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ABSTRACT 

SECTION 8 .1  

A S S E S S M E N T  O F  O P E N  S O U R C E S  ASPZALIC CONCRZTE 

WFGRLilCE NUXBER 

19 
by 

P.  K .  C h a l e k o d e  a n d  J. A .  P e t e r s  
M o n s a n t o  R e s e a r c h  C o r p o r a t i o n  

a n d  

D. K. O e s t r e i c h  

E n v i r o n m e n t a l  P r o t e c t i o n  Agency  
R e s e a r c h  T r i a n g l e  P a r k ,  N o r t h  C a r o l i n a  

D a y t o n ,  O h i o  . . .  

s t r i a 1  E n v i r o n m e n t a l  R e s e a r c h  L . a b o r a t o r y  

Emissions o f  p a r t i c u l a t e s  and o ther  p o l l u t a n t s  
from sources such as ma te r ia l  t ranspor ta t ion ,  
crushing, g r i nd ing ,  screening, b las t i ng ,  un- 
paved road use, and a g r i c u l t u r a l  a c t i v i t i e s  
are r e f e r r e d  t o  as f u g i t i v e  emissions, and 
the sources are c a l l e d  open sources. A l -  
though these emissions have been o f  concern 
i n  recent years, they have been d i f f i c u l t  
t o  q u a n t i f y  and assess because they some- 
times o r i g i n a t e  over l a r g e  areas, and o f t e n  
the emissions from more than one open 
source contaminate a s p e c i f i c  s i t e .  

This paper describes a method developed f o r  
comparing and rank ing  open sources based on 
published data and/or est imates o f  the magni- 
tude and composit ion o f  t he  emissions. A 
p re l im ina ry  rank ing  was used t o  se lec t  sources 
t h a t  are t o  be analyzed i n  d e t a i l  f o r  the pur-  
pose o f  rank ing  f u t u r e  c o n t r o l  technology 
development p ro jec ts .  S p e c i f i c  methods f o r  
sampling open sources which avo id  problems are 
described. Emission f a c t o r s  were developed 
from an example case f o r  t o t a l  p a r t i c u l a t e s  
from crushed g r a n i t e  u n i t  operat ions such as 
d r i  11 ing,  b las t i ng ,  loading, unloading, 
crushing, screening, and t ranspor ta t i on .  
Measurements and subsequent ca l cu la t i ons  
showed t h a t  the mean emission f a c t o r  f o r  
t o t a l  p a r t i c u l a t e  emission l e v e l  was 0.13 
k i logram per  megagram o f  ma te r ia l  processed 
through the pr imary crusher. The mean f r e e  
s i l i c a  content o f  the emissions was 27.7% 
by weight. 

ASSESSMENT OF OPEN SOURCES 

Open sources, a l s o  c a l l e d  F u g i t i v e  Sources, 
do no t  have a de f i nab le  p o i n t  o f  emission 

363 

such as a stack o r  vent. 
source s t rength  o f  these sources i s  q u i t e  
d i f f i c u l t  t o  determine since the  emission 
r a t e  i s  n o t  a simple func t i on  o f  gas f l o w  
r a t e  and p o l l u t a n t  concentrat ion.  

Emissions o f  p a r t i c u l a t e s  and o the r  p o l l u t a n t s  
from open sources have drawn increased a t ten -  
t i o n  i n  recent  years because f u g i t i v e  emission 
problems are f requen t l y  encountered. An 
i n v e s t i g a t i o n  o f  the Open Sources Category .. 
was there fore  conducted t o  provide a b e t t e r  
understanding o f  the magnitude and composi- 
t i o n  o f  emissions f o r  the purpose o f  de te r -  
mining needs f o r  developing con t ro l  technology. 
An understanding o f  the ex ten t  o f  emissions 
from open sources i s  a l so  necessary t o  p rov ide  
a perspect ive i n s o f a r  as the b e n e f i t  t o  be 
der ived  from c o n t r o l l i n g  p o i n t  sources. I f  
an ambient a i r  q u a l i t y  problem i s  most ly 
caused by f u g i t i v e  emissions then there i s  
l i t t l e  p o i n t  i n  c o n t r c l l i n g  a few p o i n t .  
sources. 

‘Consequently, 

Some t y p i c a l  open sources are dusty ma te r ia l  
t rans fe r ,  crushing, s i z i n g ,  screening, 1 and- 
fill and excavation, b las t i ng ,  wood processing; 
unpaved roads, mol t en  metal t rans fe r ,  and 
a g r i c u l t u r a l  a c t i v i t i e s .  

A p re l im ina ry  rank ing  o f  t he  open sources 
was made based on publ ished data and/or 
est imates o f  magnitude and type o f  emis- 
s ions.  This p re l im ina ry  rank ing  was then 
used t o  s e l e c t  the source types t o  be 
analyzed i n  d e t a i l .  

PRELIMINARY RANKING OF OPEN SOURCES 

For comparison and rank ing  purposes, the 
noen sources were i nves t i ga ted  on the basis 



of t h e i r  r e l a t i v e  impact o r  hazard po ten t -  
i a l  t o  "pub l i c  hea l th " .  "Publ ic h e a l t h "  
i n  t h i s  p re l im ina ry  rank ing  was conf ined 
t o  e f f e c t s  on non-employees beyond p l a n t  
boundaries. The sources were analyzed 
on the bas is  o f  primary emissions; syner- 
g i s t i c  and secondary e f f e c t s  were n o t  
i d e n t i f i e d  nor  character ized. 

I n  determining r e l a t i v e  values, a r b i t r a r y  
d e f i n i t i o n s  are acceptable i f  they are 
app l ied  across-the-board. The f i r s t  
formula pos tu la ted  t o  represent  the 
r e l a t i v e  hazard p o t e n t i a l  o f  a source 
was as fo l1ows: l  

rn E = Re la t i ve  Hazard (1  1 
where, 

E - Respirable dus t  emissions from 
sources; e i t h e r  by est imate,  
l i t e r a t u r e ,  o r  measurement 
(p re fe rab le ) .  ( W )  

emissions. W L 3 1  

centers.  ( L )  

M - Re la t i ve  t o x i c i t y  o f  the 

D - Distance t o  popu la t ion  
I I :  

This simple r e l a t i o n s h i p  c o n s t i t u t e d  
the  i n i t i a l  rank ing  bas is  by which the  
most important open sources were chosen. 

The r e l a t i v e  t o x i c i t y  value, M, i n  the 
equat ion was de f ined as the  maximum 
a l lowab le  ambient concent ra t ion  (MAAC). 
It was ca l cu la ted  as: 

1 
n fi TLVc = 

i =1 

where, 

TLVc - composlte TLV f o r  complex p a r t i c u l a t e  

fi - f r a c t i o n  o f  p a r t i c u l a t e  as substance . , _  

,.'. 
~. . i 

TLVi - TLV o f  substance i 
. 

.. . 
n - t o t a l  number o f  substances i n  p a r t i -  

. .  c u l a t e  so t h a t  

n \; ' . 2: fi = 1.0 . 
. .  . 
. .  i =1 

However, due t o  a l a c k  of quan t i t a t i ve .da ta  on 
t he  composit ion o f  t he  emissions and a l so  a 
l a c k  o f  data on the  d is tance t o  popu la t ion  
centers,  another approach was used t o  estimate 
the  r e l a t i v e  impact on p u b l i c  health.. From 
the  very  s i m p l i f i e d  model o f .eq .  1 a 'more com- 
p lex  " p r i o r i t i z a t i o n "  model evolved f o r  source 
assessment and ranking purposes. 

The r e l a t i v e  impact f o r  a given source type  
was then def ined as fo l l ows :  

' 

, ' 

. - : ~ :  

k .. 
Ix = E  K P .  J .  c " (?)* ( $J ) (4) 

j =1  1 =1 

TLW i s  the th resho ld  l i m i t  value as 
defined by the American Conference o f  

~ .. 
Governmeital I n d u s t r i a l  Hyg ien is ts  
(ACGIH),2 mg/m3. 

40 1 MAAC (pg/m3) = TLW x 168 x m x 1000 (2) 
where, 

where, 

A i r  q u a l i t y  standards e x i s t  f o r  o n l y  
f i v e  p o l l u t a n t s .  Therefore, TLVs were 
used since they represent the  on ly  o the r  
basis fo r  comparisons among n o n - c r i t e r i a  
p o l l u t a n t s .  
was Present, a composite TLV was used. 

I f  more than one p o l l u t a n t  

P .  = popu la t ion  d e n s i t y  i n  the  de f ined r e -  
gion o r  a f f e c t e d  area (persons/sq km) 

__  
XI..: = annual mean concent ra t ion  o f  the i t h  

I J  c r i t e r i a  p o l l u t a n t  i n  the  j t h  reg ion  
(g/m3 1 

Si = corresponding standard f o r  t he  i t h  
c r i t e r i a  p o l l u t a n t  (g/m3) 

by each source 
N = number o f  hazardous m a t e r i a l s  emi t ted  

Composite TLVs were ca l cu la ted  as fo l lows:2  Fi = hazard p o t e n t i a l  f a c t o r  (g/m3) 
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' .  x . .  = ca l cu la ted  max. ground l e v e l  concentra- 
t i o n  (g/m3) o f  t h e ' i t h  ma te r ia l  emi t ted  
by a source i n  the  j t h  reg ion  

l J  
j,. 

i .. K = number o f  sources o f  a given type .. " 
Ix = r e l a t i v e  impact (persons/sq km) . .  

.?- The r e l a t i v e  hazard f a c t o r ,  F, f o r  n o n - c r i t e r i a  
:' p o l l u t a n t s  was de f ined as fo l l ows :  
1 

F = TLV x 40/168 x 1/100 

.: 
:. tan ts ,  F, was de f ined as the  primary na t i ona l  
. 

The r e l a t i v e  hazard f a c t o r  f o r  c r i t e r i a  p o l l u -  

24-hour ambient a i r  q u a l i t y  standard. 
,. 
! 

':. .. 
For most o f  the open sources, p a r t i c u l a t e  i s  

. t h e  on ly  c r i t e r i a  p o l l u t a n t  which i s  emit ted.  
8 .  

' \ -  ' Equation 4 then s i m p l i f i e s  t o  
b . .  

The 7 was ca l cu la ted  us ing  the  f o l l o w i n g  
equation : 

(7) 
where, 

Q = emission r a t e  (g/sec) 
- 
u = average wind speed (m/sec) , 

: 
H = e f f e c t i v e  emission he igh t  (m) 

e = 2.72 

The e f f e c t i v e  emission he igh t  i s  taken t o  be 
equal t o  a minimum o f  10 f e e t  (3.05 meters) 
f o r  a l l  open sources unless otherwise 
i d e n t i f i e d .  Elevated open sources were 
ca lcu la ted  us ing  an est imated he igh t  o f  
emission, which d i d  n o t  exceed 30 f e e t  (9.14 
meters) i n  most cases. 

SOURCE ASSESSMENT 

Based on the  p r e l i m i n a r y  rank ing  and EPA 's  
recommendations, several  sources are 
present ly  being s tud ied  i n  d e t a i l .  
example o f  a p a r t i c u l a r  source under study 
i s  presented below. P a r t i c u l a t e  emissions 

An 

from the  crushed g r a n i t e  i ndus t r y  were 
sampled and analyzed. 
being used f o r  i n v e s t i g a t i n g  o the r  open 
sources. 

A s i m i l a r  approach i s  

A two-step approach i s  fo l lowed f o r  a r a p i d  
source assessment. F i r s t ,  t he  order  o f  magni- 
tude and composit ion o f  emissions i s  de te r -  
mined by 1 i t e r a t u r e  survey and/or on-si t e  
p re l im ina ry  sampling. Second, the p re l im ina ry  
sampling r e s u l t s  were used t o  determine the  
ex ten t  of a d d i t i o n a l  sampling required, and 
a p lan  t o  c a r r y  i t  o u t  i s  designed. 

PRELIMINARY SAMPLING OF CRUSHED GRANITE 
INDUSTRY 

Data obtained from p re l im ina ry  'sampling and 
ana lys i s  inc lude the  fo l l ow ing :  

(a )  P a r t i c u l a t e  concentrat ions der ived  from 
Hi-Vol ambient a i r  samples placed i n  a 
downwind array;  

( b )  P a r t i c u l a t e  concentrat ions o f  r e s p i r a b l e  
dus t  as measured by a GCA dust mon i to r  
downwind o f  source o f  i n t e r e s t ;  and 

( c )  A n a l y t i c a l  data c o n s i s t i n g  o f  p a r t i c l e  
s i z i n g  and counts, f r e e  s i l i c a  conten t  
o f  p a r t i c u l a t e  dust, t race  element anal- 
y s i s ,  and f i b e r  count. 

H i  -Vol Sampl i nq 

An a r ray  o f  f i v e  General Metal Works h igh  
volume a i r  samplers was s e t  up around the maj- 
o r  source (F igure  1 ) .  Four o f  these samplers 
were placed downwind and one was placed up- 
wind t o  determine background ambient p a r t i c u -  
l a t e  concentrat ions.  

This a r ray  method has proved t o  be very use fu l  
because i t  compensates f o r  f l u c t u a t i o n s  i n  
wind d i r e c t i o n .  
concentrat ions obtained a t  the fou r  h igh  v o l -  
ume samples were cor rec ted  f o r  the 'background 
concentrat ion.  

The ambient a i r  p a r t i c u l a t e  

An average mass emission r a t e  was then calcu- 
l a t e d  as an average o f  the f o u r  sample read- 
i ngs  us ing  Turner 's  equation3 f o r  a ground 
l e v e l  source w i t h  no e f f e c t i v e  plume r i s e .  



where, 

Q i s  the emission r a t e ,  g/sec 

x i  i s  the ground l e v e l  concentrat ion,  g/m3 

are standard dev ia t ions  o f  plume con- 
"i "i c e n t r a t i o n  d i s t r i b u t i o n s  i n  the h o r i -  

zon ta l  and v e r t i c a l  d i r e c t i o n ,  res-  
p e c t i v e l y ,  meters 

- 
U i s  t he  average wind speed, m/sec 

N i s  the number o f  samplers downwind o f  the 
.source 

A meteorological  s t a t i o n  was employed t o  moni- 
t o r  t he  wind speed and d i r e c t i o n  and the tem- 
perature.  
l ess  than + 45" from the wind center l i n e  dur- 
i n g  samplii ig. 

The wind d i r e c t i o n  v a r i a t i o n  was 

GCA Dust Monitor 

The GCA RDM-101 dust monitor i s  designed f o r  
on-the-spot measurements o f  mass concentra- 
t i o n s  of t he  r e s p i r a b l e  f r a c t i o n  ( < l o  urn) I I 
t o t a l  suspended p a r t i c u l a t e  (<50 urn) and has a 
minimum sampling t ime of 4 minutes. I t  i s  a 
po r tab le  and f u l l y  se l f -con ta ined mon i to r  w i t h  
automatic and d i r e c t  d i g i t a l  readout o f  mass 
concentrat ions o f  a i rborne  dust. 

The v e r s a t i l i t y  o f  the GCA instrument was 
r e a l i z e d  du r ing  the  crushed g r a n i t e  presurvey. 
A "one-man sampling band" was constructed con- 
s i s t i n g  o f  the GCA instrument, personal sam- 
p l e r s ,  and a l i g h t w e i g h t  wind speed and d i r e c -  
t i o n  measuring device - a l l  used by one engi- 
neer f o r  a presurvey o f  a l l  open sources (F ig -  
ure 2 ) .  
survey cos ts  by more than a f a c t o r  o f  4 as 
compared t o  using Hi-Vol samplers. 

SAMPLING RESULTS 

Table 1 summarizes r e s u l t s  f o r  emissions 
from crushed g r a n i t e  operat ions based on the 
p re l im ina ry  sampling. The sampling r e s u l t s  
show t h a t  the mean emission f a c t o r  f o r  t o t a l  
p a r t i c u l a t e  emissions was 0.13 k i logram per 

The one-man e f f o r t  can c u t  the pre- 
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megagram o f  ma te r ia l  processed through the .y 
pr imary  crusher w i t h  a range o f  0.08 k i l o -  
gram. per  megagram t o  0.53 k i logram per  mega- 
gram a t  the 95% confidence l e v e l .  Respirable . , 

. 

.~ 
p a r t i c u l a t e s  comprised 3.9% o f  the t o t a l .  .. . 

.. ,. 
The p r e l i m i n a r y  r e s u l t s  a l s o  show t h a t  p r i -  
mary crushing, conveying, loading, unloading, 
wind eros ion  o f  s tockp i les ,  and d r i l l i n g  
together  c o n t r i b u t e  less than 0.4% o f  the 
o v e r a l l  p l a n t  emissions. B l a s t i n g  c o n t r i -  . .. butes 63% of the o v e r a l l  emissions, vehi-  I .:.: 

c u l a r  movement on unpaved roads c o n t r i b u t e  ' . i  

19.2%, and secondary crushing and screening 
c o n t r i b u t e  17.4%. * ;  

Composition \ I  

. .  - 
_. .. .- . 
- 

. .  
. 

. .. 
k . .  

.I> 

The mean f r e e  s i l i c a  content was 27.7% w i t h  
a r a n g e . o f  4% t o  46% a t  the 95% confidence 
l e v e l .  
i n d i c a t e d  t h a t  these c o n s t i t u t e  l e v e l s  too 
low t o  be o f  any concern. 

The f r e e  s i l i c a  content was determined by 
i n f r a r e d  spectrometry. A1 though several 
procedures can be adapted f o r  s i l i c a  anal-  
y s i s ,  t he  method used has been i l l u s t r a t e d  

ashing o f  the f i l t e r  and sample a t  500'C 
and mix ing  and pressing the sample ash w i t h  
K B r  t o  form a s o l i d  p e l l e t  which i s  placed 

Trace element and f i b e r  ana lys is  

. .  by Cares e t  al.4,5 The method invo lves  . ., . 

i n  an i n f r a r e d  spectrophotometer f o r  
spec t ra l  ana lys is  a t  800 cm-'. 

The f i b e r  count was done a t  400X magn i f i -  
c a t i o n  using phase con t ras t  i l l u m i n a t i o n .  
The elemental ana lys is  was performed by . .  
emission spectrography and X-ray f luoroes-  
cence. 

. I  

.hi 

. .  
I.. 

, . . .  

Conclusion and Discussion .. 

F igure  3 shows the  estimated 24 hour average 
ground l e v e l  concent ra t ion  a t  var ious d i s -  

crushed g r a n i t e  p l a n t  (454 Mg/hr) f o r  emis- 
s ion  f a c t o r s  o f  0.08 kg/Mg ( low) ,  0.13 kg/Mg 
(mean), and 0.53 kg/Mg (h igh) .  Comparison of 
the est imated concentrat ions w i t h  the primary 
and secondary a i r  q u a l i t y  standards shows 
t h a t  t h e r e  i s  a p o s s i b i l i t y  t h a t  t he  stan- 
dards may be exceeded a t  the p l a n t  boundary. 

Since the re  i s  no a i r  q u a l i t y  standard f o r  
f r e e  s i l i c a  i n  ambient a i r ,  ground l e v e l  con- ' 

tances from the  boundaries o f  an average s ize  I 

3 



cen t ra t i ons  were compared w i t h  the r e l a t i v e  
hazard f a c t o r  F, as  def ined i n  equat ion 5. 
The th resho ld  l i m i t  value f o r  f r e e  s i l i c a  
( i n  t o t a l  dus t )  was taken as 

TLV = 30 m g h 3  
% f r e e  s i l i c a  + 3 

We can conclude t h a t  ground l e v e l  concentra- 
t i o n s  o f  t o t a l  dust  con ta in ing  f r e e  s i l i c a  
due t o  emissions from an average s i ze  crushed 
g ran i te  p l a n t  always exceed the r e l a t i v e  
hazard f a c t o r .  

However, the above in fo rma t ion  i s  no t  complete 
enough t o  determine the  need t o  develop con- 
t r o l  technology. F o r  t h i s ,  the f o l l o w i n g  
add i t i ona l  i n fo rma t ion  i s  necessary: 

- D i s t r i b u t i o n  o f  f i b e r s  and f r e e  s i l i c a  
content o f  crushed g r a n i t e  emissions. 

Emissions from b l a s t i n o  and the r o l e  o f  

5 .  Larsen, D. J., L. J. Von Ooen Hoff, and 
J. V.  Crable, h e r .  Ind.  Hyg. Assoc. J. 
- 33, (1972), pp, 367-72. 
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F l g u r e  3 .  AIR Q U A L I T Y  AROUND A CRUSHED GRANIlE PLANT 

Table 1. E~ISSION FACTORS FOR CRUSHED GRAWTE UNIT OPERATIONS 

Unl t  O&ratton 

ori 11 in9  

B l a s t i n g  

Loading on t o  
Haul TiUckI 

UnloLding a t  
Primdry Crushlog 

Primary Crushing 
and Screening 

Secondary CrYIhlng 

Secondary Screenlng 

conveying 

Unloading t o  S tockp i l e r  

Emlrrlon Factor for 
To ta l  P a r t l c u l a t e r l  

d.0 i l o - *  
800 i lo'* 
l legl. 

1.7 I 10'' 

aeg1 

' 90 x 10.' 

130 I: IO-' 

Negl. 

Negl. 

240 x lo-' 

Ne91 

C m t r i  bu t ton ,  : 
0.3 

63.0 

Negl. 

0.1 

Negl . 
7.1 

10.3 

Negl . 
Neg1. 

19.2 

Negl . 

Respirable, I: 

11 

17 

8.1 

3.7 

4.2 

'3.7 

3.9 

. r 

' I .  . 

368 




