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m m m  

n-m mission of dust aerosol due to vehicular traffic on unpaved mds is a 
ccanplex pmcess imrolviIKJ a carbinath of mecfianical and a 

-tion for  EM-10 material is the result of an attennpt to describe the dust 
emission process based on pmperties of , the  vehicle and road surface an3 is 
given as6 

E = 5.9 K (S/12) (V/30) (W/3)Oe7 (w/4)Oq5 (d/365) (1) 

where: E emission factor (Ibs/veh.iclde) of particles 
less than 10 I a i m  in d iamter  (R90) 

K = proportianality oxshnt specific to the aerosol 
s ize  range of dttd particles (.45 for R40) 

mass smaller than 75 micrpns). 
V - vehicle sped i n  mtles per hour (nph) 
W - vehicle weight in tsms 
w = nunber of wheels on ths vehicle 
d =  m m k e r o f d x y d a y s p e r y e a r w i t h l e s s t h a n  .01 

inches of rain. 

s - silt content of road srafacs m a t e r i a l  (percent of 

cxlr aJrrent interest is to estimata the total mass of vehicular dust emitted 
rationally on an annual bash in order to estimate the acid rain neutralization 
potential of the alkaline r ra te r ia l  in the dust aerosol. S i n c e  cars, as opposed 
to trucks and other vehicles, aaxunt for a large fraction of the total t raff ic  
volume, particular attention has been given to measur* the dust emissions 
fmn this limited class of vehicles. For the exprimentS reported here, which 
were cordwtd on dry days u s b g  vehicles w i t h  f a x  M s  and weighing about 
1.25 tam, equation 1 beccmes 

E = .00113 V S (2)  

where E h Units O f  ) q l / V e h - h  ard V in I@. 
previously reported emission factor neaswmmts517 have failed to  

satisfactorily agree with the -2 f o n d a t i o n  w i t h  respect to the e f f i c i e n t  
in equation 2 as w e l l  as the of v ard .S which are bath equal to one - 
in equation 2. ?he presently repo rtedexper inrental resu l t s  re f led  h m e m e n t s  

. of the-1 desiqn i n  an attan& to better evaluate the emission factor - 
Fbr -le, a tourtn ~ m p i  erwasadded and. the height 

additiaml were made t o  better c h a m c t c i z e  the WW speed, the 
range of vehicle epesds w a s  irvlreased to include eqeriwrts a t  55 n@, and 
mre extensive ~ m p l i I K J  was made to bqnxnfe the characterization of the road 
silt content. me results of 15 w i s s i c m  factor and the associated 
analyses are reported. 

EQEmmmLDESQuF7rIm 

-- the rpadside t o w ~  was extended to inprove the dust plume measurement, 
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E t % l o  
$ 2  

m - -  ! a a Y & m a w - m  
(1988) l5EQxI- / p  . 

5.30 287.18 40.14 
5.97 317.40 33.40 6/30 15:04-15:45 

6/30 16:15-17:Ol 55 1.68 5.26 257.94 34.33 

(*) (-w 
25 .70 
45 1.85 

6/30 11:30-12:42 

/ 

. .  . .  . .  

8/3 11:07-11:88 :25 :.,.'i.i.49. 4.57.: 203.88 39.39 

8/3 13:42-14:24 Ltmegtcne . 45: 1 .05 : . 5.73 ' 225.98 50.16 
8/3 14:46-15:30 -. :. 55 . . -.95 . '4.92 ' .  201.41 46.94 

8/3 12':27-13:10 . LFmegtone 35.. ; ' . ' . 1 2  ~ .:' 5-17'.? 209.02 50.11 

. . .  



I1 
!i 

I 
i I 

passes a t  a given speed. 

'Ihe locations were in a nmd ares scamwst of champaign, IL. '~he countryside 
is f l a t  aril a ln rs t  exclusivaly cultivat& in corn ard saybeahs. of the four 

. .- 

sets of eqeriln2llk- performe8, t ime ware on the sane limestone graveled rmd 

I only a& far 59% of-ttm variation of E. It awears that  the 
-variables O f  velocity an3 silt, as they appear in t ion 4 ,  do not r i c p m l y  , 
P m i d  E reaardless or Val UBB of a atxi b. IYW and aa1.09 then 48% of 
6 variation of E is explained, 80 a model which does not inClule silt is 
almsst as gccd as me with velocity and silt. Correlation of the measured 
emission factor with ~1.09 yields: 

E = ,0156 V1.09 4- .03 

A parttai~ar amcam :regarc~ing the vehicle s p ~  is whether the dependance FB W 
linear OT as velocity to a +,9. n u x x q ~ ~  repeated evaluaticm 
w i t h  different variables the qxment  of the velocity term r e r r r a h  in the 
neighkoIbzd of 1 with a 95% wnfidenoe interval in the w e  of .7 to 1.5 as 
Nggested above. 

. .  
I .  
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F i g w e  2 ShaJS the natural lcqarithm of the mBasured mission factor plotted 
against the logarithm of the velocity for ea& of the wpriments. &xmdirq to 
the nodel described by equaticm 4, the elope of the best f i t  line for each 
exprhmt equdls the expment, a. Figure 2 shows that each experiment displays 
a relatively axstant s l o p  cnrer the velocity mnp fian 25 to 45 @I. ~n each 
experhalt the slope chanps for the 55 mph c898, SLqqesting that another dust 
suspension r e c b n h n  w i t h  weakened velocity dependanm becxmes mrtant at 
high speds. 'me avmzqe of the slopes of the best fit line for each of the 
f a x  eqeriwnts described in figure 2 is a4.06, and bemnes a=1.37 if the 55 
nph pht is not includes in the oalculatim. 

Insight into the depenaanz of E on the silt Content can be gained by 
consider* the variables fmn which the silt parameter is ccrrp3sed. m e  silt 

itii%S variables. It is fomd that tha ranissim factor is Btreprsly aependrrnt on 
H (&I, whih tqettm w i t h  v explain4 91% of the variance of the mimion 
factor acmrding to the relatian: 

E = 10-5 v 1 . s  H1.32 -.wg (6) 

' me parawter, H,  ha^ the of mt on the IWSS of large XCJCS 
.in the surface material sanple which can cause variatiorrs in the silt 
parameter. S b  it is the dW aerosol less than 10 microns d h t e r  that 
is of interest, thelMss of prticles lsss than 10 mi- di2aaeterper area of 
road surfaoe watld intuitively be most: airectly related to the emission factor. 
such a m e c m m m t  is, hawever, difficult to nrake, and may well be directly 
r e l a b 3  to H. 

If  the variables (HtG) andm are aarsided in a reqress- 
lains 92% of the varianca of the emission factor . It is 
) cccurstothepcrwerof 1.7whi le the coefficient of 'IM 

is -.6. 'Ith e2QhbS why the mu0 O f  these variables, the silt fraction, when 
oxsidered as a single variable gives a pxrr correlation with the data. such a 
model d d  acU two mre variables tn the description given by eqmtion 6 ard 
m l y  slightly hrprwes the acxaxacy. 

Another ncdel, d c h  keeps velocity and silt as variables while adding a third 
parameter P, the percent of mill- sized particle3 in the tire track, is 
sham in equation 7: 

E = .97 V1*13 S*63 P-le4 + .026 

mis d e l  -la& 932 of the variation of the emission factor  ax^ 
the approach h appealkg because it relates the emission to road surface 
material pmperties of the road &a- over WNch the tire actually passes. An 
extersion of this a w c h  might lead to a paxtitionh of the anissions in to  a 
part caning fnaa the vicinity of the tire, an3 another part ccmln3. f m  the 
@e of the road. Mechanical suaperrrion of dust by the nwement of mill- 
sized reeks in the track as the tire passes a.qht to hrease with P because 

(7) 

/ i  . ,  
mi 
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imre rocks wuld be d i m .  Since P cuxrs to a mqative pa~er in the 
equation, the m x k l  s e u s  to be inmnsistent w i t h  such a mD-chanl~al -ion 
mechanisn. me m e d  P &p=3an= does ?em ConSistMt w i t h  a -tic 
suspension mechanism since the V~SCGUS stresses, due to a i r  nution ~nder the 
tire a t  the manent of contact of the * ard road, w x l d  deaease m the flow 
channels between rccks are i n ~ ~ ~ ~ ~ i r q l y  res t r id  by tdgt,er rock 
concentrations. me rrodds given by equations 6 & 7 are canpared b the 
npamnxj emission factor in figure 3 .  
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where E is in Units of )a3/veh-km, K, W, w, and d are defined in equation 1, and 
F is defined ~9 4.12 times the emission factor expression in either equation 6 
or 7. - 
?his was ~ r t . 4  as part of the National Acid Rain Precipitation 
Asessmnt prosram by the National Caxmic and Alxmsphcic Administration under 
Omtract ML85RAM5109. M r .  Paul Nelson of the Water 'Survey was particularly 
helpful in the expe rh ta l  phase of this projet. 
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