t y  
t o  no t  r e t a i n  these i n d i v i d u a l  p l o t s  f o r  AP-42 Sect ion  6.4 Fur ther ,  

no c o n s i s t e n t  t r e n d s  d i f f e r e n t i a t i n g  t h e  t h r e e  l o a d i n g  methods a r e  

apparent. 

s i z e  d i s t r i b u t i o n .  This  d i s t r i b u t i o n  represents  u n c o n t r o l l e d  emissions 

because measurements were made a t  t,he l o a d i n g  p o i n t ,  upstream o f  t h e  

f a b r i c  f i l t e r  used t o  capture emiss ions.  

as  we l l  as averages f o r  each of t hese  p a r t i c l e  s i zes .  The p a r t i c l e  

s izes  used i n  t h i s  t a b l e  a re  t h e  m i d p o i n t s  o f  t h e  s i z e  ranges i n  t h e  

re fe rence Tab le  2 i n  Appendix A. Each concen t ra t i on  i n  Table 2 was 

f i r s t  conver ted  t o  a percentage o f  t h e  t o t a l  measured concen t ra t i on  f o r  

each t e s t ,  and then these percentages were cumulated t o  produce t h e  

i n d i v i d u a l  va lues f o r  Table 1. 

Since these  da ta  p l o t  c l o s e  toge the r  and 

Therefore,  a l l  s i x  t e s t s  were averaged t o  produce a s i n g l e  

Table 1 shows cumulat ive we igh t  percentages f o r  each p a r t i c l e  s ize ,  

Emission F a c t o r  Table 

The emiss ion f a c t o r  f o r  l o a d i n g  

0.5 kg/Mg, as shown i n  Table 6.4-1 o f  

7 

s h i p p i n g )  a t  expor t  e leva to rs  i s  
AP-42. I n  o rde r  t o  c a l c u l a t e  



T a b l e  1. PARTICLE SIZING DATA FOR SHIPLOADING TESTS 

Test 

1. Bunge ( t e n t )  

Concentrat ion 
(rng/rn3) 

Cunu la t i ve  Weight % < S ta ted  S ize  

Tota l  12.8 urn 9.4 urn 6.9 urn 4.2 urn 2.5 urn 1.4 urn 0.9 urn <0.71 urn 8 
0.1 2.4 0.1 89 100 38.4 33.0 24.1 16.0 8.0 

2. Oreyfus ( t e n t )  

3. C a r g i l l - 1  (dead-box) 

4.  C a r g i l l - 2  (dead-box) 

5. Columbia-1 (no c o n t r o l )  

6. Columbia-2 (no c o n t r o l )  

Averagea 

8 
2-o  I 

29.6 21.4 10.4 5.2 2.3 1.1 I 

100 33.6 24.3 16.4 11.4 6.2 3.8 2.1 

100 36.9 35.0 23.0 21.0 15.3 11.5 5.8 1.9 

100 66.5 56.5 43.5 34.5 1.5 3.6 2.4 

100 61.9 41.9 31.9 22.9 11.9 2.9 0.4 0 

100 54.7 47.3 32.3 22.3 13.4 6 . 1  2.4 0.5 

100 48.7 40.1 

200 

9.3 

95 

104 

135 

aThese values represent  a r i t h m e t i c  averages of t he  s i x  t e s t  values f o r  each p a r t i c l e  s ize.  
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Figure 2. Shiploading at Export Elevators: 
Particle Size Distribution and Emission Factor 
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0.25 

m 

a 

0.10 
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s i z e - s p e c i f i c  emiss ion  f a c t o r s ,  t h e  cumula t ive  we igh t  percentages 

a t  severa l  p a r t i c l e  s i z e s  were m u l t i p l i e d  by t h i s  t o t a l  f a c t o r .  The 

r e s u l t s ,  which a r e  p l o t t e d  as a s t r a i g h t  l i n e  i n  F i g u r e  2, a r e  shown 

i n  t h e  emiss ion  f a c t o r  t a b l e  f o l l o w i n g  t h e  f i g u r e .  

10 

I I I I 

42 .O 0.21 

P a r t  i c l  e < s t a t e d  s i z e  
diameter, um 

i 10.4 0.05 
21.4 
27 .O 

2.5 

6 .O 
I 4.2 

3. Rice Drye r  

Test by C a l i f o r n i a  A i r  Resources Board, 10/11/77. Appendix A 

con ta ins  p e r t i n e n t  m a t e r i a l  f rom FPEIS p r i n t o u t ,  Se r ies  No. 228. 

Reference r e p o r t :  

L.J. Shannon, e t  al. ,  Emiss ions ,Cont ro l  i n  t h e  G r a i n  and Feed 
Indus t r y :  Volume I 1  - Emission Inventory ,  EPA-450/3-73-0036, 
M R I  f o r  U.S. EPA , September 1974. 

Ca lcu la t i ons  f o r  Sample 1 

= 590-7  "9 Tota l  mass o f  sample c o l l e c t e d  
Volume o f  sample c o l l e c t e d  = 27.9 m 

Therefore, c o n c e n t r a t i o n  .= 590.7/27.9 = 21.2 mg/m3 
= 21,200 ug/m3 

Also, T = 94OC = 201"F, P = 758 mm Hg = 29.84" Hg, W.V. = 2.3%. 

Conver t ing  t o  s tandard  c o n d i t i o n s :  

10 



Size O i  s t r i  b u t i  on 

P a r t i c l e  
d iameter ,  um 

0.625 
1 .o 
1.25 
2.5 
6 

10 
15 
20 

Cumulat ive mass 
conc. (ug/dnm3) 

m i  s s i  ng 
m i  ss i ng 
m i  ss i ng 

202 
991 

2,950 
6,590 

10,200 

Cumulat ive % 
< s t a t e d  s i z e  

- -  
0.7 
3.7 

10.9 
24.3 
37.6 

C a l c u l a t i o n s  f o r  Sample 2 

Tota l  mass o f  sample c o l l e c t e d  = 190.3 rng 
Volume o f  sample c o l l e c t e d  = 5.46 m3 

Thus, 

Concent ra t ion  = 34.9 mg/m3 

T = 96OC, P = 758 mm Hg, W . V .  

A t  s tandard  c o n d i t i o n s ,  C 

Size D i s t r i b u t i o n  

= 34,900 ug/m3. 

= 3.3%. 

= 45,300 ug/dnm3. 

P a r t i  c l  e Cumulat ive mass Cumulat ive % 
d iameter ,  um conc. (ug/dnm3) < s t a t e d  s i z e  

0 -625 
1 .o 
1.25 
2.5 
6 

10 
15 
20 

133 
195 
231 
386 
626 

2,020 
11,200 
19,900 

0.3 
0.4 
0.5 
0.9 
1.4 
4.5 

24.7 
43.9 

The s i z e  p l o t  ( F i g u r e  3 )  i s  based on t h e  average o f  t h e  two runs. Therefore,  

P a r t i  c l  e Avg. cumula t ive  % 
d iameter ,  um < s t a t e d  s i z e  

0.625 
1 .o 
1.25 
2.5 
6 

10 
15 

0.3 
0.4 
0.5 
0.8 
2.6 
1.7 

24.5 
20 40.8 
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Emission Fac to r  Table 

T o t a l  p a r t i c u l a t e  emission f a c t o r  = 0.15 kg/Mg r i c e  d r i e d  

(column d r y e r s )  f rom re fe rence r e p o r t .  To o b t a i n  s i z e - s p e c i f i c  emis- 

s i o n  f a c t o r s ,  m u l t i p l y  t h e  t o t a l  f a c t o r  by t h e  cumula t ive  weight  percent  

f o r  each p a r t i c l e  s ize .  

i Cumulat ive we igh t  % 
P a r t i c l e  I < s t a t e d  s i z e  

I di ameter * 

t U n c o n t r o l l e d  

I 0.625 

I 1 .o 
1.25 
2.5 

1 6  

I 20 
I ;; 
I 

0.3 
0.4 
0.5 
0.8 
2.6 
7.7 

24.5 
40.8 

Emission f a c t o r ,  
kgfM9 

Uncon t ro l l ed  

0.0004 
0.0006 
0.0008 
0.0012 
0.0039 
0.012 
0.037 
0.061 

4. Carob K i b b l e  Roaster 

Appendix A con ta ins  p e r t i n e n t  m a t e r i a l  f rom F P E I S  p r i n t o u t ,  Ser ies No. 

229. 

C a l c u l a t i o n  o f  sample concen t ra t i on  a t  STD c o n d i t i o n s  

Tota l  mass of sample c o l l e c t e d  
Volume of sample c o l l e c t e d  - 

Thus, concen t ra t i on  = 1.07 gf6.65 m3 = 0.161 g/m3 

Also, T = 204OC = 399OF, P = 765 mm Hg = 30.12" Hg, W.V. = 8.2%. 

Conver t ing  t o  s tandard c o n d i t i o n s :  

Tes t  by KVB, Inc .  f o r  C a l i f o r n i a  A i r  Resources Board, 3/23/78. 

1.07 g, - - 
6.65 m. - 

= 161,000 w/m3 

161,000 u g h 3  x 859 x 29-92 x 100 = 282,400 ugfdnm3. 
m 3-37 100 - 8.2 
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S i  ze O i  s t r i  b u t i  on 

P a r t i c l e  
diameter,  urn 

P a r t i c l e  Cumulat ive mass 
d iameter ,  um conc. (ug/dnm3) 

Cumulat ive we igh t  % 
< s t a t e d  s i z e  

Uncont r o l l  e d  Uncontro l  1 ed 

0.625 
1 .o 
1.25 
2.5 
6 

424 
1,100 
1,360 
1,760 
1,870 

10 5 1640 
15 
20 

32 ;500 
58,400 

Cumulat ive % 
< s t a t e d  s i z e  

0.2 
0.4 
0.5 

~ .~ 

0.6 
0.7 
2.0 

11.5 
20.7 

Emission F a c t o r  Table 

T o t a l  p a r t i c u l a t e  emission f a c t o r  = 3.0 kg/Mg carob k i b b l e  roasted.* 

To o b t a i n  s i z e - s p e c i f i c  emiss ion f a c t o r s ,  m u l t i p l y  t o t a l  f a c t o r  by 

t h e  cumula t ive  weight  percent  f o r  each p a r t i c l e  s i ze .  

0.625 

1.25 

10 

I I 

0.2 
0.4 
0.5 
0.6 
0.7 
2.0 

11.5 
20.7 

0.006 
0.012 
0.015 
0.018 
0.021 
0.060 
0.35 
0.62 

F igure  4 shows t h e  s i z e  d i s t r i ' b u t i o n  and s i z e - s p e c i f i c  emission 

f a c t o r s  f o r  t h i s  category,  which has been added t o  t h e  r e v i s e d  

Sect ion 6.4. 

*Ref.: H.J. Taback, F ine P a r t i c l e  Emissions from S t a t i o n a r y  and 
Miscel laneous Sources i n  t h e  South Coast A i r  Basin,  PB 293 923/AS, 
NTIS, S p r i n g f i e l d ,  V A ,  February 1979. 
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C. Emission Fac tors  

added t o  Tab le  6.4-3 i n  AP-42 Sec t ion  6.4 (now Table 6.4-6). 

s i x ,  two emiss ion f a c t o r s  rep lace  e x i s t i n g  f a c t o r s  i n  the  tab le .  
Another f a c t o r  f i l l s  i n  a b lank space i n  an e x i s t i n g  category. 

remain ing t h r e e  a r e  e n t i r e l y  new source ca tegor ies  (process ing opera t i ons )  

i n  t h e  t a b l e .  

f a c t o r s  have been developed are: 

Emiss ion f a c t o r s  f o r  s i x  g r a i n  p rocess ing  operat ions have been.  
O f  these 

The 

The s i x  operat ions f o r  which new o r  rev i sed  emiss ion 

1. 
2. 

Carob k i b b l e  r o a s t i n g  (new ca tegory )  
Wet co rn  m i l l i n g  - Dryers (new f a c t o r  i n  e x i s t i n g  ca tegory)  

Feed m i l l s  (cyc lone c o n t r o l l e d ) :  

3. P e l l e t  coo le rs  ( rev i ses  prev ious  f a c t o r )  
4. Corn c r a c k i n g  (new ca tegory)  
5. Corn hammermills ( rev i ses  f a c t o r  f o r  Gr ind ing )  
6. F l a k i n g  ( co rn /ba r ley )  (new ca tegory )  

The d a t a  f o r  opera t ion  no. 1 were l oca ted  i n  a 1983 EPA r e p o r t  

completed i n  C a l i f o r n i a  t h a t  presents  f i n e  p a r t i c l e  emission data f o r  

several  source categor ies.  

a 1981 EPA Source Category Survey r e p o r t  on animal feed dryers. 

remaining emiss ion  t e s t  da ta  f o r  feed m i l l s  a r e  from a t e s t  program 

performed f rom 1972 t o  1980 (Pur ina  M i l l s ) .  The f o l l o w i n g  subsect ions 

descr ibe  t h e  bas i s  f o r  the  rev ised emiss ion fac to rs .  

The d a t a  f o r  t h e  second opera t ion  a r e  f rom 

The 

1. Carob K i b b l e  Roast ing 

Reference rep0 rt s: 

1. H.J. Taback, Fine P a r t i c l e  Emissions from S ta t i ona ry  and Mis-  
W A S 1  ce l laneous Sources i n  t h e  South Coast A i r  Basin, PB FJ3 

R i ' f 5 n ~ c ~ a ~ o ~ t ~ e K i ~  ,- -Frmi e l  d , V A, 
February 1979. 

- 

2 .  Emission t e s t  da ta  from Environmental  Assessment Data Systems, 
F i n e  P a r t i c l e  Emission I n f o r m a t i o n  System, Ser ies No. 229, 
U.S. EPA, Research T r i a n g l e  Park, NC, June 1983. 

The two re fe rence repo r t s  con ta in  r e s u l t s  from a t e s t  performed by 

t h e  C a l i f o r n i a  ARB on March 23, 1978, on a carob k i b b l e  r o a s t i n g  pro- 

cess ( u n c o n t r o l l e d  emissions). T h i s  process i s  very s i m i l a r  t o  c o f f e e  

roas t i ng .  

s to red  u n t i l  they  a r e  ground i n  p r e p a r a t i o n  f o r  making carob candies. 

Carob pods are a i r -c leaned,  roasted,  and then coo led  and 

16 
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Reference 1 shows a ca lcu la ted ,emiss ion  f a c t o r  f rom t h i s  t e s t  o f  

6.0 l b / t o n  (3.0 kg/Mg) carob k i b b l e  roasted. 

f a c t o r  o f  7.6 l b / t o n ,  r e f e r e n c i n g  S e c t i o n  6.2 o f  AP-42, Second E d i t i o n  

(Coffee Roast ing) .  

r e l a t i n g  t o  a d i f f e r e n t  (a l though s i m i l a r )  i ndus t r y ,  whereas these t e s t  

r e s u l t s  d i r e c t l y  represent  t h e  carob r o a s t i n g  process. 

c a l c u l a t e d  emission f a c t o r  f o r  t h i s  t e s t  has been inc luded i n  Table 

It a lso  shows a second 

Th is  AP-42 emiss ion  f a c t o r  r e l i e s  on i n f o r m a t i o n  

Therefore,  t h e  

6.4-3 o f  AP-42. 

Emission Factor :  3.0 kg/Mg (6.0 l b / t o n ) .  

2. Wet Corn M i l l i n g  - Dryers 

Reference r e p o r t :  

Source Category Survey: Animal Feed Dryers,  U.S. EPA, Emission 
Standards and t n g i n e e r l n g  O l v i s l o n ,  t P A  -45u/3-81-017, December 
1981. 

Table 7-1 i n  t h e  re fe rence r e p o r t  presents  emission t e s t  d a t a  from 

Uncon t ro l l ed  emiss ion ra tes  f rom n i n e  t e s t s  (39 
t e s t s  a t  a wet c o r n  m i l l i n g  p l a n t  p roduc ing  animal feed ( ' P l a n t  C ' ) ,  

between 1977 and 1981. 
runs) on r o t a r y  steam tube feed dryers  a r e  shown, as w e l l  as process 

we igh t  ra tes  d u r i n g  t h e  t e s t s  (see Appendix 5 ) .  

how these t e s t  parameters a r e  used t o  c a l c u l a t e  t h e  average emiss ion 

f a c t o r  f o r  t h i s  p rocess ing  opera t ion .  

P lan t  C t e s t s  

The t a b l e  below shows 

Tes t  Uncon t ro l l ed  emiss ion Process weight  Emission f a c t o r ,  
date ra te ,  kg/h r a t e ,  Mg/h kg/Mg ( l b / t o n )  

1977 
1977 
19 77 
1981 
1977 
1981 
1977 
1981 
19 80 

0.60 
0.72 
0.66 
0.69 
0.69 
0.50 
0.97 
1.50 
0.74 

3.96a 
4.11 
4.16 
6.15 
4.11 
4.22 
4.04 
4.28 
1.02 

0.15 0.30 
0.18 0.35 
0.16 0.29 
0.11 0.22 
0.17 0.34 
0.12 0.24 
0.24 0.48 
OI35 0.70 
0.72 1.45 -- 

Average = 0.24 (0.48) 

aDoes not agree w i t h  va lue  i n  Table 7-1. See Appendix B f o r  exp lanat ion .  
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The ca l cu la ted  emission f a c t o r s  a r e  averaged a r i t h m e t i c a l l y  t o  produce 

an average u n c o n t r o l l e d  emiss ion f a c t o r  f o r  t h i s  process ing operat ion.  

Emission Factor :  0.24 kg/Mg (0.48 1 b / t o n ) .  

3. Feed M i l l s  ( P e l l e t  coo le rs ,  Hammermilling, F lak ing,  Crack ing)  

References: 

1. L e t t e r  and at tachment ( t e s t  d a t a )  f rom Paul Luther ,  Pur ina  M i l l s ,  
Inc., S t .  Louis,  MO, t o  Greg LaFlam, P a c i f i c  Environmental Ser- 
v ices,  Inc., Durham, NC. March 11, 1987. 

L e t t e r  and p e l l e t  c o o l e r  t e s t  data f rom P. Luther ,  Pur ina  M i l l s ,  
t o  Frank Noonan, U.S. EPA, Research T r i a n g l e  Park, NC. 
1987. 

The reference ma te r i  a1 conta ins  t o t a l  p a r t i c u l a t e  t e s t  r e s u l t s  

from f o u r  feed m i l l s  t e s t e d  between 1972 and 1980, and from one m i l l  

t es ted  i n  1987. P e l l e t  coo le rs  a t  a l l  f i v e  m i l l s  were tes ted ,  and a 

c racker  and hammemi l l  ( co rn )  and a f l a k i n g  u n i t  ( c o r n l b a r l e y )  were 

t e s t e d  a t  t h r e e  o f  t h e  m i l l s .  

by s i n g l e  o r  m u l t i p l e  cyclones. 

shows t h e  c a l c u l a t i o n  o f  average emiss ion  f a c t o r s  (SI u n i t s ) .  

summary sheets from t h e  references are  i nc luded  i n  Appendix B. 

2. 
J u l y  8, 

A l l  process streams t e s t e d  were c o n t r o l l e d  

The t a b l e  below summarizes t h e  da ta  and 

The data 
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1 FEED MILL TEST DATA SUMMARY 

P e l l e t  Coolers  

A 8 C = 8 t A  
Processed feed Emission Control led emission 

1 
1 Plant  r a t e .  Mg/h rate. k g / h  f a c t o r ,  kg/Mg ( l b / t o n )  

I 
I 
1 
i 
1 
I 
I 
I 
1 
I 

1 10.9 
10.9 
10.9 
10.0 

2 9.1 
16.3 

3 12.7 
13.0 
11.4 
13.4 

4 8.8 
9.8 

5 8.4 
7.3 
5.9 

2 3.6 

4 7.3 

3.0 
1.5 
5.0 
1.8 

0.20 
0.84 

3.3 
1.8 
1.8 
3.3 

1.5 
1.1 

0.5 
0.7 
0.5 

Average = 

Corn Cracker 

0.04 

Corn Hammermi 11 

0.59 

0.28 (0.55) 
0.14 (0.28) 
0.46 (0.92) 
0.17 (0.32) 

0.02 (0.04) 
0.05 (0.10) 

0.26 (0.52) 
0.14 (0.28) 
0.16 (0.31) 
0.25 (0.49) 

0.17 (0.33) 
0.11 (0.22) 

0.06 (0.12) 
0.10 (0.20) 
0.08 (0.16) 

0.16 (0.32) 

0.012 (0.024) 

0.08 (0.16) 

Flaking U n i t  ( co rn /ba r l ey )  

1 5.5 0.42 0.08 (0.16) 
I 
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TABLE 2 

I n l e t  
Sumnary o f  P a r t i c u l a t e  Resul t s  i n  Metric Units 

Run Number 

Date 
Volume o f  Gas S a F l e d  - Nm 3 (a) 

Percent Moisture by Volume 
Average Stack Temperature - O C  

Stack Volumetric Flow Rate - Nm 3 /mjn.  ( b )  

Percent Isokinetic 

-. 
Stack Volumetric Flow Rate - m 3 / m i n .  ' '. ( C )  

P a r t i c u l a t e s  - probe, cyclone, 
and f i l t e r  catch 

P a r t i c u l a t e s  - t o t a l  catch 

mg 
mg/Nm3 

-3 mgfm 
k g / h r  

1 

10-30-73 
1.30 
0.9 
19.4 
1067 

1083 
19.5 

7,364.0 
5,645 
5,561 
361 

7,371.5 
5,651 
5,566 
362 

2 

10-30-73 
2.06 
1 .o 
20.8 
1076 

1103 
92 ..4 

3 Average 

10-31-73 
4.16 
0.9 
22.3 
1107 1083 

1148 1111 
90.7 

40,148.0 65,483.0 37,665.0 
19,466 15,706 13,606 
18,970 15,140 13,224 
1,256 1,043 aa7 

40,152.5 65,486.5 37,670.2 
19,469 15,707 13,609 
18,972 15,141 13,226 
1,256 1,043 887 

Percent impinger ca t ch  0.1 0.0 0.0 0.0 

a Dry noma1 c u b i c  meter a t  21.l0C, 760mm Hg. 

Dry normal cub ic  meters per minute a t  21.1°C, 76hm Hg. 

Actual cub ic  meters Per minute 

A- 1 Barge unloading/conveying 
From: EPA/ EMB Test No. 74-GRN-7 
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TABLE 4 
Sumnary o f  P a r t i c u l a t e  Resul t s  i n  Metr ic  Units 

O u t l e t  

Run Number 1 

Volume o f  Gas Sampled - Nm 3 (a) 

Oa te 10-30-73 

2.38 
Percent  Moisture by Volume 0.8 

Average Stack Temperature - O C  20.4 
Stack Volumetric Flow Rate - 3 /min. (b )  1024 
Stack Volumetric Flow Rate - m 3 /min. ' (C) 1025 

Percent  I soki ne t i  c 93.5 

- 

P a r t i c u l a t e s  - probe, cyclone, 
and f i f t e r  ca t ch  

P a r t i c u l a t e s  - t o t a l  catch 

mg 
m g / ~ m ~  

-3 mgfm 
k g / h r  

Percent impinger ca t ch  

115.5 
48.5 
48.4 
2.98 

117.0 
49.1 
49.0 
3.02 

1.3 

2 

10-30-73 
2.62 
0 .5  
29.3 
1069 
1104 
98.7 

604.5 
77.9 
75.3 
5.00 

207.0 
78.8 
76.3 
5.06 

1.2 

3 

10-31-73 
2.69 
1.1 
29.2 
1097 
1148 
98.7 

135.0 
50.1 
47.8 
3.30 

137.5 
51 .O 
48.7 
3.36 

1.8 

Average 

1063 
1092 
97.0 

151.7 
58.9 
57.2 
3.76 

153.8 
59.6 
58.0 
3.81 

1 . 4  

a Dry normal c u b i c  meter a t  21.loC, 76hm Hg. 

Dry normal cub ic  meters per minute a t  21.1°C, 76bm Hg. 

Actual cub ic  meters p e r  minute 

Barge un l  oadi  ng/convey i n 
From: EPA/EMB Test No. 7f-GRN-7 A- 2 



TABLE 5 

P a r t i c l e  S i z e  Resu l t s  1 
1 
1 

1 

I 

I 

Run 1 

C h a r a c t e r i s t i c  
Diameter, Dn 

Stage um !& Percent Percent, <Dn 

Probe & cyclone 22,450 

Weight Cumulative Weight 

3.14 1,480 71.5 r---- 28.5 
I 

1 

2 

1 3 

1.63 

1.10 

190 9.2 ---J r--- 19.3 
I 

-I 10.1 --- --- 9.2 21 0 
i 4 0.57 120 5.8  --- r---- 3.4 

5 0.33 70 3.4 - - J  

I 1 
i TOTAL 2,070 

Run 2 

Probe & cyclone 44,900 
1 
1 1 3.14 1,260 87.5 r-- - 12.6 

2 

3 

1.63 

1.10 

-I 90 6.3 - -  ,---- 6.3 
A 30 2.1 - -  r--- 4.2 

1.4 i 

5 0.33 20 1.4 --> 

4 0.57 40 2 . a - -  ,---- 
I i 

I TOTAL 1,440 

Note: T o t a l s  i n d i c a t e  sums o f  numbered impactor  stages o n l y ,  
and weight percents  a r e  based on these t o t a l s .  
cumulat ive va lues shou ld  be s h i f t e d  as i n d i c a t e d  by t h e  
dashed l i n e s .  

The 

1 
Barge un load ing lconvey in  
From: EPA/EMB Test  No. / -GRN-7 
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Shiploadin9 
From: Emission Factor Development1 
(GCA Corp. for EPA) 
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I1 
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11 I 
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I 
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I . 0  

0 . 9  
0 . 8  
0 . 7  

0 . 8  

O . ¶  

0 . .  

0 . 3  

.. 

- - - - 
- 
- 
. 

.- 

30.0 

10.0 

10.0 
* .O 
8.0 
!. 0 

6 . 0  

¶ . O  

.. 0 
>. 0 

1.0 

LDEAD BOX 95 m g / d  
LuNCONTROLLZD 104 mg/m3 

* I  I C *  

Shi pl oadinp 
From: Emission Factor Development =.. 
(GCP Corp. for EPA) 
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Wet corn milling - Dryers 
B-1 From: EPA-450/3-81-017 
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- Plant 

No. 1 

No. 2 

No. 3 

No. 4 

No. 2 

No. 4 

No. 1 

Feed 

Steer 
Steer 
Pou 1 try 
Pou 1 try 

Mi xed 
Mixed 

Pou 1 try 
Pou 1 try 
Steer 
Steer 
Dairy 
Turkey 

Corn 

Corn 

CornAarley 

PELLET MILL/COOLER STACK TEST S W R Y  

Emission 
Processed Feed Air Flow Rate 

Collector Rate lb/hr - SCFM Ib/hr 

Longhorn Cyclone 24,000 10,100 6.6 
Carter Day Cyclone . 24,000 10,850 3.4 
Cyclones 24,OO 10.450 11.0 
Cyclones 24,000 14,325 3.9 

Cyc 1 one 20,000 16,735 0.44 
Cyclone 36,000 25,580 1.85 

Cyclone 27,900 25,240 7.2 

Cyc 1 one 25.200 21,850 3.9 
Cyc 1 one 29,500 30,430 7.3 
Single Cyclone 19.300 16,130 3.2 
Single Cyclone 21,600 16,060 2.4 

Cyclone 28,700 25,350 4.0 

CRACKER STACK TEST S W Y  

Cyc 1 one 8,000 3,130 0.097 

W E R M I L L  STACK TEST S W Y  

Dual Cyclone 16,000 5,760 1.3 

FLAKING STACK TEST S W R Y  

Single Cyclone 12,000 3,910 0.93 

Feed m i l l s  ( P e l l e t  coo le rs ,  Cracking, Gr ind ing  and F lak ing )  

From: Pur ina V i l l s ,  I n c .  t e s t  data, March 11, 1957 



Pellet Mill/Cooler Stack Test Results 

Plant Feed to1  lector Processed Feed A i r  Flow Emission Rate 
Rate 
lb/hr SCM lb/hr 

No. 5 Hog Triple Cyclone 18,500 19,900 1.1 
Horse Trfple Cyclone 16,000 20,000 1.6 
Horse Triple Cyclone 13,000 19,700 1.1 

8 ,  . > - .  . 

1 
1 
1 
1 
I 
1 
I From: P u r i n a  i l i l l s ,  I n c .  t e s t  d a t a ,  Ju ly  8, 1937 
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APPENDIX C 

SUPPORT INFORMATION FOR E X I S T I N G  EMISSION 
FACTOKS I N  SECTION 6.4 

The i n f o r m a t i o n  i n  t h i s  appendix i s  cop ied  d i r e c t l y  from: 

Source Test  Eva lua t i on  f o r  Feed and t i r a i n  Indus t r y ,  EPA-450/3-76-U43, 
M K I  f o r  U.S. t P A  , Research T r i a n g l e  Park, NC, Cont rac t  No. 68-02-1403, 
December 1976. 

This  m a t e r i a l  descr ibes the  development o f  emiss ion f a c t o r s  i n  t h e  
prev ious Sec t ion  6.4 dated 4/77. 
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I .  

.I . , 

BACKGROUND AND SUPPORT INFORMATION FOR EMISSION FACTORS FOR FEED AND 
GRAIN MILLS AND ELEVATORS 

General 

Grain e l eva to r s  a r e  t r a n s f e r  and s t o r a g e  a reas  f o r  g r a i n  and a r e  usu- 
ally c l a s s i f i e d  a s  e i t h e r  country,  t e rmina l ,  o r  export e leva tors .  Country 
e l eva to r s  genera l ly  rece ive  g r a i n s  a s  they a r e  hamested  f r o m  f i e l d s  wi th in  
a LO- t o  20-mile rad ius  of t h e  e leva tor .  The country e l eva to r s  unload, weigh 
and s t o r e  g r a i n  a s  i t  i s  received from t h e  farmer. In add i t ion ,  the  country 
e l eva to r  may dry o r  c lean  t h e  g ra in  before  i t  i s  shipped t o  t he  terminal  
e l eva to r s  o r  processors. 

Terminal e l eva to r s  r ece ive  most of t h e i r  g ra in  from country e l eva to r s  
and s h i p  t o  processors ,  o t h e r  te rmina ls ,  and exporters.  The primary func t ion  
of a terminal  e l eva to r  i s  t o  s t o r e  g r a i n  in quant i ty  without d e t e r i o r a t i o n  
and t o  br ing  it  t o  c o m e r c i a 1  grade so a s  t o  conform t o  the  needs of buyers. 
As with country e l eva to r s ,  t e rmina ls  dry ,  c lean  and s o r t  grain.  In addi t ion ,  
they can blend g ra in  t o  meet buyer s p e c i f i c a t i o n s .  

Export e l eva to r s  a r e  s i m i l a r  t o  te rmina l  e l eva to r s  wi th  the  exception 
t h a t  they mainly load gra in  on s h i p s  f o r  export. 

The o t h e r  types of ope ra t ions  involved i n  the  processing of g ra in ,  i n  
g r a i n  and feed p l a n t s ,  range from very  simple mixing s t e p s  t o  complex pro- 
cesses  which a r e  c h a r a c t e r i s t i c  of i n d u s t r i a l  processing p lan ts .  Included 
a r e  such d i v e r s e  processes  as: ( a )  s imple mixing processes i n  feed mills. 
(b )  g r a i n  mi l l i ng  i n  f l o u r  mills, (c)  so lven t  ex t r ac t ing  i n  soybean pro- 
cessing p l a n t s ,  and ( d )  a complex s e r i e s  of processing s t e p s  i n  a corn wet- 
m i l l i n g  p lan t .  

Einissions and Controls 

Grain handling, m i l l i n g  and process ing  inc lude  a v a r i e t y  of opera t ions  
from the  i n i t i a l  r e c e i p t  of t h e  g r a i n  a t  e i t h e r  a country o r  terminal  eleva- 
t o r  t o  t h e  de l ive ry  of a f i n i s h e d  product. Flour, l i ves tock  feed ,  soybean 
o i l  and corn syrup a r e  among t h e  products  produced from p l a n t s  i n  the  g ra in  
and feed industry.  h i s s i o n s  from t h e  feed  and g r a i n  indus t ry  can be sepa- 
r a t ed  i n t o  tw general  a reas ,  those occurr ing  a t  g ra in  e l e v a t o r s  and those 
occurr ing a t  g r a i n  processing operat ions.  

G r a i n s  - Grain e l e v a t o r  emissions can occur from many d i f f e r e n t  
opera t ions  i n  the  e l eva to r ,  i nc lud ing  unloading ( r ece iv ing ) ,  loading (ship-  
p ing) ,  drying, c leaning,  headhouse ( l e g s ) ,  tunnel b e l t ,  and b e l t  t r i p p e r s  
(p r imar i ly  f o r  terminal and export  e l e v a t o r s ) .  b i s s i o n s  f a c t o r s  f o r  sev- 
e r a l  of t hese  opera t ions  a r e  presented  i n  Table 4. 
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Meager s p e c i f i c  emission t e s t  d a t a  a r e  ava i l ab le  from which uncontrolled 
emission f a c t o r s  could be computed. Therefore most of t h e  f a c t o r s  f o r  termi- 
n a l  and export e leva tors  a r e  based on r e s u l t s  reported i n  Ref. 1, a s  s m a -  
r ized  i n  Table 5. Recent EPA t e s t  r e s u l t s  and some emission t e s t  repor t s  from 
North Dakota (Table 6 )  were used i n  der iv ing  emission f a c t o r s  f o r  country 
elevators.  These t e s t  r e p o r t s  a r e  short-term emission measurements a t  a few 
country e leva tors ,  which were compared w i t h  t he  long-term t e s t  d a t a  f o r  the 
terminal e l e v a t o d l  i n  order  t o  s e l e c t  emission f a c t o r s  t h a t  may be appro- 
p r i a t e  f o r  country elevators .  The emission f a c t o r  f o r  drying i s  based mainly 
on d a t a  contained i n  Refs. 2 and 3, as discussed i n  Pppendix A of t h i s  re- 
port .  A l l  of these  emission f a c t o r s  a r e  approximate average values  intended 
t o  be representa t ive  of a va r i e ty  of g r a i n  types but,  a s  noted i n  Table 4 
and i n  t he  references,  ac tua l  emission f a c t o r s  f o r  a s p e c i f i c  source could 
be  d i f f e r e n t ,  depending on t he  type of g ra in  (e.g., c leaning)  and many o ther  
f actors.  

The emission f a c t o r s  shown i n  Table 4 represent  t h e  amount of dus t  
generated p e r  ton of g ra in  processed through each of t h e  designated opera- 
t i ons  (i.e., uncontrol led emission f a c t o r s ) .  Amounts of gra in  processed 
through each of these operat ions i n  a given e l eva to r  a r e  dependent on such 
f a c t o r s  a s  t h e  amount of g ra in  turned ( i n t e r b i n  t r a n s f e r ) ,  amount dryed, 
and amount cleaned. Because the  amount of g ra in  passing through each opera- 
t i o n  i s  o f t e n  d i f f i c u l t  t o  determine, i t  may be more usefu l  t o  express t h e  
emission f a c t o r s  i n  terms of the amount of g ra in  shipped o r  received, assum- 
ing these amounts a r e  about t h e  same over  the long term. Emission f a c t o r s  
from Table 4 have been modified accordingly and a r e  shown i n  Table 7 along 
with the  appropr ia te  m u l t i p l i e r  that  w a s  used a s  representa t ive  of typ ica l  
r a t i o s  of throughput a t  each operat ion t o  t h e  amount of gra in  shipped o r  
received. This r a t i o  i s  an approximate va lue  based on average values  f o r  
turning, cleaning, and drying i n  each type of e leva tor ,  a s  explained i n  
Table 8. However, operat ing p rac t i ces  i n  ind iv idua l  e leva tors  a r e  d i f f e r e n t ,  
so these r a t i o s ,  l i k e  t h e  bas ic  emission f a c t o r s  themselves, would be more 
v a l i d  f o r  a group of e leva tors  r a t h e r  than ind iv idua l  e levators .  

The f a c t o r s  given i n  t h e  tab les  should not  be added together  i n  an a t -  
tempt  t o  ob ta in  a s i n g l e  emission f a c t o r  va lue  f o r  g r a i n  e leva tors  because 
i n  most e leva tors  some of t he  operat ions a r e  equipped with cont ro l  devices 
and some a r e  not. Therefore, any est imat ion of emissions must b e  d i rec ted  
t o  each operat ion and i t s  associated con t ro l  device,  r a t h e r  than t o  the el-  
evator a s  a whole, un less  t he  purpose w a s  t o  es t imate  t o t a l  p o t e n t i a l  ( i . e . ,  
uncontrol led)  emissions. An example of t h e  use  of emission f a c t o r s  i n  making 
an emission inventory i s  contained i n  Ref. 3. 

Some of t h e  operat ions l i s t e d  i n  the t a b l e s ,  such a s  t h e  tunnel b e l t  
and b e l t  t r i p p e r ,  a r e  i n t e r n a l  o r  in-house d u s t  sources which, i f  uncon- 
t r o l l e d ,  might show lower than expected atmospheric emissions because of 
i n t e r n a l  s e t t l i n g  of dust. The reduction i n  emissions v i a  i n t e r n a l  s e t t l i n g  
i s  not known and i t  i s  q u i t e  poss ib le  tha t  a l l  of t h i s  d u s t  i s  eventually 
emitted t o  t h e  atmosphere due to  subsequent ex terna l  operat ions,  i n t e r n a l  
v e n t i l a t i o n  o r  o t h e r  m e a n s .  
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Table 5. BEST AVERAGE VALUE OF LONG-TERM ’ 

COMPOSITE EMISSION FACTORS FOR A 
TERMINAL ELEVATOR (LBITONW 

Rnission f a c t o r  
Ooeration ( lb l ton  of era in  urocessedl 

Truck unloading 0.64 
Car unloading 1.30 
Car loading 0.27 
Corn c leaner  5.78 
Gallery b e l t  0.11 
Tunnel b e l t  1.40 
Headhous e 1.49 

Table 6 .  SUMMARY OF UNCONTROLLED EMISSION FACTOR DATA 
FROM TESTS AT COUNTRY ELEVATORS 

Source 
Emission f ac to r  ( lbl ton)  

and grain type 

Unloading ( t rucks)  0. os41 (wheat) 

0.68 0.3.721 (wheat) 
51  

Removal from bins (tunnel b e l t  
hoods and leg boots,  e t c . )  2.72- (soybeans) 

0.912’ . (corn) 
- 0 .  6351 (milo) 
1.06 avg. 

Cleaning 

Headhouse ( d i s t r i b u t o r  and 
legs ,  b u t  a l s o  including 
dump p i t s )  

( legs  only) 

0 .  d’ (wheat ) 
0.40- 71 (not i den t i f i ed )  

0.438l  (wheat and rye) 
0.34 avg. 

0.14?/ (wheat) 
0.10- 71 (not i den t i f i ed )  

Q.4&/ (wheat, oa t s ,  bar ley)  

1.524’ (wheat ) 
3.4751 (milo) 
- 6.15” (soybeans) 
1.98 avg. 

- 
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As mentioned above, many e leva tors  u t i l i z e  cont ro l  devices  on a t  
l e a s t  some sources. In the  p a s t ,  cyclones have commonly been applied t o  
s u c h  sources a s  l egs  i n  t h e  headhouse and tunnel b e l t  hooding systems. 
Hore recent ly ,  f a b r i c  f i l t e r s  have been u t i l i z e d  a t  many e leva tors  on a l -  
most a l l  sources. However, some sources i n  gra in  e l eva to r s  do present con- 
t r o l  problems. Control of load-out operat ion i s  one of t h e  more d i f f i c u l t  
sources t o  con t ro l  because of t h e  problem of containment of t h e  emissions. 
Probably the most d i f f i c u l t  source t o  cont ro l ,  because of t he  la rge  flow 
r a t e  and high moisture  content  of t h e  exhaust gases,  i s  the  dryers. Screen- 
houses o r  continuously vacuumed screen systems a r e  ava i l ab le  f o r  reducing 
dryer  emissions and have been applied a t  severa l  f a c i l i t i e s .  Detailed de- 
s c r i p t i o n  of d u s t  cont ro l  systems f o r  g ra in  e leva tor  operat ions and t h e i r  
estimated c o s t s  a r e  contained i n  Ref. 2. 

Grain Processine OD e r a t i o n s  - Grain processing opera t ions  include many of 
t he  operat ions performed i n  a g ra in  e leva tor  in addi t ion  t o  mi l l ing  and 
processing of t h e  grain.  Emission f a c t o r s  f o r  d i f f e r e n t  g ra in  mi l l ing  and 
processing opera t ions  a r e  presented i n  Table 9. Brief d i scuss ions  of these  
d i f f e r e n t  opera t ions  and- t h e  methods used f o r  a r r i v i n g  a t  t h e  emission fac- 
t o r  values shown i n  Table 9 a r e  presented below. More de t a i l ed  discussion 
and der iva t ion  of t h e  emission f a c t o r s  shown i n  Table 9 a r e  presented in 
Appendix B ( p .  C - I +  th rough C - 2 1 ) .  

Emission factor data for feed mill operations are limited. The opera- 

Factors 

tions of receiving, shipping and handling are similar to operations i n  a 
grain elevator, except that many dustier materials (grain by-products, 
etc.) are handled at feed mills, leading, to greater emissions. 
for these operations were supplied by experts within the feed mill indus- 
try.'' Factors for the remaining operations of grinding and pelleting 
(pellet cooling) were developed from data i n  References 2, 11 and 12. 

Three emission areas f o r  wheat m i l l  processing opera t ions  a r e  g ra in  
receiving and handl ing c leaning  house, and m i l l i n g  opera t ions .  Data from 
a g ra in  e l eva to r  s t u d y  were used t c  estimate emission f a c t o r s  f o r  g r a i n  
receiving and handling. Data f o r  t h c  cleaning house were i n s u f f i c i e n t  t o  
estimate t h e  emission f a c t o r  and information taken from Ref. 2 was used t o  
estimate t h e  emission f a c t o r  f o r  m i l l i n g  operat ions.  
f a c t o r  f o r  t h e  m i l l i n g  opera t ion  a p p l i e s  t o  uncontrol led emissions; however, 
almost a l l  of t h e  sources  involved are equipped with c o n t r o l  devices t o  p re -  
vent  product l o s s e s  and f a b r i c  f i l t e r s  a r e  widely used f o r  t h i s  purpose. 

11 

The l a r g e  emission 

Operations f o r  durum mills and rye  mi l l i ng  a r e  similar t o  those of 
wheat mil l ing.  Therefore, most of t h e s e  emission f a c t o r s  a r e  equal t o  those 
f o r  wheat m i l l  operations.  

c -7  
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TABLE 9. TOTAL PARTICULATE EMISSION FACTORS FOR 
GRAIN PROCXSSING OPERATIONS 

EMISSION FACTOR RATING: D 

Type of Operation 

Feed mills 

Receiving 
Shipping 
Handling 
Grinding 

Hamuennillingc 
FlakingC 
CrackingC 

P e l k t  coolerC 

Carob kibble roasting 

Wheat milling 

Receiving 
Precleaning and handling 
Cleaning house 
M i l l  house 

Durum milling 

Receiving 
Precleaning and handling 
Cleaning house 
M i l l  house 

Rye milling 

Receiving 
Precleaning and handling 
Cleaning house 
Mi11 house 

oat milling 

Total 

Rice milling 

Receiving 
Precleaning and handling 
Drying 
Cleaning and d l 1  house 

C-8 

Emission factoraVb 
uncontrolled 

kg/Mg 

1.3 
0.5 
2.7 

0.1d.e 
O.ld 
0.0 1dve 
0.2d 

3.0 

0.5 
2.5 

35.0 
- 

0.5 
2.5 - - 

0.5 
2.5 

35.0 
- 

1.25f 

0.32 
2.5 
0.158 - 

cep t  as indicated)  
lb / ton  

2.5 
1.0 
5.5 

0.2d,e 
0.2d 
0.02d.e 
0.4d 

6.0 

1.0 
5.0 

70.0 
- 

1.0 
5.0 - - 

1.0 
5.0 

70.0 
- 

2.5f 

0.64 
5.0 
0.308 - 

(continued ) 
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TABLE 9.  TOTAL PARTICULATE EMISSION FACTORS FOR 
G R A I N  PROESSING OPERATIONS (concluded) 

EMISSION FACTOR RATING: D 

Type of Operation 

Soybean mFlllng 

Receiving 

Cleaning 
Dryingh 
Cracking and dehul l lng 
Hull grinding 
Bean conditioning 
Flaking 
Meal dryer 
Meal cooler  
Bulk loading 

Handling 

Dry corn mi l l ing  

Receiving 
Dryingh 
Precleaning and handling 
Cleaning house 
Degerming and mi l l ing  

Wet corn mi l l ing  

Receiving 
Handling 
Cleaning 
Drying 
Bulk loading 

Emission factoravb ~~ 

uncontrolled 
kg/Mg 

0.8  
2.5 

3 . 6  
1.7 
1.0 
0 .05  
0 . 2 9  
0 . 7 5  
0.9 
0.14  

- 

.0.5 
0 .25 
2.5 
3.0 - 

0 .5  
2 . 5  
3.0 
0.24i  - 

.cept as  ind ica ted)  
l b l t o n  

1.6 
5.0  

7 . 2  
3 .3  
2.0 
0.1 
0.57 
1.5 
1.8 
0.27 

- 

1 .o 
0.5 
5.0 
6.0 - 

1.0 
5.0 
6.0 
0. 4ai - 

West emission f a c t o r s  are expressed i n  terms of weight of dust emitted per 
u n i t  weight of g r a i n  en ter ing  the  plant  ( i . e . ,  rece ived) ,  which i s  no€ 
necessar i ly  the  same as t h e  a w u n t  of mater ia l  processed by each operation. 

bDashes ind ica te  information is InsufffCieUC. 
CThese f ac to r s  a r e  i n  terms of weight of dus t  emitted p e r  u n i t  weight  of 

dControlled emission f a c t o r  (cyclones ). 
eThese f ac to r s  were measured on c o n  processing operations a t  feed mills. 
fControlled emission f a c t o r  representing seve ra l  sources a t  one p l an t ,  some 

gAverage uncontrol led emission f a c t o r  f o r  column dryers;  see Note c i n  

hData a re  i n s u f f i c i e n t  t o  determine the types of dryers  tes ted .  
iFactor appl les  t o  ro t a ry  steam tube dryers.  

g ra in  processed. 

controlled w i t h  cyclones and o t h e r s  with f a b r i c  f i l t e r s .  

Table 6 .4 -2 .  
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The g r a i n  unloading,  handl ing and c leaning  ope ra t ions  f o r  dry corn 
mi l l i ng  a r e  similar t o  those  i n  o t h e r  g r a i n  mills but  t h e  subsequent opera- 
t i ons  a r e  somewhat d i f f e r e n t .  Also, some drying of corn received a t  t h e  m i l l  
may be  necessary p r i o r  t o  s torage .  An es t ima te  of t h e  emission f a c t o r  f o r  
drying w a s  obtained from Ref. 2. I n s u f f i c i e n t  i n f o m a t i o n  w a s  a v a i l a b l e  t o  
es t imate  emission f a c t o r s  f o r  degerming and mi l l ing .  

Information necessary  t o  e s t ima te  emissions from o a t  m i l l i n g  w a s  un- 
ava i lab le .  It w a s  a l s o  f e l t  t o  be unwise t o  a t tempt  t o  u s e  emission f a c t o r  
d a t a  f o r  o t h e r  g r a i n s  because handling of o a t s  i s  repor t ed  t o  be d u s t i e r  
than m.my o t h e r  gra ins .  The only emissions f a c t o r  d a t a  t h a t  were a v a i l a b l e  

2.5  l b / t o n  w a s  c a l c u l a t e d  from this data .  
were f o r  c o n t r o l l e d  emissions..2 / An o v e r a l l  con t ro l l ed  emission f a c t o r  of 

Qnission f a c t o r s  f o r  r i c e  m i l l i n g  were based on those  f o r  similar op- 
e r a t i o n s  - i n  o t h e r  g r a i n  handl ing f a c i l i t i e s .  I n s u f f i c i e n t  information was 
a v a i l a b l e  t o  e s t ima te  emission f a c t o r s  f o r  dry ing ,  c l ean ing  and m i l l  house 
operations.  

Information taken from Ref. 2 w a s  used t o  e s t ima te  emission f a c t o r s  
f o r  soybean mills. 

Information on corn wet-mill ing emission f a c t o r s  was unava i l ab le  i n  
most cases  due t o  t h e  wide v a r i e t y  of products  and t h e  d i v e r s i t y  of opera- 
t ions.  Receiving, handl ing and c l ean ing  ope ra t ions  emission f a c t o r s  were 
assumed t o  be similar t o  those  f o r  d ry  corn mi l l ing .  

c-10 



., ..., 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

P.  G. Gorman, P o t e n t i a l  Dust  Emission f rom a Gra in  E l e v a t o r  i n  
Kansas C i t y ,  M i s s o u r i ,  M R I  f o r  U.S. EPA, Research T r i a n g l e  Park, 
NC, Con t rac t  No. 68-02-0228, May 1974. 

L. J. Shannon, e t  a l . ,  Emissions Con t ro l  i n  the  Gra in  and Feed 
Indus t r y ,  V o l u m F  Eng ineer ing  and Cost  Study, EPA-450/3-73-003a, 
Midwest Research I n s t i t u t e  f o r  U.S. Environmental  P r o t e c t i o n  
Agency, Research T r i a n g l e  Park, NC, December 1973. 

L. J. Shannon, e t  a l . ,  Emission Con t ro l  i n  the Gra in  and Feed 
Indus t r y ,  V o l u m T -  Emission Inven to ry ,  EPA-450/3 -73-003b, M R I  
f o r  U.S. EPA, Research T r i a n g l e  Park, NC, September 1974. 

W .  H. Maxwell, S t a t i o n a r y  Source T e s t i n g  o f  a Country Gra in  E l e v a t o r  
a t  Overbrook, Kansas, M R I  f o r  U.S. EPA, Research T r i a n g l e  Park, 
NC. C o n t r a c t  No. 68-02-1403, February 1976. 

W .  H. Maxwell, S t a t i o n a r y  Source T e s t i n g  o f  a Country  Gra in  E l e v a t o r  
Great  Bend, Kansas, M R I  f o r  U.S. EPA, Research T r i a n g l e  Park, NC, 
C o n t r a c t  No. 68-02-1403. A p r i l  1976. 

F. J. Belgea, Cyclone Emissions and E f f i c i e n c y  Eva lua t i on .  Repor t  on 
t e s t s  a t  an e l e v a t o r  i n  Edenbura. Nor th  Dakota. P o l l u t i o n  Curbs. Inc.. _ _  
S t .  Paul ,  MN, March 10, 1972. 

A. L. Trowbridge, P a r t i c u l a t e  Emission T e s t i n g  - ERC Repor t  No. 4-7683, 
Environmental  Research Corpora t ion ,  S t .  Paul, MN, January 16, 1976. 

F. 3. Belgea, Gra in  Hand l ing  Dust  C o l l e c t i o n  Systems E v a l u a t i o n  f o r  
Farmers E l e v a t o r  Company, Minot ,  N o r t h  Dakota, P o l l u t i o n  Curbs, Inc.. 
S t .  Paul ,  MN. August  28, 1972. 

F.J. Belgea. Cyclone Emissions and E f f i c i e n c y  Eva lua t i on ,  Repor t  on 
t e s t s  a t  an e l e v a t o r  i n  Thompson. Nor th  Dakota. P o l l u t i o n  Curbs, Inc.. 
S t .  Paul, MN. March 10, 1972; 

L e t t e r  f rom 0. Bossman, American Feed I n d u s t r y  Assoc ia t i on ,  A r l i n g t o n ,  
VA, to F. Noonan. U.S. EPA, Research T r i a n g l e  Park, NC, Ju ly  24, 1987. 

Em:ssion t e s t  d a t a  a t tached t o  l e t t e r  f rom P. Lu the r ,  Pu r ina  M i l l s ,  
Inc., S t .  Louis,  MO, t o  G. LaFlam, PES, Inc., Durham, NC, March 11, 
19 87. 

Emiss ion t e s t  d a t a  a t tached  t o  l e t t e r  f rom P. Lu the r ,  Pu r ina  M i l l s .  
Inc., S t .  Louis,  MD, to F. Noonan, U.S. EPA, Research T r i a n g l e  
Park, NC, J u l y  8, 1987. 

c-11 



APPENDIX A 

E M I S S I O N  FACTORS FOR G R A I N  DRYERS AT G R A I N  ELEVATORS 

GRAIN DRYER E M I S S I O N  FACTORS 

A q u a n t i t a t i v e  assessment of emissions from gra in  dryers  is d i f f i c u l t ,  
p r imar i ly  because of  lack of a v a i l a b l e  da ta .  
o the r  information have indicated t h a t  the  emission r a t e  from any given 
i n s t a l l a t i o n  is dependent upon t h e  d rye r  conf igura t ion ,  i .e . ,  rack o r  
colunm; t h e  type of g ra in  being processed,  i.e., corn, soybeans, wheat; 
the fore ign  mater ia l  present  i n  the  incoming g ra in ,  i .e.,  dus t ,  cha f f ,  
"beesving" h u l l s ,  e tc . ;  and the amount of misture remved which a f -  
f e c t s  throughput. 

The l a rge  volumes of a i r  passed through the  g ra in ,  the  large cross- 
sectional a rea  through which the  a i r  i s  exhausted and the wide par-  
t i c l e  s i z e  d i s t r i b u t i o n  of the  e f f l u e n t  con t r ibu te  to sampling d i f -  
f i c u l t i e s .  The absence of an acceptab le  test method makes comparisons 
beween repor ted  dryer emission tests h igh ly  uncertain.  

A compilation o f  t h e  ava i l ab le  da ta  on emissions test f o r  rack and column 
type dryers  i s  presented i n  Table A-1 and, based o n t h e s e  da t a ,  average 
values f o r  t h e  uncontrolled emission f a c t o r s  were se l ec t ed :  

However, t h e s e d a t a a n d  

Rack Dryers - 1.8 lb / ton  
Column Dryers - 0.3 l b / t o n  

Because of the  small amount of a v a i l a b l e  da t a ,  spread i n t h e s e d a t a , i n -  
adequate information regarding s p e c i f i c  test methods, u s e  of d i f f e r e n t  
sampling t r a i n s ,  and the  lack  of complete information regarding foreign 
mater ia l  and moisture d i f f e r e n t i a l ,  these  emission f ac to r s  should only 
be considered a s  i nd ica t ive  of poss ib l e  average emissions and not  ab- 
s o l u t e  numbers f o r  ind iv idua l  dryers .  
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Table A-1 .  SUMWIRY OF AVAILABLE MISSION FACTOR DdTd 
FOR GRAIN DRYERS (UNCONTROLLED) 

Rack dryers Column dryers 
Throughput Emission factor  Throughput Emission factor 

(bu/hr) (Lb/ ton) (bu/ hr) ( l b /  ton) 

1,000 3.7- a/ 400 0.23d 

2,000 2.3=/ 1,000 0.21- 

3,000 - O.& 

a /  

500 1.2- b /  

1,500 0.9- b/ A v g .  = 0 .3  lb / ton 

1,800 - l.&/ 

A v g .  - 1.8 lb / ton 

- a/ Reference 2. 
- b/ Private communication. 
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Note: The der ivat ion of the new emifsion f ac to r s  for feed mi l l s  
was discussed previously (see p. C - 7 ) .  
pertains  t o  the f ac to r s  in the previous ed i t ion  of Section 
6.4. 
of the ra t iona le  f o r  current  as well a s  previous emission 
factors .  

The discussion here 

I t  has  been l e f t  in here t o  provide a complete record 

APPENDIX B 

DERIVATION OF EMISSION FACTORS FOR GRAIN PROCESSING 
OPERATIONS (as  shown i n  Table 9 )  

FEED MILLS 

Receivinq 

As s t a t e d  i n  Reference 2 (p- 159) t h e  ingredient rece iv ing  a rea  repre- 
s e n t s  the mst ser ious  dus t  emission problem i n  most feed m i l l s .  E m i s -  
s i o n  f a c t o r  da ta  fo r  t h i s  opera t ion  a re  sparse ,  owing p a r t l y  t o  the f a c t  
t h a t  many ingredien ts ;  whole g r a i n  and o ther  more dusty materials @ran, 
dehy a l f a l f a ,  e t c . ) ,  a r e  received,  by both t ruck and r a i l  and several 
unloading methods a r e  employed. For these reasons,  an average emission 
f a c t o r  would be d i f f i c u l t  to determine, a t  l e a s t  a s  f a r  a s  whole 
g ra ins  a r e  concerned, so a n  emission f ac to r  f o r  t h e  unloading opera t ion  
only has been estimated a s  1.30 lb/ton. 
i n  t h e  Kansas City e l eva to r  s t u d y i l  for ca r  unloading and may be re-  
p re sen ta t ive  of feed m i l l s  and hopeful ly  r e f l e c t s  the f a c t  t h a t  some 
ing red ien t s  tend to  be more dusty than whole gra ins .  

This was the  value determined 

Shipping 

Mast feed m i l l s  sh ip  the  bulk feed by t ruck ,  but someare a l s o  shipped i n  
bags by r a i l  and truck. Reference 2 (P. 166) s t a t e s  t h a t  loadout is a 
major source of dust  emissions but  l i t t l e  emission f a c t o r  da ta  a r e  ava i l -  
able.  
of g r a i n  i n  the  Kansas City e l e v a t o r  s tudy. l /  
loading of feed m i l l  products would tend to be m r e  dusty than whole 
g r a i n  loading. Therefore,  an emission f ac to r  of 0.5 l b / t o n  has been 
est imated f o r  t h i s  operat ion.  

Handling Cperations ( t r a n s f e r  uo in t s ,  garner and s c a l e ,  legs) 

No da ta  were ava i l ab le  f o r  the i n t e r n a l  handling opera t ions  i n  feed 
m i l l s .  However, i t  would be expected t h a t  they a r e  somewhat s i m i l a r  t o  

An emission f a c t o r  of  0.27 lb / ton  w a s  determined f o r  c a r  loading 
It i s  assumed t h a t  bulk 

C-14 



those i n  g r a i n  e l eva to r s .  
the most s i g n i f i c a n t  of these  opera t ions  was the  l egs ,  having an emis- 
s i o n  f a c t o r  of  1.49 lb/ ton.  The tunnel  b e l t  f a c t o r  of 1.40 l b / t o n  i s  
s i m i l a r  but feed m i l l  opera t ions  a r e  such that t h i s  may not be a com- 
pa rab le  operat ion.  However, a l l  mater ia l  i n  a feed m i l l  would be ex- 
pected t o  pass  through a leg a t  least twice from unloading t o  shipping. 
Therefore ,  an o v e r a l l  average emission f a c t o r  f o r  feed mi l l  handling 
opera t ions  has been est imated as 3.0 lb / ton .  

The Kansas Ci ty  e l e v a t o r  studyL' showed t h a t  

Grinding 

Whole g ra ins  received a t  feed m i l l s  must be ground and t h e  asaoc ia ted  
product recovery cyclone is the  major dust  source i n  this grain prep- 
a r a t i o n  operat ion.  Because of the  wide v a r i a t i o n  in g r a i n s  and 
g r inde r s  used, an average emission f a c t o r  would be d i f f i c u l t  t o  d e t e r -  
m i n e .  A small a m u n t  of data  presented i n  Reference 2 (p. 163) i n -  
d i ca t ed  t h a t  con t ro l l ed  emissions may range from 0.02 t o  0.2 lb / ton .  
Considering these  f a c t s ,  and l ack  o f  o t h e r  da t a ,  an average con t ro l l ed  
emission f a c t o r  of 0.1 l b / t o n  has been es t imated ,  assuming it is t o  be 
r e p r e s e n t a t i v e  of t he  indus t ry  a s  a whole. 

Pellet  Coolers 

Zhe only a v a i l a b l e  emission f a c t o r  data  f o r  t h i s  ope ra t ion  was contained 
i n  Reference 2 (pp. 164-167) and ind ica t ed  t h a t  t h e  uncontrol led emis- 
s i o n  f a c t o r  was q u i t e  high ( 5  t o  50 l b / t o n )  bu t  t h a t  t he  cyclones were 
very e f f i c i e n t  (92 t o  99.9%). The data  on p. 164 show cons iderable  d i f -  
ference.  i n  con t ro l l ed  emission f a c t o r s  f o r  h o r i z o n t a l  coo le r s  and column 
coolers .  D i s t r ibu t ion  of t hese  two types of coo le r s  w i th in  the  indus t ry  
is not knoM bu t  our observa t ions  i n d i c a t e  t h a t  column coo le r s  a r e  q u i t e  
CODPIDOU. For t h i s  reason, a con t ro l l ed  emission f a c t o r  of  0.1 l b / t o n  
has been estimated. 

WEEAT MILIS 

Processing opera t ions  were discussed i n  Reference 2 (p. 207) and i d e n t i -  
f i e d  t h r e e  emission a reas :  g r a i n  rece iv ing  and handl ing,  c leaning  
house, and mi l l i ng  opera t ions .  Emission f a c t o r s  and c a l c u l a t i o n  of 
emissions f o r  sources wi th in  each of t hese  ope ra t ions  is d iscussed  be- 
low. 

Receiving 

It would be expected t h a t  r ece iv ing  of wheat would be s i m i l a r  i n  emissions 
t o  t h a t  f o r  terminal g r a i n  e l e v a t o r s  (0.64 and 1.30 l b / t o n ) . l l  

'. 

Data on I 
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p. 122 of Reference 2 p resents  cont ro l led  emission f a c t o r s  f o r  f a b r i c  f i l -  
t e r s  but it is d i f f i c u l t  t o  use these  d a t a  i n  es t imat ing an uncontrolled 
fac tor .  Therefore,  t h e  d a t a  from Reference 1 had t o  be used, and an average 
f a c t o r  of 1.0 lb / ton  w a s  se lec ted  f o r  rece iv ing  by t rucks,  ca r s ,  and barges. 

Precleaning and Handling 

Very l i t t l e  da t a  on uncontrolled emissions from precleaning were a v a i l -  
ab le ,  but it is assumed to  cons i s t  p r imar i ly  of sca lp ing  type opera t ions ,  
which should be a minor source i n  comparison with handling operat ions.  
Handling c o n s i s t s  of legs ,  t r a n s f e r  po in t s ,  garner  and s c a l e  and t r i p p e r ,  
e t c .  Usable da t a  on uncontrolled emission f a c t o r s  f o r  these  sources i n  
f lou r  mi l l swere  lacking,  so the  d a t a  from Reference 1 had to  be used, 
even though i t  waa f o r  a g r a i n  e l eva to r  and d id  not  include a t r i ppe r .  
However, it d id  include a tunnel b e l t  and i t  is  a l s o  known t h a t  i n  a 
f l o u r  m i l l  the  g r a i n  would pass through the  leg twice (once when re- 
ceived and once when t r ans fe r r ed  t o  c leaning house). Therefore, a 
cumulative emission f a c t o r  of 5.0 l b / ton  was est imated f o r  a l l  p r e -  
c leaning and handling operat ions.  

Cleaning House 

Cleaning is accomplished by a v a r i e t y  of means but  o f t e n  includes a i r  
a s p i r a t i o n  t o  renuve l i g h t e r  impur i t ies  (dust)  a s  w e l l  a s  d i s c  separa tors  
and scourers .  
a small anuunt of  emission da ta  on cyclone con t ro l l ed  sources were a v a i l -  
a b l e  i n  Reference 2 (p. 210). Therefore,  i t  was not  f e a s i b l e  t o  cal- 
c u l a t e  an emission f a c t o r  fo r  t h e  cleaning house. 

Mill House 

Operations i n  the  m i l l  house a r e  complex, and again,  very l i t t l e  emission 
data a r e  ava i lab le .  Reference 2 (p. 209) c i t e s  one r epor t  which indicated 
tha t  d u s t  generated i n  r o l l e r  m i l l s  may average 2.1 lb/bu (70 lb / ton ) .  
This source and the  p u r i f i e r s  might t he re fo re  account f o r  wre than 70 
lb/ ton.  This emission f a c t o r  is  l a r g e r  than t h e  one f o r  precleaning and 
handling and may be erroneously high but i t  w a s  t h e  only data  ava i lab le .  
It should be noted t h a t  because of  the product value these emissions 
a r e  con t ro l l ed ,  p r imar i ly  with f a b r i c  f i l t e r s .  

Each of these  can be a source of  dus t  emissions but only 
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DURUM MILLS 

The sources of a i r  p o l l u t i o n  i n  a durum m i l l  p a r a l l e l  those of a f l o u r  
m i l l  and f a l l  i n t o  the  t h r e e  main ca t egor i e s  of  r ece iv ing  and handling 
ope ra t ions ,  cleaning-house, and m i l l i n g  opera t ions .  Rate of emission 
f o r  durum m i l l  opera t ions  a r e  l imi ted  but  s i n c e  t h e  processing opera t ions  
a r e  s i m i l a r  t o  those of a f l o u r  m i l l ,  t he  r a t e s  a r e  expected t o  be 
s i m i l a r  (Reference 2 ,  p. 215) .  However, i n  t he  m i l l  s e c t i o n  one of the  
primary purposes i s  t o  produce middlings r a t h e r  than f l o u r  so the  break 
r o l l s  a r e  d i f f e r e n t .  Because of t h i s ,  it i s  assumed that the  emission 
f a c t o r  of 70 l b / t o n  used f o r  t he  m i l l  house i n  f l o u r  m i l l s  may not be 
app l i cab le  t o  durum mills. Therefore,  t h e  same emission f a c t o r s  f o r  
f l o u r  m i l l s  were assumed t o  apply,  b u t  t h e  emission f a c t o r  f o r  m i l l i n g  
opera t ions  was not estimated. 

RYE M I U I N G  

The mi l l i ng  procedure f o r  rye c o n s i s t s  of  t h e  same processing s t e p s  a s  
wheat mi l l i ng  (Reference 2,  p. 221) and a i r  p o l l u t i o n  sources  p a r a l l e l  
those i n  a wheat m i l l .  Very l i t t l e  emission f a c t o r  data were a v a i l a b l e  

. f o r  rye  mi l l ing .  Some data  on c e r t a i n  milling opera t ions  (Reference 2 ,  
p. 226) i n d i c a t e  a con t ro l l ed  emission f a c t o r  of  about 1 lb / ton .  This 
is equivalent  to  an uncontrol.led emission f a c t o r  of 10 l b / t o n ,  assuming 
cyclone e f f i c i e n c i e s  of907.. 
r o l l s  and o the r  ope ra t ions  so t he  f a c t o r  of 70 l b / t o n  used f o r  wheat 
mi l l i ng  was assumed t o  be app l i cab le  t o  rye. This f a c t o r ,  and the  
o the r s  fo r  wheat m i l l i n g  were assumed t o  be t h e  same f o r  rye mill ing.  

However, these  da t a  do not include break 

me g r a i n  unloading, handl ing,  and cleaning ope ra t ions  a r e  similar t o  
those i n  o t h e r  g r a i n  m i l l s  bu t  t he  subsequent ope ra t ions  a r e  somewhat 
d i f f e r e n t  (Reference 2 ,  p. 216) .  Very l i t t l e  emission f a c t o r  data  were 
ava i l ab le  f o r  dry corn m i l l i n g ,  except f o r  some con t ro l l ed  emission 
f a c t o r s  t abu la t ed  i n  Reference 2 (pp. 222, 223) .  

Receiving 

As i n  the case  of  f l o u r  m i l l s ,  an average emission f a c t o r  of 1.00 lb / ton  
has been used f o r  t he  r ece iv ing  opera t ion .  

Drying 

Some drying of corn received a t  t h e  m i l l  may be necessary p r i o r  t o  s torage.  
Types of  dryers  used (rack o r  column) is not known, but  about 50% use t h e  
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Day-Vac system. For t h i s  reason, an emission f a c t o r  of  0.5 lb / ton  was 
used based on dryer  emission f ac to r s  discussed i n  Appendix A. 

Precleaning and Handling 

A s  explained i n  t h e  s e c t i o n  on f l o u r  m i l l s ,  an average emission fac tor  
of 5.0 lb / ton  was used f o r  the  precleaning and handling operat ions.  

Cleaninx House 

An emission f a c t o r  of 5.78 lb / ton  w a s  determined fo r  a g r a i n  e leva tor  
corn cleaning opera t ion . i /  Also, Reference 2 (p.  222) shows an emis- 
s ion  f ac to r  of 0.0015 lb/bu (0.06 lb / ton)  f o r  a c leaning house control-  
led by a f a b r i c  f i l t e r .  If the  FF were 99% e f f i c i e n t ,  the  equivalent  
uncontrolled f a c t o r  w u l d  be 6.0 lb / ton ,  which agrees  c l o s e l y  with the 
previous f ac to r  of 5.78 lb / ton .  

Defferminx and.Mil l ing 

Emission f a c t o r  da t awereno t  ava i lab le .  

OAT MILLING 

Moat of t h e  information necessary f o r  es t imat ing  emission f ac to r s  w a s  
not  ava i lab le .  It w a s  f e l t  t o  be  unwise t o  a t tempt  t o  use emission 
f ac to r  da ta  f o r  o t h e r  g ra ins  because handling of o a t s  is reported t o  be 
d u s t i e r  than many o t h e r  grains .  The only emission f a c t o r  data  t h a t  
were ava i l ab le  contained cont ro l led  emission f a c t o r s  only (Reference 2 ,  
p. 236) which can be used t o  c a l c u l a t e  an o v e r a l l  f a c t o r  of 0.04 lb/bu 
o r  2.5 lb/ton. It is not known i f  these d a t a ,  f o r  one m i l l ,  included 
rmst major dus t  sources nor is  it  known i f  t h i s  p l a n t ,  and the  con t ro l  
devices  used (cyclones and f a b r i c  f i l t e r s ) ,  a r e  r ep resen ta t ive  of t h e  in- 
dustry. However, both of t h e  above were assumed t o  be t r u e ,  and t h e  t o t a l  
cont ro l led  emission f a c t o r  of 2.5 l b / ton  was used. 

RICE MILLING 

Emission f ac to r  da ta  f o r  r ice mil l ing opera t ions  a r e  meager. Emission 
sources assoc ia ted  wi th  rece iv ing ,  c leaning  and s torage  a r e  s imi l a r  
t o  those involved with a l l  g r a i n  :processing but i t  i s  not  known i f  
r i c e  emits more o r  less dus t  than o the r  gra ins  i n  these  operat ions.  
However, emission f a c t o r s  f o r  o the r  g r a i n s  were u s e d .  
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Receiving 

Data i n  Reference 2 (p. 471) i nd ica t e  t h a t  most r i c e  is received by 
t ruck.  An emission f a c t o r  fo r  t ruck  unloading of  0.64 l b / t o n  was  
assumed based on data  f o r  a terminal g ra in  elevator .L/  

Handling and Prec leaning  

As was explained i n  the  sec t ion  on wheat mills, a cumulative emission 
f a c t o r  of 5 . 0  l b / t o n  has been assumed f o r  t h e  s i m i l a r  opera t ions  i n  
a r i c e  m i l l .  

Drying 

Although no specific supporting data for rice drying were available, 
t h e  emission factor of 0.30 lb/ton for column dryers was assumed to 
apply. 

Cleaning and Mi l l  House 

Because of t he  lack of da t a ,  no estimate of t he  emission f a c t o r  could 
be made. 

SOYBEAN MILLS 

Receivinq 

Data i n  Reference 2 (p. 251) i nd ica t e  an average con t ro l l ed  emission 
f a c t o r  fo r  a t ruck  dump p i t  of 0.017 l b / t o n ,  o r  an uncontrol led f a c t o r  
of 1.5 l b / t o n  assuming 99% e f f i c i ency  f o r  t h e  f a b r i c  f i l t e r  con t ro l  
device.  This is i n  good agreement with da t a  i n  Reference 1 f o r  soybeans 
which showed 1.63 l b / t o n  f o r  t ruck unloading and 1.51 l b / t o n  f o r  ca r  
unloading. Therefore ,  an emission f a c t o r  of 1.6 l b / t o n  was.used f o r  
soybean rece iv ing .  

Handling 

No s p e c i f i c  information was ava i l ab le  on emission f a c t o r s  f o r  soybean 
handling opera t ions .  Even though the  emissions from soybeans may be 
higher than o the r  g ra ins  the cumulative f a c t o r  of 5 . 0 0  l b / t o n ,  a s  d i s -  
cussed i n  t h e  wheat mi l l i ng  sec t ion ,  was used. 
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Cleaning 

No information was a v a i l a b l e  on the  cleaning of soybeans although i t  is  
suggested t h a t  i t  would be a t  l e a s t  a s  much a s  the 6.00 lb / ton  discussed 
i n  t h e  sec t ion  on dry corn mil l ing.  

Drying 

, Soybean p l an t s  do dry t h e  feed to t h e  f l ak ing  m i l l  and observat ions have 
indicated that the emission f a c t o r  f o r  drying of soybeans a t  soybean 
m i l l s  may be higher than t h e  average f a c t o r s  discussed i n  Appendix A. 
The only data  ava i l ab le  on soybean dryers  a reconta ined  i n  Reference 2 
(p. 2 5 5 )  andhavebeen used t o  c a l c u l a t e  uncontrolled emission f a c t o r s  
ranging from 4 . 2  t o  80 lb / ton .  The value of 80 lb / ton  i s  very high 
but even disregarding t h i s  value,  t h e  average f ac to r  is 7 . 2  lb/ ton.  

Cracking (and dehul l ing)  

Data presented i n  Reference 2 (p. 2 5 6 )  show t h a t  t h e  con t ro l l ed  emission 
f a c t o r  f o r  cracking and dehul l ing  opera t ions  is on the  o rde r  of 0.01 
lb/bu, or 0.33 lb/ ton.  
con t ro l  devices,  the uncontrol led emission f ac to r  would be 3.3 lb/ton. 

I f  one assumes 909. e f f i c i ency  f o r  the  cyclone 

Hull Grinding 

Controlled emission f a c t o r s  fo r  h u l l  gr inding i n  Reference 2 (p. 2 5 6 )  
show an average, fo r  three repor ted  values ,  of 0 . 0 0 5 5  lb/bu o r  0.18 lb/ ton.  
Again assuming 90% e f f i c i e n c y  f o r  t h e  cyclone con t ro l  devices ,  the  un- 
con t ro l l ed  emission f a c t o r  would be approximately 2.0  lb/ ton.  

Bean Conditioninq 

Reference 2 (p. 2 5 6 )  shows a cyclone con t ro l l ed  emission f a c t o r  of 
0.0003 lb/bu o r  0.01 Lb/ton. Assuming 90% cyclone e f f i c i ency ,  the  
uncontrolled emission f a c t o r  is 0.1 lb/ ton.  

Flaking 

A t o t a l  of four  con t ro l l ed  emission f ac to r s  fo r  f lak ing  a r e  presented i n  
Reference 2 (pp. 2 5 2 ,  2 5 6 )  and show an  average of 0.0017 lb/bu o r  0 . 0 5 7  
lb / ton .  
t h e  uncontrolled emission f a c t o r  would be 0 . 5 7  lb/ton. 

These were each cyclone con t ro l l ed ,  so assuming 90% e f f i c i e n c y ,  
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Meal Dryer 

Cyclone con t ro l l ed  emission f a c t o r  fo r  meal d rye r s  was presented i n  
Reference 2 (pp. 252 ,  256 )  and showed a range of 0.003 t o  0.0128 lb/bu 
w i t h  an average of  0.0045 lb/bu o r  0.15 lb / ton .  Again assllming 90% 
e f f i c i e n c y  fo r  t he  cyclones,  the uncontrol led f a c t o r  would be  1.5 lb / ton .  

M a A  Cooler 

Only one cyclone c o n t r o l l e d  emission f a c t o r  was a v a i l a b l e  (Reference 2. 
p. 2 5 2 ) ;  0 .0056 lb/bu o r  0.18 lb / ton .  
cyclone, t he  uncont ro l led  f a c t o r  would be 1.8 l b / t o n .  

Bulk Loading 

No emission f a c t o r  da t a  were ava i l ab le  fo r  m e a l  loading. , However, 
observat ion of these  ope ra t ions  ind ica t e s  that i t  may be about t h e  

Assuming 90% e f f i c i e n c y  f o r  t he  

same as  loading g r a i n  a t  e l e v a t o r s  o r  about 0.27 lb/ton.-  1/ 

CORN WET MILLING 

Receiving 

Corn is received by cars and t rucks  and, a s  waa done fo r  dry  corn m i l l s ,  
an average emission f a c t o r  of 1.0 l b / t o n  was  used. 

Handling 

Emission f a c t o r s  s p e c i f i c a l l y  app l i cab le  t o  handl ing of  COM a t  wet corn 
m i l l s  a r e  not a v a i l a b l e .  However, a s  was done on dry  corn  mills, an 
average cumulative emission f a c t o r  of 5.0 l b / t o n  was used. 

Cleaning 

An emission f a c t o r  of  6.0 l b / t o n  f o r  corn c lean ing .  as developed i n  the 
s e c t i o n  on dry corn m i l l s ,  was used. 

Dmers - 

Tests on an animal feed dryer ind ica te  an average emission f a c t o r  of 
0.48 lb / ton  (Reference 24 i n  Section 6.4; see Appendix D) .  

Bulk Loading 

Bulk loading of products  is another  p o t e n t i a l  source of emissions but no 
emission f a c t o r  data  a r e  ava i l ab le .  
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