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E x e c J t i v e  Summarv 

Over t h e  p a s t  seve ra l  yea rs ,  va r ious  s t u d i e s  have been conducted 

i n  numerous c i t i e s  t o  i n v e s t i g a t e  t h e  urban t o t a l  suspended o a r t i c u l a t e  

m a t t e r  problem. 

c l u s i o n ;  t h a t  i s ,  i n  a d d i t i o n  t o  o t h e r  v a r i o u s  sources o f  o a r t i c n l a t e  

m a t t e r ,  v e h i c u l a r  t r a f f i c  a c t i v i t y ,  i n c l u d i n a  r e s u s w n s i o n  o f  s t r e e t  

' d u s t  by  w i n d  o r  t r a f f i c ,  i s  an u n d e r l y i n g  source wh ich  s i q n i f i c a n t l y  

These s t u d i e s  have a e n e r a l l y  come t o  one b a s i c  con- 

c o n t r i b u t e s  t o  t h e  TSP r r o b l e m  w i t h i n  the urban area. 

These s t u d i e s  have conc luded t h a t :  

( a )  V e h i c u l a r  t r a f f i c  a c t i v i t i e s  ( i  .e., d i r e c t  t a i l p i p e  emiss ions ,  

ru'bber t i r e  wear, and resusoension o f  s t r e e t  d u s t )  c o n t r i b u t e  

app rox ima te l y  50% ( P h i l a d e l p h i a )  t o  90% (Ch icago)  o f  t h e  T j P  

c o l l e c t e d  on c e r t a i n  high-volume a i r  samplers i n  c l o s e  

p r o x i m i t y  t o  t h e  roadway.* 

( b )  Resusoension o f  m a t e r i a l  caused by  v e h i c u l a r  movement alone 

accounts f o r  app rox ima te l y  15% o f  t h e  annual TSP averaae i n  

Chicago (averaaed f o r  20 m n i  t o r i n g  l o c a t i o n s  th rouahout  

the  c i t y )  . 

than 13 m i l e s  Der  hou r ,  'may c o n t r i b u t e  an a d d i t i o n a l  5% t o  

t h e  annual TSP averaae i n  Chicago. 

Resuspension i s  g e n e r a l l y  a l o c a l i z e d  problem s i m i l a r  t o  CO 

i n  t h a t  TSP l e v e l s  v a r y  dependin9 uoon d i s t a n c e  from the  roadway. 

Resuspension o f  a n t i - s k i d  m a t e r i a l s  (e .a . ,  sand o r  s a l t  f o r  snow 

c o n t r o l )  may be s i g n i f i c a n t  on c e r t a i n  days o f  t h e  y e a r  b u t  

g e n e r a l l y  have a min ima l  e f f e c t  on annual a i r  q u a l i t y  l e v e l s  

I n  D e t r o i t ,  ambient sodium c h l o r i d e  l e v e l s  i nc reased  t h e  

t o t a l  TSP l o a d i n g  by  15:; t o  20:; on days a f t e r  s a l t i n g  f o r  snow 

Resuspension due t o  w ind  a c t i o n ,  g e n e r a l l y  g r e a t e r  

( c )  

( d )  

c o n t r o l .  

*Some have ques t i oned  the  r e s u l t s  o f  these s t u d i e s ,  however, t h e r e  has 
been no da ta  t o  s u b s t a n t i a t e  t h e i r  c la ims  t o  da te .  
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( e )  Sources of material found on s t r e e t  surfaces  vary grea t ly  

dependina on such f a c t o r s  as land use, aeograohic l o c a t i o n ,  

season, weather, t r a f f i c  a c t i v i t y ,  and the lenqth of time 

which has elapsed s i n c e  t h e  s i t e  was l a s t  c leared.  

The major sources of s t r e e t  d u s t  include: 

(1)  

( 2 )  

( f )  

Erosion of the street sur face  i t s e l f ,  

Yotor vehicle emissions from both t a i l p i o e  and t i r e  wear, 

e t c . ,  

(3 )  Atmospheric f a l l - o u t  of both natural  and man-made mater ia l s ,  

(4) Run-off a n d  carryout  o f  mater ia ls  from adjacent lands ,  

( 5 )  S p i l l s  of material  from vehicular t r a n s o o r t ,  and 

(6) Use of an t i - sk id  mater ia l s ,  such as s a l t  a n d  sand d u r i n q  

geriods of snow cover. 

( 9 )  One study indicated t h a t  half  of the mineral material  on the 

roadway i s  derived from aaaregate limestone ( i . e . ,  erosion 

of the pavement), and the remainder of the material i s  from 

., adjacent s o i l .  

( h )  On the average for  a l l  types of s t r e e t s  (commercial, i n d J s t r i a 1 ,  

and r e s i d e n t i a l ) ,  350 lbs .  of mater ia l ,  l s s s  than i o 0  micrcns, 

i s  found alona a curb mile of roadway a t  a aiven point in time. 

Idithin 3 o r  4 days, d u s t  l o a d i n g  on a street approach a 

maximum and beSin to  level o f f .  

(i) 

( j )  Emission fac tors  ava i lab le  i n  the l i t e r a t u r e  t o  estimate the 

amount of material  t h a t  becomes a i r b o r v  due to  t r a f f i c  alona 

a " d i r t y "  s t r e e t  ranae from 0 .8  t o  77 grams VPIT. Sased uoon 

ava i lab le  information, i t  i s  believed t h a t  1 t o  5 prams WIT i s  

a reasonable es t imate  of the amount of material l ess  t h a n  

40 microns t h a t  becomes susoeqded. 

c 
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( k )  S t r e e t  c l e a n i n g  techno loay  c o n s i s t s  o f  sweeping and f l u s h i n g .  

F l u s h i n g  i s  conducted m a i n l y  f o r  a e s t h e t i c s  t o  d i s p l a c e  d i r t  

and d e b r i s  f rom t h e  c e n t e r  o f  t h e  s t r e e t  to t h e  c u r b  area. 

T r a d i t i o n a l  b r u s h - t y p e  sweepers have an o v e r a l l  removal 

< e f f i c i e n c . y  o f  508 and o n l y  a 15% t o  20% e f f i c i e n c y  f o r  p a r t i c l e s  

1 ess than 100 m i  crons. 

However, t h e  r e s u l t s  f rom some t e s t s  have i n d i c a t e d  ;in a c t u a l  

i n c r e a s e  o f  p a r t i c l e s  l e s s  than  100 mic rons  a f t e r  t h e  t e s t  s i t e  had 

been swept w i t h  a b rush - t ype  sweeper. 

and a r e  used q u i t e  e x t e n s i v e l y  i n  Europe b u t  have n o t  been used i n  t h i s  

coun t ry .  

Vacuum sweepers a r e  more e f f i c i e n t  

I 

Though one c o u l d  q u e s t i o n  t h e  accuracy o f  the v a r i o u s  semi- 

q u a n t i t a t i v e  techn iques  used i n  some o f  t h e  s t u d i e s ,  t h e .  f i n d i n g s  seem 

c l e a r  - resuspension has been and s t i l l  i s  b e i n g  i d e n t i f i e d  as a common 

source o f  TSP i n  many areas .  

taken a lone  ma.y n o t  be c o n c l u s i v e ,  when looked  a t  c o l l e c t i v e l y  the  p r e -  

ponderence o f  evidence leaves  l i t t l e  doubt t h a t  resuspens ion  i s  a 

s i g n i f i c a n t  p rob lem f o r  a t t a i n m e n t  o f  the TSP standards w i t h i n  urban 

areas. I n  summary i t  i s  d i f f i c u l t  w i t h  the  i n f o r m a t i o n  a v a i l a b l e  t o  

say q u a n t i t a t i v e l v  ( w i t h o u t  q u e s t i o n )  how much o f  an ambient impact  

I dh i l e  t h e  r e s u l t s  o f  each i n d i v i d u a l  s tudy  

' resuspens ion  has, however, because o f  t he  c o n f i r m i n g  r e s u l t s  f rom c i t y  

t o  c i t y ,  i t  i s  d i f f i c u l t  t o  deny t h a t  resuspension i s  a c o n t r i b u t i n g  

f a c t o r  t o  h i g h  ambient l e v e l s  i n  urban areas. 

P r e s e n t l y  t h e r e  a r e  seve ra l  ongoing p r o j e c t s  and some a d d i t i o n a l  

work p lanned wh ich  i s  a s s o c i a t e d  w i t h  t h e  resuspens ion  problem. 
* 
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( a )  14 C i t i e s  Study conducted by GCA on the National Assessment 

of the Pa r t i cu la t e  problem, scheduled f o r  completion i n  the 

S p r i n q  of 1976. 

Emission Factor Study, conducted by M R I  t o  determine an emission 

f a c t o r  f o r  resuspended d u s t  from paved roads t o  be completed 

i n  Spring of 1976. 

American Public !Jerks Association study with the National Science 

Foundation t o  design an environmentally desirable  s t r e e t  sweeper. 

Contract Study by Region I11  ' t o  assess  the p a r t i c u l a t e  problem 

for Philadelphia.  

Contract Study t o  review and update the s i t i n g  c r i t e r i a  f o r  

p a r t i c u l a t e  monitors. 

Cont ro l  technology ass.essment study t o  evaluate  the ava i lab le  

control techniques associated w i t h  resuspension. T h i s  work i s  

present ly  in t h e  planning s tages .  

( b )  

( c )  

( d )  

( e )  

( f )  

As the  above s tudies  are  completed, the r e s u l t s  wil l  be forwarded 

t o  the Regional Off ices  and S t a t e s  ' for  the i r  use in the development o f  

revised implementation plans f o r  t o t a l  suspended o a r t i c u l a t e s  i n  non- 

attainment areas .  

. 
i v 
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CHAPTER I 

DOCUMENTATION O F  RESUSPENSION ISSUE 

I .  Backqround R Definit ion 

< . Ibiipespread f a i l u r e  t o  a t t a i n  t h e  national ambient a i r  q u a l i t y  

.standards f o r  p a r t i c u l a t e  matter in many urban areas  has spurred a 

reexamination of the nature o f  the urban p a r t i c u l a t e  problem. 

Routinely the control  s t r a t e q y  development f o r  these areas included 

an analysis  of the contr ibut ion of conventional point and area 

sources w i t h o u t  consideration of o the r  l e s s  conventional sources of 

p a r t i c u l a t e .  

t r a f f i c - r e l a t e d  p a r t i c u l a t e ,  including resuspended p a r t i c u l a t e  matter 

commonly re fer red  t o  as j u s t  "resuspension" o r  reentrainment. 

the purposes of t h i s  discussion,  resuspended p a r t i c u l a t e  matter (RPM) 

i s  defined as t h a t  Darticul a t e  matter which becomes airborne through 

the action of the w i n d  across a paved surface o r  by t r a f f i c  upon the 

roadway. 

11. Urban Studies 

One of these non-conventional sources i s  vehicular  

For 

Several s tud ies  have been conducted over the past  few years t o  

inves t iga te  the urban tocal suspended p a r t i c u l a t e  matter problem. Yany 

of these s tud ies  were concerned w i t h  the  i d e n t i f i c a t i o n  of suspended 

p a r t i c u l a t e  p a r t i c l e s  and the source of such p a r t i c l e s .  

s tud ies  have indicated t h a t  vehicular t r a f f i c  re la ted  a c t i v i t i e s  in 

general a rp  the key sources while other  studies have more spec i f ica l ly  

Some of the 

i d e n t i f i e d  resusoension of roadway material as the problem. 

( a )  Vehicular t r a f f i c - r e l a t e d  s tudies  

One of the f i r s t  s tud ies  was by Scot t  Research Laboratories in I 
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Philadelohia i n  1972.  

from icur sampling s i tes  which were o a r t  o f  the e x i s t i n a  a i r  m n i t w i n q  

network f o r  the C i t y  of Phi ladelphia .  

1 2  t o  75 f e e t  above the ground and 25 t o  90 f e e t  from the nearest  roadway. 

The data were analyzed by two semi-quanti t a t i v e  techniques, microscopic 

and elemental analysis .  Based on a combination of microscopic and 

chemical analyses,  the Philadelphia samples show t h a t  30 t o  40% of the 

airborne p a r t i c u l a t e s  come from s t a t iona ry  sources and approximately 50% 

of t h e  p a r t i c u l a t e  i s  t r a f f i c  re la ted  w i t h  a bulk o f  the  p a r t i c u l a t e  la rge  

enouqh t o  s e t t l e  quickly.  

which can be po ten t i a l ly  hazardous.’ 

a t  aoproximately 30%. 

Suspended p a r t i c u l a t e  samoles were co l lec ted  

The s i t e  locat ions ranged from 

However, some a r e  f i n e  exhaust p a r t i c l e s  

Resuspended material was estimated 

Another study i n  Chicago, I l ’ l i n o i s ,  by I I T  Research I n s t i t u t e L  

i d e n t i f i e d  the t.ypes and sources of suspended p a r t i c l e s  i n  Chicago v i a  

microscopic analysis  and examined the re la t ionship  between sampling height 

and TSP. Histor ical  samples from e x i s t i n g  s i t e s  in various portions 

o f  t h e  c i t y  w i t h  var;iing heights and dis tances  from the roadway, as well 

as  new samples from temporary sampling l o c a t i o n s ,  were ana1,yzed. The 

r e s u l t s  of t h e  study indicated t h a t  c a l c i t e  and auto t a i l p i p e  emissions 

were the major p a r t i c l e s  found i n  every samole analyzed. 

mass accounted f o r  more than 90% of the f i l t e r  weight in many cases.  

Their  combined 

! J i t h  reqard t o  sampling height ,  th’e s t u d y  concluded t h a t :  

( 1 )  H i  Vol samolers c lose t o  s t r e e t  level show higher mass loading 

due t o  co l lec t ion  o f  entrained mineral p a r t i c u l a t e  matter.  

( 2 )  Two s i t e s  a i m s t  ident ica l  i n  a l l  resoects except f o r  differences 

i n  height above g r o u n d  were f o u n d  to have ident ical  t y r e  p a r t i c l e s  

b u t  d i f fe red  in TSP values s o l e l y  due-to differences in height. 

c 



c I n  a study in Denver3, microscopic analysis  of p a r t i c l e s  revealed 

t h a t  an estimated 809: o f  the mass co l lec ted  on the hi-volume f i l t e r  con- 

s i s t e d  o f  road dusts ( e . g . ,  q u a r t z ,  limestone and mica). These-ninerals 

a re  common to ( 1 )  the s o i l s  of Denver, ( 2 )  the d u s t  on i t s  s t r e e t  pave- 

ment, and ( 3 )  the pavement i t s e l f  (monitoring s i t e  located 10 - 29 miles 

NE of Denver). 

the sampling per iod o f  the  s tudy,  i t  seemed qui te  probable t h a t  auto t r a f -  

f i c  entrained most o f . t h e  minerals co l lec ted ,  althouph no s p e c i f i c  estimate 

of the amoun t  entrained was given. 

auto exhaust p a r t i c l e s  were a l s o  found on the f i l t e r s  which provides some 

additional support t h a t  t h e  pa r t i cu la t e s  i n  Denver are  hiahly related 

t o  vehicular t r a f f i c .  

: 
Because of the r e l a t i v e l y  low w i n d  speeds observed during 

I n  addi t ion,  rubber t i r e  dust  and 

3 

(b )  Resusoension Studies 

I n  an invest igat ion o f  Chicago ambient a i r  q u a l i t y  d a t a ,  Abel 

and !leuman 'analyzed the TSP l e v e l s  from January 1966 to  Yarch 1974 t o  

determine the impact of resuspension ( o r  r e f l o a t a t i o n )  due both t o  wind-  

induced and t raff ic- induced causes on Chicapo's to ta l  suspended oar t icu-  

l a t e  l e v e l s .  The r e s u l t s  indicated t h a t  resuspension below wind  speeds 

of 13 mph i s  generally regarded as  vehicular suspended p a r t i c l e s  a n d  

accounts f o r  a time weiqhed averape (on annual bas i s )  of 10 ua/m or 15% of 

of Chicaao's annual average. Wind soeeds in excess of 13 mph cause ref:ca.:a- 

t ion of surface d u s t  such t h a t  the t o t a l  annual TSP averaae i s  increased 

nearly 5%. I n  conclusion, "the t o t a l  amount of TSP due t o  resuspension 

may be 18 t o  20 ua/m3 i n  Chfcaao no matter what the yearly averaae TSP 

value i s  because resuspension i s  a function of t r a f f i c  volume, precipi-  

t a t i o n  and h i g h  w i n d  v e l o c i t i e s ,  rather than a function o f  indus t r ia l  

emission sources ." 

3 

. 
3 
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I n  a study i n  1973 by PEDCO Environmental, a resuspension problem 

was analyzed f o r  Denver. I n  t h a t  c i t y ,  dust emissions are  created 

by t r a f f i c  movement over sanded highways and s t r e e t s  resu l t ing  from 

the mechanical g r i n d i n g  of sand which remains a f t e r  the snow melts .  

On an annual b a s i s ,  th is  has only a minimal e f f e c t  on a i r  q u a l i t y ,  b u t  

i t  has considerable a i r  q u a l i t y  impact on those few days a year  when 

i t  does occur (average increase  of 50 u g h  ). 3 
, 

6 I n  1972 the  Montana Department of Health and Environmental Sciences 

conducted a sampling program w h i c h  indicated t h a t  a very la rge  p o r t i o n  

o f  t h e  material  co l lec ted  by the h i g h  volume a i r  sampling i s  d u s t  from 

s t r e e t s  (no est imate  of concentration was given) .  

a la rge  p a r t  comes from winter  sanding operations.  

Of t h i s  s t r e e t  d u s t ,  

Throuah the  use of 

quest ionnaires ,  i t  was determined t h a t  few communities used any form 

of  d u s t  removal when they t r e a t e d  t h e  sand f o r  use. Further ,  the sand 

on the  s t r e e t s  i s  ground i n t o  f i n e r  dust by the t i r e s  of vehicles .  Re- 

s u l t s  of a special  s t u d y  indicated t h a t  thouah only about 1 percent of 

the sand applied was d u s t  ( 79u),  by the sprinq because of the t r a f f i c  

a c t i v i t y ,  16% of the sand found on the roadway surface had been ground 

i n t o  dust. 

and by the wind  was not included i n  the samole. Therefore, i t  is  q u i t e  

l i k e l y  t h a t  the actual percentage o f  dust  may well have exceeded 20%. 

The impact of t h i s  d u s t  on ambient leve ls  was not quant i f ied ,  however. 

The d u s t  w h i c h  has been car r ied  away by rain o r  melting snow 

Another s t u d y  conducted i n  Detroi t  d u r i n g  l a t e  1973 and e a r l y  1974'  

indicated a c lose cor re la t ion  between local s t r e e t  s a l t i n q  and general 

ambient l e v e l s  of aerosol chlor ide i n  suspended p a r t i c u l a t e  as measured 

by the hi-vol.  

a i r  samolers t o  samole aerosol a t  urban locations which would be expected 

The samplinq network was establ ished using high volume * 
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t o  experience various degrees of influence from t r a f f i c - r e l a t e d  s t r e e t  

s a l t i n g .  Actual percentage of sodium chloride measured as chloride 

a t  8 metro s t a t i o n s  i n  Detroi t  was found t o  be from 4 t o  8% of the 

t o t a l  suspended o a r t i c u l a t e  matter f o r  normal winter months to  h i g h s  

e f  20 t o  30 percent following inc idents  of s t r e e t  s a l t i n g .  Assuming 

chloride could be used as  a t r a c e r  for resuspended mater ia l s ,  t h e  study 

would ind ica te  t h a t  15 t o  20 ug/m r e s u l t s  from resuspended s a l t .  3 

A study was conducted by Pennsylvania S t a t e  Universi ty8 t o  deter-  

I n  the  study, se lec-  mine the oi-iginal source o f  reentrained mater ia l .  

t e d  samples (grab)  from t h e  road and adjacent s o i l  were subjected t o  

emission spectrographic ana lys i s .  

source i s  i n  the range o f - 1 0  t o  60 microns. !*lhile t h e r e  Nere s l i g h t  

differences between the road samoles, these wers w i t h i n  t h e  expected 

exoerimental e r r o r  ‘of the whole procedure. The difference t h a t  aopears 

s i g n i f i c a n t  i s  a d e f i n i t e  lower s i l i c a  and higher limestone comoosition 

for  the road dusts t h a n  f o r  the s o i l  sample, showing t h a t  rouqhly - half  

of the d u s t  on the roadway appears t o  be derived from the aaaregate 

limestone and the remainder from adjacent soil d u s t .  

The d o m i n a n t  p a r t i c l e  s ize  f o r  t h i s  

Similar ly ,  Harrison and Rahn’ undertook a separate  study t o  deter-  

mine the chemical comoosition o f  Chicago street d u s t .  

of a survey of the elemental compos.ition o f  Chicaqo s t r e e t  d u s t  u s i n g  

nondestructive neutron ac t iva t ion  as the analyt ical  t o o l .  The study 

suggested t h a t  the v a r i a b i l i t y  of t h e  concentration of enriched elements 

in the s t r e e t  dust provided evidence t h a t  the material was deposited 

loca l ly  and t h a t  the s t r e e t  d u s t  was n o t  well mixed. I n  other words, 

deoosition and resuspension of mater ia ls  i s  local i n  nature.  

The study consisted 

-.- - - - 
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Mr. 6. A .  Sehmel of B a t t e l l e ,  P a c i f i c  Xorthwest attempted t o  

quant i fy  the p a r t i c l e  suspension caused by auto and truck generated 
10 sur face  s t r e s s e s  by using s o l i d  ZnS as a t r a c e r  (.:25u p a r t i c l e s ) .  

The r e s u l t s  of  the  study ind ica t e  the followinq: ( 1 )  the resus- 

pension r a t e  increases  w i t h  vehicle  speed, ( 2 )  the  resuspension 

r a t e s  are proportional t o  car-generated turbulence,  ( 3 )  resuspension 

decreased nearly an order of  magnitude when the vehicle  i s  driven on 

a lane adjacent  t o  the t r a c e r  as compared t o  driving t h r o u g h  the t r a c e r  

and ( 4 )  p a r t i c l e s  a re  less readi ly  resuspended t h e  longer the p a r t i c l e s  

remain in  contact  with the road sur face  (due to  weathering).  

From the data  co l lec ted  during t h e  study on the day the t r a c e r  

i s  placed on the  road, i t  i s  estimated t h a t  1 %  of the material becomes 

resuspended a t  an automotive speed of  50 mph and 0.3% fo r  speeds of 

30 moh. 

the resuspension r a t e s  have dropped  t o  . l %  for  50 mph and .006X f o r  

30 mph. I t  should be noted t h a t  the resuspension r a t e s  f o r  trvcks are 

g rea t e r  t h a n  the resuspension r a t e s  fo r  cars  a t  the same weathering time 

by a f a c t o r  of 10. 

However, in just 5 days a f t e r  placing the t r a c e r  on the  sur face ,  

. 

Soon a f t e r  the p a r t i c l e s  become resuspended, they begin t o  deposi t  

o n  the ground immediately adjacent  t o  and downwind o f  the road. 

were located a varying dis tance up t o  30 f e e t  from the roadway. 

Samplers 

Deposition 

i s  a function of  weathering time and f o r  a car dr iving t h r o u g h  the t r a c e r  

a t  a speed of 30 mph a f t e r  30 days, the  cumulative deposit ion f r ac t ion  

( the  f r ac t ion  o f  pa r t i c lFs  resuspended and  leaving the road during a 

vehicle pass which i s  deposited u p  to  the dis tance o f  i n t e r e s t )  a t  30 f e e t  

from the road, i s  .32. T h a t  i s ,  32% of the g a t e r i a l  t h a t  was resuspended 

would have been deposited between the mad and 30 f e e t  from i t .  

6 
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11 L a t e  i n  1972 a s tudy  was beoun i n  S e a t t l e ' s  Duniwamish A i r  Bas in  

t o  measure t h e  emiss ions  f r o m  d u s t y  roads. The s tudy  i n d i c a t e d  t h a t  

road d u s t ,  f rom b o t h  paved and unpaved ( g r a v e l )  roads i; t h e  l a r g e s t  

source  o f  suspended o a r t i c l e s  i n  S e a t t l e ,  2100 tons /yea r .  Tab le  V I 1 1  

(Appendix B) p r o v i d e s  some e s t i m a t e s  o f  t he  impact o f  mud c a r r y o u t  f rom 

unpaved roads and p a r k i n g  l o t s ,  and d u s t  f r o m  oaved s t r e e t s .  

A d d i t i o n a l  Work and Conc lus ions  -- 
I n  a d d i t i o n  t o  t h e  above ' a u t o - r e l a t e d  a c t i v i t y  and resuspens ion  

s t u d i e s ,  some a d d i t i o n a l  work has been done by  GCA and o t h e r s ,  b o t h  w i t h i n  

t h e  U n i t e d  S t a t e s  and A u s t r a l i a ,  t o  de termine t h e  v a r i a t i o n  o f  TSP levels 

w i t h  h e i g h t  and s l a n t  d i s t a n c e  ( i . e . ,  v e r t i c a l  and h o r i z o n t a l  d i s t a n c e  

o f  a sampler )  f r o m  a roadway. I n  a l l  cases t h e  s i t e s  f u r t h e r  f r o m  t h e  

r0adwa.v c o n s i s t e n t l v  had lower  TSP c o n c e n t r a t i o n s  than those n e a r e r  t h e  

r o a d  when average d a i l y  t r a f f i c  (ADT) was cons idered.  

S h i m  w i l l  become a v a i l a b l e  as the GCA s tudy  nears  comp le t i on .  

S p e c i f i c  r e l a t i o n -  

- 
Thus, f r o m  t h e  above r e s u l t s  one can reasonab ly  conclude t h a t  w h i l e  

resuspens ion  i s  a s i g n i f i c a n t  source  o f  TSP, i t s  impact  upon r e c e p t o r s  

w i l l  v a r y ,  depending upon the r e c e p t o r ' s  d i s t a n c e  f rom t h e  roadway and 

h e i g h t  above t h e  ground. 

may be l i k e  CO i n  t h a t  i t  may have more o f  a l o c a l i z e d ,  r a t h e r  than a 

reg ionwide ,  e f f e c t .  

Thus f r o m  t h i i  ;en;e  t h e  resuspens ion  prob lem 

. 
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CHAPTER I 1  

A’IAILABLE CONTROL TECHNIQUES 

The present  methods of cleaning s t r e e t s  f a l l  i n t o  two categories:  

Machine sweeping accounts f o r  the grea t  

This may be supple- 

sweeoina and f lush ing .  

majority of s t r e e t  cleaning in most communities. 

mented b.y some manual sweeping in a few a reas .  Rainfall  a l so  ac t s  

t o  clean s t r e e t s  in the sho r t  term, however, i t  i s  responsible for  

mud carryout in  the long term such t h a t  overal l  r a i n f a l l  may not be an 

e f f e c t i v e  “control. :‘  

Mechanical s t r e e t  sweepers are designed t o  loosen d i r t ,  t r ans -  

p o r t  i t  o n t o  a conveyor and  deposi t  i t  in  a hopper. 

do have some type of dust control system. 

Typically sweepers 

There are three  basic  tyoes of sweepers in  use: ( 1 )  pickup broom 

which uses a ro t a t ing  g u t t e r  broom t o  move matter i n t o  the main pickup 

broom -water spray i s  used t o  control dus t ,  ( 2 )  regenerative a i r  which 

b l a s t s  d i r t  from surface i n t o  a hopper with some o f  the a i r  being 

recvcled - a l so  uses water s0ra.y f o r  d u s t  cont ro l ,  ( 3 )  vacuum ( l imi t ed  

use in U.S. - wide use in Eurone) where a l l  material  picked up b,y the  

vacuum nozzle i s  sa tura ted  with water on en t rv .  

S t r e e t  f lushing i s  present ly  conducted t o  mainly disolace d i r t  and 

debris  from s t r e e t  i n t o  the g u t t e r ,  a t  w h i c h  point  t6e  material i s  

concentrated f o r  sweeper oickun. ‘lost agencies use f l  ushers f o r  

a e s t h e t i c  purooses and  moving mater ia l  o u t  of t rave l  lanes quickly.  

Table I i s  a sumar,y of cleaning o rac t i ces  in se lec ted  c i t i e s .  

Al l  c i t i e s  surveyed were found t o  have a comnrehensive sweeping orogram. 

l b o u t  half  had a f lushing nrogram. Several c i t i e s  r e l i ed  on manual 
. 
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cleaning programs, mainly in  downtown a reas .  The s t u d ? ?  a l s o  surveyed 

the sweeping frequency, sweeper u t i l i z a t i o n  f a c t o r ,  oickun per sweeper, 

and  pickup r a t e .  This d a t a  i s  summarized in  Figure I, 

Three general types of t e s t s  have been conducted t o  determine 

sweeoing ef fec t iveness :  ( 1 )  i n  s i t u  s t r e e t  t e s t s ,  ( 2 )  cont ro l led  

t e s t s  in  which paved areas  a re  a r t i f i c i a l l y  given a var iable  o r  uniform 

loading,  a n d  ( 3 )  s t r i p  t e s t  in  which a narrow path of material  i s  l a i d  

down t o  be removed. 

reproducible ,  most of the 

s t r ip  t e s t s  provide nearly ideal o y r a t i n g  condi t ions,  i t  i s  n o t  

su rn r i s ing  t h a t  r e s u l t s  from such t e s t s  result in very high removal 

e f f ic iency  (90%).  

and  in s i t u  s t r e e t  t e s t s  even lower. I t  s h o u l d  be noted, however, 

t h a t  the -- i n  s i t u  s t r e e t  t e s t s  represent  a c t u a l ' r e a l  world condi t ions.  

A summary of these t e s t s  r e s u l t s  is shown !n Figure 11. 

Since the l a s t  t e s t  i s  e a s i l y  run  and  readi ly  

d a t a  ava i l ab le  i s  f o r  s t r i p  t e s t s .  Since 

Controlled t e s t s  have reported l e s s  eff ic ient .  r e s u l t s  

In an -- in  s i t u  t e s t  conducted f o r  the 1972 s tudy,  the contractor  

found t h a t  there  was an  overa l l  removal e f fec t iveness  of 50% fo r  

sweeping ooera t ions .  

in  terms of o a r t i c l e  s i z e ,  the r e s u l t s  a re  qu i t e  d i f f e r e n t .  Larger 

o a r t i c l e s  a re  nicked up very e f f e c t i v e l y  (70 - 80%), however, the 

smaller  f r ac t ion  ranae (43 - 104u) in  some cases showed an increase 

However, when considering the removal e f fec t iveness  

(See Table 11). 

Since anproximately 80 '- 90% of the material  found on the road 

accumulates within 12  inches o f  the  curb,  most of the s t r e e t  cleaning 

ooerat ions concentrate on t h i s  a rea .  Thus, s ince  the smaller o a r t i c l e s  

a re  n o t  e f f e c t i v e l y  picked UO, they may be d c t u a l l y  r ed i s t r ibu ted  across 

the e n t i r e  s t r e e t ,  due t o  the action of the brushes near the curb. 

10 
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These r e s u l t s  were c o r r o b o r a t e d  by  ano the r  s t u d y  wh ich  i n d i c a t e s  

t h e  p a , r t i c l e s  t h a t  a r e  most i m n o r t a n t  as f a r  as a i r  and wa te r  p o l l u t i o n  

i s  concerned a r e  t h e  most p o o r l y  reduced by c o n v e n t i o n a l  s t r e e t  sweeo- 

i n g  p rocedures .  Tab le  111 p r o v i d e s  a summary by p a r t i c l e  s i z e  o f  t h e  

r e s u l t s  o f  t h e  two s t u d i e s  ment ioned above. The second s tudy  u t i l i z e d  

an e q u a t i o n  t o  de termine t h e  removal e f f i c i e n c i e s .  

The e f f i c i e n c y  o f  s t r e e t  sweepers can be i nc reased  b.y ( 1 )  ope r -  

a t i n g  t h e  sweeoer a t  a s lower  r a t e ,  ( 2 )  i n c r e a s i n ?  t h e  number o f  

passes on a Given s t r e e t ,  and ( 3 )  i n c r e a s i n g  t h e  f requency  o f  

c l e a n i n g .  I n  f a c t ,  i t  was shown t h a t  by  decreas ing  t h e  speed f rom 

5 t o  2!5 mph a lmos t  as much d i r t  c o u l d  be p i c k e d  UP i n  one pass as w i t h  

two a t  t h e  h i g h e r  speed. 

more e f f e c t i v e  than  m o t o r i z e d  sweeping. 

A lso ,  i t  was found t h a t  vacuum sweeping was 

Two s t u d i e s  a re  c u r r e n t l y  underway t o  o b t a i n  more i n f o r m a t i o n  about 

s t r e e t  c l e a n i n g  o p e r a t i o n s .  

Foundat ion  (PISF) under c o n t n c t  w i t h  t h e  American P u b l i c  Works Assoc i -  

a t i o n  tc; deve lop  nerformance s p e c i f i c a t i o n s  f o r  s t r e e t  c l e a n i n g  as i t  

o e r t a i n s  t o  a i r  and w a t e r  p o l l u t i o n  requ i rements .  The s tudy  has f o u r  

ma.jor a c t i v i t i e s :  ( 1 )  l i t e r a t u r e  search  r e l a t i n 9  t o  s t r e e t  sweeping, 

( 2 )  survey  o f  s t r e e t  c l e a n i n g  equipment maintenance and cos ts ,  ( 3 )  survey  

o f  s t r e e t  c l e a n i n a  p r a c t i c e  and c o s t s ,  and ( 4 )  deve lop  performance 

s p e c i f i  c a t i o n s  f o r  e x i s t i n g  techno logy  and o r e s c r i p t i  ve s p e c i f i c a t i o n s  

f o r  env i ronmen t -o r ien ted  techno1 oqy. 

The f i r s t  i s  a s t u d y  by  t h e  Y a t i o n a l  Science 

The second s tudy  i s  b e i n g  done as p a r t  of t h e  EPA's New York C i t y  

demons t ra t i on  g r a n t  t o  t h e  I n t e r s t a t e  S a n i t a t i o n  Commission. 

o f  t h e  s tudy ,  B rook l yn  P o l y t e c h n i c a l  I n s t i i u t e  i s  e v a l u a t i n g  t h e  resuspen- 

s i o n  o f  d u s t  f rom oaved s t r e e t s  i n  ?lew Yark C i t y .  F u r t h e r  i n f o r m a t i o n  

As p a r t  

14 
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on  t h i s  p r o j e c t  w i l l  be f o r t h c o m i n g  as no s p e c i f i c  d a t e  has been 

s e t  f o r  i t s  comple t ion .  

I n  t h e  p a s t ,  t h e  ma jo r  concern  of  t h e  Agency i n  r e g a r d  t o  s t r e e t  

c l e a n i n g ,  e t c . ,  has been wi th  r e s p e c t  t o  the  wa te r  o o l u t i o n  and s o l i d  

waste aspec ts  a s s o c i a t e d  wi th  these  a c t i v i t i e s .  12’  l3 Thus, up t o  now 

l i t t l e  emphasis has been p l a c e d  uDon s t r e e t  sweeping and c l e a n i n a  f o r  a i r  

o o l l u t i o n  c o n s i d e r a t i o n s .  T h e . m a j o r  s t u d i e s  t h e r e f o r e  t h a t  have been 

completed i n  t h e  p a s t  and a ma . jo r i t y  o f  those go ing  on p r e s e n t l y ,  

excep t  f o r  t h e  above work, have been m a i n l y  a s s o c i a t e d  w i t h  t h e  s o l i d  

waste and w a t e r  p o l l u t i o n  aspec ts  o f  t h e  problem. 

L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  i n  the  l i t e r a t u r e  on t h e  c o s t  

o f  s t r e e t  sweeping. 

v a r i a t i o n s  between c i t i e s  of comparable s i z e .  

t h e  1 i t e r a t u r e  was done by T h e  American City magazine i n  197Q - 1971. 

I n  t h i s  survey  o n l y  about one t h i r d  o f  t h e  s u r v e y - r e p o r t i n g  c i t i e s  suo- 

p l i e d  d a t a  on t h e i r  u n i t  s t ree t - sweep ing  cos ts ,  thouah sweeping i s  a 

m a j o r  budget  i t em.  

average cu rb  m i l e  sweeping c o s t s  va ry  f rom $8.42 i n  t h e  surveyed c i t i e s  

o f  500,000 p o p u l a t i o n  and above t o  $2.18 p e r  cu rb  m i l e  among those 

c i t i e s  o f  25,000 t o  50,000 p o w l a t i o n .  Some r e l a t i v e l y  o l d  t o t a l  expendi-  

t u r e  d a t a  (1955) i n d i c a t e s  t h e  c o s t s  f o r  s t r e e t  c l e a n i n g  v a r i e s  fmm 

500,000 t o  3 o r  4 m i l l i o n  d o l l a r s  p e r  y e a r  oe r  c i t y .  

Summary 

Uhat  i n f o r m a t i o n  i s  a v a i l a b l e  has shown wide  

One s t u d y l 4  r e p o r t e d  i n  

!4hat i n f o r m a t i o n  was a v a i l a b l e  i n d i c a t e d  t h a t  t h e  

S ince  most o f  t h e  work on s t r e e t  c l e a n i n g  p r a c t i c e s  has been done 

i n  r e g a r d  t o  t h e  w a t e r  p o l l u t i o n  aspects,  t h e r e  i s  no r e a l  i n f o r m a t i o n  

a v a i l a b l e  wh ich  i n d i c a t e s  how e f f e c t i v e  these p r a c t i c e s  m i g h t  be i n  

c o n t r o l l i n g  resuspens ion .  

d a t e  i n  wh ich  ambient a i r  q u a l i t y  samoles have been c o l l e c t e d  b e f o r e  

To o u r  knowledae,.no work has been done t o  
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and a f t e r  v a r i o u s  s t r e e t  c l e a n i n g  procedures  have been used. 

f a c t ,  we a r e  unsure  i f  t h e  a c t u a l  sweeping o p e r a t i o n  u s i n g  brush- 

t y p e  sweepers does n o t  i n  f a c t  c r e a t e  more o f  a resuspens ion  problem 

than  i t  so lves .  

$ these  measures i s  needed b e f o r e  we recomnend t h a t  t hey  be used as 

n a r t  I .  o f  t h e  c o n t r o l  s t r a t e g y  a l t e r n a t i v e s  f o r  resuspension. 

I n  

1 .i A good ambien t  s t u d y  t o  f u r t h e r  q u a n t i f y  t h e  impact  

I n  a d d i t i o n  t o  t h e  above c o n t r o l  techn iques ,  s teps  can be taken 

t o  m i n i n i z e  t h e  amount o f  d u s t  wh ich  can g e t  o n t o  t h e  s t r e e t  i n  t h e  

f i r s t  p lace .  T h i s  concept  i n  t h e  p a s t  tias g e n e r a l l y  been a s s o c i a t e d  $with 

a b a t i n g  of l o c a l  nuisances. However, r e c e n t l y  some have looked  t o  

these  r e g u l a t i o n s  as a source  o f  c o n t r o l  o f  resuspended p a r t i c u l a t e  

m a t t e r  i n  t h a t  one c o u l d  m i n i m i z e  t h e  amount o f  m a t e r i a l  upon t h e  

roadway t h a t  has t h e  p o t e n t i a l  o f  b e i n g  resuspended. ThesG r e g u l a t i o n s  

t a k e  many d i f f e r e n t  forms o r  approaches. 

"mud-carryout"  r e g u l a t i o n s .  T h i s  r e g u l a t i o n  b a s i c a l l y  r e q u i r e s  

t h o s e  i n v o l v e d  i n  c o n s t r u c t i o n  t y p e  o p e r a t i o n s  , e t c . ,  t o  wash down 

t h e  su r round ing  s t r e e t s  a t  t h e  end o f  every  day o r  so t o  m in im ize  t h e  

amount o f  mud o r . s o i l  c a r r y o u t  upon t h e  su r round ing  s t r e e t s .  

The f i r s t  i s  t h e  so c a l l e d  

The second t y p e  of c o n t r o l  i n v o l v e s  t h e  w a t e r i n g  o r  c h e m i c a l l y  

s t a b i l i z i n g  c o n s t r u c t i o n  hau l  roads  and o t h e r  a reas  on t h e  c o n s t r u c t i o n  

s i t e  t o  c o n t r o l  w ind  induced o r  v e h i c l e  induced p a r t i c u l a t e  emissions 

from c o n s t r u c t i o n  a c t i v i t i e s .  

The t h i r d  t y p e  o f  r e g u l a t i o n  i s  t h e  l i m i t a t i o n  o f  t h e  rlumber o f  

acres  t h a t  may be d i s t u r b e d  a t  any one t i m e  p r i o r  t o  s t a b i l i z a t i o n .  

T h i s  g r e a t l y  reduces t h e  p o t e n t i a l  f o r  v a s t  areas o f  t h e  c o n s t r u c t i o n  

s i t e  t o  be s u b j e c t e d  t o  p o t e n t i a l  wind e ros ion .  . 
The f o u r t h  t y p e  o f  c o n t r o l  r e g u l a t i o n  dea ls  w i t h  t h e  issuance o f  

17  
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a permit t o  cons t ruc t  o r  excavate. 

agency places s t i p u l a t i o n s  on the permit t h a t  requires  t h a t  the owner 

or operator  take a l l  reasonable precautions t o  minimize t h e  d u s t  

emissions from this a c t i v i t y .  

In this  type of regulat ion the 

The f i f t h  type of regulat ion dea ls  w i t h  t h e  requirement t h a t  a l l  

trucks carrying aggregate type material  must be covered t o  minimize 

the emissions from t ranspor t  and reduce losses  due t o  s p i l l s .  

I.!hile these type of regulat ions have been p a r t  o f  t h e  a i r  program 

i n  many c i t i e s  f o r  several  y e a r s ,  t h e r e  i s  no information ava i l ab le  

a t  present t o  ind ica te  how ac t ive ly  these regulat ions a r e  enforced i f  

they a r e  enforced a t  a l l .  

done t o  i n d i c a t e  how e f f e c t i v e  these measures nay be i f  they a r e  

properly s e d  and ac t ive ly  enforced i n  reducing the TSP l e v e l s  due 

t o  resuspended p a r t i c u l a t e  matter. 

these types of m i n i m i z i n g  regulat ions do have considerable promise 

in reducing t h e  amount of material  t h a t  can g e t  onto the roadway and 

I n  addi t ion ,  there  have not  been anv s tudies  

I t  i s  believed however t h a t  

have the potent ia l  f o r  resuspension. 

. 
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A P P E W I X  

The f o l l o w i n o  aopendices c o n t a i n  i n f o r m a t i o n  on t h e  more t e c h n i -  

c a l  aspec ts  o f  t h e  resuspens ion  problem. They are i n c l u d e d  t o  w o -  

v i d e  a more thorouah unders tand ina  o f  what i s  on the  s t r e e t  and how 

does i t  a e t  t h e r e ?  (Aopendix A) and t h e  ranqe o f  emiss ion  f a c t o r s  

assoc ia ted  w i t h  t h e  resuspended problem (Aopendix B ) .  
$ 

ApDendix A p r o v i d e s  some i n s i g h t  i n t o  t h e  n a t u r e  and amount o f  

m a t e r i a l  t h a t  i s  found on urban s t r e e t s  as a r e s u l t  o f  s t u d i e s  done 

t o  i d e n t i f y  and q u a n t i f y  s t r ? e t  s u r f a c e  contaminants.  

Jopendix 8 a t temots  t o  c a l c u l a t e  sone t h e o r e t i c a l  emiss ion  f a c t o r s  

u s i n g  a l l  t h e  a v a i l a b l e  i n f o r m a t i o n  found i n  t h e  l i t e r a t u r e  t o  da te .  

It shou ld  n o t  be i n t e r p r e t e d  t o  be t h e  l a s t  word on emiss ion  f a c t o r s  

f o r  resuspens ion  b u t  shou ld  a c t  as a au ide  t o  de termine i f  t h e  n o r e  

e m p i r i c a l  numbers a r e  rrzasonable and i n  l i n e  w i t h  the ranfles proposed 

i n  t h i s  Daner. 

. 
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APPENDIX A 

' IHAT IS ON THE STREET AUD Y O V  DOES I T  GET THERE? 

A.  Suspension Process 

!.lhile p a r t i c u l a t e  emissions from paved surfaces  a re  pr imari ly  

generated by vehicle  motion, p a r t i c u l a t e  emissions mav a l s o  be 

generated when the wind ve loc i ty  across  a surface exceeds the 

threshhold ve loc i ty  va lue  a t  which d u s t  hecones airborne from s t r e e t s  

( i . e . ,  erosion threshhold v e l o c i t y ) .  

veloci ty  has been estimated t o  be 13 mph and  i s  resconsible  f o r  approxi- 

mately 5% of the a n n u a l  TSP concentrat ion.  

I n  Chicago, t h i s  threshhold 

4 threshhold value of a i r  caused surface s t r e s s  on a p a r t i c l e  

must be exceeded before a p a r t i c l e  i s  suspended. "The threshhold 

s t r e s s  i s  a function of p a r t i c l e  proper t ies  as well as sur face  prooer t ies .  

P a r t i c l e s  f o r  a given s e t  o f  physical p rooer t ies  are resuspended more 

e a s i l y  from a smooth sur face  than from one of i r r e g u l a r  shape, such as 

an asphal t  surfaced road. However, in. some cases ,  the p a r t i c l e s  may 

become at tached t o  the  sur face .  This attachment of the p a r t i c l e s  t o  

I D  10 

the surface o r  p a r t i c l e s  of the sur face  i s  referred t o  as weathering. 

P a r t i c l e s  weather as a function o f  time a n d  become more firmly atrached 

t o  the  su r face ,  t h u s  making them l e s s  suscept ible  t o  resuspension.10 

S a s i c a l l y ,  there  are three types of movements associated with the 

action of the w i n d  across a surface (usua l ly  s o i l ,  a l t h o u g h  i t  ha:; an 

aopl icat ion t o  paved su r face ) !  

Surface creep i s  associated with p a r t i c l e s  in the  s i z e  range of 500 t o  

1000 u. A s  the wind exe r t s  i t s  force on these large p a r t i c l e s  (500 t o  

1000 u)  they a re  ro l led  a l o n g  the ground, bei-ng pushed instead of l i f t e d .  

surface creep,  s a l t a t i o n  a n d  suspension. 

A - 1  
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S a l t a t i o n  c o n s i s t s  o f  i n d i v i d u a l  p a r t i c l e s  jumping and bouncing w i t h i n  

a few c e n t i m e t e r s  o f  t he  s u r f a c e .  The p a r t i c l e s  t h a t  a r e  ac ted  upon 

by  s a l t a t i o n  a re  those w i t h i n  t h e  100 t o  500 u ranae. The t h i r d  t y p e  

o f  movement caused by t h e  a c t i o n  o f  t h e  w ind  c o n s i s t s  o f  p a r t i c l e s  below . 
160 u be ing  l i f t e d  o f f  t h e  s u r f a c e  and becoming como le te l y  a i r b o r n e .  

These p a r t i c l e s  w i l l  s t a y  suspended as l o n g  .:s t h e  uoward v e r t i c a l  

v e l o c i t i e s  o f  t h e  w ind  a r e  g r e a t e r  t han  t h e  t e r m i n a l  s e t t l i n g  v e l o c i t i e s  

o f  t h e  p a r t i c l e s .  However, t h e  mechanism whereby f i n e  p a r t i c l e s  a r e  

suspended i s  s l i g h t l y  d i f f e r e n t  t h a n  t h a t  desc r ibed  above. Sone work by 

D r .  Chepi l "  has shown t h a t  s o i l  o r  d u s t  composed o n l y  o f  sma l l  p a r t i c l e s  

l i e  i n  a somewhat l a m i n a r  l a y e r  n e x t  t o  t.he s u r f a c e  and t h e r e f o r e  do 

n o t  p r o t r u d e  as much as l a r q e r  p a r t i c l e s  do i n t o  t h e  t u r b u l e n t  a i r  l a y e r s .  

There fo re ,  i f  t h e  dus t  c o n t a i n s  l a r g e r  p a r t i c l e s ,  t h e y  a re  t h e  f i r s t  t o  be 

a f f e c t e d  by s u r f a c e  creep which i n  turn causes s a l t a t i o n  and f i n a l l y  

suspension o f  t h e  f i n e r  p a r t i c l e s .  I t  shou ld  be no ted ,  however, t h a t  

t h e  f i n e  dus t  i s  s u s c e p t i b l e  t o  suspension by  means o t h e r  than  wind, 

such as t h e  a c t i o n  o f  moving v e h i c l e s ,  peop le ,  e t c .  4 

3. Accumulat io? Process 

Before d i s c u s s i n g  the  sources  and amount o f  contaminants on 

a s t r e e t ,  i t  i s  i m p o r t a n t  t o  unders tand t h e  b a s i c  p r i n c i p l e s  i n v o l v e d  

w i t h  t h e  accumula t ion  o f  con taminants  on a s t r e e t  su r face .  "Cons ide r  

a h y p o t h e t i c a l  area o f  s t r e e t  sur face  which i s  ( f o r  t h e  purooses o f  

d i s c u s s i o n )  s u b j e c t e d  t o  a c o n t i n u a l  and u n i f o n  l o a d i n g  o f  contaminants 

( u n i f o r m  w i t h  respec t  t o  b o t h  t i m e  and s p a t i a l  d i s t r i b u t i o n ) .  

t h e r e  were no o t h e r  a c t i v i t i e s  t o  d i s t u r b  t h e  contaminants,  t h e  l o a d i n g  

i n t e n s i t y  would i n c r e a s e  l i n e a r l y  w i t h  respect- t o  t i m e . "  ! z  

I f  
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Idhere per iodic  cleaning i s  prac t iced ,  t h e  p l o t  looks l i k e  below. 
Note . that  t h i s  represents  a case of uniform, continuous loading and 

a regular  cleaning (with the same degree of  e f f ic iency  each time and a 

uniform frequency).  
. 

Accu!aul?,t.ioil 0 1  C o i i i n t n i n n i i t s  - l l ~ ~ ~ o t l i ~ t i c ~ l  C a s e  
( i i n i i i i - ~ l  b i i i l d u p  x i  L h  pcrioc l ic  s'iccpiilg but 110 r a i n f a l l )  

In te rmi t ten t  r a i n s  would a l s o  have an e f f e c t  on accumulation. 

stoms would remove m r e  than sweepers; small storms, l e s s .  

Laroe 

The main purpose f o r  the above discussion i s  t o  p l a c e  in to  context 

the meaning o f  t h e  "observed loading intensit . ies" to  be discussed and 
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p r o v i d e  a aenera l  unders tand ing  o f  t h e  accumula t ion  process. S t r e e t s  

were sampled t o  de termine t h e i r  con taminent  l o a d i n g  i n t e n s i t i e s .  

each samol ina  l o c a t i o n ,  h i s t o r i c a l  i n f o r m a t i o n  was o b t a i n e d  as t o  when 

t h e  s t r e e t  had l a s t  been swept and when the  l a s t  r a i n  occurred. 'Vh i le  

t h e i e . d a t a  a r e  o f  va lue ,  t h e y  can b y  no  means be used t o  desc r ibe  t h e  

shape o f  t h e  o v e r a l l  curve .  "Observed l o a d i n g  i n t e n s i t i e s "  p r o v i d e  an 

answer t o  t h e  ques t i on ,  how much m a t e r i a l  r e s i d e s  on a t , i p i c a l  s t r e e t  

a t  any p o i n t  i n  t ime?  

A t  

12 

C .  Sources o f  " l t e r i a l  Found on t h e  Urban Roadway 

F i g u r e  3 i s  a b l o c k  diaqram d e o i c t i n q  a q u a l i t a . t i v e  mass ba lance 

f o r  urban resuspens ion  problems. 

F 'o l l u t i on  C o n t r o l  D i v i s i o n  (MPCD) o f  t h e  O f f i c e  o f  Research and Develonment, 

Two s t u d i e s  have been done by  P m i c i o a l  

on t h e  compos i t ion  o f  m a t e r i a l s  on roadways i n  r e i a t i o n  t o  12, 13 E P A ,  

t h e  wa te r  p o l l u t i o n  aspects o f  s t r e e t  su r faces  and urban roadways 

wh ich  a r e  a p p l i c a b l e  t o  a i r  p o l  l i l t i o n  problems. 

The m a t e r i a l s  found on s t r e e t  s u r f a c e s  va ry  g r e a t l y .  Obv ious ly ,  

t h e  m a t e r i a l  observed a t  any g i v e n  l o c a t i o n  w i l l  be a composite o f  

seve ra l  sources deoending on such f a c t o r s  as l a n d  use, aeograph ica l  

l o c a t i o n ,  season, weather,  . t r a f f i c  a c t i v i t y ,  e t c .  There a re  6 ma jor  

sources o f  m a t e r i a l s  found on t h e  s t r e e t :  

( a )  E ros ion  o f  s t r e e t  s u r f a c e  m a t e r i a l  i t s e l f .  ("On a we igh t  

b a s i s ,  agaregate m a t e r i a l s  account  f o r  t h e  l a r g e s t  c o n t r i b u t i o n  

f rom t h i s  source .I' ) 

Mo to r  v e h i c l e  r e l a t e d  p a r t i c l e s  (b road  range o f  m a t e r i a l s ,  

such as t i r e  wear, p a r t i c u l a t e  exhaust emissions and d i r t  

f rom u n d e r c a r r i a a e s ) .  .. 
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i Atmospheric fa l lou t .  bhis n a t e r i a l  may be 

of a s i z e  f i n e  enough t h a t  i t  could have been t ransoorted 

by a i r  currents  p r i o r  t o  be ing  deposited on the  s t r e e t  

surface.  Major sources of such mater ia ls  would be indus t r ia l  

s tacks ,  construction pro jec ts ,  agr icu l tura l  operations and 

exposed vacant 1 and. ) 

Runoff  from adjacent  land areas .  (Areas where so i l  i s  exposed 

r a t h e r  than protected by vegetative cover,  o a v i n p  o r  o the r  

means. ) 

S p i l l s  from vehicular t ranspor t .  

k n o w n ,  i t  i s  v i r t u a l l y  impossible to  quant i fy .  The types o f  

material t h a t  may be included are  d i r t ,  s a n d ,  q rave l ,  cement, 

e t c . )  

A n t i - s k i d  comoounds. 

w i t h  t h e  i n t e n t  of melting i c e  o r  providing b e t t e r  t r a c t i o n  

d u r i n g  the winter months.) 

('Ahile this  source i s  well-  

(Sand, s a l t ,  ashes which a re  applied 

I t  should be noted t h a t  the amount of material residing on a 

s t r e e t  surface wil l  vary considerably from olace t o  olace and from time 

t o  time dependinq on several f a c t o r s :  

--time s ince  l a s t  cleaning o r  r a i n f a l l  

--season o f  year  

--land use a c t i v i t y  f o r  a pa r t i cu la r  location 

"Microscopic examination of the bulk of  the  mater ia ls  found o n  s t r e e t  

surfaces cons is t s  of i n e r t  minerals of various types which e f f e c t  the 

components o f  s t r e e t  paving compounds and local geology." 

inorganic material  i s  probably blown, washed, o r  tracked i n  from surrgunding 

l a n d  areas .  

This i n e r t  o r  

l i  
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The q u a n t i t y  and c h a r a c t e r  o f  contaminants found on s t r e e t s  i s  

summarized i n  Tab le  I .  These d a t a  a r e  we igh ted  averages f o r  t h e  12 

c i t i e s  samples (San Jose, Phoenix,  Yi lwaukee, Bucyrus,  B a l t i m o r e ,  

. 4 t l a n t a ,  T u l s a ,  S e a t t l e ,  Deca tu r ,  S c o t t s d a l e ,  ' l e r c e r  I s l a n d  and 

Owasso). T a b l e  I 1  c o n t a i n s  t h e  va lues  f o r  each l a n d  use c a t e g o r y  

where samples were c o l l e c t e d .  These va lues  a re  t h e  averafle l o a d i n g s  

one would f i n d  i f  t h e  m a t e r i a l  were spread u n i f o r m l y  across  t h e  f u l l  

w i d t h  of t h e  s t r e e t .  However, some s t u d i e s  have been done which 

i n d i c a t e  t h a t  some 80 - 93% of t h e  m a t e r i a l  found on a s t r e e t  i s  

w i t h i n  12 i nches  o f  t h e  curb .  There fo re ,  t h e  numbers i n  Tab les  1:' and v 
shou ld  be used w i t h  c a u t i o n .  

The q u a n t i t y  o f  con taminan t  m a t e r i a l  e x i s t i n g  a t  a g i v e n  t e s t  s i t e  

was found t o  depend upon t h e  l e n g t h  o f  t i m e  wh ich  had e lapsed s i n c e  t h e  

s i t e  was l a s t  cleaned; i n t e n t i o n a l l y  ( b y  sweeping 3r f l u s h i n g )  o r  by 

r a i n f a l l .  

f r om s t r e e t  s u r f a c e s  a t  s i n g l e  p o i n t s  i n  t ime. 

c o l l e c t e d  f o r  each s i t e  t o  d e f i n e  t h e  e lapsed t i m e  s i n c e  t h e  l a s t  sub- 

s t a n t i a l  r a i n  s to rm and/or  c l e a n i n g .  Accumula t ion  p a t t e r n s  as c a l c u l a t e d  

h e r e  a r e  shown i n  F i g u r e  I v .  

The f i e l d  sampl ing  program focused on c o l l e c t i n g  m a t e r i a l s  

!iowever, i n f o r m a t i o n  was 

As can be seen, con taminan t  l o a d i n g  i n t e n s i t i e s  were found t o  v a r y  

w i t h  r e s p e c t  t o  l and -use  a c t i v i t i e s .  I n  genera l ,  i n d u s t r i a l  a reas  

have s u b s t a n t i a l l y  h e a v i e r  t h a n  average load ings .  

due t o  t h e  f a c t  t h a t  these areas  a r e  swept l e s s  o f t e n  and because 

" f a l l o u t " ,  s p i l l s ,  unpaved roads ,  e t c . ,  t end  t o  be h i a h  i n  t h e s e  areas. 

I lowever, commercial areas have s u b s t a n t i a l l y  l i g h t e r  l o a d i n g .  T h i s  

may be due i n  p a r t  t o  t h e  f a c t  t h a t  t h e y  ai% sweot more o f t e n  than  o t h e r  

T h i s  i s  p robab ly  

A- 7 
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areas .  

i n t e n s i t y  comFarable t o  t h e  average f o r  a l l  land use of a l l  c i t i e s .  

However, the loadina varied widely fmm s i t e  t o  s i t e .  One possible  

explanation t h a t  the  more a f f l u e n t  neighborhoods tended t o  be cleaner  

oossibly because they a re  b e t t e r  maintained by res idents .  

F ina l ly ,  r e s i d e n t i a l  areas were found t o  have an averaae loading 

I n  order  f o r  the above information on loadinqs t o  be useful t o  

a i r  ool lut ion work, one must know what percent of t h i s  material  may 

become suspended and co l lec ted  by the high volume a i r  sampler. I n  

theory p a r t i c l e s  l e s s  than l O O u  can readi ly  become suspended and be 

measured as t o t a l  suspended p a r t i c l e s  by the high volme a i r  sampler 

technique. 

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  were determined from composite samples 

col lected from 5 representa t ive  c i t i e s .  The data were determined by 

summing values obtained by dry s iev ing ,  wet sieving a n d  sedimentation 

p i p e t t e  analysis .  The r e s u l t s  a r e  given in Table I:!. 

percent composition of p a r t i c l e s  l e s s  than l O O u  was approximately 25%. 

Thus, in order  t o  obtain the amount o f  material which has the 

'The average 

potential  f o r  resuspension, one must multiply the value f o r  a given land 

use category by 25% 

I f  the overal l  weighted mean average of 14031b/curb mile i s  used, then 

(.E x 1400 lb/curb m i ,  = 350 lb/curb mile)  i s  in the potent ia l  s i z e  range 

f o r  resuspension, and co l lec t ion  by the h i g h  volume a i r  s a m p l x .  

(That percent of material  which i s  l e s s  than 1OOu). 

I n  a second study by work was done t o  anal.yze roadway dust and 
i 

d i r t .  

roadway from many sources as s ta ted  above. Metropolitan ':!ashinaton, O . C . ,  

with i t s  low backaround o f  indus t r ia l  emissions was chosen for  a study t o  

( s e e  Table V I I . )  S t r e e t  surface contaminants are  deposited on the  

. 
A-1 0 ! 



determine the contr ibut ion of motor vehic le  usage t o  urban roadway loading. 

Spec i f ic  s i t e s  were se lec ted  t o  provide minimal in te r fe rence  from non- 

t r a f f i c  re la ted  land use a c t i v i  tes  and t h u s -  i s o l a t e  t r a f f i c - r e l a t e d  deposi t ions.  

Less t h a n  5% by w e i g h t  of the mater ia l  on the  s t r e e t s  o r ig ina t e s  

d i r e c t l y  f ro9  motor vehic les ,  however, these ?o l lu t an t s  a re  

important because of t h e i r  po ten t ia l  t o x i c i t y  ( l ead ,  z inc ,  o the r  metals,, 

asbestos from clutch a n d  brake l i n i n g s ) ,  the b u l k  o f  the t r a f f i c - r e l a t e d  

material i s  representa t ive  of local geology and t o  l e s s e r  e x t e n t ,  products 

of abraded roadway surfaces .  

An examination of the s t r e e t  sur face  contaminants found t h a t  they 

consisted l a rqe ly  of roadway surfacing mater ia l s  and various mineral forms 

representa t ive  of the local geology. 

t h a t  dust and d i r t  i s  composed of over 95% inorganic ma te r i a l ,  most of 

wnich i s  insoluable .  Close examination of the p a r t i c l e s  under the  micro- 

scope revealed many individual p a r t i c l e s  appeared t o  be f rac tured  nineral  

c r y s t a l s .  

samples were p e r f o n e d  t o  determine the major meta l l ic  cons t i t uen t s .  

r e s u l t s  are summarized in Table VII .  

The r e s u l t s  of the s t u d y  showed 

A semiquant i ta t ive emission spectrographic ana lys i s  of e igh t  

The 

Loadings i n t e n s i t i e s  of s t r e e t  sur face  contaminants measured during 

a 12-month f i e l d  s t u d y  were examined and observed loadings were p lo t ted  

as the dependent var iab le  aqainst  t o t a l  t r a f f i c  and l e a s t  square equation 

o f  the l i nea r  re la t ionships  were ca l cu la t ed .  For cxaiFolc, t h ?  ccuation 

of the l e a s t  squares l i n e  obtained upon p l o t t i n g  t o t a l  dust  a n d  d i r t  

bv weight i n  Vounds per mile against  t r a f f i c  in axle: i s :  

. 

lb/mile  = 96 + .00238 t i r e s  axles  . 
A - 1  1 
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TABLE V I 1  

SEMIQUANTITATIVE EMISSION SPECTROGRAPHIC ANALYSES 
OF ROADWAY DUST AND DIRT SAMPLES 

(WASHINGTON, D.C. METROPOLITAN AREA) 

C o n c e n t r a t i o n  
range 

H i g h  

Med-high 

Low 

Low-rned 

T race  

Trace-med 

Trace- low 

n .d . - t race  

Element 

S i 1  i c o n  

I r o n  
A1 umi num 

Cal c i  um 
Magnesi um 

T i t a n i u m  
Z i n c  

Lead 

Boron 
Bar ium 

C o b a l t  

S t r o n t i  urn 

Chromium 

Copper 
Vanadi urn 
N i c k e l  

Sodi um 
Z i  r c o n i  urn 

Manganese 
Molybdenum 

T i n  

Reference 13  

. 
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Although the deposi t ion of t r a f f i c - r e l a t 4  mater ia ls  occurs a t  a constant 

r a t e ,  the accumulation of material  along the roadway tends t o  level  

off  a f t e r  some period of time due to  t r a f f i c - r e l a t e d  removal mechanisms. 

The y i n t e r c e p t ,  96 lblroadway mile ,  i s  the amount o f  t o t a l  dust which 

appears as  a r e s u l t  of phenomena not re la ted  t o  actual t r a f f i c .  

i s  deoendent upon geographic locat ion and the i n t e n s i t y  of the local par t icu-  

l a t e  a i r  ool lut ion problem. Only a very small portion of t h e  96 lblroadway 

mile i s  due t o  mater ia ls  abraded from the roadway during sample co l lec t ion .  

Therefore,  i n  any event a major i ty  of the y in te rcept  r e s u l t s  ftom the 

t ranspor t  of p a r t i c u l a t e  po l lu tan ts  from a i r  currents  from some dis tance.  

r 
T h i s  

Since the r a t e  a t  which airncrze materia? i s  deposited i s  mre nearly time 

dependent t h a n  t r a f f i c  r e l a t e d ,  the y- intercept  i s  no doubt a function o f  

time. 

As mentioned previously,  the deposi t ion of the pol lu tan ts  on a 

s t r e e t  through t r a f f i c - r e l a t e d  mechanisms appears t o  occur a t  a r e l a t i v e l y  

constant  r a t e  and i s  independent of loadings already present .  

the accumulation of surface contaminants is  not l inear  and l e v e l s  off 

due t o  a combination of f a c t o r s ,  o ther  t h a n  cleaning o r  r a i n f a l l .  

However, 

One hundred twenty-seven (127) roadway samples were co l lec ted  d u r i n g  

t h e  study, 34 of which samples were taken t o  be uszd i n  ca lcu la t ion  o f  . 

t r a f f i c - r e l a t e d  deposit ion r a t e s .  

one-day accumulation. 

3 o r  4 days accumulation. 

O f  the 94, 7 5  were col lected a f t e r  a 

The remaining 1 9  samples were gathered a f t e r  e i t h e r  

Comparisons of the loading samples f o r  one 

day accumulation w i t h  those of multidav accumulation revealed t h a t  

w i t h i n  3 or 4 days, the loadin? began t o  level off a n d  aDproach a 

maximum value. 
. 

This occurs as ? a r t i c l e s  3f the material a re  oicked un 

.4- 1 4 
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by passing t r a f f i c  and by o ther  mechanisms and displaced onto areas  adjacent 

t o  the roadways. 

physical t r a n s p o r t ,  i s  postulated as the mechanism responsible f o r  t h i s  . 

l eve l ing  off. 

loading and accumulation period a r e  shown in Figure 11 f o r  one 

s t r e e t  i n  Washington, D.C. u s i n g  above est imates  o f  K2 (removal r a t e )  and 

K1 (deposi t ion r a t e )  = 2.38 x 

t r a f f i c  (ADT) o f  40,000 axles .  

30 moh. T h u s ,  given t h ?  oroper information t o  ca lcu la te  K2 and ADT, 

one can c a l c u l a t e  the maximum oo l lu t an t  loading on any given s t r e e t  

f o r  t r a f f i c - r e l a t e d  sources of s t r e e t  d u s t .  However, as  nentioned 

above, motor vehicle  or t r a f f i c - r e l a t e d  sources of contaminants a re  

only one sourcp of d u s t  and d i r t  found on the s t r e e t  surface,  therefore ,  

i n  order  t o  c a l c x l a t e  the amount o f  t o t a l  material  t h a t  i s  susceot ib le  

t o  resusoension (clOOu), one should use the t o t a l  loading i n t e n s i t i e s  

aoproach from the f i r s t  !lPCCl study f o r  o a r t i c l e s  l e s s  than 100u. 

Mechanical f r a c t u r e  t o  smaller p a r t i c l e  s i z e ,  as  well a s  

The re la t ionship  between t o t a l  dus t  and d i r t  dry-weight 

lb/axle-mile and average da i ly  

The speed l i m i t  on t h i s  s t r e e t  i s  

1 2  

. 
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APPENDIX B 

THEORETICAL EMISSIOPI FACTOR ESTIMATES FOR RESUSPENSION 

The p r e v i o u s  i n f o r m a t i o n  i n  Appendix A on l o a d i n g  i n t e n s i t i e s  

couo led  w i t h  t h e  i n f o r m a t i o n  on t h e  f r a c t i o n  resusoended f rom Chapter I 

a l l o w s  one t o  c a l c u l a t e  a resuspens ion  f a c t o r  i n  l b / v e h - m i l e .  

I. Load ing  I n t e n s i  t v  Anproach (MDCD/Sehmel - Data) 

S ince  t h e  accumulated l o a d i n g  beg ins  t o  l e v e l  o f f  a f t e r  t he  t h i r d  

o r  f o u r t h  dav, t h e  resusoens ion  r 3 t e  \which u t i l i z e d  t h e  5-day wea the r ing  

f a c t o r  ( f rom Sehmel's work, see Chapter  I )  i s  used t o  c a l c u l a t e  a resus-  

pens ion  f a c t o r .  T h i s  f a c t o r  wou ld  e s t i m a t e  t h e  amount o f  m a t e r i a l  

aenera ted  (<lOOu) which wou ld  be suspended beyond 30 f e e t  f rom t h e  roadway 

and t h e o r e t i c a l l y  wou ld  be measured by a h i g h  volume a i r  samgler.  

O v e r a l l  (4.44XlD-5)(350 l b )  .? is  l b  - - 7.759 - - - - . -.  - . . 
vehic. le m i l e  veh-mi l e  veh-mi l e  

I n d u s t r i a l  ( 4 . 4 4  10-3) (700)  = :031,b - 14 .1 l9  
S t r e e t  - -  

veh-mi l e  veh-mi l e  

I t  s h o u l d  be n o t e d  t h a t  these f a c t o r s  r e o r e s e n t  averages based unor! 

l o a d i n a s  wh ich  were h i q h l y  v a r i a b l e  f rom s i t e  t o  s i t e  and c i t y  t o  c i t y .  

A l s o  no ambient measurements were made i n  t h e  v i c i n i t y  o f  t h e  roads i n  t h e  

wa te r  n o l l u t i o n  s t u d i e s  t o  o r o v i d e  any cross-check on the  v a l i d i t y  o f  us ing  

the  va lues  o b t a i n e d  by Sehmel i n  h i s  t r a c e r  work. Sehmel a l s o  was o n l y  

concerned w i th  a s o h a l t  roads and t h e  s t r e e t s  used i n  t h e  w a t e r  o o l l u t i o n  

s t u d i e s  were c o n s t r u c t e d  o f  v a r i o u s  m a t e r i a l s  n o t  j u s t  a s Q h a l t .  I n  f a c t ,  

t h e  f i r s t  s tudv  bv  YPCH s t a t e s  t h a t  oavement t o m n o s i t i o n  and c o o r d i n a t i o n  



.05 TMVEF = .34 

TMVEF = 6.8 

Road d u s t  = TMVEF - exhaust - t i r e  wear - brake wear 

= 6.8 - .34 - .2 - .02 

= 6.24 gramslvmt 

I 11. Tracer Aoproach 

Another approach f o r  estimating t h e  impact of resuspension via  an 

emission f a c t o r  i s  t o  u t i l i z e  the lead t r a c e r  concept.18 From previous work 

o n  auto exhaust p a r t i c l e s ,  lead i s  believed t o  comprise 26% of t h e  suspended 

p a r t i c l e  emissions from automobiles.” T h u s ,  i f  one has ambient lead d a t a ,  

he can obtain t h e  associated auto t a i l p i p e  emissions by multiplying by 3.8 

(3.8 x 26% = 100% TSP auto) .  In the case of Denver, Colorado, the annual 

a r i thmet ic  mean f o r  TSP a t  t h e  one s i t e  w i t h  lead data is  139 u g h ’ .  

average lead concentration a t  t h a t  s i t e  i s  1.51 u?/n . 
The 

3 

139 ug/mS 

109 u g / d  from man-made sources 

1.61 x 3.8 = 6.12 ug/m 

Thus i f  the si . te were s o l e l y  t ra f f i . c -or ig ina ted ,  then the worst case 

- 35 u g / d  background 

3 from auto TSP t a i l p i p e  

s i t u a t i o n  would assume t h a t  a l l  the  remaining TSP were from resuspension alone. 

T h u s  i f  a l l  the  remaining TSP were from resuspension then 

AQ auto EF auto 
m = F E E i i E  

6 1 2  u /m3 = .34 g f v m t  

EF = 5 .72 g / v m t  (Proba5le worst case number) 

109 - 6.12ug/m + x  

However, i f  the  s i t e  i s  not s t r i c t l y  influenced by t r a f f i c - r e l a t e d  . 
a c t i v i t i e s ,  then one m i g h t  assume t h a t  only 15% of the annual TSP i s  

! . - 3  

I 



auto-related resuspension as  estimated i n  Abel's work in Chicago as  

J referenced above: 

.34 
X 

f X = 1.16 g / v m t  
-. . 
I V .  . Air q u a l i t y  Imoact Approach - 

Another approach i s  to  attempt t o  def ine  an a i r  q u a l i t y  impact type 

f a c t o r  ra ther  than jus t  an emission source type. 

using the l i n e  source model and a i r  q u a l i t y  data from a s i t e  i n  Philadelphia 

which i s  located very near a heavily t raveled paved road and w h i c h  i s  believed 

t o  record TSP values which a r e  highly re la ted  t o  t r a f f i c  a c t i v i t y .  

This was attempted by 

The l i n e  source equation when the w i n d  d i r ec t ion  i s  normal t o  the l i n e  

i s  as  follows: 
H 2  2 exp -% I- ) q x =  OZ 21) 

f i n  oz u 
3 X = conc. mg/m 

q = source s t rength  g/sec-meter 

uZ = ver t ica l  dispers ion c o e f f i c i e n t  

H = source o r  receptor height ( m )  

U = average wind  speed (mlsec) 

NOM solving f o r  source s t rength l i n e  source equation becomes 

x J2n e- u 
. L  9 =  

H 2  
a z  

2 exp -!i (- ) 

For the p a r t i c u l a r  s i t u a t i o n  in Philadelphia the following values 

were used: t 



3 X = AQ - Bkg = 115-35 = B? mglm 

oz = 4.6 m (Figure 3-3 Turner ) f c r  x = .006 km 

U = 4.47 mfsec 

H = 3.96 m 

18 

- 
4.12 - .08 d ( 3 . 1 4 )  (4.6) (4.47) 

q =  3.96 2 1.38 2 exp -% ( ~ 1  

q = 2.9855 mg/m/sec 

The s t r e e t  'near where t h e  monitor i s  located has an average weekday 

T h u s ,  i n  order  t o  develop a f a c t o r  t r a f f i c  count o f  30,000 vehiclelday. 

i n  grarns/vmt, one must use the ADT data  coupled w i t h  the calculated source 

s t rength  asfollows: 
2.9855 x ~ 3600 sec 8760 hr M y r  wkday 

m - sec  h r  Yr 6 . 2 1 ~ 1 0  26/wkday 30,000 q =  -11 
m i  1 es 

q = 19.44 grams/vmt 

T h e  above est imate  i s  simply used a s  a rough est imate  of how the approach 

would be used; however, i t  does attempt t o  provide a "ba l l  park estimate" of 

resuspension inf luence as  re la ted  t o  e x i s t i n g  a i r  quiility leve ls .  Certainly 

such t h i n g s  as  p a r t i c l e  size and dens i ty  of the material  a h i -vol  m i g h t  

c o l l e c t  a t  6 m from the road a t  a height of 13 f e e t  off  the ground i s  a 

f a c t o r  aiong w i t h  the  p a r t i c l e  s i z e  and densi ty  o f  the  material on the 

roadway. 

a b e t t e r  es t imate  o f  ADT and d a i l y  a i r  q u a l i t y  l z v e l s  would provide a 

b e t t e r  es t imate  of the source s t rength from the road a s  calculated v i a  i t s  

impact on e x i s t i n g  hi-volume a i r  iamolers. 

probably be a worst case est imate .  

varying dis tances  from the roadway, one could use this technique t o  calcu- 

l a t e  the source s t rength fron! the road based on mch hi-vol measurement 

and  average these t o  provide an est imate  of what had t o  be the calcdlated 

More accurate  estimates of wind  speed and d i r e c t i o n  along w i t h  

\ 

The number above again would 

Also, i f  there  were o ther  hi-vols a t  



source  s t r e n g t h  t o  have t h e  TSP l e v e l s  a t  v a r y i n g  d i s t a n c e s  f rom t h e  

roadway as measured by t h e  h i - v o l .  

V. 

J 

Summary and S t a t u s  of Cur ren t  -- Work on Emission Fac to rs  

Thus w i t h  t h e  e x c e p t i o n  o f  t h e  S e a t t l e  data,  a l l  t h e  va lues  f o r  v e h i c l e  

resuspens ion  a r e  i n  t h e  range of 1 t o  20 g/vmt. (See Tab le  VII I . )  The mqt 

reasonab le  v i i l w s  appear t o  be somewhere between 1-5 g / v n t  as t h e  number 

genera ted  u s i n g  t h e  MPCD va lues  f o r  l o a d i n g  c o u l d  be reduced s u b s t a n t i a l l y  

if one assumes t h a t  o n l y  p a r t i c l e s  o f  30-4Ou o r  l e s s  i n s t e a d  o f  lOOu o r  

l e s s  wou ld  a c t u a l l y  be p i c k e d  uo and depos i ted  beyond t h e  immediate v i c i n i t y  

o f  t h e  s t r e e t .  I f  one does make t h i s  assumption, ( i . e . ,  o n l y  p a r t i c l e s  l e s s  

t h a n  ~ O U ) ,  t h e n  t h e  o v e r a l l  f a c t o r  f rom t h e  Sehmel/YPCD d a t a  wou ld  become 

.01 l b  - 4.54% (4.44 X (1400)(.135) = mi - =,,,, 

R e c e n t l y  ano the r  approach has been used b y  RTI under c o n t r a c t  w i t h  EPA 

i n  t h e i r  e f f o r t s  t o  i d e n t i f y  problems a s s o c i a t e d  w i t h  non -a t ta inmen t  i n  

.Yorth C a r o l i n a .  I n  t h i s  aDproach RTI modeled two c i t i e s  i n  : lor th C a r o l i n a ,  

and i n  b o t h  cases t h e  model c a l i b r a t e d  q u i t e  p o o r l y .  As a r e s u l t  o f  t h i s  

poo r  c a l i b r a t i o n ,  RTI found t h a t  t hey  had ove r looked  resuspended p a r t i c u l a t e  

emiss ions  f rom oaved s t r e e t s .  

emiss ion  f a c t o r s  f o r  resuspensed p a r t i c u l a t e  m a t t e r  f rom oaved s t r e e t s  u n t i l  

t hey  o b t a i n e d  a good c o r r e l a t i o n  between p r e d i c t e d  and measured a i r  q u a l i t y .  

They found t h e i r  b e s t  c o r r e l a t i o n  when 6.1 g/vmt was used as an emiss ion  

f a c t o r .  They t r i e d  t h e i r  same approach i n  ano the r  c i t y  and found t h e  va lue  

t o  be 4 . 2  g/vmt. 

d i f f e r e n t  c i t i e s  were i n v o l v e d ,  f u r t h e r  i n v e s t i g a t i o n  found t h a t  t h e  c i t y  w i t h  

t h e  l ower  emiss ion  f a c t o r  had some vacuum sweeoing as p a r t  o f  i t s  s t r e e t  

c l e a n i n g  program, wh ich  i s  more e f f e c t i v e  than brush- type sweepers used i n  

By a t r i a l - a n d - e r r o r  method, t h e y  used v a r i o u s  

! I h i l e  the  f a c t o r s  a r e  r e l a t i v e l y  c l o s e  c o n s i d e r i n g  two 
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Study  Road Surfac 

Dumawish V a l l e y  h s t y  paved raid-- 
no c u r b  

Paved s t r e e t s - -  
washed r e g u l a r l y  

P z r t i  

376 g/vmt (77 g/vmt <~cI::) 

63 g / v n t  

Elud ca i - r you t  f rom g r a v e l  3174 g/vmt 
roads 

t a v r y o u t  f rom unpaved 336 g/vnit  
p a r k i n ?  l o t s  

l i a s h v i l l e  Work Dust  f rom paved s t r e e t s  .8 g/vmt 

Nashvi l e  Uork Dus t  f r c m  paved s t r e e t s  6.24 g/vmt 
b l o d i f i e d  

Lead T race r  Approach Dust f rom paved s t r e e t s  5.72 g / v n t  
~~~ 

Lead T race r  Oust  f ron i  paved s t r e e t s  1.16 g/vmt 

A i r  Qua l i t y  Dust f r o m  paved s t r e e t s  19.44 g /v in t  

Sehmel/VlPCD a u s t  f r om paved s t r e e t s  7.05 g l v m t  

Approach M o d i f i e d  

Impact i 4 o d i f i e d  

- 
Sehmel/MPCD Dust f rom paved s t r e e t s  4.54 g / v m t  

Kod i f i ed 

RTI Approach Oust from paved s t r e e t s  4-6 g/vmt 

M R I  P r e l i m i n a r y  Dust  f rom paved s t r e e t s  1’1 U v m t  (6.1 gfvmt ~30,) 

. 
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the  o ther  c i t y .  

report  should be ava i lab le  s h o r t l y .  

More work i s  proceedinq on t h i s  study and the f ina l  

Preliminary indicat ions from some emission f a c t o r  work cur ren t ly  being 

done by MRI under contract  w i t h  E P A  ind ica te  t h a t  the emission f a c t o r  may 

be dpproximately 13 g lvmt (6 . l  Q/vmt<30,). The f ina l  report  on this  study i s  

due . in  ;larch o f  1976. 

c 
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