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Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing 
highway administrators and engineers. Often, highway 
problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authorities. 
These problems are best studied through a coordinated 
program of cooperative research. 
In recognition of these needs, the highway administrators 
of the American Association of State Highway and Trans-
portation Officials initiated in 1962 an objective national 
highway research program employing modern scientific 
techniques. This program is supported on a continuing 
basis by funds from participating member states of the 
Association and it receives the full cooperation and support 
of the Federal Highway Administration, United States 
Department of Transportation. 
The Transportation Research Board of the National Re-
search Council was requested by the Association to admin-
ister the research program because of the Board's recog-
nized objectivity and understanding of modern research 
practices. The Board is uniquely suited for this purpose 
as: it maintains an extensive committee structure from 
which authorities on any highway transportation subject 
may be drawn; it possesses avenues of communications and 
cooperation with federal, state, and local governmental 
agencies, universities, and industry; its relationship to its 
parent organization, the National Academy of Sciences, a 
private, nonprofit institution, is an insurance of objectivity; 
it maintains a full-time research correlation staff of special-
ists in highway transportation matters to bring the findings 
of research directly to those who are in a position to use 
them. 

The program is developed on the basis of research needs 
identified by chief administrators of the highway and trans-
portation departments and by committees of AASHTO. 
Each year, specific areas of research needs to be included 
in the program are proposed to the Academy and the Board 
by the American Association of State Highway and Trans-
portation Officials. Research projects to fulfill these needs 
are defined by the Board, and qualified research agencies 
are selected from those that have submitted proposals. Ad-
ministration and surveillance of research contracts are 
responsibilities of the Academy and its Transportation 
Research Board. 

The needs for highway research are many, and the National 
Cooperative Highway Research Program can make signifi-
cant contributions to the solution of highway transportation 
problems of mutual concern to many responsible groups. 
The program, however, is intended to complement rather 
than to substitute for or duplicate other highway research 
programs. 
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FOREWORD The results of this study will be of interest to all persons involved with environ-
mental protection during construction and maintenance operations and in the 

	

By Staff 	preparation of environmental impact statements. For highway administrators, the 

	

Transportation 	extent of the on-site construction problem is put into perspective. Such persons as 

	

Research Board 	construction, maintenance, and materials engineers will find information of value in 
performing their operational duties within a highway administration. The report 
documents the principal sources of air pollution from highway construction, such as 
burning during the clearing phase, dust during the earth-moving phase, and hydro-
carbons during the paving phase. It also synthesizes air pollution regulations exist-
ing in each state and the extent of air pollution from highway construction and 
maintenance comparcd to existing regulations. Seven projects in three states were 
studied in detail. For those responsible for controlling air pollutants during con-
struction, mitigation techniques used by the various states are reviewed and 
evaluated. 

This report evaluates the effect of air pollution regulations for fugitive partic-
ulates and hydrocarbons on the highway construction and maintenance industry. 
Research was limited to the on-site construction process. Surveys of air pollution 
control officials and highway officials determined the monitoring procedures used 
by the industry to identify possible violations and tabulated those activities likely 
to produce illegal emissions. Mitigation methods favored by construction officials 
were also determined. A testing program for fugitive particulates and hydrocarbons 
generated by highway construction was performed. It was found that fugitive 
particulate regulations have had little effect on the industry because they are 
primarily concerned with persistant, permanent sources rather than sporadic, 
temporary sources such as construction. Open burning can be adequately controlled 
through present technology. Fugitive dust particles tend to settle out within right-of-
way limits and the industry has long undertaken adequate mitigation procedures in 
response to neighbors' nuisance complaints. The quantity of reactive hydrocarbons 
emitted from the more volatile cutbacks is small compared to that of vehicular 
exhaust and dissipates within a short distance of its source. Essentially no violations 
of the ambient air quality standards are attributed to highway paving and priming. 
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EFFECT OF AIR POLLUTION REGULATIONS ON 
HIGHWAY CONSTRUCTION AND MAINTENANCE 

SUMMARY 	This report deals solely with the air pollution effects of the on-site construction 
process itself rather than with off-site materials processing. In this context, air 
pollution regulations have had little effect on the highway construction and mainte-
nance industry because most regulations are primarily concerned with persistent, 
permanent sources rather than sporadic, temporary sources such as construction. 

Open burning can be adequately controlled through present technology. Al-
though bans on open burning caused significant price escalation when first intro-
duced, the development of high combustion burners and sophisticated chipping 
equipment has been reported to result in disposal costs approximately equal to the 
costs of open burning. Tests conducted during this research program have indicated 
that fugitive dust generated by construction traffic does not significantly contribute 
to the ambient particulate level because the particles tend to settle out within right-
of-way limits. Furthermore, the industry has long undertaken adequate mitigation 
procedures in response to neighbors' nuisance complaints. Hydrocarbon test results 
have revealed that essentially no violations of the ambient air quality standards are 
attributable to highway paving and priming. The quantity of reactive hydrocarbons 
emitted from the more volatile cutbacks is small compared to that of vehicular 
exhaust; that which is emitted, in fact, is dispersed or diluted to trace concentrations 
within a short distance of its source. 

CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 

INTRODUCTION 

The Federal Environmental Protection Agency promul-
gated primary and secondary ambient air quality standards 
for major pollutants under provisions of the Clean Air Act 
(P.L. 88-206 as amended) (1). The primary standards, to 
be met by July 1, 1975, were to define levels "requisite to 
protect the public health." Secondary standards, set at 
stricter levels "requisite to protect the public welfare from 
any known or anticipated adverse effects . . .," were to be 
met in a reasonable time after July 1, 1975. Two of the 
pollutants for which standards were set, particulate matter 
and hydrocarbons, are associated with highway construction 
and maintenance. 

Each state was required to submit air quality control 
plans to the EPA for approval in order to implement the 
air quality standards. The states were permitted wide lati-
tude in devising strategies (implementation plans) to con- 

form with the Federal mandate. The EPA often exercised 
its power to reject portions of the plans found unacceptable 
and imposed stricter Federal controls. To attain the re-
quired ambient air quality standards for a given region (the 
United States is divided into 247 air quality control re-
gions), the implementation plans included particulate emis-
sion limitations on various "stationary sources" such as in-
cinerators, wood pulp mills, asphalt plants, and concrete 
batching plants (2). The highway construction and mainte-
nance industry was not specifically cited as a stationary 
source. 

In two areas, however, the EPA established models or 
suggested strategies related to this industry upon which the 
states could base their implementation plans. In the control 
of air pollution episodes, the EPA published a sample pro-
gram—complete with alert stages and appropriate source 
controls—that could be directly applied to the industry. 



Further, fugitive dust control measures were specified in a 
model for abatement that is offered to the states as a guide 
to the attainment of Federal standards. This model does not 
specify limitations on dust, but offers methods of abatement 
predicated on the use of "reasonable precaution" (3). The 
EPA also established air quality standards for hydrocarbon 
emissions, but provided no models that could be used by the 
industry as an aid in attaining the standards. 

This report examines the contribution of on-site processes 
(hauling, paving, sweeping) of the highway construction 
and maintenance industry that might prevent attainment of 
the ambient air quality standards for particulate matter and 
hydrocarbons. The investigation of asphalt and concrete 
batching plants has been excluded from the research be-
cause of extensive studies by others. The scope of this re-
port also excludes vehicular exhaust emissions. 

A research program was developed to identify, evaluate, 
and recommend procedures for highway construction and 
maintenance that will enable compliance with ambient air 
quality standards and regulations. Specific research objec-
tives were: 

To perform a literature review. 
To conduct a survey that would determine the high-

way construction and maintenance industry's perception of 
their contribution to the air pollution problem, review air 
quality regulations, assess the monitoring procedures uti-
lized to identify offenders, tabulate citations or violations 
relating to the air pollution laws or regulations, identify 
construction and maintenance practices producing poten-
tially illegal emissions, and record the current mitigation 
methods for these emissions. 

To conduct field tests that would quantify particulate 
and hydrocarbon emissions. 

To infer from the data those highway construction 
and maintenance processes likely to result in violations of 
regulations and to assess the value of mitigation techniques. 

To set forth conclusions and, if necessary, alternative 
mitigation techniques whereby the construction and main-
tenance practitioner can be guided to avoid conflict with 
existing regulations. 

To recommend a program of research. 

RESEARCH APPROACH 

Literature Review 

A standard literature search was performed. Manual 
searches were made of the Public Health Service and the 
Environmental Protection Agency and Transportation Re-
search Board documents, bibliographies, and abstracts; 
computerized searches were made by the Smithsonian 
Science Information Exchange, Inc., and the Highway 
Research Information Service. 

Survey 

The survey was comprised of two questionnaires (copies 
of the questionnaires, lists of recipients, and summaries of 
responses are included in Appendixes A and B). The first 
questionnaire was sent to 53 air quality officials representing 
50 states, the District of Columbia, Puerto Rico, and the 

U.S. Virgin Islands. This questionnaire requested copies of 
the respondents' approved implementation plan and air 
quality regulations and standards currently in effect; it also 
asked for completion of a series of questions designed to 
aid in defining the range of air pollution problems asso-
ciated with highway construction. As a follow-up to the 
first questionnaire, series of informal telephone contacts 
were conducted to solicit representative opinions of selected 
state and Federal agencies. Twenty-seven state air quality 
officials, representing states in each region of the United 
States, were consulted. 

The second questionnaire was sent to 71 highway main-
tenance and construction officials from all states, to many 
turnpike authorities, and to other agencies. This question-
naire asked respondents to identify procedures that have 
caused air pollution problems and to evaluate the various 
dust mitigating procedures that are presently used by them. 
As with the first questionnaire, series of telephone and per-
sonal interviews were conducted with highway construction 
and maintenance officials to supplement the information 
gained from the questionnaire itself. 

Fugitive Particulate Testing Program 

Since the highway construction and maintenance indus-
try performs a number of operations that generate airborne 
particulates (principally fugitive dust), one of the objectives 
of this research was to study the presence of fugitive dust in 
the following ways: 

By measuring the ambient air quality concentrations. 
By determining the particle size distribution of the 

fugitive dust emissions. 
By assessing the influence of meteorological parame-

ters on ambient air quality concentration. 
By observing the settleable range of fugitive particu-

late emissions. 
By considering the effectiveness of control measures. 

Table 1 lists the many activities in highway construction 
that are potential sources of fugitive dust. The effect of par-
ticulate emissions on the ambient air quality in the area of 
the work site depends not only on these activities but also 
on the following: the intensity of the activity within each 
task, the number of concurrent operations, the weather, the 
meteorology, the type of soil, the mitigation methods em-
ployed, the nature of the haul road or roads adjacent to the 
work site, the local traffic on those roads, the traffic volumes 
and speeds, the type of construction equipment, the distance 
from the dust source, the terrain, and the characteristics of 
adjacent property. 

A matrix of all these variables and all possible operations 
would lead to a testing program with several hundred pos-
sible combinations. Since each test must be of 24-hr dura-
tion, all variable factors could not possibly be considered. 
Consequently, the results of the survey discussed earlier 
were used as a basis for formulating a more manageable 
testing program. A brief description of the testing proce-
dures follows. Further details of the program are given in 
Appendix E. 

The promulgated reference method of particulate deter-
mination was the High Volume Method (4). Briefly, the 
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determination of particulate matter is made by filtering a 
large volume of air through a glass fiber filter that is en-
closed in a specially constructed housing. The mass con-
centration is computed by measuring the mass collected on 
the glass filter and relating it to the volumc of flow. 

For the determination of particle size, a cascade impactor 
was used. This impactor collects particles on a series of 
collection stages according to the aerodynamic dimension 
of the particles. The collection plates are staggered with 
apertures decreasing in size to sequentially impact smaller 
particles on collection paper. 

Microscopy of morphological analysis was used to iden-
tify the source of the particulate matter collected. Basically, 
this method employs certain microscopic techniques to 
study particles. In air pollution important applications are: 

Determination of the composition of a given air pollu-
tant and, as a result, the source of the pollutant. 

Identification of the general types and sources of air 
pollution over a given area. 

Determination of the concentration of a given poi-
lutant. 

Determination of the dispersion of "tracer" emissions. 

Morphological characteristics (such as size, shape, surface 
marking, transparency, translucency, opacity, occlusions, 
color, birefringence, refractive index, and conoscopic ob-
servations), which are not readily apparent by normal vision 
but are accented when making observations under a micro-
scope, are used to identify the air pollutants. 

In this testing program, the basic objective of the micro-
scopic analysis was to identify a given source (i.e., the high-
way construction activity), and do a comparative analysis 
with ambient samples. Characteristics such as shape, color, 
surface marking, and transparency were the prime identify-
ing factors. 

In order to determine the influences of certain meteoro-
logical factors, pertinent data were obtained through the 
National Weather Service and by an on-site wind recording 
system. Two air-monitoring trailers were used during the 
research. These units housed all the necessary equipment 
to perform the. field testing. 

The original research plan called for fugitive dust samples 
to be taken from construction projects in five states. In two 
states, however, the research team was denied access to the 
construction sites in the belief that the presence of the test-
ing apparatus would create suspicion that "something must 
be wrong"-or, worse, that violations would be found and 
penalties imposed. A revised plan then focussed on seven 
projects in three states. Three projects were chosen for 
study in the Orlando, Fla., area; two projects in the Rich-
mond, Va., area; and two in the Newark, N.J., area. In 
order to determine general ambient air quality concentra-
tion, sites where the general public had access were chosen. 
A breakdown of the sampling locations and types of work 
being performed is given in Table 2. 

The area of influence of highway construction was de-
Lermined by selecting sampling sites at various distances 
from the source (the figures in Appendix E illustrate the 
distances to construction and existing roadway). Also, sam-
pling at various heights gave an indication of the settle-
ability of the fugitive dust generated by highway construc- 
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tion and traffic on the roadway. Sampling heights were 
chosen at 3.5 ft (1 m) and 10.1 ft (3 m) to conform with 
the High Volume reference method housing height, trailer 
stand limitations, and EPA recommended sampling heights 
(5). 

Hydrocarbon Testing Program 

Various operations in the highway construction and 
maintenance industry produce gaseous atmospheric pollu-
tion other than that from equipment or vehicular exhaust. 
Air quality standards for hydrocarbons are based almost 
entirely on their role as precursors of other compounds 
formed in the atmospheric photochemical system and not 
on the direct effects of the gaseous hydrocarbons them-
selves. The more significant operations emitting hydro-
carbons include asphalt paving operations and the use of 
cutback asphalts for highway construction in operations 
such as the application of seal and prime coats. 

The national primary and secondary ambient air quality 
standard for hydrocarbons, measured and corrected for 
methane by the reference method described or by an 
equivalent method, is 160 g/m3  (0.24 ppm) maximum 
3-hr concentration (6 to 9 a.m.) not to be exceeded more 
than one per year (4). The reference method described 
specifies that hydrocarbons measured by gas chromatogra-
phy will be in terms of methane (CH4 ) concentrations (i.e., 
the signature generated by ethane (C2H6) and higher car-
bon compounds will be measured as though it were a meth-
ane signature). It is therefore unnecessary to examine the 
hydrocarbons in the air by the individual compound identi-
fication (to determine molecular weight) and concentra-
tion. The 6 to 9 a.m. measuring period derives from the 
fact that the photosynthesis (photochemical) process has 
had little time to operate on the hydrocarbons in the atmo-
sphere and their concentration is, therefore, greatest dur-
ing this period—even though hydrocarbon production is 
greatest later in the day. 

Parts per million by volume (ppm) is used throughout 
this report to describe hydrocarbon (H-C) and methane 
concentrations. These values can be converted to milli-
grams per cubic meter as follows: 

mgH-C (as CH4)/m3  =ppmH-C (as CH4)/1.53 

The term "corrected for methane" is used to ensure that 
hydrocarbon values given and used as quality standards do 
not include the methane concentration that must be sub-
tracted from any total hydrocarbon (THC) concentration 
measurement. Methane is photochemically unreactive and 
is therefore not a harmful pollutant in air (it can be danger-
ous as an explosive at high concentration approaching 
stoichiometric quantities with the oxygen in the air). For 
this reason, the standards are directed solely to those hydro-
carbons, C2  + and above, that will react photochemically 
in sunlight and are therefore designated as "reactive hydro-
carbons" (RH-C) herein. 

A brief description of the hydrocarbon testing program 
that was undertaken follows. Further details of the pro-
gram, data, and results are given in Appendix F. 

The testing program was performed to evaluate the 
hydrocarbon emissions from two major asphaltic products. 

The first phase of testing was performed on air samples in 
the vicinity of asphaltic paving operations, and the second 
phase was performed on air samples taken during the appli-
cation of cutback asphalt in a prime coating operation. 
These two products were chosen because of their extensive 
use in the highway construction and maintenance industry 
and because of their relative volatility. Table 3 summarizes 
information provided by the Asphalt Institute. These data 
indicate that the two products tested represent more than 
63 percent of the total petroleum asphalts sold and about 
86 percent of the asphalt paving products. 

The RC-70 cutback asphalt sampled in the second phase 
of testing is known to give off the highest concentration of 
hydrocarbon fumes of commercially available asphalt prod-
ucts because it has the lowest viscosity and the highest 
dilution with a volatile solvent. 

All of the data for the hydrocarbon testing program were 
recorded in the vicinity of Orlando, Fla. Throughout each 
phase, ambient air measurements and various samples were 
taken during different stages of each operation. 

Samples of the asphalt paving operation primarily were 
taken directly adjacent to the paving machine to ascertain 
( 1 ) the reliability of measuring the fumes emitted from new 
paving, (2) their contribution to atmospheric concentra-
tions, and (3) their decay factors. Operations including 
an idling, nonloaded paving machine during its morning 
warm-up and the THC contribution from auto traffic flow 
during paving operations and, nonpaving times were also 
sampled (see Appendix E). The majority of the samples 
of paving operations, as shown in Figure 1, were taken in 
the vicinity of heavy traffic, and only a small number were 
taken in nonurban areas: 

Samples of the RC-70 fumes were taken during the prime 
coating of compacted limestone aggregates base for both a 
single lane of roadway and a parking lot. In addition to the 
ambient measurements, samples were taken of the hand 
application of the cutback asphalt over curbing and other 
irregular areas and of the spray truck as it primed the base 
aggregate (see Fig. 2); 

At least two samples were taken for each condition, but 
at different locations. When noticeable fumes were ob-
served, a sample was taken at nose height for comparison 
purposes. Further samples were taken from two RC-70 
storage tanks, as shown in Figure 3. 
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Figure 3. Two 4000-gal RC-70 storage tanks. 

HTTh ,  
..- —I .. 

Sta 
. 	. 
t 	f run . sar 

- nqe ampi 

. ± - 
4_1rtL777  

it 
T L 4 t I - 

TT.  

- C.. . 	I 

no Neth . 
I NoHydrocarb?nj 

MetLane 

- 

_ 

- f . L. 

d - LL 1iIi 

U 

I- 

5 

- 	 _ 

low 
Figure 1. Paving operations on US 50 at SR 436. 

The samples of air taken during the two operations pre-
viously described were, for the most part, captured with a 
modified, small "prnpan tank" This inexpensive, riiggd 
portable air sampling container was devised as a part of this 
research. Each reusable tank was evacuated and opened in 
the field with the hose inlet located at the desired sampling 
position. Each grab sample was then returned to the lab-
oratory and analyzed for hydrocarbon content on a modi-
fied gas chromatograph. Details of the tank and testing 
apparatus are given in Appendix F, and are shown in 
Figure 4. Sample output from the gas chromatograph is 
depieted iii Figute 5. 

- 

Figure 2. Hand spray RC-70. 



CHAPTER TWO 

FINDINGS 

LITERATURE REVIEW 

The existing literature is virtually barren with regard to 
construction-induced dust and hydrocarbons. Open-burning 
techniques receive the most attention, whereas fugitive dust 
and solvent fumes emitted during construction are largely 
ignored. Except for asphalt plants, highway construction 
and maintenance have been the subject of few specific in-
quiries, but studies and publications concerning closely re-
lated construction and industrial processes include relevant 
and useful information on fundamental air quality problems. 

Recent awareness of ambient air violations caused by 
fugitive particulate emissions has led to investigations that 
quantitatively define the contribution of highway systems to 
the problem. The EPA has developed emission factors for 
various fugitive dust sources by atmospheric isokinetic 
sampling (7). The sources relating to the highway industry 
include unpaved roads and air strips, construction sites, and 
aggregate storage piles. The emissions from unpaved roads 
most closely parallel the effects of highway construction. 
The equation developed by the EPA for estimating the total 
amount of road dust emissions with a drift potential greater 
than 25 ft (8 m) (i.e., particles smaller than 100 jm in 
diameter) is as follows: 

e(roads) = 0.81s X (S/30) 	(1) 

where e = emission factor, lb/veh-mi; s = silt content of 
road surface material, percent; and S = average vehicle 
speed, mph. An air pollutant emission factor developed by 
the EPA for open burning is expressed at 17 lb/ton (8.5 
kg/MT) of refuse material burned (8). 

Emission factors and control techniques have also been 
developed by a private corporation and the EPA (9, 10), 
and, to some extent, the qualitative effect of highway con-
struction has been determined. This research evaluated 
emissions from both unpaved roads and construction—two 
sources that are of concern in this study. An emission fac-
tor of 3.7 lb/veh-mi (1.9 kg/km) for unpaved roads was 
used in the fugitive dust emission survey, and a factor of 
1.4 tons/acre/month (0.0004 MT/m2/month) of active 
construction was used. About 40 different commercial soil 
stabilization chemicals were evaluated as part of this re-
search. The costs and control efficiencies for fugitive dust 
control techniques pertinent to this report are summarized 
from the EPA's publication as follows: 

CONTROL 
EFFI- 

CONTROL 	CIENCY 
METHOD 	(%) 

COST 
UNIT 

($) UNñ' 

Paving (no curbs) 
3" bituminous 
surface 85 20,000-26,000 Mile 

Single chip sealon 
prepared roadbed 50 8,500-14,000 Mile 

Surface treatment 
with chemical 
stabilizers 
prepared surface 50 2,000- 3,000 Mile 
unprepared surface 1,000- 2,000 Mile 
worked into 
roadbed 5,000-12,000 Mile 

Speed control 25 Negligible 
Construction site 

watering 50 2- 	5 Acre/Day 
Stabilization of 

cuts and fills 80 150- 	400 Acre 
Vegetation 

(hydroseeding) 65 200- 	450 Acre 
Chemical 

(vegetation) 90 100- 	150 Acre 

In Seattle, a fugitive dust study performed on unpaved 
gravel roads found that emissions ranged from 4 lb (1.8 
kg)/veh to 22 lb (10 kg)/veh when speeds were from 
10 mph to 30 mph, respectively (11). Ambient air quality 
sampling indicated geometric mean concentrations of 100 

g/ m3  when the recording station was under the influence 
of unpaved roads. Concentrations up to 3.73 tg/m3  were 
found. Only unpaved roads were studied, and no data were 
available on construction and maintenance. 

Using ZnS tracer particles, Sehmel studied particle re-
suspension caused by surface stresses from vehicular traffic 
(12). The particles were placed on a one-lane asphalt road. 
By weight, 50 percent of the particles had a diameter of 8 
or less. The fraction of particles resuspended per vehicle 
passage increased with vehicle speed—greater for a drive 
through the tracer test area than adjacent to the test area 
and less with height of sampler above roadway—and was 
independent of wind velocities. The tracer particles do not 
completely simulate highway-related fugitive dust condi-
tions or reflect type of earth, specific gravities, particle size 



distributions, and turbulence conditions. However, guide-
lines for field sampling were formulated from this work. 

A study in Saskatchewan, Canada, evaluated selected dust 
palliatives on unpaved secondary highways with respect to 
ease of application, maintenance duiability, effective life, 
cost, and performance (13). Calcium chloride was found 
to provide the most satisfactory results when compared with 
sodium chloride, a combination of calcium chloride and 
sodium chloride, emulsified asphalt, and calcium ligno-
sulfonate. 

A program for the Iowa State Highway Commission in-
vestigated means to provide low cost surface improvement 
and dust control on unpaved secondary roads and streets 
(14). This program evaluated 6 asphaltic products and 
elastomers, 5 lignosulfates and secondary additives, and 
11 soil chemical additives. Although no specific cost data 
were presented in this report, the criterion of $5,000 per 
mile maximum cost was established. Paving and seal coats 
virtually eliminated dust concentration, but at a cost sub-
stantially greater than $5,000 per mile. During the field 
testing, dust emissions were reduced from 30 percent to 
more than 80 percent those of untreated surfaces. The 
greatest control of dust was achieved with MC-800 and 
cationic emulsified asphalts. 

A recent report by the Asphalt Institute studied the emis-
sions (referred to as "blue smoke") from hot asphalt mixing 
plants. Although this type of emission was specifically ex-
cluded from the current project, the results of that study are 
presented because they very closely parallel those achieved 
from the present investigation of asphalt paving and cut-
back asphalt application. Detailed laboratory analyses of 
eight samples lead to the following findings with regard to 
EPA standards; "Under the shrouded, concentrated sam-
pling conditions, the amount of volatile organic hydro-
carbons occasionally exceeded the 0.24 ppm limit set forth 
u the Ambient Air Quality Standards. . . . However, it is 
inconceivable that this limit would ever be reached at the 
"fence line" of a hot-mix asphalt plant" (15). 

Much of the literature obtained as part of this research 
was a result of the survey questionnaire to air pollution con-
trol officials. This information, relating to Federal and state 
regulations, implementation plans, etc., is presented next 
under "Survey Results." 

SURVEY RESULTS 

The results included in this section are based on the two 
questionnaires described in Chapter One and presented in 
Appendixes A and B. The results of the first questionnaire 
to air pollution officials are discussed under "Regulations." 
The results of the various questions to the construction and 
maintenance officials are summarized under "Monitoring 
Procedures," "Construction and Maintenance Activities 
Producing Emission," and "Mitigation Methods Used." 

The first questionnaire was completed by 47 of the air 
pollution offices contacted. Fifty jurisdictions provided 
copies of their regulations. Although only eight jurisdic-
tions sent copies of their implementation plans, complete 
plans were available for inspection at the EPA's Freedom 
of Information Center, Washington, D.C. Specific results 
of this first questionnaire are included in Appendix A. With  

few exceptions, respondents conveyed the impression that 
they regard problems associated with highway construction 
and maintenance as minor. 

Telephone contacts produced remarkably similar re-
sponses, reflecting widely shared attitudes about the prob-
lem of air pollution from highway construction and main-
tenance. Most officials did not hesitate to pronounce the 
problem insignificant, relative to other highway construction-
related problems such as asphalt or concrete batching. All 
those contacted felt that adequate control measures are 
taken and that these controls are enforced by contract 
specifications and current state regulations. When com-
plaints of dust nuisances are received, the cause is usually 
abated by informal negotiation with the offender. In most 
instances, air quality officials rely on personal contacts to 
solve problems as they arise; as reflected in the question-
naire responses, citations are rarely issued. Questions con-
cerning new, or especially effective, control measures 
yielded very little response. Fugitive dust is controlled 
primarily by water, secondarily by calcium chloride, and 
occasionally by oils and other coatings. Open burning is 
controlled to some degree in all jurisdictions. Hydrocar-
bons evaporated from asphalt paving, cutbacks, and seal 
coats are rarely controlled. 

Responses to the second questionnaire generally reflected 
lack of concern for air pollution problems generated by 
construction and maintenance. (Specific responses are sum-
marized in Appendix B.) 

Follow-up interviews both in person and by telephone 
with several of the respondents disclosed that officials tend 
more to react to nuisance complaints rather than to actively 
pursue prevention before complaint. As one state official 
put it, "We tell our contractors they can use open burning 
until someone complains . . . then we'll make them stop." 
These comments indicated an awareness of the state regula-
tions and a further awareness that there was little threat of 
conviction for a possible violation. (The researchers were 
unable to discover a single case where a contractor was 
fined for creating dust.) Officials felt little legal pressure to 
control violations, but remained sensitive as a matter of 
public relations. 

As explained by the EPA, Office of Air Programs, Di-
vision of Air Quality and Planning, the contribution of the 
highway construction industry to the attainment of the 
ambient air quality standards was miniscule in the context 
of other pollutors. The Federal EPA dust abatement model 
only specifies that "reasonable precautions" should be used 
by contractors during construction operations. This ap-
proach is taken primarily because construction is a rela-
tively short term source of pollution. At the Federal level, 
the expense of a monitoring program to identify potential 
violations would not be justified by measurably improved 
air quality. 

Regulations 

State implementation plans do not directly affect highway 
construction and maintenance techniques, but establish the 
regulatory context in which specific regulations function. 
Regional air quality goals and strategies outlined in imple-
mentation plans are result oriented rather than methodo- 



logical. Consequently, contractors appear to be far more 
influenced by traditional specifications than by state or 
regional goals. 

As discussed in Chapter One, the two major pollutants 
associated with the highway construction and maintenance 
industry are particulates and hydrocarbons. The following 
is a discussion of the regulations for each pollutant. 

Particulates 

Particulates may be divided according to size (i.e., 
whether settleable or not), because such a breakdown is 
useful in controlling nuisance and health problems. (Further 
details regarding particulate characteristics as they relate to 
the ambient air quality standards and various health prob-
lems are given in Appendix E.) However, particulates re-
lated to highway construction are most often divided by 
source-process emissions, emissions from internal com-
bustion engines, incinerators and fuel burning equipment, 
fugitive dust, and emissions from open burning. Fugitive 
dust and open burning, the principal sources of particulates 
studied in this report, are usually influenced by state and 
local standards. Process emissions are frequently governed 
by measurements of particulate concentrations in the ex-
haust gas or by measurement of the opacity of the exhaust 
gas-criteria not easily applied to highway construction 
sources. 

The Federal particulate standards in Table 4 represent 
Federal primary and secondary ambient air quality stan-
dards for particulates that must be met by each state. These 
standards may be difficult to meet because of natural back-
ground and fugitive dust sources. Even in "clean" environ-
ments there are annual geometric mean concentrations of 
between 30 and 35 jg/m3, which is one-half the standard 
(16). The EPA does not regulate fugitive dust, but the 
model offered as a guide in Part 51, Title 40, Code of 
Federal Regulations (see Table 5) calls for reasonable pre-
cautions to be taken to control dust and recounts standard 
methods of abatement. 

Especially applicable to highway construction and main-
tenance are the EPA model requirements for the use of 
water and hygroscopic chemicals. The model also suggests 
the application of temporary surfaces to heavily used haul 
roads, the covering of trucks hauling materials that are 
liable to give rise to airborne dust, and the prompt removal 
of earth spilled during transportation. 

The states have attacked the fugitive dust problem in four 
distinct ways: 

Setting specific maximum concentrations of suspended 
particulates. 

Insisting that certain abatement measures be taken, 
often those suggested by EPA. 

Limiting visible emissions. 
Limiting dustfall resulting from industrial or construc-

tion activities. 

Fugitive dust and dustfall standards for each jurisdiction 
are given in Appendix C. A summary of the procedures 
employed is as follows. 

States commonly employ two or more strategies in com-
bination. Only Arkansas, Hawaii, Indiana, Kansas, and 

TABLE 4 

FEDERAL PARTICULATE STANDARDS 

NATIONAL PRIMARY AMBIENT AIR QUALITY STANDARD 
FOR PARTICULATES: 

75 micrograms/cubic meter, annual geometric 
mean. 

260 micrograms/cubic meter, maximum 24-hour 
concentration, not to be exceeded more than 
once per year. 

NATIONAL SECONDARY AMBIENT AIR QUALITY STANDARD 
FOR PARTICULATES: 

60 micrograms/cubic meter, annual geometric 
mean, as a guide in assessing implementation 
plan progress. 

150 micrograms/cubic meter, maximum 24-hour 
concentration, not to be exceed more than 
once oer year. 
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Pennsylvania have designated maximum permissible fugi-
tive dust concentrations. Of these, Arkansas stipulates that 
measurements be made on the property, and Hawaii permits 
theinspector to choose the sampling point. Indiana, Kan-
sas, and Pennsylvania measure at the property line, and 
employ a line of reasoning very prevalent among state air 
quality officials-namely, that polluting processes do not 
become their concern until a danger or nuisance is created 
somewhere off the premises. 

Forty of the 53 jurisdictions surveyed in the first ques-
tionnaire stipulated working procedures to be employed to 
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control dust. Only 7 states have adopted the Federal model 
without modifications, while 11 others use some portion of 
that model. Most frequently deleted are the requirements 
that dust from agricultural operations be controlled and that 
all rcads be paved. Several officials contacted indicated 
that these two requirements are either politically or prac-
tically infeasible in their states. Each of the 18 states bor-
rowing from the Federal model retains the requirements for 
use of water, oil, and chemicals to control dust during road-
building and related activities. An additional 12 jurisdic-
tions require that measures essentially equal to the require-
ments of the Federal model be taken, often with particular 
attention on materials handling and haul roads. 

Ten states do not require specific dust abatement tech-
niques. They demand, instead, that such "reasonable pre-
cautions" be taken as may be required to meet standards 
and avoid creating a nuisance, or be required by special 
order to an air quality official. In such cases, "reasonable 
precautions" may be taken to mean standard remedies, 
many of which are included in the Federal model. 

Every jurisdiction surveyed controls the opacity of emis-
sions from certain types of stationary sources. A number 
of jurisdictions apply the same control idea to fugitive 
emissions by prohibiting (7 states) or limiting (2 states) 
dust emissions beyond the property line in visible quantities. 
Of the latter, Illinois forbids fugitive dust across the prop-
erty line in quantities visible when looking straight up, and 
Tennessee permits visible dust to pass the property line 
during 5 mm/hr or 20 mm/day. 

Nine states set numerical limits of dustfall permitted from 
an activity. Hawaii, Mississippi, and Arkansas apply a sin-
gle requirement statewide; New York, North Dakota, and 
Wyoming apply different standards in areas of different de-
velopment levels. Thus, construction work in rural areas 
must produce less dustfall than similar work carried out in 
an industrial area. 

Several jurisdictions require no special fugitive dust mea-
sures, in which case only the ambient air quality standard 
for particulates applies. Thirty-five jurisdictions require 
that the Federal primary and secondary standards be met. 
Nine are more stringent, requiring that the Federal second-
ary standards be achieved and maintained as primary stan-
dards. Other jurisdictions apply particulate standards more 
stringent than Federal primary standards, but not the same 
as Federal secondary standards. It is within the context of 
these standards that particulate control regulations have 
been devised. 

Land clearing operations are inseparable from highway 
construction. Vegetable wastes generated during land clear-
ing may be burned in 40 of the jurisdictions surveyed, but 
conditions placed on such burning vary widely (see Ap-
pendix D). Most jurisdictions permit burning on-site only 
those materials removed from that site, and most spe-
cifically prohibit the burning of tires, heavy oil, or other 
smoke-producing materials. Eleven states permit burning 
only when other practical means are unavailable. A variety 
of other conditions may be placed on burning operations. 
Many states permit burning only in rural locations and 
when wind and other meteorological parameters are favor-
able to avoid fire or safety hazards. Eight jurisdictions per- 

mit burning only within periods of the day when dispersal 
conditions are good. Only four states are specific about the 
method to be used; they recommend stacking and the use 
of air curtain destructors to encourage complete combustion. 

Several states—including Montana, South Carolina, and 
Virginia—have adopted a requirement that merchantable 
wood products be salvaged during right-of-way clearing 
operations. 

The EPA's model for control of air pollution episodes is 
copied by many states (17) (see Table 6). The Federal 
model provides an objective guide to the seriousness of pol-
lutant accumulations, and suggests tactics to reduce such 
build-up. An "air pollutant forecast" is declared within the 
state Department of Air Pollutant Control when the Na-
tional Weather Service advises that stagnant atmospheric 
conditions are foreseen. The Federal model outlines criteria 
for three levels of public warning; "alert," "warning," and 
"emergency" may be declared as actual air pollutant levels 
increase. This standard three-stage criterion is used as a 
basis for comparison in Table 6. To counter such pollutant 
accumulations, certain sources may be required to curtail 
or suspend operations until the episode is officially termi-
nated. Under the provisions of the Federal episode model, 
contract construction work may be suspended at the 
"emergency" level of alert; this provision is included in 
many state episode control plans as well. 

Hydrocarbons 

There is much less variety in standards applied by juris-
dictions to hydrocarbon emissions than to particulate emis-
sions. As may be seen from Table 7, the Federal primary 
and secondary ambient air quality standard-160 /Lg/m3, 
maximum once-yearly 6 to 9 a.m. concentration—is simply 
affirmed by most jurisdictions, with four states applying a 
stricter standard (4). The Federal standard is set only as 
a guide to achieving oxidant standards. For this reason, and 
because harmful hydrocarbons are predominantly a product 
of internal combustion engines, only a few jurisdictions 
have devised control standards for organic materials in the 
quantities used in highway construction and maintenance. 
As indicated in Table 8, 18 jurisdictions control evapora-
tion of nonphotochemically reactive organics. Of these, 
11 jurisdictions require control measures for tanks of 3,000-
gal (11,500-liter) capacity or less. Thirteen states set spe-
cific limits on the amount of such organics that may be 
permitted to evaporate from a construction or maintenance 
site each day. 

No indication was given by any of the air quality officials 
interviewed that this latter requirement is enforced on high-
way construction sites. There appears to be no mechanism 
for judging the rate of solvent evaporation and thus no way 
of applying such standards in the field. No standard exists 
that would limit evaporation hydrocarbons measured at the 
property line or elsewhere. 

State air quality officials show little interest in the prob-
lem of highway construction-related hydrocarbons. Any 
discussion of such hydrocarbons invariably focusses on 
automotive emissions as being overwhelmingly more sig-
nificant. 
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TABLE 6 

BREAKDOWN OF STATE AIR POLLUTION 
EPISODE CONTROLS 

Standard 
No Prviion The e- Specific 
Found 	Iv Stage Befeeence Additional 

NoRegulations Regola rices Criterion To Federal Control 
Respondents 	Received Received Or Better Model Measures 

Alabama 

Alaska V 

br.  ioona A B 

Arkanae B 

California B 

Colorado 

Connecticut B V B 

Delaware S 

Washington, 	D.C. 

Florida V 

Georgia 

Hawaii 

Idaho V B V 

Illinois 5 B 

Indiana B B 

loss B B B 

Kaosan B B B 

Kentucky B S 

Louisiana B B 

Matte B 

Maryland B B S 

MAssachusetts B B 

Michigan B B 

Minnesota B 

Mississippi B B B 

Missouri B B B 

Montaoa 
B B 

Nebraska B B B 

Macada 	 B 

New Manpnhire S B B 

Neu Jersey B S V 

New MesIct B S 

Nestork V 

North Carolina X V 0 

North Dakota B V B 

Bhlo V 

Bklahoea V 

Oeegon V V A 

peonsytoanla V B 

Puerto Mite B 

Rhode Island V 

South Carolina B B V 

South Dakota B 

Tennessee - 	B B 

B V V 

Btah B 

Bersoot B 

Virginia V V B 

Virgin 	Islonds 

Bouhingtvn B V 

Rent Vieglnia B 

Wisconsin V S B 

Monitoring Procedures 

The survey investigated the monitoring and enforcement 
of construction activities as they relate to the attainment of 
the ambient air quality standards. A review of Appendix A 
shows that questionnaire responses on monitoring were di-
verse and inconclusive. The frequency of monitoring pro-
grams varies from random to daily. The monitoring of 
particulates created by highway construction is done by a 
variety of official bodies with a majority being performed 
by either the state Department of Transportation or the 
state environmental protection agency. Surveillance meth-
ods as found in the questionnaire responses generally in-
clude just visual examinations. 

Monitoring authorities command many different types of 
enforcement provisions—including fines, notices, criminal 
penalties, hearings, and permit revocations. There is as 
little consistency among the states in the handling of a 
potential violation as there is in identifying a violation. 

Many of the air pollution officials responded to the sur-
vey by citing the number and frequency of violations of the 
ambient air quality standards. These numbers were gen-
erally quite nominal. However, 6 states listed violations 
ranging from 36 to 120 per year—an extraordinary number 
compared with the average. And yet no violations or cita-
tions could be identified that resulted in conviction of the 
violator. 

Construction and Maintenance Activities 

Producing Emissions 

The survey suggested 31 operations likely to produce 
fugitive dust under the 4 major headings of earthwork, pav-
ing, bridge construction, and miscellaneous activities (see 
Appendix B). Respondents were also encouraged to list 
additional operations. A subjective ranking of each opera-
tion from "no problem" to "occasional complaint" to "se-
vere problem" was requested. By assigning values of 1 to 3 - 
in the order of severity (3 indicating no problem), weighted 
averages for each operation were obtained. 

Of the 10 earthwork operations listed, "hauling on un-
paved roads" (2.1) and "traffic on dirty roads" (2.2) were 
listed as producing the greatest amounts of dust, followed 
by "wind erosion" (2.3) and "excavation" (2.5). 

Of the 11 categories listed under paving operation, "haul-
ing over unpaved roads" (2.1) received the same relative 
ranking as it did under the earthwork operation. "Sweep-
ing" (2.4) associated with paving was found to be less 
objectionable in the amounts of dust produced. 

Bridge construction operations were not considered sig-
nificant contributors to the emission problem. Among 
several miscellaneous operations presented, "maintenance 
sweeping" (2.3) was felt to be a relatively large dust 
producer. 

The research survey results are consistent with impres-
sions gained from many independent professionals in the 
construction industry. The dust problem created by traffic 
on soil-covered roads during all phases of construction and 
maintenance is certainly worse than that of any other 
operation. 
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Mitigation Methods Used 

An approximate proportion of reliance on each mitigant 
was estimated by the respondents; however, since detailed 
back-up information was seldom available, the data cannot 
be considered precise (see Appendix B). 

It was found that 54 of 55 respondents used watering as 
a dust mitigant some of the time; 6 states used watering all 
of the time. The total respondent usage rate for water was 
more than 80 percent of the time. About 30 percent of the 
states used a combination of water and calcium chloride. 

Mixing types of asphalt emulsions were employed by 11 
respondents about 7 percent of the time. The remaining 
9 mitigants, comprised mostly of various asphalt products, 
were applied by 60 percent of the respondents about 20 per-
cent of the time. Seven of these products were used in only 
one responding state each. 

Watering is the most widely used mitigant, probably be-
cause it is the least costly, it is the easiest to apply, and the 
secondary pollution effects are most controllable. Also, 
water can be employed on short notice and can produce 
instant and obvious results. 

However, water is perhaps the least effective mitigant be-
cause its effect is temporary. This creates a tendency to 
overwater, which produces mud and causes the soil to be 
continually tracked away from the construction site, thereby 
spreading the problem. As the length of construction time 
is increased, the soil is tracked still further from the site 
and, consequently, the potential for dust pollution is greatly 
extended. 

The allaying of dust is paid for in one of three ways: a 
lump sum item may cover all temporary pollution control; 
no separate payment may be made, but the contractor is 
expected to distribute the cost in all other items of the 
contract; or each pollution control item may be paid for 
separately. 
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Many jurisdictions such as Virginia, West Virginia, Con-
necticut, and the New Jersey Turnpike Authority have in- 
cluded in their contract specifications separate pay items for 
watering. More efficient dust control often results because 
the contractor is offered monetary incentive to place water. 
Opponents of this method, however, charge that it is too 
difficult to measure the quantity of water placed. During 
the 1971 New Jersey Turnpike Widening project, the cost 
of dust abatement procedures, where watering was paid for 
separately, accounted for more than 0.5 percent of the 
project construction cost of about 50 million dollars. On 
the other hand, recent projects in West Virginia and a per-
centage of construction cost range from 0.1 percent to 
0.4 percent. Both used a factor of 2 gal/yd3  of earthwork 
for estimating purposes. 

The survey indicated that, although many states utilize 
calcium chloride as a dust palliative, most use it as a sec-
ondary or back-up method. The criteria for use of calcium 
chloride are seldom clearly specified, and are usually left to 
the discretion of the resident engineer. 

Calcium chloride is generally used for more permanent 
dust abatement, such as on haul roads or for slope stabiliza-
tion. It has been reported by construction personnel on 
New Jersey Turnpike projects that, when calcium chloride 
is used on pavement prior to rain, the surface becomes very 
slippery. With sandy soil conditions, rain may wash away 
the calcium chloride. On well-compacted, unpaved haul 
roads or access roads, however, calcium chloride has been 
reported effective (13). Both weather and traffic weigh 
heavily on the efficiency of this mitigant. 

Lastly, many states use various asphalt products ranging 
from emulsions to cutbacks. As with calcium chloride, the 
location and time of their use are not clearly defined in most 
contract specifications. They are most often used for long-
term installations because of the high initial cost. Emul- 



TABLE 8 

HYDROCARBON CONTROL METHOD 
REGULATIONS 

Relating to 
Acceps include Small Tank 110sf Amount 
Federal Control Storage or Allocable 

Reupondencs Standardo Measures Transfer1  Discharge 2  

Alabama I S I 

Alaska 

Arizona A I I 

Arkansas 

California I 

Colorado I I 

Connecticut X I I 

Del ooaee 

Washington, 	D.C. 0 

Florida 0 

Georgia 

Hasali I I 

Idaho 

Illinois I 

indiasa K I I 

boa I 

Kansas I 

Kentucky I I I 

Losisiana I 0 1 

Maine 

Maryland I I 

Massachusetts 

Michigas I 

Minnesota 

Mississippi 

Missouri I 

Msotaoa I 

Nebraska I 

Nevada I 

sea Hampshire I 

New Jersey 0 

lea Casino 

Neslork 0 

00mb Carolina I I 

North Dakofa I I I 

Ihiu 	- I 

Oklahoma I X I 

Oregon I 

Pennsylvania I 

Puerto OirO 

Rhode island 

South Caoolina 

South Dakota 

Tennessee 

Teeas I I I 

Isak I 

Virginia I I X 

lirgin islands I X 

Washington I 

00sf Virginia I 

Wisconsin I I X 

Wyoming x 

1Tanks of 3000 gallons or less. 

2From high oay cooutructKon on saintonasre actinitien. 
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sions have been reported as successful mitigants on embank-
ment slopes where a crust is formed on the soil, thus pre-
venting wind erosion. Various cutbacks have been effi-
ciently used on haul roads and access roads that remain in 
use for long periods of time. The Iowa State study discusses 
extensive tests that were performed on secondary roads that 
seem applicable to a haul road situation (14). 

Only three states responded positively to the question re-
questing information on any experimental methods being 
used, and these indicated the use of commercial petroleum 
resin products. Although new products are known to exist, 
very little research other than that in Iowa and by the EPA 
could be identified that evaluated the performance of 
various mitigants. 

There are additional methods of dust mitigation in the 
highway construction and maintenance industry that were 
not evaluated by the survey. For example, some construc-
tion equipment today is designed to reduce the dust raised 
during operation. Jackhammers, rock drilling equipment, 
mechanical sweepers, and other similar devices have been 
fitted with hoods, vacuum systems, and water hoses that are 
intended to reduce dust. Conveyor systems and pipelines 
(hydraulic fill) are used in lieu of trucks for hauling ma-
terials over long distances. Air curtain destructors, as 
shown in Figure 6, have been employed quite successfully 
to reduce the smoke and particulates created by the open-
burning process (18, 19). This device passes a curtain of 
air downward over a fire within a deep, narrow trench about 
20 to 40 ft (6 to 12 m) long. This recirculates smoke and 
flying ashes back through the fire while furnishing a forced 
draft. The resultant fire is extremely hot, and nearly 
complete combustion is achieved. 

Air curtain destructors have been most successfully em-
ployed in Pennsylvania. Soon after the state placed a "no 
burning" edict on construction projects, cost increases for 
"clearing and grubbing" work (which included the disposal 
of previously burned materials) were between 30 and 
700 percent for a series of five projects. Experimentation 
with the air curtain destructor found that it increased both 
the speed and efficiency of burning, and the cost of the 
device approximately equalled the labor saved in the burn-
ing operation. Hence, it was found that no increase in the 
normal contract bid price is necessary through use of the 
air curtain destructor. 

Both landfill disposal and chipping have been successfully 
employed as alternatives to open burning. Two of the 
most successful methods of. reducing dust are speed con-
trol on haul roads and rerouting traffic from the area of 
construction. 

Construction officials responded during interviews and on 
the questionnaire that their construction specifications 
seemed to adequately cover any potential air pollution 
problems resulting from construction operations. Most of 
the specifications reviewed direct the contractor to comply 
with the existing air pollution regulations, thereby placing 
all responsibility with the contractor. Two of the states 
require the submission to, and acceptance by, the client of 
-proposed pollution control plans prior to construction. This 
plan must be coordinated with the over-all construction 
schedule. Two items required in this plan by Nevada are 
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Figure 6. Air curtain desiructor. 

that dust palliatives be placed on all completed embankment 
and excavation areas and that a maximum erosible area be 
set at 750,000 ft2  (70,000 m2 ). Some states restrict the 
vertical exposed area of an excavation or enibankment 
slope. Prior to continuation of work, this slope is seeded 
to prevent erosion and potential air and water pollution. 

Cost comparisons of various dust mitigation methods 
have not been made as part of this study. There are too 
many variables involved in each circumstance requiring 
dust mitigation to fairly evaluate comparative costs. For 
example, it is certainly the best approach, from a minimiza-
tion of dust aspect, to pave a haul road; however, if the total 
environmental impact of the situation is evaluated, watering 
may be the "best" solution. 

Reference is made to the "Literature Review" section of 
this report for further discussion of cost studies previously 
performed. 

FUGITIVE PARTICULATE TEST RESULTS 

During the period from April 10, 1974 through August 2, 
1974, 151 samples were collected at the 14 locations de-
lineated in Table 2. The sampling data taken during the 
testing program at projects in Orlando Fla., Richmond Va., 
and Newark N.J. are summarized in Tables E-2 through 
E-15. These data included concentration, physical location, 
average wind speed and direction, construction activity, and 
general meteorology. The general meteorology data were 
obtained from the National Weather Service and are listed 
in Tables E-16 and E-17. 

The range of concentrations varied from 28 g/m3  to 

1400 g/ m3  under various meteorological conditions, source  

influences, and physical locations, except in the jackhammer 
operation in Newark N.J., when concentrations reached 
16,670 1 g/m3. 

In order to determine if a specific source caused a cer-
tain ambient air influence, one of two methods was used. 
In the first method, the distance between a major source of 
particulate matter and the receptor was evaluated. Since no 
such source existed in the vicinity of the sampling site, no 
exceptional ambient air influence was found. 

The second method of source identification was micros-
copy. Figures E-41 through E-52 are reports of the parti-
cles found in High Volume samplers in the vicinity of the 
project. Comparisons with samples of the road base ma-
terial support the conclusion that the High Volume sam-
plers were influenced to a major extent by highway 
construction. 

Table 9 is a complete statistical summary of the particu-
late concentration data obtained from the 14 sampling loca-
tions. Geometric means, geometric standard deviations, 
distances, and numbers of large concentrations are included. 

As described earlier, the standards compared are the 
Federal primary and secondary air quality standards for 
particulate matter. These standards have both a 24-hr av-
erage (not to be exceeded more than once per year) and 
an annual geometric mean. The coniparative values for this 
testing are 260 zg/m3  maximum 24-hr concentration for 
the primary standard and 150 jig/rn for the secondary 
standard. 

The average of all data obtained (not including that for 
the jackhammer operation) is 216 11g/rn3. The number of 
values required for a valid annual geometric mean under 
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ambient concentrations (20) is 61. By using a weighted 
average between the fugitive dust samples and the normal 
ambient average of particulate matter in the Orlando area 
from Table 10 with the following relationships, a time of 
construction versus annual geometric mean can be pre-
dicted (16). Thus, 

M 
Ixg 	e(0.5 in2 crg)2 	 (3) 

where a- = the standard deviation, /.L = the arithmetic mean, 
= the geometric standard deviation, p-i, = the geometric 

mean, and M = time in months. 
Figure 7 shows a result of these calculations. As can be 

seen, after 2 months of highway construction it is predicted 
that the annual geometric mean primary and secondary 
standards would be exceeded. In order to validate this pre-
diction, the data from site #3 (3.5-ft sampler) was chosen 
for comparison because the length of time for this site was 
almost 2 months. If, at the end of 2 months, highway con-
struction stopped at site #3, it would be expected that val-
ues would be similar to ambient air as measured for Or-
lando in 1973. Following the previously described analysis, 
the predicted annual geometric mean would be 80 g/m3, 
which compares favorably with the observed 75 g/m3. 

Particle Size 

Particle size data were taken during 9 sampling intervals. 
From these data, log normal probability plots were made. 
From these plots, shown in Figures E-32 through E-40, the 
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Figure 7. Predicted annual geometric means vs. time length of 
highway construction. 

mean (geometric) particle size and standard geometric 
deviation were calculated. 

Table 11 is a statistical summary of the particle data 
collected. For these data, the average mean particle size 
was 5.3 ft and standard geometric deviation was 2.29. The 
resultant particle size distribution is shown in Figure 8. 
(Microscopic examination verifies this particle size range.) 

The soils in the area of the Florida testing sites can gen-
erally be classified as sandy. The material in the area of the 
Virginia construction sites consisted of about 20-percent to 
30-percent clay. Lastly, the jackhammer operation in New 
Jersey created very fine concrete dust particles. 



TABLE 11 

PARTICLE SIZE ANALYSIS 
Sazp1e 

Sample Sample Concen 
Sample 
Date 

okoi P 	Li~le 
Size (microns) 

Sal. Ceo. 
Devj.atijc 

Height 
(ft) 

iistaflce 
(ft) 

trati9n 
(ig/m)) 

4-10-71 7.5 1.93 3.5 5 1113 

4-13-74 5.3 1.85 3.3 19 1255 

4-17-74 5.3 1.89 10.1 13 155 

5-1-74 4.5 1.71 10.1 86 155 

5-31-74 5.9 2.63 3.5 51 157 

5-21-74 4.6 2.71 3.5 51 04 

3.7 2.16 3.5 30 66 

7-10-74 4.5 3.00 3.5 30 85 

7-18-74 4.9 2.76 3.5 30 135 
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Figure 9. Mean particle size vs. concentration. 
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The relationship of mean particle size versus concentra-
tion is shown in Figure 9. Normal mean particle sizes in 
urban environments center around 1 jv, (21). It can be seen 
from Figure 9 that, as concentrations approach normal 
urban conccntratiuiis, the particle size decreases. 

The particle size standard geometric deviation has sig-
nificance in determining source influence. Figure 10, de-
veloped from test data, is an analysis (by least squares) of 
the standard geometric deviation as a function of concentra-
tion. The lower the standard geometric deviation, the lower 
the influence from other sources, because generally a source 
emits particulates within a certain range. Thus, the re-
sultant negative slope indicates the influence of highway 
construction with high concentrations. 

Another indicator of source influence is shown in Figure 
11. Here, it can be seen that, as the distance from the 
source increases, the standard geometric deviation increases 
towards normal ambient concentrations. 

As a result of the particle size analysis it can be concluded 
that highway construction dominates the air quality in the 
vicinity of such activities. 

Meteorological Influence of Fugitive Dust Concentrations 

Three meteorological parameters influencing particulate 
matter concentrations are wind speed, wind direction, and 
precipitation. In a review of the data for concentrations at 
various wind speeds, no distinct correlation was noted. 
Wind speeds occur generally within a narrow range, and 
any definite conclusions concerning wind speed versus con-
centrations may be erroneous. 

Wind deviation, on the other hand, was observed to have 
a definite relationship to particulate matter concentrations. 
Wind direction data taken along with particulate matter 
samples were analyzed and averaged over a 24-hr period. 
All values for wind direction and concentrations were used 
to determine frequency of values greater than 100 eg/ m3 at 
different degrees from the roadway (see Fig. 12). The 
value of 100 g/ m3 was chosen because the highest ambient 
concentration observed in the Orlando area during sampling 
was 99 /.Lg/m3. No ambient data were available for the 
Virginia or New Jersey sites. 

The results shown in Figure 12 indicate that the chart 
readings of wind direction may be biased as have been 
found by the National Weather Service (22). Because data 
were analyzed as directional-using N, NNE, NE, etc.-
the tendency. to introduce human error by recording the 8 
principal directions (N, NE, E, etc.) rather than the sec-
ondary directions (NNE, ENE, etc.) would occur if the 
principal frequencies exceed the secondary ones by 10 to 
20 percent. A procedure for removing the biased result is 
discussed in Appendix E. 

The highest frequency of values greater than 100 g/ m3 
occurs at 67.5° from a straight-line direction from sampler 
to the road. This is what would be expected because the 
source of fugitive dust is a line source. A straight line from 
source to sampler (90° deviation) would not allow reinforc-
ing of concentrations by all sources along the line source, 
whereas an angle of deviation around 67.5° would allow the 
"addition" of concentrations downwind (provided the dis-
tance from the source to the sampler is within the area 
affected by the source). 
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Figure 10. Particle size standard geometric deviation vs. 
concentration. 
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The influence of precipitation was also analyzed. During 
the total of 132 samplings for the particulate matter sum-
marized in Tables E-2 through E-15, rain fell to some 
extent during 70. The geometric mean of all values taken 
when rain fell was 99.5 /Lg/m3. For samples when no rain 
occurred, the geometric mean was 212.5 jg/m3. To ensure 
no bias in these results, the sampler height was taken into 
account. Fifty-three percent of the "rain" concentrations 
and 52 percent of the "no-rain" concentrations were taken 
at 3.5 ft (1 m). Also, the average weighted sampling dis-
tances were 59 ft (18 m) and 65 ft (20 m), respectively, 
for "no rain" and "rain" concentrations. 

From the foregoing analysis, an estimated 53.2-percent 
reduction may be expected during rainfalls. This is similar 
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Figure 11. Particle size standard geometric deviation vs. sample 
distance. 

to the 50-percent control expected for construction site 
watering; however, because rain applications are more 
intense, no conclusions can be made (9). 

Influence of Construction Activities on 
Fugitive Dust Concentration 

During the period of sampling many types of construc-
tion activities took place, as can be seen from Tables E-2 
through E-15. Since the data were not sufficient to have 
confidence in the analyzed values, the analysis of all data 
was based on whether construction activities occurred with 
traffic or if traffic was the only source. In addition, the 
influence of precipitation was used to limit any bias. 

The results summarized in Table 12 are based on the data 
from the 14 sampling sites presented in the tables noted 
earlier. 

Of the data obtained, 60 percent had traffic, but no con-
struction activities in the general area. Construction activi-
ties occurred with traffic for 40 percent of the data points. 
A minimum of 20 values was used in the determination of 
the geometric mean. 

Precipitation, as noted previously, does have significant 
influence in reducing concentrations. The major influence 
in the concentrations observed without rain was due to 
traffic since ambient concentrations observed in Orlando 
are around 60 sg/m3. 

The sand, limestone, and other road base material spilled 
and tracked on the roadway would be considered the major 
source of emissions. 

Area of Impact of Highway Construction 

The area of impact can most readily be determined 
by analyzing the concentrations presented in Tables E-2 
through E-15 as a function of distance from the source. 
Also, the variations of concentrations with height can be 
an indication of the settleability of the fugitive particulates. 

The geometric mean concentrations as a function of dis-
tance from construction and roadway were analyzed for the 
foregoing data and are plotted in Figures 13 and 14. The 
plots indicate that the air quality impact is markedly re-
duced by distance over 50 ft (15 m). Concentrations at 
greater distances approach the 60 g/m3  ambient urban 
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Figure 13. Geometric mean concentration 
vs. distance from construction. 
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"background" concentrations for Orlando in 1974. In 1972, 
the average of urban particulate concentrations was 82 ILgl 
m (2). 

To evaluate the effects of distance on short-term 24-hr 
values, values greater than the air quality standard were 
plotted as a function of distance from construction (Figs. 
15 and 16). It is noted from Figure 15 that it is unlikely 
that the 24-hr Federal primary air quality standard of 
260 /Lg/m3  would be exceeded at a distance of 50 to 150 ft 
(15 to 45 m) with normal ambient concentrations of about 
60 g/m3. Under similar conditions, the Federal secondary 
standard of 150 g/m3  would be exceeded at distances of 
100 to 250 ft (30 to 75 m) from construction activities. 
Although actual distances of dust dissipation are difficult 
to establish because of the variables having a direct effect 
thereon, it is clear that the dust in potential violation of the 
ambient standards settles out very quickly. 

Testing at sampling location 9 (see Table E-10) included 
simultaneous samples at different distances. An analysis of 
the results shown in Figure 17 shows the intersection of the 
regression line with the determined natural background 
concentrations (i.e. concentrations not influenced by man). 
In addition, a decrease of 45 percent is effected by increas-
ing the distance about 34 ft (10 m). 

Results of analyzing the effects of sample height are 
shown in Figures 18 and 19. Figure 18 shows the relation-
ship obtained from individual samples taken at 10.1 ft 
(3 m) and 3.5 ft (1 m) during the same time period. The 
slope of 0.521 would indicate that a large portion of the 
particulate matter would be settleable. Concentration dif- 

TABLE 12 

GEOMETRIC MEAN CONCENTRATION (, g/ma) 

With Rain 	Without Rain 	Total 

Construction 	119 	 257 	 184 

No Construction 	87 	 177 	 142 

50 	100 	150 	200 
DISTANCE FROM EDGE OF ROAD(ft.) 

Figure 14. Geometric mean concentration 
vs. distance from edge of road. 

DISTANCE FROM CONSTRUCTION (ft.) 

Figure 15. Violations of primary standard vs. distance. 

ferences normally encountered in urban ambient air at such 
heights are not as large (23). 

The geometric mean concentrations for the 3.5-ft (1-m) 
sampler and the 10.1-ft (3-rn) sampler are plotted in 
Figure 19. The curve drawn is as expected—that is, the 
higher the sample, the nearer to "normal" ambient air con-
centrations; and the lower the sample, the nearer to collect-
ing heavy concentrated particulate matter. 
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Figure 16. Violations of secondary standard vs. distance. 
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Figure 17. Concentration differences  between two samplers 
34 ft apart. 

Consideration of the high readings obtained adjacent to 
the jackhammer operations (see Table E-14) points up that, 
although the particulates dissipate rapidly, the concern for 
the worker must not be ignored in many cases. This re-
sponsibility falls within the jurisdiction of the Division of 
Health, Occupational Safety and Health Administration 
(OSHA) (24). OSHA applies specific standards to the 
exposure of workers for certain particulates at construc-
tion sites. Dust at each site is analyzed by OSHA for con-
tent of certain minerals—including silica, mica, soapstone, 
fibrous talc, graphite, and coal dust. Airborne dusts con-
taining certain proportions of these minerals must not be 
breathed by workers in greater than specified concentra-
tions, averaged over an 8-hr day. Typically, the cumula-
tive exposure from 8-hr work shift for total inert or nui-
sance dust would be 15 mg/rn3. This can be compared to 
the NAAQS secondary standard for particulates of 150 sg/ 
m3  for a 24-hr period. The OSHA controls are therefore 
less restructive by a factor of about 100. This is justified 
because the OSHA regulations are based on the effect on 
healthy workers involved in 8-hr shifts as opposed to EPA 
regulations, which concern the general public and the spec-
trum of health situations covered 24 hr per day. 

Control Measures 

A small portion of the testing, as will be shown, was per-
formed during periods of site watering. Although site 
watering was beneficial, it appeared to be neither long last-
ing nor a solution to the fugitive particulate problem. At 
sampling location 2, watering was used and compared to a 
similar day when no water was used. The fugitive particu-
late was reduced from 551 sg/m3  to 457 g/m3  at a sam-
ple height of 3.5 ft (1 m) for a 17-percent reduction. Other 
site watering led only to the conclusions that the reduction 
of fugitive particulate levels persisted for 1 or 2 hr and that 
the wet materials were "tracked" to other areas. These ob-
servations prompted an evaluation for fugitive particulate 
on an hourly basis at sampling location 3. The results in 
Table E-4 indicated that watering was beneficial, but only 
for a short time. Water was applied shortly before 9:00 a.m. 
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and the fugitive concentration was 80 g/ m3  for the next 
hour, but was elevated to 132 jg/m3  from 11:00 a.m. to 
noon. Traffic on the road increased slightly around noon. 
It is believed that no specific conclusion can be drawn from 
this one sampling day and that there are many other me-
teorological variables that need to be controlled before 
meaningful results can be expected. 

HYDROCARBON TEST RESULTS—DATA ANALYSIS 

A detailed data analysis is presented in Appendix F. The 
analysis of data has shown instances where unexpected 
characteristic results can be related to the lack of statisti-
cally sufficient data. The increased number of samples 
taken in a single sampling day during the second phase of 
testing improved the confidence level in the data obtained 
over the first phase of testing. The findings are summarized 
as follows. 

An evaluation of the 20 ambient air measurements taken 
during the first phase of testing indicates that there is a 
great variability in the data and that the average ambient 
values exceed the EPA standards. In these tests, many of 
the high reactive hydrocarbon (RH-C) concentrations can 
be explained possibly by locally heavy traffic. As expected, 
the ambient values measured in the morning were found 
to be greater than those in the afternoon. More reasonable 
data were provided by the 12 ambient air measurements 
made during the cutback asphalt application than the mea-
surements made during the paving operations because there 
was less adjacent traffic. It is noted that these ambient 
readings in each case were used as a means of determining 
the relative contribution of the construction operation. 

Eleven of the 13 valid samples taken in the immediate 
vicinity of operating paving machines showed an increase 
in the reactive hydrocarbon concentrations over the am-
bient level. The variability in these concentrations was 
caused by changes in such factors as wind, turbulence, tem-
perature, location, and type of paving machine. The con-
centrations were found to depend on the proximity of the 
sampling inlet to point sources. 

The relative contribution of the two hydrocarbon sources 
tested is indicated by the fact that the reactive hydrocarbon 
emitted to the atmosphere by RC-70 sprayer operations at 
points 5- to 30-ft (1.5- to 9-m) downwind were consider-
ably greater than those 1 ft (0.3 m) from the paving 
machine. In all cases, wind and distance were found to 
attenuate the concentrations through dilution. 

The concentration increase over the ambient level mea-
sured approximately 25-ft (8-m) downwind from paving 
operations averaged about 9 ppm, with a standard deviation 
of about 1.5 ppm. Those downwind measurements would 
tend to be increased because of the traffic flow on the high-
way being paved. The downwind measurements from the 
RC-70 application indicated that a large proportion of the 
solvent had been evaporated within 1 hr of application. 

Measurements taken at different moments of time after 
a paving operation indicated that the emission of RH-C  

from new paving is halved in 20 min and ceases after 
45 mm. The same type of test on the cutback asphalt 
application indicated that a 90-percent reduction in emis-
sion concentrations of RH-C occurs within the first 15 mm. 
The reduction is highly dependent on wind, temperature, 
distance from the source, and the volatility of the solvating 
agent. Normal use of asphaltic cements provides emissions 
that are rapidly diluted to levels indistinguishable from 
concentrations caused by local automobile traffic. 

Samples taken adjacent to paving machines and spray 
trucks that are parked with their engines on prior to opera-
tion indicated concentrations of RH-C about 2 ppm above 
the average ambient conditions. 

Through testing. many of the measurements that obtained 
a measureable RH-C concentration exhibited a signature 
"tail-off" that was designated during the research as "heavy 
hydrocarbon." It is hypothesized that this tail-off is caused 
by solvent vapors condensing on the gas chromatograph 
column material and eluting more slowly from the column 
than the reactive hydrocarbon gases that have a lower 
boiling point. 

It is possible that solvating agents containing a high pro-
portion of aromatic hydrocarbons may emit toxic fume con-
centrations during operations involving cutback asphalts. 
However, normal use of uncut asphalt cements provides 
relatively low emission concentrations of reactive hydrocar-
bons that are nontoxic (although photochemically active). 

In order to provide comparative results on the magnitude 
of the RH-C contribution to air pollution resulting from 
asphaltic paving operations and cutback asphalt application, 
various other sources were tested. The following is a se-
lection of test results that provide a relative comparison of 
volatility of petroleum products; these concentrations were 
measured in an almost closed container wherein the vapor 
pressures had stabilized for the ambient tenperature. The 
values indicated should be used for qualitative comparisons 
only. 

REACTIvE 

HYDROCARBONS METHANE 

(PPM) (PPM) SOURCE 

17.51 3.1 Asphalt Tanker Truck 
(AC Temp. 320 F) 

208-280 11.5 RC-70 @ 76F 
845 50.0 #6 Fuel Oil @ 85 F 
1071 23.8 Diesel Fuel Tank 
1250 23 RC-70@95 F 
2310 84 RC-70 	150F 

4250 124 RC-250 @ 150F 
24,100 97.6 Auto Gasoline Tank 

The values give some indication that the quantity of 
hydrocarbons emitted into the atmosphere by the construc-
tion industry is minor when compared to even that of an 
open auto gas tank. Consequently, care should be taken 
that the problem addressed is considered in its proper 
context. 



AJ 

CHAPTER THREE 

INTERPRETATION, APPRAISAL, AND APPLICATION 

GENERAL 

Air pollution is believed to be harmful because of its 
effect on health (respiration, toxicity, eye irritation) and 
welfare (reduced visibility, nuisance factors). Air pollution 
regulations presumably reduce the occurrence of air pollu-
tion incidents and thereby lessen any harmful effects. On 
the other hand, regulations can be presumed to affect costs 
either by requiring elaborate control equipment, which it-
self would be costly, or by imposing restrictions that would 
supposedly increase costs by limiting the available construc-
tion processes. Ideally, then, one could compare these costs 
with the benefits gained (reduced health care costs, reduced 
housekeeping and maintenance costs) and create an index 
whereby the effect on an industry could be foretold. 

The highway construction and maintenance industry 
appears to contribute to air pollution by creating smoke 
from open burning during clearing and demolition opera-
tions, by creating dust during various construction opera-
tions, and by emitting hydrocarbons during paving and 
priming operations. If the amount of pollutants from these 
operations could be quantified and satisfactory mitigation 
techniques identified, then the costs of maintaining a de-
sirable reduction could be determined. However, on the 
basis of the preliminary studies described in this report, it 
appears that the fundamental assumption may be in error. 
Although there is, of course, some contribution of particu-
late matter introduced into the ambient air by construction, 
this contribution is of such short duration and so easily 
controlled that it does not form a significant part of a 
community-wide air pollution problem. As for hydro-
carbons, the quantity emitted during paving operations is 
so small as to be practically unmeasurable against normal 
ambient quantities at the construction sites studied. 

In summary, it can be said that, although both particulate 
matter and hydrocarbons are created by highway construc-
tion and maintenance, generally their effect is one of being 
a localized nuisance rather than being in violation of the 
National Ambient Air Quality Standards. 

SMOKE 

Smoke from open burning is potentially the most serious 
of three construction-generated problems because of the 
gross amounts and large variety of pollutants emitted. This 
occurs primarily because the low temperature usually asso-
ciated with open burning results in incomplete combustion. 
Furthermore, because of the updraft created by the fire, the 
fine particles are readily elevated and hence widely dis-
persed. 

However, few cases justify open burning. Many jurisdic-
tions have been able to effect a total ban on open burning 
and numerous others have had little difficulty in postponing  

the burning operation during periods of temperature in-
versions when the harmful effects of smoke would be most 
seriously felt. Although the clearing of the land may be a 
vital step in the progress schedule of a construction project, 
the disposal of the cleared materials rarely is. Conse-
quently, time is available to either await favorable weather 
or to undertake alternative procedures. The trend in alter-
native procedures seems to be toward reducing the wood 
products by chipping machines (and salvaging the product 
as mulch) or increasing the temperature of combustion by 
the use of air curtain destructors and, thus, eliminating the 
most harmful effects of open burning. Indeed, one state 
found that the use of air curtain destructors was actually 
less expensive than open burning, because the cost of the 
equipment needed for forced air combustion was less than 
the cost of the labor and equipment involved to tend the 
open fires. 

DUST 

Embankment construction primarily involves three steps: 
excavation, hauling, and compaction. The excavated earth 
normally contains sufficient moisture, so that little, if any, 
dust results. The compaction process, under most state 
specifications, requires a certain optimum moisture content 
to achieve maximum compaction, so that this operation, 
too, is not a dust generator. The hauling process can gen-
erate dust, because the top surface is subject to drying and, 
when dried, offers a dust-producing source to passing ve-
hicles. Winter months and days during and after rainfall 
constitute a significant portion of the year, such that the 
opportunities for drying are only a fraction of the construc-
tion season in many regions. Where dust production is 
likely, traffic can be banned, speeds can be reduced, or the 
hauling road or detour road can be watered. During ex-
tended periods of drying, water appears to be inefficient 
because the effects may only last a few hours. Conse-
quently, use of hydrophilic materials, such as calcium 
chloride, is more sensible. Further, on heavily traveled haul 
roads, cutback asphalts and emulsions may be used for dust 
mitigation. On the basis of the recent trend in the cost of 
asphalt products, emulsions have become the more favored 
choice. Where dust results from the spillage of embank-
ments onto paved roads, frequent cleaning through scrap-
ing, sweeping, and hosing is the best method for eliminating 
the potential for dust. 

HYDROCARBONS 

Hydrocarbons emitted from paving with asphaltic con-
crete are quickly dispersed, are apparently nontoxic, and 
may constitute a smaller contribution to the ambient air 
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than the machine transporting the paving materials. More 
volatile cutbacks emit considerably more hydrocarbons than 
asphalt cements, but they constitute only a small percentage 
of the total asphalt products used in the highway industry. 

In fact, the use of cutback products is declining even further 
because of the need to conserve both gasoline and naptha 
(usually used in cutback production) for more urgent 
energy requirements. 

CHAPTER FOUR 

CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

The specific conclusions that follow pertain to the results 
obtained from studies of the fugitive particulate and hydro-
carbon regulations and their effect on the highway construc-
tion and maintenance industry. 

Fugitive Particulates 

State regulations for fugitive particulates are rarely 
applied to construction sites. 

Enforcement of state regulations is difficult because of 
the requirement for a 24-hr test and because of the con-
spicuousness and cost of the equipment presently used for 
testing. 

Open burning, potentially the worst violator of the air 
pollution regulations, can be adequately controlled through 
present technology. 

Fugitive dust from highway construction and main-
tenance is a local, short-term problem, hence an insignifi-
cant contributor to ambient particulate levels. 

Construction activity has an influence on concentra-
tions. The dominant source causing high readings is traffic 
on unpaved surfaces. Public access along construction sites 
should be reduced through detouring and particulates con- 
trolled by speed control. 

Wind direction is more significant than wind speed in 
its effect on fugitive particulate concentrations. 

Precipitation reduces mean concentrations by about 
50 percent. Site watering is less effective than rainfall in 
reducing particulate levels and generally lasts for only a 
few hours. 

Both rain and site watering cause soil to be "tracked" 
from construction sites, thereby spreading the potential for 
dust. 

Watering is probably overused as a mitigant and 
should be replaced by more efficient dust mitigation meth-
ods such as oil-based products and temporary pavements. 

Concentrations of fugitive particulates measured at 
10.1 ft (3 in) are about 45 percent less than at 3.5 ft 
(1 m). This settleability is not observed in urban concen- 
trations of particulates. 

At 50 ft (15 m), a sharp discontinuity in dust levels 
is found. Without dust mitigation, it is unlikely that the 
24-hr Federal primary air quality standard of 260 jLg/m3  
would be exceeded at a distance of 50 to 150 ft (15 to 
45 m) with normal ambient concentrations of 60 jg/m3.  

Under similar conditions the secondary standard of 150 
JLg/ m3  would not be exceeded at distances of 100 to 250 ft 
(30 to 75 m) from construction activities. Through the 
use of dust mitigation techniques, these distances would be 
reduced. 

Additional measures that should be considered to 
reduce the industry's contribution to air pollution include 
restriction of public access to work site, restriction of ex-
posed graded area, and topsoiling and seeding such that 
vertical exposed faces of excavation or embankment are 
limited. 

Hydrocarbons 

The reactive hydrocarbons emitted by normal asphal-
tic paving operations and equipment are well below con-
centrations that could be harmful to health. 

Hydrocarbon emission from freshly paved asphalt 
and prime coat is highly sensitive to wind, turbulence, and 
temperature. The hydrocarbons dissipate very rapidly with 
distance from the source. Within no more than 50 ft 
(15 m) from the source (for the more volatile cutbacks), 
essentially all hydrocarbons above the ambient level are 
reduced to trace concentrations. 

Emissions of hydrocarbons generated by paving opera-
tions are difficult to differentiate and measure because of 
their low concentrations and the emissions from vehicular 
traffic normally found in the vicinity of such operations. 

Aggregate priming (stabilizing) with RC-70 provides 
higher emission concentrations of reactive hydrocarbons 
(RH-C) than do uncut asphalt cements. 

The primary parameters determining the amount of 
RH-C emitted during asphaltic paving operations are the 
amount of solvating agent remaining with the asphalt ce-
ment, the solvent composition, and the temperature during 
and after application. 

RH-C emission concentrations from RC-70 priming 
operations are reduced to approximately 10 percent of their 
initial values 15 min after application under normal wind 
and temperature conditions experienced in Florida in 
October. 

RECOMMENDATIONS 

Fugitive Particulates 

The following lists several suggested areas of research 
that could be undertaken that may help in identifying pos- 
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sible methods of improving the highway industry's role in 
the attainment of the ambient air quality standard for 
fugitive párticulates. 

In order to control short-term (less than 5 mm) 
dustfalls, it is necessary to quantify them. This could best 
be done by means of a "quick and dirty" test, whereby a 
resident engineer may objectively evaluate the need for 
mitigation procedures. Such a test could be accomplished 
by simply capturing dust on a sticky tape or cheese cloth 
for a certain period of time and comparing the results to a 
preestablished color or opacity chart. A potential nuisance 
level could be established relative to this chart that could 
be used to trigger preventive measures. 

Air pollution regulations could be related to the OSHA 
regulations to determine if one method of control and test-
ing of the worker would be sufficient to protect the public. 

The additional construction costs caused by the ban  

on open burning could be evaluated. 

Hydrocarbons 

While the contribution of hydrocarbons from the high-
way industry (exclusive of vehicular exhaust) is small, 
several areas of suggested research have arisen from the 
testing program undertaken as part of this research. 

I. Future work could be performed to define compounds 
as they affect workers. This would, by necessity, have to be 
performed in a more controlled environment. 

2. Although much data exist on the "tons of fuel per 
year" or hydrocarbon emission (production) quantities put 
into the atmosphere per time period, data could not be 
found on increases in atmospheric RH-C concentrations 
resulting from these emissions under various atmospheric 
conditions. Such data might prove highly useful for prac-
tical control application and city planning processes. 
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APPENDIX A 

QUESTIONNAIRE TO AIR POLLUTION OFFICIALS 

The questionnaire presented in this appendix was sent by 
letter to the 53 air pollution officials that follow. The letter 
requested that the questionnaire be completed and returned; 
it also requested copies of approved implementation plans 
and air quality regulations and standards currently in effect. 

A second follow-up letter was later sent to serve as a re-
minder. 

The answers of the 47 respondents are summarized in 
Table A-i. 

N 
1-1 

N 

2 

-4 
-'a 

'-4 



Si. T. Willis. Director 
Environmental Health Administration 
Alabama Department of Health 
645 S. McDonosgh Street 
Montgomery, Alabama 36104 

Max C. Brewer, M.D. 
Commissioner 
Dept. of Environmental Conservation 
State of Alaska 
Pooch 0 
Juneau, Alaska 99801 

Louis Konsuth, M.D. 
Commissioner of Health 
Division of Air Pollution Control 
1740 West Mans Street 
Phoenix, Arizona 85007 

S. Ladd Davies, Director 
Arkansas Dept. of Pollution 

Control and Ecology 
8001 National Drive 
Little Rock, Arkansas 72209 

A. J. Haagen-Snit, Ph.D., Chairman 
Air Resources Board 
1025 p Street 
Sacramento, California 95814 

Gerald P. Wood, Ph.D. 
Division Director, Environment 
Air Pollution Control Division 
Colorado Dept. of Health 
4210 K. 11th Avenue 

Douglas H. Castle 
Commissioner of Environmental Protection 
Dept. of Environmental Protection 
165 Capitol Avenue 
Hartford, Connecticut 06115 

John C. Bryson, Secretary 
Delaware Dept. of Natural Resources 

and Environmental Control 
Division of Environmental Control 
Tatnail Building, Capitol Complex 
Dover, Delaware 19901 

James P. Alexander, Director 
Dept. of Environmental Services 
District of Columbia Government 
614 H Street, N.W. 
Washington, D.C. 20001 

John E. Trygg, Director 
Bureau of Environmental Health 
Louisiana Health and Social Rehabilitation 

Services Administration 
P. 0. Box 60630 
New Orleans, Louisiana 70160 

William B. Mans, Jr., Commissioner 
Dept. of Environmental Protection 
Bureau of Air Pollution Control 
State House 
Augusta, Maine 04330 

Neil Soloman, M.D. 
Secretary of Health and Mental Hygiene 
Maryland State Dept. of Health and 

Mental Hygiene 
610 N. Howard Street 
Baltimore, Maryland 21201 

William J. Bicknell, M.D. • Commissioner 
Bureau of Air Quality Control 
Dept. of Public Health 
600 Washington Street 
BOato, Massachusetts 02111 

Peter Baijet, Executive Director 
Dept.. of Pollution Control 
2562 Executive Center Circle 
Tallahassee, Florida 32301 

R. S. Howard, Jr. • Director 
Environmental Protection Division 
Dept. of Natural Resources 
47 Trinity Ave., S.W. 
Atlanta, Georgia 30334 

Walter B. Quisenberry, M.D. 
Air Sanitation Branch, 
Division of Environmental Health 
1250 Punchbowl Street 
Honolulu, Hawaii 96813 

Dr. James 8am, Administrator 
Dept. of Environmental and Community 

Services 
Statehouse 
Boise, Idaho 83720 

John N. Marco, Director 
Environmental Protection Agency 
2200 Churchill Road 
Springfield, Illinois 62706 

William T. Payster, M.D. 
State Health Commissioner 
Indiana State Board of Health 
1330 W. Michigan Street 
-Indianapolis, Indiana 46206 

Kenneth H. Karch, Executive Director 
Dept. of Environmental Quality 
Iowa Department of Environmental Quality 
3920 Delaware Avenue, P.O. Box 3326 
Des Moines, Iowa 50316 

Edwin D. Lyman, M.D., Director 
Kansas State Dept. of Health 
535 Kansas Avenue 
Topeka, Kansas 66603 

Thomas 0. Harris, Commissioner 
Division of Air Pollution 
Kentucky Dept. for Natural Resources 

and Environmental Protection 
Capital Plaza Tower 
Frankfort, Kentucky 40601 

J. L. Higgins, Director 
Dept. of Environmental Control 
Division of Air Pollution Control 
P.O. Box 94653 State House Station 
Lincoln, Nebraska 68509 

B. S. Trounday, Director 
Bureau of Environmental Health 
Nye Building 
201 South Fall Street 
Carson City, Nevada 89701 

Forrest H. Bursford, Director 
New Hampshire Air Pollution Control 

Agency 
State Laboratory Building 
Hazer, Drive 
Concord, New Hampshire 03301 

Richard D. Coodenough, Director 
Division of Environmental Quality 
New Jersey Bureau of Air Pollution 
Dept. of Environmental Protection 
P.O. Box 1390 
Trenton, New Jersey 08625 

QUESTIONNAIRE RECIPIENTS 

Lee B. Jager, Chief Aaron L. Bond, Acting Director 
Division of Air Pollution Control Environmental Improvement Agency 
Michigan Dept. of Natural Resources PERA Building 
3500 N. Logan Street College and W. Manhattan 
Lansing, Michigan 	48914 Santa Fe, New Mexico 	87501 

Grant J. Merritt, Executive Director Henry L. Diamond, Commissioner 
Division of Air Quality New York State Dept. of Environmental 
Minnesota Pollution Control Agency Conservation 
717 Southeast Delaware 50 Wolf Road 
Minneapolis, Minnesota 	55440 Albany, New York 	12201 

Glen Wood, Jr., Executive Director E. C. Hubbard, Director 
Mississippi Air and Water Pollution Dept. of Natural and Economic 

Control Commission Resources 
Robert E. Lee Building Office of Water and Air Resources 
Jackson, Mississippi 	39205 P.O. Box 27687 

Raleigh, North Carolina 	27611 B. LeRoy Carpenter, M.D. 
Commissioner of Health Lyman J. Olsen, M.D., 
Oklahoma State Dept. of Health Director of Health 
Northeast 10th and Stonewall Utah State Division of Health 
Oklahoma City, Oklahoma 	73105 44 Medical Drive 

Salt Lake City, Utah 	84113 
Diarmuid F. O'Scannlain, Director 
Dept. of Environmental Quality Martin L. Johnson, Secretary 
1234 S. W. Morrison Street Agency of Environmental Conservation 
Portland, Oregon 	97205 Air Pollution Control 

P.O. Box 489 
Maurice K. Goddard, Secretary Momtpelier, Vermont 	04502 
Dept. of Environmental Resources 
Comxonwealth of Pennsylvania Paul E. Wilkins, Chairman 
200 N. Third Street State Air Pollution Control Board 
Harrisburg, Pennsylvania 	17105 Room 1106, Ninth Street 

Office Building 
Carols Jimenez Barber, Executive Direc Richmond, Virginia 	23219 
Environmental Quality Board 
P.O. 	Box 11488 Pedrito Francois, Director 
Santurce, •Puerto Rico 	00910 Division of Environmental Health 

Dept. of Health 
P.O. Box 1442 
St. Thomas, Virgin Islands 00801 

John A. Riggs, Director 
Washington State Dept. of Ecology 
P.O. Box 829 
Olympia, Washington 98504 

Gus R. Douglass, Chairman 
West Virginia Air Pollution Control 

Commission 
1558 Washington Street, East 
Charleston, West Virginia 25311 

Brooks Becker, Ph.D., Director 
Wisconsin Dept. of Natural Resources 
Box 450 
Madison, Wisconsin 53701 

Robert E. Sundin, FE., Director 
Air Quality Division 
Dept. of Environmental Quality 
State Office Building 
Cheyenne, Wyoming 82002 

W. Van Heuvelen, Chief 
Environmental Health and Engineering 

Services 
North Dakota State Dept. of Health 
State Capitol 
Bismark, North Dakota 58501 

Ira L. Whitman, Ph.D. • Director 
Ohio Environmental Protection Agency 
361 East Broad Street 
Columbus, Ohio 43216 

Charles R. Barden, P.R., Executive 
Director 

Texas Air Control Board 
8520 Shoal Creek Boulevard 
Austin, Texas 78758 

Austin C. Daley, Chief 
Division of Air Pollution Control 
Health Building 
Davis Street 
Providence, Rhode Island 02908 

E. Kenneth Aycock, M.D. • Commissioner 
South Carolina Dept. of Health and 

Environmental Control 
J. Marion Sims Building 
Columbia, South Carolina 29201 

Allyn 0. Lookner, Secretary 
South Dakota Sept. of Environmental 

Protection•  
Office Building #2 
Pierre, South Dakota 57501 

Harold E. Hodges, FE. Director 
Division of Air Pollution Control 
Tennessee Dept. of Public Health 
C2-212 Cordell Hull Building 
Nashville, Tennessee 37219 

Harvey D. Shell, Executive Secretary 
Missouri Air Conservation Commission 
P.O. Box 1062 
117 Commerce Avenue 
Jefferson City, Missouri 65101 

John S. Anderson, M.D. • Director 
MontanaState Dept. of Health and 

Environmental Seciences 
Cogswell Building 
Helena, Montana 59601 



Monitoring Enforcement Violations 
Responsibility 	Frequency Pollutants Provisions Zyme No. Period 

Commission. 	 Other Particulates, None open 2 month 
Cooperation of Mobile source burning 
Highway Dept. pollutants 
which plans after construc- 
revision of tion. 
specifications. 
Requirements 
are presently 
discussed at 
pre-construction 
meetings. 

limited, by dust and Fines by dust 5 year 
agency point sources Dept. of asphalt 5-10 year 

Law plant 
visible 
emi ssios 

Current Regulations 
Applica- 

Existing bility 	Need 	Effectiveness 

Alabama 	 Chap. 3, Open 	 - 	Adequate 
Procla- burning 
mation 3 & fugitive 
and Chap. dust 
4.2 

Alaska 	 Not 	 No 
specific 

TABLE A-i 

SUMMARY OF QUESTIONNAIRE RESPONSES 

Arizona 	Questionnaire not completed. 

Arkansas 	Questionnaire not completed. 

California 	local 	No 	 Yes 
air 
pollution 
control 
districts 

Not by state, 	 Smoke using 
local APCD's 	 Ringelmann #1 
monitor, 	 and #2 criteria 
coordinate 
informally with 
state. 

CO, NOR, 	Projects that 
particulates 	violate regula- 
HC 	 tions can be shut 

down 

Particulates 	If highway 	visible emission 
and combustion results in 	 5 	month 
products of 	CO above 	fugitive dust 
open burning 	standard, it 	(road) 	5 	month 

may not be 	fugitive dust 
constructed. 	(open truck) 

20 month 
open burning 

1 month 
No enforcement None 	- 
in regulation. 
Statute provides 
fines up to 
$10,000. 

Colorado 	Yes 

Connecticut 	Yes 

Yes 	 No general 	 Other 
monitoring 
program 

Complex source 	Field surveillance 
regulations 	and nuisance 
not implemented 	investigation 
until 10/1/74. 

Delaware No 	 Yes 	Some provision 	None 
for review of 
major highway 
construct ion 
with respect to 
long term air 
quality 
maintenance. 

District of 	Yes 	 Yes 	 Bureau of Air 	Daily 
	 Particulates 	 fugitive dust, 

Columbia 	 and Water 
	 dust 	 2 	month 

Quality Control 
	

Sec. 8-2: 712 



Current Regulations 
Applica- Monitoring Enforcement 	Violations 

Existing 	bility Need Effectiveness Responsibility 	Frequency Pollutants Provisions 	Type 	No. Period 

Florida Not specifically Present (No 2nd answer) No monitoring of NC, CO, 	0 Complex source 	None 8 	11/2/73 

related to regula- Not specific - significance, only under rule, backed by 	available. 2/10/73 

highway construc- tions enough, only as complex very special legal staff and 	Ambient 

tion, but as may be source, circumstances, enforcement 	air 

fugitive dust and adequate section. 	Notice 	quality 

open burning in & order violations 	standard 

accordance with re: 	ambient air 	for 24 

construction regu- standards. 	 hour-parti- 

lations in state culate. 

highway manual 
Georgia No Yes Existing regs. None. 	Section Fines, 

Do have don't cover has worked with injunctions, 

ambient traffic related Ga. 	Dept. 	of and criminal 

standards pollutants Transportation penalties. 

for CO, but adequately, in evaluating 
no specific CO primary some road pro- 

review or interest and jects. 
emissions impact, plans 
standards. for adopting 

indirect 
source 
review regs. 
by end 1974. 

Hawaii Do not None Air pollution Division, 	 Other Particulate Section 8, 	dust 	6 annual 

specifically problems Pollution matter statute on 	open 	2 annual 

address related to Investigation Environmental 	burning 

highway highway & Enforcement Quality. 

construction. construction Branch 
are not major. 

Idaho No 	 general No No routine misdemeanor $300/day 

regs. monitoring, civil penalty $1000/day 

apply State Highway 
Department is 
responsible 
for ensuring 
compliance with 
fugitive dust 
and open burn- 
ing requirements. 

Illinois Questionnaire not completed. 

Indiana No No No monitoring. Enforcement 	No record of 

Private indivi- prescribed by 	violation 

duals report cases general law, 	due to high- 

of open burning not regulation. way activities 

to our Enforcement kept, seldom a 

Section who then problem. 

investigates. 



Current Regulations 
Applica- Monitoring Enforcement Violations 

Existing 	bility Need Effectiveness Responsibility Frequency Pollutants Provisions yffe 	No. 	Period 

iowa Fugitive Yes Requires formal Iowa State Highway None For citizen dust 	3 	month 
dust complaint prior Commission - their complaints, (reported 
only to initiation of "Action Plan" Dept. may order complaints) 

fugitive dust contains procedures corrective actions 	dust 	2 	month 

enforcement for evaluating under the fugitive 	(reported) 

procedures. the environmental dust provisions 

No legislative effects of highway of the Air Quality 

authority to construction. Commission's Rules. 

control indirect No specific pollutant 
sources monitoring however. 
(highways). 
No noise control 
regulations. 

Kansas None specifically, None None Regulation None for highway 
emissions 	from 28-19-45, construction. 
asphalt plants, open burning 
rock crushing prohibited. 
plants and ready Regulation 
mix 	plants 28-19-51, 
associated with ground level 
highway constr- particulate 
tiorl are 	controlled, limitations. 

Kentucky Yes 	 Fugitive Yes Division of Other Particulates Statute - dust 	1 	month 
dust Air Pollution, maximum open 
and penalty burning 	1 	month 
open $1,000/day (both estimated, 
burning per violation represents violations 

construction season 
(4/15-11/15), not necess 
necessarily total 
violation, since only 
periodic inspection.) 

Louisiana Yes. 	All Adequate Air Control Weekly Visual Regulations Suspended 	1 or 2 

highway impact observations particulate 	occasions 

statements are of asphalt and from asphalt 	per month 

evaluated by cement plant plants, problem 

this agency for emissions, arises when 

air quality. open burning asphalt plant 

Current regu- of trees, etc. has scrubber 

lations pertain failure and 

to process weight operator 

rate emission continues to 

standards. 	Ambient run plant. 

air suspended 
particulates. 
open burning 
regulations. 

Maine 	 Yes, in general 	 'No, 	 Federal and 

probably 	 State D.O.T. 
should 
have fugitive 
dust" 

Revised 
Statutes 



Current Regulations 
Applica 

Existing bility 	Need Effectiveness 
Maryland 	 Yes 	 Yes 

Monitorin 
Responsibility 	Frequency Pollutants 
Bureau. 	No 	 Other Fugitive 
routine monitoring, dust 
spot checks usually 
made by local health 
officials to insure 
control of 
fugitive dust. 

Enforcement 	Violations 
Provisions 	Type 	No. Period 
Orders 	 dust 	30 month 
to cease 	(from April - October) 
issued. 
Civil 
penalties. 

Massachusetts Construction 
act ivit ies 
governed by 
general 
regulations 
prohibiting 
excessive dust, 
noise and nuisance, 
etc. 	Note regu- 
lations 1.1, 	6.5.1, 
6.6.1, 	9.1, 	10.1. 

Michigan Questionnaire not completed. 

Minnesota Questionnaire not Completed. 

Mississippi Yes 

Missouri Yes 

Montana 	 Questionnaire not Completed. 

Nebraska 	 No. Do 	 No 
have indirect 
controls 
by regulating 
location 
of 
asphalt 
plants. 

Nevada 	 Yes 

As necessary 	Particulates, 	Regulations 	dust 
	

5 	month 
Noise 

Yes 

Unknown 

Conunission 	 Periodically 	Visual 

Agency 	 Daily, 	 CO, °x'  MC, 	Regulations 
special 	SOx, NOx, 

Particulates 
Pb 

Division. 	 Other 	 Particulates 	Statutes 	None 
Inspection of 	 provide for 
asphalt plants. 	 fines, injunc- 

tions and jail 
sentences. 

Yes 
Additional 
regulations 
on land use 
planning 
would make 
existing 
regulations 
effective. 

Department 	 Random 	 During 	 Based on 	dust 	4 Quarter 
construction 	expected ADT, 
dust, after 	predictive modeling 
construction 	is required for CO, 
random CO. 	fugitive dust during 

construction. 



Current Regulations 
Applica- Monitoring Enforcement 	Violations 

Existing 	bility Need 	Effectiveness Responsibility Frequency Pollutants Provisions 	Type 	No. 	Period 

New Hampshire Air pollution Yes Agency Occasionally CO, particu- Regulations 
regulations and lates, visible 
regulations on emissions, NOR. 

indirect sources. 

New Jersey None. 	Federal air None No monitoring CO None 
quality guidelines for no significant by Bureau, 
highway construction problem with State Dept. 	of 
are used by State Dept. highway construc- Transportation 
of Transportation tion, since is developing 

imposition of monitoring capa- 

general ban on bility. 	Their air 

open burning, quality reports are 
reviewed by Bureau. 

New Mexico None Yes 	Only for asphalt Only monitoring is of emissions Regulation 
batch plants. from asphalt batch plants EPA 501-asphalt 
Fugitive dust monitors construction sites, batch plant 
emissions emissions 
associated 
with construc- 
tion are a 
problem and 
an area where 
regulations are 
needed. 

New York No No Dept. monitors 14 Days Minor highways None (Hearings 
background for CO & Penalties) 
pollutant levels 6 weeks Major highways 
in areas of pro- (4 lane) - 
posed highway con- CO, NOR, hydro- 
struct ion in carbons. 
cooperation (Occassionally) (Particulates 
with State Dept. smoke on existing 
of Transportation. construction. CO, 

NOx, O,, on proposed 
sites.) 

Ncfth Carolina 
	Yes, but 
	

None by Dept. 
not explicitly  

North Dako a 	Yes Particulate Yes. State Dept. of 
Sec. 	5.100 emissions Adequate for Health also by 
& 5.400 of from N. Dakota local health 
Reg. 23-25 asphalt predominantly dept. 

plants, rural, agricul- 
fugitive tural, 	low. 
dust, population 

density. 

Regulations 
for control 
of air pollu-
tion. 

On request. 	Hydrocarbons 	Air pollution Parti- 	1 	1974 
& Particulates law & regula- culate 

tion Sections (dust) 
23-25-08, 	Asphalt 3-4 year 
23-25-09, 	plant 
23-25-10, of 	emissions 
State Law in 	(dust) 
Reg. 23-25. 	gravel 	2-3 year 

trucks 
(dust) 



Current Regulations 
Applica- 

Existing bility 	Need Effectiveness 
Ohio 	 No 	 No 

Monitoring Enforcement 	Violations 
Responsibility 	Frequency 	Pollutants Provisions 	Type 	No. 	Period 
OEPA or local 	response 	Particulate Enforced 	None 
agent 	 to nuisance 	matter through 

complaint courts as 
nuisance 
matter 

Not 	Service has 	No monitoring of 	 Reg. No. 9 	None 
at 	close working 	construction 	 most applicable 

present 	relationship 	activities has been 	 to hwy. activities 
with Hwy. Dept. 	conducted in the 	 For enforcement 
in establish- 	past, 	 provisions, see 
ing review 	

Section 2002, (I)-(K) 
procedures to 	 of the Oklahoma 
determine con- 	 Clean Air Act. 
sistency of 
proposed hwy. 
project with 
State Plan. 
Consultat ion 
re: 	present 
regulations has 
been effective 
in dealing with 
air pollution 
problems. 

Oregon Yes Yes Air Quality 	 Other CO,Pb Air Quality Station 
Control Division certain standards  CO 108 1973 
by special monitoring stations civil penalty  CO 178 1973 
projects, Highway operate $500/day  CO 178 1973 
Division Oregon continuously  CO 3 1973 
Graduate Center & 
others, 

Pennsylvania No Yes 	EPA's indirect Bureau 	 Other Smoke & Open burning Not available 
source review fugitive & fugitive dust 
program and dust, regulations 
FHWA'S PPM 90-7 Not for 
guidelines CO as HC 
should be at this time. 
adequate 

Puerto Rico For fugitive Monitoring of construction Revocation of dust 10 month dust, activities not required. permit, fines Amendments are 
Law I 9)  ( necessary 

Rhode Island Indirect source Yes R.I. DOT contractors 	Daily CO, NO2, HC Federal CO 35 1973 regulations & monitor before indirect 8-hr NEPA regs. 
required 

construction source stand 5 1st quarter 
detailed air 

permit is issued provisions 1974 

pollut ion 
studies before 
construction 

Oklahoma 	 No 



Current Regulations 
Applica- 

Existing bility Need 	Effectiveness 

South Carolina 	None Yes 
& 

No 

South Dakota 	No No 

Tennessee 	 Yes Yes 

Texas 	 keg. 	I, Control of 	NA 	Yes 
Para. 	104 particulates 
and associated 
Para. 	101 with material 

handling 
construction 
and roads. 
Open burning. 

Monitoring 	 Enforcement 	Violations 
Responsibility 	Frequency 	Pollutants 	Provisions 	Type 	No. Period 

No monitoring of construction 	 None 
or maintenance. 

None at present. 

Board, Monitored 
visually by 
Regional 
personnel, 
coordinated by 
complaint re-
ports and/or 
source 
surveillance 
reports. 

Random 
as 
necessary 

None 

Visible 	Administra- 	open 
particulates 	tive hearings, burning 30-50 year 
only, and 	board hearings, dust 	12-20 year 
fugitive 	court action 
dust. 

Particulates, 	Reg. I, 	None available 
open burning. 	Para. 101 

and 104. 
Nuisance 
Provisions-
General Rule 5. 
Possible civil 
penalties of 
$50-1,000 day 
per violation. 

Utah Questionnaire not completed. 

Vermont Land Use 
and Devel- 
opment Act has 
authority 
to control 
air quality 
on highway 
construction and 
maintenance. 

Virginia Virginia 	Fugitive 
Air 	 dust and 
Board 	open 
Regs. 	burning 

Virgin Islands Questionnaire not completed. 

Washington 'No 	 No 

Yes 	 Air monitoring is not conducted 
in association with usual high-
way construction projects; however, 
construction CO monitoring may be 
carried Out by the Agency. 

Yes 	 Air Board; highway 
construction is 
not monitored. 

Local agencies 	Other 
and Dept. of 
Highways monitor,  

$1,000/day 

$1,000 
maximum 

Particulates, 	Civil 	 None available. 
CO 	 Penalties. 



Current Regulations 
Applica- 

Existing bility 	Need Effectiveness 
west Virginia 	No 	 Yes 	No. 

need 	There 
for 	should 
manual 	be no 
of 	open 
good 	burning. 
practice. 
Not 
specifically 
for W. Va. 
but other 
areas. 

Monitoring 	 Enforcement 	Violations 
Responsibility 	Frequency 	Pollutants 	Provisions 	Tp 	No. Period 
Commission 	 Random 	Particulates, Director's 

smoke 	 cease & 
desist 
authority 

Wisconsin 	 No. 	 - 	 Yes 	No Section 	 Review Particulates, Issue order Particulates 97 7/71- 
Proposed of initial sulfur, to prohibit 7/73 
rules construction oxides, CO, construction Particulates 20 8/73- 
taken to plans. HC, Ozone, of certain 7/74 
final direct sources; HC 	 27 8/73- 
hearing issue other (stationary 7/74 
June 1974, orders, assess sources) 
would penalties of 
regulate $10-5,000/ 
construction - violation of 
of highways rules. 
& other (NIt 154.08) 
indirect 
r.ources 

Wyoming 	 Yes 	 Yes Division 	 As see Reg. See Reg. None 
reciuired 



NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 0 to Transportation Research Board 

National Academy of Sciences - National Research Council 
P1 Project 10-11  CD 
Cl) Questionnaire on Emissions from Highway Construction and Maintenance Operations. g 

— 
Geeeral Instructions: CD  0 
Please enter appropriate checkmarks, numbers or percentages where indicated. 
Emissions to be considered include fugitive dust and hydrocarbons, but exclude o 
vehicular exhaust. 

Qoestion 1. 	Operations that produce fugitive dust or other emissions (excluding 
CD 

vehicular exhaust). C) 

Column A. 	Please indicate relative magnitude of problems or complaints 
0-i to 

resulting from each operational area listed by checkieg one (1) 

box only. 
0CD 

Column 13. 	Please enter number indicating your best estimate of the number 0 C') 
of notices of statutory viotations or legal citations received by 0 
your state, agency or contractors during the past year resulting . Z 
from each operational area listed. 

 

Operations Area 	 Column A 	 Column B 

Initruction 	 (Enter number)  
Osestion 2. 	Current Mitigation Methods Used. 

Relative Severity of Problem 

Earthwork 	 Severe 	Occasional 	 Approximate -  CD 0 
Operations 	 Problem 	Complaint 	No Problem 	Number of Violations 

Instructions: 	Please enter numerical percentage in one (1) box only on each line to 0 
indicate the approximate relative proportion of each dust mitigation method currently 

Excavation 
Loading 	 ) 	 ( 	( 	 ( 	( ( 

used by your State or agency. 	Checkmarks should be used in the last column to 
indicate experimental use. 

C) 0 
Z 

Hauling (Paved Roads) 	) 	( 	 ( 	( 	 ( 	( 
Hauling 	 Roads) 

R 
:8(UiSPavea Example: 	 Extessive Use 	Moderate Use 	No Use 	Experimental Use 

pg 0 	P.. 
Grading 

Applying water 	 )90%) 	 ) 	) 	 ) 	( 	 ( 	( 

Compacting 	 ( 	 ( 	( 	 (  Calcium Chloride 	( 	) 	 (10%) 	 ( 	( 	 ( 	) 
Wind Erosion 	 ( 	) 	 ( 
Traffic on Dirty Road 	( 	( 	 ( 	( 	 ( 	)  Polyethelene Sheets 	( 	) 	 ( 	) 	 ( 	( 	 ( 3/  ) • 

gr 

Other __________ (Specify) 	) 	( 	 ( 	( 	 ) 	(  

Paving Operations Method 	 Extensive Use 	Moderate Use 	No Use 	Experimental Use 

Hauling (Paved Roads)  
lD. Z Hauling (Unpaved Roads) 	( 	( 	 ( 	) 	 ( 	(  Applying water 	 ) 	) 	 ( 	( 	 ( 	) 	 ( 	( 

Grading 	 ( 	) 	 ( 	) 	 ( 	) Calcium Chloride 	) 	) 	 ) 	( 	 ( 	( 	 ( 	( 

Dumping 	 ( 	) 	 ) 	 ( 	) Mining type asphali c z 
Spreading 	 ( 	) 	 ( 	) 	 ( 	)  emulsion 

 
Compacting 	 ( 	) 	 ( 	) 	 ( 	)  Other asphalt products 	) 	( 	 ( 	( 	 ( 	( 	 ( 	( 

Priming 	 ( 	) 	 ( 	) 	 ( 	) Others 

Application of (Specify) 
 sand cover 
 

Sweepisg  
Road mixing  
Asphalt Concrete  
paving  
Other 	(Specify) 	( 	) 	 ( 	) 	 ( 	)  Comments:  

Bridge Construction  
Sawing  
Coring compounds 	 ( 	) 	 ( 	) 	 ( 	) State or Agency Completing this Form: 0 
Painting 	 ) 	 ) 	 ( 	)  Person Complet:ng Form: 
Other_(Specify) 	( 	) 	 ( 	) 	 ( 	)  Title or Office: 

Telephone Number (if we are free to contact you): 	 - 	
. CD 

tA 
Miscellaneous Activities Address: 
Burning (Smoke emissions) 

 
Mowing  Please return this completed questionnaire as soon as poiaible (no later than CD 
Seeding, grasoing or June 16, 	1974) to: 10 
mulching 	 ( 	) 	 ( 	) 	 ( 	) 0 
Sweeping 	 ( 	) 	 ) 	) 	 ( 	I  Howard Needles Tammen & Bergendoff 
Sandblasting  Attention: 	R. J. McCready CD 
Grinding, grOoving, 387 Passaic Avenue P.. 
sawing, jackhammer 	( 	) 	 C 	) 	 C 	)  Fairfield, New Jersey 07006 
Demolition 	 C 	I 	C 	I 
Comments: 
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QUESTIONNAIRE Mr. W. Stanley Ekern Mr. Arthur G. DeLong 
RECIPIENTS Deputy Comm., Chief Engineer Engr. of Construction 

Mr. 	C. 	A. 	Bowles Mr. Karl 	F. 	Crawford Minnesota Department of Highways New Mexico State Highway Commission 
Construction Engineer Manager, Engineering Services State Highway Building Construction Division 
State of Alabama Highway Dept. Connecticot Dept. of Transportation St. Paul, Minnesota 	55155 Highway Building 
Montgomery, Alabama 	36104 24 Wolcott Hill 	Road Box 1149 

Wethersfield, Connecticut 	06109 Mr. Richard W. 	Thomas Santa Fe, New Meoico 	57501 
Mr. 	M. 	D. 	Shunsuay Constr. Engineer 
Construction Engineer Mr. Raymond E. Tomasetti Mississippi State Highway Department Mr. Jack Sternbach 
Alaska Department of Highways Asst. 	Chief Engr., Construction Box 1050 Deputy Chief Engineer, Constr. 
P.O. 	Box No. 	1467 Delaware Dept. of Highways and Jackson, Mississippi 	39205 New York Department of Transportation 
Juneau, Alaska 	99801 Transportation 1220 Washington Ave. 

Administration Building Mr. W. H. 	Shaw Albany, New York 	12226 
Mr. 	E. 	F. 	Sandlin Box 778 Division Engineer, Construction 
Asst. 	State Engr., Construction Dover, Delaware 	19901 Missouri State Highway Commission Mr. 	George R. 	Russell 
Arizona Highway Department Jefferson City, Missouri 	65101 Director of Highway Maintenance 
206 South 17th Avenue Mr. 	Earle M. 	Davis New York Department of Transportation 
Phoenix, Arizona 	85007 General Manager Mr. Clarence Mackey 1220 Washington Ave. 

Delaware Turnpike Division Chief, Constr. 	Bureau Albany, New York 	12226 
Mr. John Tallant Box 566 Montana Department of Highways 
Engineer of Construction Newark, Delaware 	19711 6th Ave. and Roberts Mr. John P. Pendleton 
Arkansas State Highway Dept. Helena, Montana 	59601 Chief Engineer 
P.O. 	Box 2261 Mr. 	Charles 	F. 	Williams New York State Thruway Authority 
Little Rock, Arkansas 	72203 Construction Engineer Mr. Art Oederman Box 189 

Department of Highways and Traffic Construction Engineer Albany, New York 	12201 
Mr. 	J. 	R. 	Cropper Presidential 	Building Nebraska Department of Roads 
Construction Engineer 415 - 	12th St. • N.W. So. 	Junction of U.S. 77 and 9-2 Mr. Martin S. 	(app 
California Division of Highways Washington, D.C. 	20004 Lincoln, Nebraska 	68509 Chief Engineer 
Boo 1499 The Port of New York Authority 
Sacramento, California 	95807 Mr. 	P. 	J. 	White Mr. Edward Marriage 111 	Eighth Ave. 

State Construction Engineer Construction Engineer New York, New York 	10011 
Mr. 	T. 	W. 	Smith Florida Department of Transportation Nevada Department of Highways 
Maintenance 	Engineer Haydon Burns Bldg. State Highway Building Mr. 	L. 	H. 	Sorrier 
California Division of Highways 604 Suwannee St. 1263 S. Stewart St. Asst. 	Chief Engr. Maint. 8 Constr. 
Box 1499 Tallahassee, Florida 	32304 Carson City, Nevada 	89701 North Carolina Department of Transp. 
Sacramento, California 	95807 Highway Building 

Mr. Charles H. 	Breedlove Mr. 	Nicholas J. 	Cricenti Raleigh, North Carolina 	27611 
Mr. 	Reed H. 	Wilson State Highway Construction Engineer Construction Engineer 
Chief Engineer Georgia Department of Transportation Department of Public Works and Mr. 	Erling Henrikson 
California Department of Aeronautics No. 	2 Capitol 	Sq. • S.W. Highways Construction Engineer 
Sacramento Eaec. Airport Atlanta, Georgia 	30334 Morton Office Bldg. North Dakota State Highway Dept. 
Sacramento, California 	95822 85 Loudon Rd. State Highway Bldg. 

Mr. Calvin A. Tottori Concord, New Hampshire 	03301 Capitol Grounds 
Mr. 	Arthur L. 	Pearson Asst. Chief Constr. & Maintenance 

Mr. Richard Turner Blsmarck, North Dakota 	58501 
Staff Constr. 	Engineer 
Colorado Department of Highways 

Hawaii Department of Transportation 
Highways Division Bureau of Construction, Engr. Mr. 	Attillo F. Lacobucci 

4201 	E. 	Arkansas Ave. 869 Punchbowl St Ohio Department of Transportation Chief of Constr. Operations 

Deover, Colorado 	80222 	 - Honolulu, Hawaii 	96813 
25 South Front St. Rhode Island Dept. of Transportation 
Columbus, Ohio 	43215 State Office Building 

Mr. Orion L. 	Grunerud Mr. 	N. 	D. 	Fogo Providence, Rhode Island 	02903 
Construction Engineer Chief Engineer Mr. 	Frank A. Dutton 
Idaho Department of Highways Kansas Turnpike Authority Chief Engineer Mr. T. 	F. Anderson 
3311 	W. 	State St. Wichita Interchange Ohio Turnpike Commission Asst. State Highway Engr. 
Box 7129 Box 18007, S.E. 	Station 682 Prospect Street South Carolina State Highway Dept. 
Boise, Idaho 	83707 Wichita, Kansas 	67218 Berea, Ohio 	44017 Drawer 191 

Mr. 	Edward J. 	Kehi Mr. 	C. 	S. 	Layson Mr. Delbert Carman 
Colombia, South Carolina 	29202 

 
Engineer of Maintenance Director of Construction Constr. 	Engr. Mr. Lawrence Ice 
Illinois Department of Transportation Kentucky Department of Transportation Oklahoma Department of Highways Construction Engineer 
Springfield, 	Illinois 	62764 State Office Building Jim Thorpe Bldg. South Dakota Department of Highways 

Frankfort, Kentucky 	40601 Oklahoma City, Oklahoma 	73105 Pierre, South Dakota 	57501 
Mr. 	Robert D. Schmidt 
Engineer of Construction Mr. 	5. 	D. 	White Mr. W. D. 	Hoback Mr. George A'len 
Illinois Department of Transportation Chief Constr. 	and Maint. 	Engr. Chief Engineer, Manager Construction Engineer 
Springfield, 	Illinois 	62764 Louisiana Department of Highways Oklahoma Turnpike Authority Tennessee Dept. of Transportation 

Box 44245 3500 H. 	Eastern Highway Building, 
Mr. Michael 	J. 	Hartigan Capitol 	Station Box 11357 Nashville, Tennessee 	37219 
Chief Engineer Baton Rouge, Louisiana 	70804 Oklahoma City, Oklahoma 	73111 
The Illinois State Toll Mr. Theodore E. Ziller 
Highway Authority Mr. 	Ralph A. Stevens Mr. 	C. T. 	Keasey Construction Engineer 
East-West Tollway Engineer of Constr. Construction Engineer Texas Highway Department 
Oak Brook, 	Illinois 	60521 Maine Department of Transportation Oregon Department of Transportation Austin, Texas 	78701 

State Office Bldg. Highway Building 
Mr. 	R. 	L. 	Roath Augusta, Maine 	04330 Salem, Oregon 	97310 Mr. W. 0. Karpenko 
Chief, Div. 	of Construction 	. . Chief Engineer 
Indiana State Highway Commission Mr. 	William L. 	Shook Mr. Earl C. Anderson Aeronautics Commission 
State Office Building Asst. 	Chief Engineer, Construction Director. Bureau of Constr. Box 12607 
Indianapolis, 	Indiana 	46204 State Highway Administration Pennsylvania Dept. of Transportation Capitol Station 

300 A. Preston St., Box 717 Canimmnwealth and Forster Streets 111 	E. 	17th St. 
Mr. 	Lionel 	G. 	Roll Baltimere, Maryland 	21203 HarrIsburg, Pennsylvania 	17120 Austin, Texas 	78711 
Chief Engineer 
Indiana State Highway Commission Mr. Howard W. Durham Mr. 	Robert H. 	Klucher Mr. 	H. 	H. 	Relly 
ilanagevent and Operations Director, Engineering Chief Engineer Engineer-Manager 
State Office Building State Aviation Administration Pennsylvania Turnpike Commission Texas Turnpike Authority 
Indianapolis, 	Indiana 	46204 Friendship Int'l 	Airport Box 2531 910 North Watson Road 

Box 8755 Harrisbarg, Pennsylvania 	17120 P.O. Box 126 
Mr. 	Robert H. Mclntire Baltinonre, Maryland 	21240 Arlington, Texas 	76010 
Construction Engineer Mr. Manuel 	Febo Ortega 
Iowa State Highway Commission Mr. 	Ralph Levine Asst. 	Exec. Director, Constr. Mr. John B. 	Skewes 
Highway Commission Bldg. Deputy Chief Engr. for hwy Constr. Puerto Rico Highway Authority Engr. of Construction 
Ames, Iowa 	50010 Massachusetts Department of Public Works Box 3909 G.P.O. Utah Department of Highways 

100 Nashua Street San Joan, Puerto Rico 	00936 State Office Bldg. 
Mr. 	S. 	H. 	Wright 
Engineer of Construction 

Boston, Massachusetts 	02114 
Mr. C. Franklin Schribner Salt Lake City, Utah 	84114 

State Highway Commission of Kansas Mr. Melvin C. Crain Construction Engineer Mr. J. Speed Jones 
State Office Building Chief Engineer Yernnont Department of Highways State Highway Engr., Constr. 
Topeka, Kansas 	66612 Massachusetts Turnpike Authority State Administration Bldg. West Ylrginla Dept. of Highways 

Suite 3000, Prudential Center Montpelier, Yerniont 	05602 1900 Washington St. • East 

Mr. 	William A. 	Sawyer 
Boston, Massachusetts 	02199 

Mr. 
Charleston, West Yirginla 	25305 

Construction Engineer Mr. John C. 	Gibson 
E. 	I. 	Burroughs 

Construction Engineer Mr. 	C. 	E. 	Aten 
Michigan Department of State Highways Chief Engineer. Constr. & Maint. Yirginia Department of Highways Chief Construction Engineer 
State Highways Bldg. New Jersey Department of 1221 	E. 	Broad St. Wisconsin Dept. of Transportation 
Lansing, Michigan 	48904 Transportation Richniond, Yirginla 	23219 4802 Sheboygan Ave. 

1035 Parkway Ave. Madison, Wisconsin 	53702 
Trenton, New Jersey 	08625 Mr. C. 	M. 	Gosney 

Adm. 	Constr. Engr. Mr. 	E. 	H. Crowe 
Washington Department of Highways Constr. 	& Maint. 	Engr. 
Highway Administration Bldg. Wyoming State Highway Department 
Olympia, Washington 	98504 Box 1708 

Cheyenne, Wyoming 	82001 
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TABLE B-i 

OPERATIONS PRODUCING FUGITIVE DUST OR OTHER EMISSIONS 

Operations Area Earthwork Paving Bridge co09cj Misc. Activ. 

1-Severe Problem a 	8 
2-Occasional Complaint I. 	a 8 . 	8 	° so 

3-No problem a 	 - 1 	8 
00 	awi 	0 

0 	0 
'-'- 	ooa 	0 	.40 

C 	'4 	10 	00 14 	0 
0 	a 
4) 00 	a 

0 	U0C 
00 10 	00 -4 	0 
C 	0 	4.4  00 	50 	II 	'.4 Là 	00 00 00 50 ,.4 	000 	44 	(4 	'4 

c0000000014.-4 
00 50 50 50.4 	1.4 	004/4 	0 	0 	... 0000'OUC 	.45 	- 	Là 

0 	•s 
O0O0'.I- 

IS 0 . "4 	0. 04 0 	0. '0 414 	04 	-1 0 .44 .44 '0 	0. 54 	0. 5 	-4 	44 	0 .0 	Ci ... .1 	0 	54 - 
31.4.0 o 

C .4 '0 	Cl -a 	0 	o . 
44 	545/0.400 LI 0000140000.0 	0 

00qe,003E.O 

	

00144400440.44 	I 	O..0 0 

	

00i400.Ol40.3O 	U,. 
/40P.0000O 

00450,4 
(000.O 

D0W)lSi4W-.4 
Z 4'O'Q 

Respondanta 

Alabama 2332333333 33333333233 332 2322333 

Alaska 3332333332 32333333333 333 3323333 

Arizona 2222223322 323333222 	3 333 3332332 

Arkansas 3321332322 33333323223 332 2222222 

California-Const. 2222332322 31333323333 331 322132 

California-Plaint 2 	2 	2 2 2 2 2 	2 

Calif ornia-Aer. 

Colorado 3322333322 22333323333 332 233233 

Connecticut 2222222322 33323333233 332 3332222 

Delaware 

Delaware-Tpke. 3333333333 3333332333 3333 3333333 

Washington D.C. 

Florida 2332322322 32333333333 333 2333333 

Florida Conslt. 1 1 	 9 

Georgia 2332222321 32233323232 332 2322322 

Hawaii 2222222222 32222222222 222 3332222 

Idaho 2332332332 . 	32222333232 332 2332333 

Illinois-Maint. 3332333322 32333322333 332 2333333 

Illinois-Caret. 3 3 3 2 2 3 3 3 3 3 3 3 3 2 3 3 3 3 2 3 3 3 3 2 3 2 	2 3 3 3 

Illlnois-Toll 

Indiana-Coast. 2 2 2 1 2 2 2 2 2 2 2 1 2 2 3 3 1 2 2 3 2 2 3 2 2 2 2 2 2 3 2 2 20 

Indiana-Oper. 

Indiana-loll 3333333323 33333322333 3322 2233233 

Iowa 33223333333 323333332333 3323 3333332 

Kansas 3 3 3 2 3 3 3 3 2 2 3 3 2 3 3 3 3 3 3 3 3 2 3 3 3 2 3 2 2 3 3 3.3 3 

Kansas-Tpke. 

Kentucky 2232222332 32222333233 232 3332222 

Louisiana 3333333333 3333.33333323 332 2 3333  

Maine 3322332332 22232322222 332 3322322 

Maryland 3222332222 32233322223 332 2 	22232 

Maryland-Aviat. 

Massachusetts 2222233323 3333333233 332 3332222 

Massachusettslpke. 3333333333 3333333333 333 3333333 

tichigan 2332333321 32323222233 332 2332223 

Minnesota 2332332333 322333232332 3323 2332233 

Mississippi 3332333333 32333323332 333 3333333 

Missouri 

Montana 2222222222 222222222222 332 2332333 
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Operations Area Earthwork Paving Bridge const.J Misc. Activ. 

Legend '0 
 

0 00 
'40 

1-Severe Problem ' 
1 40 .40 

2-Occasional Complaint 

	

40 	 44 

	

400. 	 0.4 
40 	40 U 40 	 0 	0. 40 

a 
40 .11 

3-No problem 0 400. 	 4.) 
45 0 	 00 0 

Q. 
0 	Z 	00 
01 	 40 	U 

00 	I 
0 

0.40 	00 	'0 	00 	0) --' 	000 	0 	-.040 	0 04 
0 	0 

(0 	44 	'4 	93 o 0 Ia 	00 00 00 00,400 Ia 	4.4 	0 	-4 
:: 	

0100 

	

0H0 	0 00 00 00 00 	14 00(0 0 -.4 5) 
040040.000 

	

5)00 	0 

	

0 	.4 000100,00 00 	00 40 	40 	0 	I ,. 40,-4,4.l 	40,440 	43.4 	40 .404 
'4 ,4 ' 	'4 	40 	40 	.4 	0. 	II 	40 

	

0000,0 	Ia 
40 	40 	.3 	1 U '0 	 01 	' 0404040 	4440014040.0 

I0 	
0.440,0 4040400144010.0140 	0.0 	0 

-"4 '0 0. U 0. 04 .-I 04 '0.0 U  
40 	 0 
40404014.0 

4001040,004 0  

Respondants (45I.)0.O 00Z(0'enn. 

Nebraska 3333333322 32333332333 332 2333333 

Nevada 2333332333 3333333323 	2 3333 2332333 

New Hampshire 2 2 1 1 22 2 3 2 1 3 2 3 3 3 3 3 2 3 3 3 2 .3 	2 2 3 2 2 2 2 3 

Newiersey 23233333211 	1 213333333332 3332 2332232 	5 

New Mexico 2222333312 32333322233 333 2332223 

NewYork-Conat. 3322333322 32333333233 332 3332232 

New York-Maint 3333333323 33333333333 333 3332333 

New York-Thruway 

New York-P.A. 3 3 3 3 2 3 3 3 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 2 2 3 3 3 2 2 2 

North Carolina 2 2 3 2 3 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 2 2 3 2 2 3 33 

NorthDakota 333233 	322 2333333332 3333 3333333 

Ohio 3322333332 22333333233 333 2333323 

Ohio-Tpke. 	- 

Oklahoma 3 3 3 2 2 3 3 3 2 2 3 2 3 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 3 33 

Okaiahoina-Tpke. 2 3 3 2 3 3 2 3 2 3 2 2 3 3 3 3 3 2 3 3 3 3 2 3 3 3 2 3 3 3 

Oregon 3332322322 3233333323 332 3332233 

Pennsylvania 

Fennsytvanla-.Tpke - 

Puerto Rico 

Rhode 	Island 22 323 33332 32.33 	333323 333 33 	3.22 	2 	3 

South Carolina 2 3 3 2 3 3 2 3 3 3 3 2 3 3 3 3 3 3 2 3 3 3 3 3 2 3 3 2 3 3 3 

South Dakota 3 2 3 2 

Tennessee 2 	 2 2 2 2 

Texas-Const. 2332333322 323333332232 332 2322333 

Ten as-Aer. 

Texas-Tpke. 2 2 3 2 	3 3 	3 	3 3 2 3 5 	3 	1 	3 3 3 3 	1 	2 	3 2 	2 2 3 	3 3 2 2 2 	3 

Utah 223 	1 	3 	323 	1 	2 3 	I 	23333 	1 	113 332 1 	3321 	22 

Vermont 3332333322 323333332332 332 2332233 

Virginia 3333333333 33333333333 333 3333333 

Washington 2 	3 3 2 	3 3 2 	3 2 	2 2 3 2 	3 3 3 	3 	3 3 2 	3 	3 2 3 	3 2 	2 2 	3 3 2 3 	3 2 

West 	Virginia 3 3 2 	1 	3 3 3 3 2 	2 3 2 3 3 3 3 3 3 2 3 3 3 	3 	3 2 3 3 2 3 3 2 

Wisconsin 33223333323 32333333222 332 2332233 

Wyoming 2332333322 323333333322 333 3333333 

Average 



TABLE B-2 

MITIGATION METHODS USED 

'4 

Le4 __ rm U 
U '-4 

20.Xofuse 0 o o 
I.' 
41 

44 
0 

.0 4 04 41 

U 
44 

.1 
U 

04 
U .-4 U 41 

U 
41 

 
-4 44 41 
0 14 14-4 

.4 
44 

.-4 

00 
.0 
0. 

.4 	-1 
-4 	0 

.-4 
0 -4 U 

10 

. 
U U 

so 0. 	C C 1 

0 .4 14 4.. j .4 41 
Respondants .. 1 , o. x o 

Alabama 80 20 

Alaska 15 60 5 20 

Arizona 100 

Arkansas 85 10 5 

California-Const. 92 2 5 1 

Calif ornia-Maint. 85 15 

California-Aer. 

Colorado 85 10 5 

Connecticut 50 50 

Delaware 

Delaware-Tpke. 95 5 

Washington D.C. 

Florida 90 10 

Florida-Pollut. 

Ceorigia 100 

Hawaii 95 5 

Idaho 95 3 2 

Illinois-Maint. 90 

Iltinois-Const. 90 3 7 

Illinois-Toll 

Indiana-Const. 97 1 1 1 

Indiana-Oper. 

Indiana-Toll 

Iowa 40 60 

Kansas 95 1 4 

Kansas-Tpkè. 

Kentucky 85 14 1 

Louisiana 90 10 

Maine 40 60 

Maryland-Const. 80 20 

Maryland-Aviat. 

Massachusetts 30 65 5 

Massachusetts-Tpke. 95 5 

Michigan 80 20 

Minnesota 90 7 3 

Mississippi 90 5 5 

Missouri 

Montana 99 1 
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Jurisdiction Primary Standard Secondary Standard Fugitive Dust and Dustfall 

Alabama Federal Federal No fugitive dust beyond property line. 
Abatement: 	Reasonable precautions, 
plus first 3 paragraphs of Federal model. 

Alaska Federal Federal No visible dust past property line. 
Abatement: 	First 3 paragraphs of 
Federal model. 

Arizona Federal secondary Air Quality Goal: 	100 ig/m3  Fugitive dust from hauling, handling, 
maximum 24-hour average, crushing or conveying of materials must 

be controlled by reasonable means. 

Arkansas Federal Federal May not exceed 75 	g/m3  for any 24-hour 
period or 150 pg/rn 	for any 30-minute 
period (measured on property and sub- 
traecing background). 
Abatement: 	Reasonable precautios. 
Dust fall: 	maximum 15 tons/mile /month. 
Particles larger than 60 microns may 
not exceed 120/cm2/24 hours. 

California Nonvehicular standards and Fugitive dust regulations are devised by 

regulations are set by each county. 	Those with appliable regu- 

counties. lations call for "reasonable precautions." 

Colorado Federal Federal If emissions are judged by a panel to be 
"objectionable," may require use of "best 
practical method" of control. 	Controls 
must be applied during non-working hours 
as required to control dust. 	No visible 
emissions may cross property line. 

Connecticut 	 Federal 
	

Federal 

Delaware 	 70 jig/rn 
3

annual geometric mean 	Federal 
of 24-hr. concentration. 

200 ug/rn3  24-hr. avera2e concen-
tration, not to be 
exceeded more than once 
per year. 

500 jig/rn3  one hour average.  

Reasonable precautions, plus Federal model, 
except paving of roads not required and 
agricultural operations need not suppress 
dust. No discharge beyond property line if: 

visible near ground. 
impinges on building or structure. 

Water, chemicals or approved techniques 
must be used to control dust emissions 
during demolition, grading, land clearing, 
excavation and uses of unpaved roadways. 

District of 	 Federal 	 Federal 	 Federal model, except that agricultural 
Columbia 	 operations receive no specific mention. 



Jurisdiction Primary Standard Secondary Standard Fugitive Dust and Dustfall 

Florida Federal secondary, except in Fugitive dust in excess of process 
Dade, Broward and Palm Beach emissions rate is prohibited. 	Reasonable 
Counties, where the following precautions to abate fugitive dust are 
apply: 	50 pg/m3 	annual geo- required. 
metric mean. 	180 	g/m 	maximum 
24-hr. concentration. 

Georgia Federal Federal Federal model 

Hawaii 100 pg/m3  during any 24 hours No visible dust past property line. 
55 pg/rn3  annual arithmetic mean Ground level concentration at a point 

during any 12-month selected by the Department may not exceed 
period. 150 pg/rn3  above background. 	Dust fall 

may not exceed 3.0 grams per square meter 
per 14 days. 	Abatement by Federal model, 
except that Director may determine that 
"best 	practical" measures are sufficient. 

Idaho Federal Federal "All reasonable precautions" plus 
Federal model. 

Illinois Federal, plus no degradation Federal No emissions larger than 40 microns mean 
of regional air quality per- diameter. 	No emissions beyond property 
mitted. line visible when looking toward zenith. 

Not applicable in winds greater than 
25 mph. 

Indiana Federal Federal No visible dust over property line. 	May 
not exceed 166 percent of upwind values, 
nor more than 50 ig/m3  at ground level 
above background more than 60 minutes. 

Iowa Federal Federal No fugitive dust beyond property line. 
Federal model for abatement, except that 
no mention is made of agricultural dust 
suppression or paving of roads. 

Kansas Federal Federal Airborne particulates at ground level at 
property line may not equal 2.0 pg per 
cubic meter, above background, more than 
10 mm/hr. 

Kentucky Federal Federal No fugitive dust beyond property line, 
plus Federal model, except (1) no require- 
ment that roads be paved, and (2) agricul- 

- tural operations can create airborne dust 
if no nuisance created. 	Secondary dust 
fall standard: 	15 ton/mi2/month. 

0 



Jurisdiction Primary Standard Secondary Standard Fugitive Dust and Dustfall 

Louisiana Federal Federal Dust fall: 	20 tons/square mile/month 
Coefficient of Haze: 
0.6 coh/1000 lineal ft., annual geometric 

mean 
0.75 coh/1000 lineal ft., annual arith- 

metric mean 
1.50 coh/ 1000 lineal ft., 24-hr. average. 
Abatement by Federal model. 

Maine 100 ).lg/m3  24-hour average 
50 jig/m3  annual geometric mean 

Maryland 
of 24-hour averages. 

Primary: 	lowest concentrations Annual arithmetic average: 	Federal abatement model, except no mention 

attainable by reasonably avail- "More adverse": of agricultural operations. 

able control methods, but not Lower L1it Tipper Limit Serious 
to exceed concentrations set 65 	75 75 jig/rn3  
forth as "secondary standards. daily avrage, once üer var: 

140 jig/rn 	160 jig/rn3  160 jig/rn3  
dustfall, ing / cm /mo 
0.35 	0.50 0.50 

Massachusetts Federal Federal Reasonable precautions required. 	Fugitive 
dust from process industries, from trans- 
port or handling of materials, or from 
construction use and maintenance of roads 
may not "contribute to a condition of air 
pollution." 

Michigan Federal Federal Treated as a nuisance. 	Area of cut and 
fill open at one time is limited. 

Minnesota Federal Federal "Avoidable amounts" of dust must not become 
airborne. 	Director may order reasonable 
measures to be taken, including paving 
and frequent cleaning of roads, application 
of dust free surfaces, use of watet and 
maintenance of vegetative ground cover. 

Mississippi Federal Federal Fugitive particulate matter must not become 
airborne as a result of handling, storage, 
or transport of any material. 	Dust fall 
may not exceed background levels by 5.25 
grams/m2/month on adjacent property. 

Reasonable precautions required. to fugi-
tive dust or particles larger and 40 microns 
permitted beyond property line. 
Concentrations at property line: 
Suspended particulates 
80 jig/m3  6-month geometric mean 
200 ug/m3  2-hr arithmetic mean, for no 
fewer than 5 samples per year. 

Missouri 



Jurisdiction Primary Standard Secondary Standard Fugitive Dust and Dustfall 

Montana Federal Federal Reasonable precautions must be taken; no 
"controllable" particulate matter may be 
emitted. 	Specific measures may be ordered 
by the Director. 

Nebraska Federal Federal No visible dust-may pass over property 
line. 	Measures to control fugitive dust 
may include paving, frequent cleaning of 
roads, application of dust free surface, 
planting and maintenance of vegetation 
cover. 

Nevada Federal Federal Reasonable precautions are required. 	No 
visible airborne dust may cross property 
line. 

New Federal Secondary Roads, storage areas, etc. shall be 
Hampshire controlled to confine dust. 

New Ambient air quality must be Federal No standard or model. 
Jersey highest achievable at present 

state of the art, but in no 
case may it be worse than the 
Federal primary standard. 

New *150 pg/rn3  24-hour average No standard or model. 
Mexico 110 pg/rn3  7-day average 

90 pg/rn3  30-day average 
* 60 pg/rn3  annual geometric mean 
* together comprise Federal 
secondary 

New 	York State includes 4 "levels" from Dust fall: 	During any 12 months, 50 
Level I: 	sparse population, to percent of 30-d9y values shall not 
Level IV: 	Metropolitan. exceed: 	(mg/cm /mo) 
Short term (all levels) average Level I: 	0.30 	Level III: 	0.40 
24-hr. concentration shall not Level II: 0.30 	Level 	IV: 	0.60 
exceed 250 pg/rn3. 	Long term: During any 12 months, 84 percent of 30- 
during 12 months, 50 percent of day values shall not exceed (rng/cm1/mo): 
24 hr. concentrations may not Level 	I: 0.45 	Level III: 	0.60 
exceed: Level II: 0.45 	Level 	IV: 	0.90 3 Level 	I: 	55 pg.rn 
Level II: 	65 pg/rn3  
Level III: 65 pg/rn3 



Jurisdictions Primary Standard Secondary Standard Fugitive Dust and Dustfall 

Level IV: 	75 ).lg/m3  
and 84 percent of 24-hr. values 
shall not exceed: 
Level 	I: 	45 	ig/m3  
Level 	II: 	85 ,ig/m3  
Level III: 100 
Level 	IV: 110 pg/m3  

North Carolina Federal Secondary Asphalt plants must limit fugitive dust 
to stack outlet. 	Roads must be treated 
around plant. 	In road construction, use 
of dust control on haul roads and water 
sprays over crushers for stone and 
aggregate handling are required. 

North Dakota Federal Secondary Dust fall: 	15 tons/m12/mo, maximum 
3-month arithmetic mean in residential 
areas. 	30 tons/mi2/mo, applies to heavy 
industry areas. 	0.4 coefficient of hazel 
1000 lineal feet, maximum annual geometric 
mean. 	"Reasonable precautions" plus 
Federal model. 

Ohio Federal Secondary Reasonable precautions plus Federal model. 

Oklahoma Federal Federal Reasonable precautions to control fugitive 
dust are mandatory. 

Oregon Highest and best technology must Abatement by Federal model, less mention 

be applied. 	Standards measured of agricultural operations of paving roads. 

at "primary stations:" Stockpiles of materials should be enclosed 
60 pg/rn3  annual geometric mean where other means do not control dust. 

100 pg/rn3  24-hr concentration not 
to be exceeded by 15 
percent of monthly 
samples. 

150 	g/m3  24-hr concentration. 

Pennsylvania Federal Federal Dust fall: 	annual average 0.8 mg/cm2/mo. 
30-day average 1.5 rng/cmh/tno. 	In all 
roadwork and land clearing fugitive dust 
must be confined to property, and not 
exceed 150 particles per cubic centimeter 
at property line. 	Abatement by Federal 
model, except no call for hoods, fans, or 
covering of trucks. 

Puerto Rico Federal Federal No fugitive dust in visible quantities 
may be permitted to cross property line. 
Abatement by Federal model. 



Jurisdictions 

Rhode Island 

South Carolina 

Primary Standard 

Federal 

60 pg/rn3  annual geometric mean 
250 pg/rn3  24-hr. average 

Secondary Standard 

Federal 

Fugitive Dust and Dustfall 

No emissions to air from handling, trans-
portation or storage of materials. Abate-
ment by reasonable precautions during 
construction. 

Dust control measures must be used on 
premises and roads of mining, quarrying 
and other unenclosed operations. 

South Dakota 
Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Virgin Islands 

Washington 

West Virginia 

Wisconsin 

Wyoming 

Federal Secondary 
Federal 

Federal 

Emissions from any source 
may not exceed: 
100 pg/rn3  average over 5 hrs. 
200 pg/rn3  average over 3 hrs. 
400 pg/rn3  average over 1 hr. 

Federal 

45 pg/m3  annual geometric average 
125 pg/m3  daily average 

Federal, except in National 
Capital Air Quality Control 
Region, where Federal secondary 
standards must be met. 

Federal 

Federal Secondary 

Federal 

Federal 

Federal Secondary 

coh-0.4/1000 lineal ft. 
annual geometric mean. 

Federal 	 Visible dust emissions may not pass proper 
property line more than 5 mm/hr or 
20 mm/day. Abatement by Federal model, 
first three paragraphs only. 

Federal 	 Materials-handling dust must be controlled 
by use of water or chemicals, use of hoods 
and fans, and covering or wetting truck-
bed loads. During road construction, 
dust suppression is required on all haul 
roads. 

Federal 

Reasonable precautions must be exercised 
in road construction activities. 

Federal 	 Federal model, except control of agricul- 
tural emissions not required. 

Federal 	 All reasonable measures, including 
watering and coating of roads, must be 
used during road construction. 

Reasonable precautions are required. 

Federal 

Federal 	 Abatement by Federal model. 

Dust fall: 5 2m1m2/mo  for any 30-day 
perid in a residential area. 10 
gm/rn /mo for any 30-day period in an 
industrial area. Abatement by Federal 
model. 



Under Under Under 

Permitted 	Conditions Of Under Under Conditions Conditions Under Other 

For Land 	Necessity Conditions Conditions Of Of Time Of Method Special 0 > 
Respondents Clearing 	Only Of Location Meteorology Of Day Used Conditions Other Conditions U 

rn 
Alabama X  

Alaska X 
>< 

Arizona not permitted 

C' 
Arkansas not permitted 

California X C, 
Colorado X 	 X X X X C 

Connecticut X X X 

0 
Delaware x x X Not Dermitted north of 

Chesapeake anc. Delaware 
District of not permitted Canal.  

Columbia 

Florida X X X X Fuel in dry state 

Georgia X X X X Materials limited 

Hawaii not permitted 

Idaho X 	 X X No fire or traffic 
hazard 

Illinois X X Certain airsheds are 
restricted. 

Indiana 	 not permitted 	 Variances possible unde 
"severe and extreme 
economic hardship." 

Iowa 	 X 	
X 	Variances may he 

granted by local 
jurisdictions. 

Kansas 	 X 	 x 	 X 	 X 	Frequency is limited 

Kentucky 	 X 	 X 	 X 	 Visible emissions may 
not be darker :han 
Ringelmann 2. 

Louisiana 	 X 	 X 	 X 	 X 

Maine 	 X 	 X 	 X 	 X 

Maryland 	 X 	 X 	 X 	Only permitted if 
absolutely necessary 
and meets strict 
standards. 



Under -- -- 	Under Under 
Permitted 	Conditions Of Under Under Conditions Conditions Under Other 
For Land 	Necessity Conditions Conditions Of Of Time Of Method Special 

Respondents Clearing 	Only Of Location Meteorology Of Day Used Conditions Other Conditions 
Massachusetts K 	 X 

Michigan X K 

Minnesota K X X 

Mississippi K 

Missouri K 

Montana K X All materials >4' 
diameter must be 
salvaged. 

Nebraska K X Unless locally 
prohibited. 

Nevada not permitted - 

New Hampshire K 

New Jersey not permitted 

New Mexico K K Discretion of Director 

New York K 

North Carolina K K 

North Dakota K K K K 

Ohio K K X 

Oklahoma K 	 K K K K K Fugitive dust control 

Oregon K X Except in special 
control areas. 

Pennsylvania x Not permitted in any air 
basin. 	Visible emis- 

Puerto Rico X 	 K sions beyond property 
line forbidden. 

Rhode Island 

South Carolina 	K 	
x 	 x 	 X 	 X 	 X 	Salable wood must be 

salvaged. 

South Dakota 	X 	 K 	 X 	 X 



- Under Under Under 
Permitted Conditions Of Under Under Conditions Conditions Under Other 
For Land Necessity Conditions Conditions Of Of Time Of Method Special 

Respondents Clearing Only Of Location Meteorology Of Day Used Conditions Other Conditions 
Tennessee X X Unless hazard created 

Texas X X X X X Materials and frequency 
controlled 

Utah X X Fugitive dust control 

Vermont X X Not permitted in 
forest areas 

Virginia X X Timber >4 	diameter 
must be salvaged. 

Virgin Islands 	X 	 X 

Washington 

West Virginia 	X 

Wisconsin 	 X 	 X 	Not permitted in S.E. 
A.Q.C.R. 

Wyoming 
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APPENDIX E 
FUGITIVE PARTICULATE TESTING PROGRAM 

DESCRIPTION 

As summarized in Chapters One and Two of this report, 
a fugitive particulate testing program was performed as part 
of the research. This appendix provides additional technical 
information relating to the testing program, sampling site 
plans, photographs of test sites and operations, test data 
tables, and microscopy reports. 

Particulate matter for which Federal ambient air quality 
standards have been promulgated (4) is defined as any solid 
or liquid aerosol that has a diameter between 0.0002 ju to 
500 /L (25). Such sized particles can remain suspended for 
a prolonged time or settled within a few minutes. The life-
time in a suspended state depends on the size, density, and 
meteorology. 

Gravitational settling of particles larger than 1 I, is de-
scribed by Stokes' Law: 

vgd2  (pl — p2)'1877 	(B-i) 

where v = settling velocity, cm/see; g = acceleration of 
gravity, cm/see2; d = spherical diameter, cm; p = density 
of particle; f2 = density of fluid; and = viscosity of air, 
poise. 

Below 1 A, particles are small enough that individual 
collisions with gaseous molecules take place, and Stokes' 
Law would underestimate settling velocity. However, the 
theory does little to describe the actions of particles in an 
open environment. Meteorological factors play an im-
portant role in the distribution of particulate matter. Also, 
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the nonspherical shape of particles can cause greater reten-
tion time. 

The significance of particle size may be determined from 
studies of deposition in the lungs. Deposition of particulate 
matter in the respiratory system is a function of particle 
size, as shown in Figure E-1 (25). 

The particular shape of the curve is caused by the differ-
ent characteristics of the nasopharynoeal, pulmonary, and 
trachiobronchial compartments of the respiratory system. 
The particulate matter deposited is not always retained 
because of various clearing mechanisms. These mechanisms 
would include ciliary transport of mucus to the entrance of 
the gastrointestinal tract and transport to the ciliated region 
by macrophages. Clearing deposited particles is particle-
size dependent, as shown in Figure E-2 (26). 

Whereas particle size is a direct functional relationship in 
determining deposition and retention of particulate matter 
in the lungs, toxic effects are not so easily defined. Health 
effects of particulate matter can be caused by one or more 
of the following mechanisms (25): 

The chemical and/or physical characteristics of the 
particle intrinsically may be toxic. 

The particle may reduce the efficiency of the cleaning 
mechanism of the lung. 

The particle may absorb toxic substances. 

The actual toxicity effects cannot be readily determined 
because substances that may be inert could produce toxic 
responses under high concentrations. In addition, inert 
particles could act as carriers of toxic substances such as 
carcinogens. Epidemiological studies are the main deter- 

100 

90 

80 z 
2 	70 
I— 
Ui 	60 
Wa 
ir 	50 
Ui 
-J >- 40 

30 
ClLL 
W u. 20 

10 

0 I 2 3 4 5 6 7 8 9 lb 
PARTICLE DIAMETER (MICRONS) 

REFERENCE 4 

Figure E-1. Respiratory deposition. 	 Figure E-2. Respirable retention. 



49 

mination of toxic effects of air pollutants. Such studies have 
determined a higher incidence of lung cancer in urban 
environments as compared to rural ones. 

In addition to health effects, there are effects on climate, 
visibility, vegetation, materials, and odor (25). These 
effects are summarized as follows: 

Visibility is reduced to as low as 5 mi with concentra-
tions of particulate 150 g/m3  with size of 0.2 to 1 t, and 
relative humidity less than 70 percent. 

Corrosion of steel and zinc occurs at an accelerated 
rate at concentrations from 60 g/ m3  (annual geometric 
mean) in the presence of sulfur dioxide and moisture. 

Sunlight can be reduced up to one-third and two-
thirds with concentrations of particulates from 100 g/m3 . 

PARTICULATE MATFER SAMPLING 

The promulgated reference method for particulate de-
termination is the High Volume Method (4). The deter-
mination of particulate matter is made by filtering a large 
volume of air through a glass fiber filter that is enclosed in 
a specially constructed housing. The mass concentration is 
computed by measuring the mass collected on the glass 
filter and knowing the volume flow. 

The glass filter media used was capable of measuring 
99 percent of the particles greater than 0.3 in diameter. 
Each filter was given a specific number and tare weighted 
to the nearest tenth of a milligram. 

The High Volume samplers were manufactured by Gen-
eral Metal Works, Inc. and Bendix Corporation. The design 
of the housing was similar (i.e. allowing shelter and pro-
viding clearance of 580.5 ± 193.5 cm2  as required in the 
reference method). Figure E-3 shows a typical sampler 
housing. The physical characteristics of housing prevent 
particles having a diameter of 100 IL or more from being 
collected. The motor is capable of filtering 40 to 60 CFM 
for a normal sampling time of 24 hr (from midnight to 
midnight). 

In order to assure accurate flow, the motor must be cali-
brated with a rotometer. This was accomplished with equip-
ment specified in the reference method. The calibration 
equipment consisted of a calibrated orifice, a monometer, 
and restricting plates. A graph of the rotometer versus 
actual flow (as derived from the calibrated orifice) was 
made and used to determine all flows. Calibration occurred 
at frequent intervals (at least once per month) during the 
study. 

The handling, collection, and preparation of filters were 
as specified in the reference method. Care was taken during 
collection and weighing, so that little human error was 
introduced. 

The final determination of particulate mass concentration 
was made with the following equation: 

weight of sample 

mass concentration (g/m3 ) = 
(g) X (106 g/g) 

 
volume flow (m3/ 

time) x time sample 
(E-2) 

Figure E-4 shows the worksheet used in sampling. 

Filter 
ositjp 

ATTACH To 
MOTOR 

tAning 

ter 

F eP1a sket 

Figure E-3. High volume sampler and filter paper 
mount. 

PARTICLE SIZING 

For the determination of particle size, a cascade impactor 
(a Sierra Instruments Model 234 4-stage impactor adapt-
able to High Volume samplers) was used. The impactor 
collects particles on a series of collection stages according 
to the aerodynamic dimension of the particles. The collec-
tion plates are staggered with apertures decreasing in size 
to sequentially impact smaller particles on collection paper. 

A significant parameter in collection is the cutoff diame-
ter (i.e., the equivalent aerodynamic diameter at which 
50 percent of the particles at that diameter are collected). 
The cutoff diameter, D, can be calculated from the follow-
ing equation (26): 

= NDM  WV9L/C p Q 	(E-3) 

where NDM == square of Stokes' number; W = slot width, 
cm; i = gas viscosity, gm/cm sec; L = slot length, cm; 
p = particle mass density, gm/cc; C = cunningham slip 
correction; and Q = flow rate. 

For a flow rate of 40 SCFM at 25 C and 760 mm Hg, 
the cutoff diameter of a 1-gm/cc particle is as follows: 

CUTOFF DIAMETER 

STAGE NO. 	 (/-) 

1 	 10.0 
2 	 4.9 
3 	 2.7 
4 	 1.3 

Using the cutoff diameter equation, corrections can be made 
for particle density and flow. 
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WORKSHEET 

Date 
(Day) 	(Msnth) 	(Year) 

TYPE OF OPERATION: 

Location: (Road Name, Mile Marked, etc.) 

IF HAULING, TYPE OF ROAD USED: ((leck One) 	Paved 

- Unpaved 

NEAIHER AND TIRONMEET: 

Temperature 	°F 	Time 	Avg. Temp. 	°F 

Wind Direction: From N, NE, E, SE, S, SW, W, NW 

Wind Velocity: Average MPH 

	

Anemometer Results 	Yes 	No 

Sky Cover: Sun-rise to Son-set (% Day) 

Mid-night to (id-night  

Precipitation: Average Daily  

If Precipitation, daily inches from Weather Bureau: - inches 

Elevation: - Feet Above SeW Level 

Feet Above Ground 

Pressure: 	nun of Hg 

HI-VOL INFORMATION: 

Actual Flow Start 	CR4 

Actual Flow End 	CR4 

Total 	CR4 
Average Flow 	CR4 (B) 
Hours Sampled 	Hrs. (C) 
Weight of Filter Paper B Sample: _________ g. 	Paper 8 - 

Weight of Filter Paper: 	g. (Tare) 

Weight of Sample (subtract) : 	g. (A) 

(A) (106g/iig) 
(B) (60 min/hr) (C) (0.02832 m3/F3) 	H3  

1.69920 = Factor for (60 min/hr) (0.02832 m3/Ft3) 

	

g) (106 gb) 	 - ug 

CR4) ( 	 hrs) (1.69920) WT  
TYPE OF ACTI1TITf IN AREA: (Oneck at least 1) 

Mostly Vegetation 

Housing 

Traffic 

Cleared Land 

Burning smoke in direction of sampler 

Other: 

Indicate by a drawing the schematic of the situation locating the North 
arrow and regions of activity. 

Name  
(Please Print) 

Figure E-4. Worksheet. 

The collection paper placed between stages is a hi-volume 
filter paper manufactured specifically for the job. The 
impactor is placed on a High Volume sampler and used in 
conjunction with ambient particulate matter sampling. 
Figure E-5 shows the casade impactor. The total mass on 
all stages is summed and the percent less than the 50-
percent cutoff is determined. Size, D, for each stage is 
plotted against percent less than cumulative frequency on 
log normal probability paper. 

A 	 .IIP4iIW 

PA VFW1 
Figure E-5. Cascade impactor (source: Sierra In-
struments, Bulletin No. 173-230). 

MICROSCOPY 

Microscopy, or morphological analysis, was used to 
identify the source of the particulate matter collected. 
Basically, microscopy employs certain microscopic tech-
niques to study particles. In air pollution, important appli-
cations are: 

Determination of the composition of a given air pol-
lutant and, as a result, the source of the pollutant. 

Identification of general types and sources of air pollu-
tion over a given area. 

Determination of concentration of a given pollutant. 
Study of "tracer" emissions to determine dispersion. 

Characteristics not readily apparent by normal vision are 
accented when making observations under a microscope. 
Morphological characteristics such as size, shape, surface 
marking, transparency, translucency, opacity, occlusions, 
color, birefringence, refractive index, and conoscopic obser-
vations are used to identify the air pollutants. 

The analytical procedures for this analysis were those 
specified in Refs. (6) and (27) for determination of par-
ticulate matter by physical characteristics. Analyses to de-
termine refractive index were not made because of the 
complexity involved. 

The basic objective of microscopic analysis in this testing 
program was to identify a given source (i.e., highway con-
struction activity) and to do a comparative analysis with 
ambient samples. Characteristics such as shape, color, 
surface marking, and transparency were the prime identi-
fying factors. 
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METEOROLOGICAL DATA 

In order to determine the influences of certain meteoro-
logical factors, meteorological data were obtained through 
the National Weather Service and by an on-site wind 
recording system. 

The wind recording system was an Ecowind III manu-
factured by Wong Laboratories. - The instrument has a 
threshold of sensitivity of 0.75 mph and is accurate within 
0.5 mph. The wind direction was damped, with low re-
sponse time. 

The data of wind speed and direction were recorded on 
special chart paper for analysis. As noted in Chapter Two, 
biasing occurred in spite of the precautions taken in ana-
lyzing the data from the charts. The following equations 
were used to develop the unbiased curve: 

PF, = PF - PF Ne - No 
2Ne (E-4) 

Ne - No 
SF, = SF - SF 

2No 

where PF, = principal frequency corrected; PF = principal 
frequency; SF, = secondary frequency corrected; SF = 
secondary frequency; Ne = sum of principal frequencies; 
and No = sum of secondary frequencies. 

AIR MONITORING TRAILERS 

Two air monitoring trailers were loaned by the Florida 
Department of Pollution Control for use in the research. 
These trailers had an over-all length of 11 ft (3 m) and 
width of 3.3 ft (1 m) excluding wheels. 

A housing to hold various instruments and equipment 
was constructed from 3/4  in. (1.0 cm) and 3/8  in. (1 cm) 
plywood and had dimensions of 2 ft X 4 ft X 3.3 ft 
(0.6 x 1.2 X 1 m). Aluminum sheeting was used for 
weather protection on the sides and top. The interior was 
painted to protect against moisture. 

The High Volume sampler stands were constructed from 
½ in. >< 2 in. >< 2 in. (0.3 )< 5.1 X 5.1 cm) aluminum 
angle fastened to a front portion of 3/4  in. (1.9 cm) ply-
wood. The stand height made the filter paper height 10.1 ft 
(3 m) above grade. 

The wind measuring instruments were placed on a tripod 
between the housing and the High Volume sampler stand. 
The height of measurement was 13.5 ft (4 m) to give 
representative wind measurements. 

Housed in the trailer were the timer and wind recorder. 
The timer was a 7-day type made by Paragon Electric Co. 
(Model 7008-0). Other miscellaneous tools, rotometer, 
etc. were also kept in the trailer. 

Each trailer was equipped with two samplers, one at-
tached to the sampler stand and the other placed on the 
ground near the trailer. Many of the figures that follow 
show trailers in field use. 

SAMPLING SITES 

For determining the impact of fugitive dust from high-
way construction and maintenance operations on the am-
bient air, three projects were chosen for study in the Or-
lando, Fla., area; two projects in the Richmond, Va., area; 
and two projects in the Newark, N.J., area. 

The major location of study was Aloma Avenue (State 
Road 426) located in Winter Park, Orange Co., Fla. This 
project encompassed the expansion of a heavily traveled 
major arterial road from two lanes to four lanes over a 
distance of about 1.5 mi. Seven of the 14 sampling loca-
tions were selected here. The road handles heavy urban 
traffic during normal rush hours and has a variety of ad-
jacent land uses that include light residential, heavy resi-
dential, and commercial. The speed limit of this roadway 
is 35 mph. 

State Road 436 was selected as a project for study for 
two sampling locations. Although this road has similar 
characteristics to Aloma Avenue, it is more open (i.e., 
distances from surrounding buildings are greater and the 
speed limit is higher, about 50 mph). The expansion to 
four lanes on this project was also more complete than that 
on Aloma Avenue. 

The Maitland interchange on 1-4 in Maitland, Fla., was 
used to illustrate the effects of unpaved haul roads and 
distance from the road. 

In Richmond, Va., a paved haul road, Douglasdale Road, 
was selected because it received some watering for control 
of fugitive dust. Another Richmond project near French 
Road was selected because of excavation and unpaved and 
paved haul road effects. Other various construction activi-
ties were also being performed. 

A "jackhammer" operation was measured on the New 
Jersey Turnpike. A contractors' maintenance and storage 
yard in Jersey City, N.J., provided data on these types of 
activities. 

Table E-1 summarizes these locations. Maps, photo- 
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graphs, data tables, particle size data, and microscopy re-
ports compiled during the fugitive dust testing program 
are presented in Figures E-6 through E-17, Figures E-18 
through E-31, Tables E-2 through E-19, Figures E-32 
through E-40, and Figures E-41 through E-52, respectively. 
The legend for the site plans locations of the High Volume 
samplers (Figs. E-6 through E-17) is as follows: 

ALOMA 	 AVE. 

EXCAVATED AREA 

LEGEND: 

T TRAILER 	MOUNTED SAMPLER  
G GROUND SAMPLER li 

C%J 

BUILDING W 

CONCRETE 	(SIDEWALK,ROAD,ETC.) 
I 	I PAVEMENT 

Lii 
 

GRASS AREAS 
2 

CONSTRUCTION AREA (EXCAVATION, 
UNPAVED, ETC.) 

cr 

p.  Ui -J 
U 
Cl) 

BURGER CHEF 
RESTAURANT 

Figure E-6. Composite sampling sites. 	 Figure E-8. Sampling site #2. 
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Figure E-10. Sampling site #5. 
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Figure E-11. Sampling site #6. 
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Figure E13. Sampling site #10. 
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Figure E-22. Field location #5—mechanical sweepers. 
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Figure E-29. rield location #13. 

Figure E-31. Filtir paper weighing. 

TABLE E-2 

SAMPLING LOCATION #1—JENKINS REALTY 
.. e' 	,'.. .''•'•'. 	 t 

z ' ') 
.Ct a 

......................... ,:. 	3 hi.1,:y 	, 'fj 

5. 5 13 'S '2' Lie Li eg ,L\ 	I ig Li 	reatitig 

1 	3 LCi' 

t.l.S ('.5 St G'Jnt, 	I Watering 

V1n 1i. 1 60.5 2.9 31 C'npactang 

4/IS 3.5 1163 51.0 3.5 SNE I1ing,1Xtpthg Li Crading 
100 53.0 

4/.0 3.5 1400 51.0 5.3 1 N', others 
30.1 067 50.0 

4/22 3.5 236 52.0 3.1 SF. LOitering 
10.1 ;si 58.5 

4/24 3.5 09 46.0 4.1 NW SSi others 
10.1 515 51.0 

No. of SiI51os 	
. 

Auth. SDan  
Std. 1)ciation 	.;j 	- - 317 
Ceo. Man 	601  
Ceo. Std. Dee.  Figure E-30. Field location #13—no activity. 
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1(; 3; 63C6 

); 54F 

lCS;.21; 75°1' 

C3; 3; 68°F 

),(S; •; 73°F 

0; 33°F 
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TABLE E-3 

SAMPLING LOCATION #2-BURGER CHEF 

Distance from Edge of Road Bearing Traffic 43 Feet 
Distance from Edge of Construction 16 Feet 

Height 	 Avg. Avg. 	 Construction 	 General 

Above Concen- Flow Hind 	 Activities 	 Meteorology 

Ground tration Rate Speed Avg. Wind 	Roadway Traffic 	(% Cloud Cover; 

Date 	(ft) 	Q.og/m3) (CFM) (MPh) Direction 	 and 	 Rainfall; Avg. Temp. °F) 

4/11 3.5 1311 49.3 	5.0 ESE Hauling SoS; 0; 75°F 

10.1 750 61.0 

4/13 3.5 1255 48.5 	4.5 SE No others 	 .40%; 0; 80°F 

10.1 155 57.8 

4/15 3.5 77 52.0 	4.1 W Compaction (51 ft. 70%; 0; 80°F 

10.1 71 67.0 from site) 

4/17 10.1 115 56.0 	2.9 N Hauiing,Dumping 5 Grading 90%; *; 70°F 
(51 ft. from site) 

4/19 3.5 1089 49.8 	2.5 NE Hauling 10%; 0; 670F 

10.1 439 62.5 

4/21 3.5 551 52.5 	4.1 ESE No others 30%; 0; 70°F 

10.1 260 62.5 

4/23 3.5 457 53.7 	0.7 S Watering 50%; s; 	73°F 

10.1 339 64.0  

3.5 ft. 10.1 ft. 	Combined 	I 
No. of Samples 6 7 	 13 
!orith. Mean 710 310 	531 
Std. Deviation 501 1 	231 	1 	440 
Ceo. Mean 580 249 	409 
Ceo. Std. Dev. 1. 80 1.94 	1 	2.06 
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NE No others 70%; 	.23; 79 F 

R4E No others 50%; 	0; 80 F 

S Dumping B Compacting 905;0.35; 81 F 
Lirnerock 

N No others 40%; 	0; 83 F 

	

N 	No others 	 90%;0.06; 80 F 

Compacting B  Sweeping 70%; 	; 80 F 

	

724W 	No others 	 30%; 	0; 85 F 

	

SW 	No others 	 70%;0.07; 82 F 

No. of Samples 
Arith. Mean 
Std. Deviation 
Geometric Mean 
Ceo. Std. Dev. 

No. of Samples 
Arith. Mean 
Std. Deviation 
Geo. Mean 
Ceo. Std. Dev. 

3.5' 	ft4 10.1 	ft. Coziued 
4 2 2 

66 51.0 58.3 
20 2.8 14.6 
63.2 51 56.6 
1.34 1.06 1.28 

I 	3.5 ft. 10.1 ft.1 combinedj 
14 3 1 7 
I 	60 66 63 
L 28 Id 23.1 
I 	55  
L1.55 1.33 1.42 

TABLE E-7 	 TABLE E-5 

SAMPLING LOCATION #6-U-TOTEM 	 SAMPLING LOCATION #4-ISLAND-ATLANTIC BANK 
Distance from Edge of Road Bearing Traffic 	62Feet 

Distance from Edge of Construction 	14 Feet -- 
Height Avg. Avg. General 
Above 	Concen- Flow Wind 	Avg. 	Construction Meteorology 
Ground 	tration Rate Speed 	Wind 	Activities (B Cloud Cover, Rain- 

Date 	(ft) 	(ag/rn3) (CFM) (MPH) 	Direction 	Roadway traffic and fall (in) Avg. 	Tenp.) 

5/17 10.1 142 66.0 2.2 

5/19 3.5 221 59.5 3.9 

5/23 3.5 166 65.5 3.3 
10.1 138 60.5 

5/25 10.1 126 64.0 3.9 
3.5 192 60.5 

5/ 27 10.1 119 59.0 5.8 

5/29 3.5 219 64 * 
10.1 171 60 

5/31 3.5 639 60.5 * 
10.1 266 63 

6/2 3.5 172 68.5 * 
10.1 120 69 

* Meteorological Equipnent Malfunctioned 

No. of Samples 
Arith. Mean 
Std. Deviation 
Geo. Mean 
Goo. Std. Dev. 

Distance from Edge of Road Bearing Traffic 84  Feet 
Distance from Edge of Construction JIT Feet 

Height Avg. Avg. 	 Construction General 
Above Concen- 	Flow Wind 	 Activities Meteorology 
Ground tration 	Rate Speed 	Avg. Wind 	Roadway Traffic (% Cloud Cover; 

Date 	(ft) (ag/rn3) 	(CFM) (MPH) 	Direction 	 and Rainfall; Avg. Temp. 	F 

5/1 3.5 197 53.8 	2.5 SW 	Excavating & Grading 30%; 	0; 	740F 
10.1 138 53.5 	3.0 

5/3 3.5 129 55.8 	4.1 N 	Compacting Liinerock 30%; 	0; 760F 
10.1 109 57.5 

5/5 3.5 116 57.5 	4.3 SW 	Na others 70%;0.02; 	710F 
10.1 102 61.5 

5/7 3.5 50 53.3 	2.1 E 	Dinping Linnerock 701;0.02; 71°F 
10.1 38 64.0 

S/9 3.5 102 52.0 	2.2 B 	liculing Limcrock, dumping 109j; 	0; 769F 
10.1 82 63.0 0 Compacting 

3.0 ft. 	10.1 ft. 	( Combined 
No: of Samples 
Arith. Mean 

	

5 	5 
I 	11 W, 	• 	PS  

Std. Deviation 
Geo. Mean 

	

53 	44_J 	_l7 

	

10') 	I89_ 
Ceo. Std. Dev. r 1.5 	153'_LSi 

TABLE E-8 

SAMPLING LOCATION #7-SIDE ATLANTIC BANK  

Height Avg. Avg. Construction General 
Above Concen- Flow Wind Activities Meteorology 
Ground tratiQn Rate Speed Avg. Wind Roadway Traffic (¼ Cloud Cover; 

Date (ft) (jig/rn 5) (CFM) (MPH) Direction and Rainfall; Avg. Tenp. 	F) 

6/ 9  3.5 41 50.5 1.8 SE No others 60%: 	• ; 82°F 
10.1 44 69.0 

6/11 3.5 88 58.5 2.9 S No others 7016;.18 	; 	810F 
10.1 74 72.0 

6/13 3.5 81 58.0 0.9 SE Ni others 606; 	0; 81°F 
10.1 80 72.0 

0/15 3.5 31.6 58.5 7.9 NE No others 100%; 	.54; 	770F 

TABLE E-6 

SAMPLING LOCATION #5-NURSING HOME 
- 

Distance from Edge of Road Bearing Traffic 85 Feet 
Distance from Edge of Construction 	15 Feet 

	

Height 	 Avg. 	Avg. 	 General 
Above Concen- Flow Wind Avg. 	Construction 	Meteorology 
Ground tration Rate 	Speed 	Wind 	Activities 	 (¼ Cloud Cover; Rain- 

Date 	(ft) 	(jig/rn3) 	(CR4) 	(MPH) 	Direction 	Roadway Traffic and 	fall (in); Avg. Temp.) 

5/13 	 3.5 	52 	51.0 	4.3 	NNE 	No others 	 70%; 	0; 770F 

	

10.1 	49 	50.5 

5/15 	3.5 	80 	49.0 	4.0 	S 	½ hour of sweeping 	70%;0.46; 79°F 

	

10.1 	53 	60.5 



TABLE E-10 

SAMPLING LOCATION #9 

Sampler Height above Ground 3.5 ft. 

Avg. Avg. 	 Construction 	 General 

	

Concen- Flow Wind 	 Activities 	 Meteorology 

	

thea- 	tratiori Rate Speed Avg. Wind 	Roadway Traffic 	(% Cloud Cover; 

	

Date tion 	(1g/m°) (ClOd) (MPH) Direction 	 and 	 Rainfall; Avg. Tmnp. °F) 

	

6/30 Front 	66 	56.5 	7.2 	* 	No others 	 1005; .17; 790F 

	

Back 	56 	73.5 

7/2 	Front 	130 	71.5 	6.9 	SE 	No others 	 100%; .88; 740F 

	

Back 	74 	73.0 

7/4 	Front 	86 	71.5 	4.7 	St 	No others 	 90%; .53; 77°F 

	

Back 	56 	69.5 

7/6 	Front 	128 	75.0 	4.9 	£50 	No others 	 60%; .17; 78°F 

	

Back 	87 	70.5 

7/8 	Front 	104 	68.5 	5.5 	SW 	No others 	 50%; .01; 81F 

	

Beck 	74 	69.5 

	

7/10 Front 	85 	59.0 	6.3 	W 	No others 	 70%; 	0; 830F 

	

Back 	77 	71.5 

	

7/12 Front 	250 	69.0 	9.2 	N 	Compacting 	 701; .05; 820F 

	

Back 	155 	73.0 

	

7/15 Front 	536 	65.5 	5.7 	SW 	Compacting 	 30%; 	0; 81°F 

	

Back 	313 	69.5 

	

7/18 Front 	135 	63.0 	3•5 	
* 	Compacting (half day) 	60%; .30: 80°  

* Meteorological Instrisnonts .5 ft. 3.5 
Mci luect lone,] 

 ft. c*binnd _ 
real: 	lack 

No. of Szoople: 
Ariih. Mcci, 
Std. Deviatioi 
Geo .Mean 
Geo. Std. Dcv 

TABLE E-9 

SAMPLING LOCATION #8 

Distance from Edge of Rovd Bering Traffic 86542  Feet 
Distance from Edge of Construction 112568 Feet 

Height 	 Avg. Avg. 	 Construction 	 General 

Above Concen- Flow Wind 	 Activities 	 Meteorology 
Ground tratin Rate Speed Avg. Wind 	Roadway Traffic 	(9 Cloud Cover; 

Date 	(ft) 	()ug/m ) (CFM) 	'll'll) Direction 	 and 	 Rainfall; Avg. romp. F) 

6/21 10.1 B 87 70.0 5.3 NE No others 601; 	0; 81°F 

6/22 3.5 BK 85 66.0 5.8 90414 No others 40%; 	0; 82°F 

3.5 FR 89 58.3 

6/23 10.1 BK 102 72.0 11.5 WSW No others 70%; 	• 	; 830F 

10.1 FR 96 66.0 

6/24 3.5 FR 40 58.5 11.3 SSW No others 100%; 	.95; 760F 

3.5 BK 34 65.0 

6/26 3.5 FR 43 59.5 10.9 S No others 1005;3.47; 77°F 

3.5 BK 28 69.0 

6/28 3.5 BK 136 70.0 6.1 No others 1001;3.36; 79°F 

10.1 FR 97 66.0 

* Back Location - 86 Feet from Edge of Road Bearing Traffic 

** Front Location - 42 Feet from Edge of Road Bearing Traffic 

I 	3.5 ft. 	10.1 ft. 	Cunbind
FR 	SK 
	1 

FR BK 	________ 
No. of samples 	_±_._I_2 	2 	11 
Mith. Mean 	 07 	76 
Std. Deviation L25 	11 	1 	35 
Geo. Mean 	52 	54 	94 	9 	69 
Geo. Std. Dev. 	71 79S l.flFi 	1.54 

0 	ii 	1/ 
]5.J 	j:. 	i 
140 	07 	T2% 
137 	ill 	107 
2.12 	1.99 	2.11 

TABLE E-12 

SAMPLING LOCATION #11-PAVED HAUL ROAD 

Distance from Edge of Road Fearing Traffic 	7 Feet 
Richmond, Virginia 

Height Avg. Avg. Construction General 
Above Concen- Flow Wind Activities Meteorology 

Ground tratir  Rate Speed 	Avg. Wind Roadway Traffic (5 Cloud Cover; 	o 
Date (ft) (pg/rn ) (CR4) (MPH) 	Direction and Rainfall; Avg. Tmnp. 	F) 

7/2 3.5 461 43 4.8 	SW Hauling, Watering 1 90%; 	0; 	770F 
Sweeping 

7/3 3.5 577 47.75 7.5 	SW Hauling, Watering 1 301; 	0; 	82 F 
Sweeping 

7/4 3.5 135 46 9.2 	514 No others 100; 	0; 81 F 

No. of Samples - 	3 
Arith. Mean - 	391 
Std. Deviation - 	229 
Ceo. Mean - 	328 
Ceo. Std. 0ev. - 	1.01  

TABLE E-11 

SAMPLING LOCATION #10 

Sampler Height above Ground 3.5 ft. 

Avg. Avg. 	 Construction 	 General 

Concen- Flow Wind 	 Activities 	 Meteorology 

Loca- tratiOn Rate Speed Avg. Wind 	Roadway Traffic 	(% Cloud Coser; 	<, 
Date tion 	(ug/m°) (CFM) (MPH) Direction 	 and 	 Rainfall; Avg. Tesp. F) 

7/19 West 169 S4.5 6.2 	0 Hauling 40%; 	.06; 81°F 

7/21 West 121 58 7.3 	14 No Others 80%; 	a; 82°F 

East 101 61 

7/23 West 289 55.5 S.0 	SW Hauling 40%; 	.42; 8_°F 

East 234 66 

Combined East and West 

No. of Samples S 
Arithmetic Mean 183 
Std. Deviation 78 
Ceo. Mean 169 
Gee. Std. Dcv. 1.19 
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TABLE E-13 

SAMPLING LOCATION #12—FRENCH STREET 

Distance from Edge of Construction (top of slope) 2 Feet 
Distance from Roadway Traff:c along slope 	85 Feet 

Richnond, Vi::ginia 

Height 	 Avg. Avg. 	 Constriction 	 General 	- 
Above Concen- Flow Wind 	 Activities 	 Meteorology 
Ground tration Rate Speed Avg. Wind 	Roadway Traffic 	(0 Cloud Cover; 

Date 	(ft) 	(pg/rn3) (CFM) 	4PH) Direction 	 and 	 Rainfall; Avg. Temp. F) 

7/8/74 3.5 468 45.75 4.5 N 	Grading, Compacting & SOS; 0; 81°F 
Dressing Side Slope 

7/9/74 3.5 388 38.5 4.2 SW 	Lxcavation for water pipe 101; 0; 820F 

7/10/74 3.5 930 46 5.4 N 	Hauling and Excavation SoS; 0; 820F 

7/11/74 3.5 574 42 8.4 N 	Hauling 401; 0; 760F 

7/12/74 3.5 198 50 6.9 N 	Hauling moved about SO SOS; 0; 71°F 
feet Northwest of Samples 
and 20 feet lower 

No. of Samples 	- 	5 
Arith. Mean 	- 	512 
Std. Deviation 	- 	271.3 
Ceo. Mean 	- 	453.5 
Geo. Std. 0ev. 	- 	1.00 
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TABLE E-14 

SAMPLING LOCATION #13-JACKHAMMER OPERATION 
Distance from Operation S Feet North, and 1½ Feet South 

Newark, New Jersey 

Distance Avg. Avg. Consruction General 
flow oncen- 	1-low Wind Activities Meteorology 

Operation tration 	Rate Speed Avg. Wind 	Roadway Traffic (5 Cloud Cover; 
Date 	(ft) (11g/rn3) 	(CR4) (MPH) Direction 	 and Rainfall; Avg. Temp. 	F) 

7/23 	5.0 16,670 	25 	7.3 	5 Jack Harrmer Operations 701i; 	0; 	71 F 

7/230* 	1.5 7,497 	28 	7.3 	S Jack Hanmer Operation 701; 	0; 	71 F 

7/24 	5.0 336 	38 	8.9 	5 No others 1001;.4S; 	66 F 

7/240* 	1.5 159 	34.5 	8.9 	S No others 1001;.45; 	66 F 

* Because of the high concentrations and the sampling technique, a considerable amount of fugitive 
dust was lost 

00This sampler was located South of construction and therefore had relatively less concentration 
than the North Sampler. 

TABLE E-15 

SAMPLING LOCATION #14-GENERAL MAINTENANCE LOCATION 
ON ASPHALT PAVEMENT 

General Maintenance Location on Asphalt Pavement 	 — 
Jersey City, New Jersey 

Height 	 Avg. Avg. 	 Construction 	 General 

	

Above Concen- Flow Wind 	 Activities 	 Meteorology 

Ground tration Rate Speed Avg. Wind 	Roadway Traffic 	(8 Cloud Ccver; 	, 
Date 	(ft) 	(ag/rn3) (CR1) (MPH) Direction 	 and 	 Rainfall; Avg. Temp. F) 

7/25 3.5 	360 	41 	7.8 	NE 	Maintenance and Storage 90%; 0; 69°F 
Yard 

7/25 	3.5 	186 	32.5 	7.8 	NE 	Ijanher Storage (no pave- 90%; 0; 698F 
cent-grass area) 
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TABLE E-17 

U.S. WEATHER SERVICE METEOROLOGICAL DATA 
RICHMOND, VA., BYRD AIRPORT 

Date 
Sky 

*SR+SS 
8 Cover 
**904.4.54 

am 
(in) 

Pressure (in) 
From 	To 

Av. 
Temp. 
( F) 

Max/Min 
Tr. 

( F) 

Wind 
Speed 
(Rats) 

Av. 
Speed 
(Knts) 

July 	1 9 9 0 29.87 30.03 78 89/66 15 7.6 

2 2 3 0 30.02 30.14 77 92/61 13 4.8 

3 2 1 0 30.08 30.16 82 95/68 13 7.5 

4 1 1 0 30.02 30.14 84 73/84 17 9.2 

5 10 9 Trace 30.02 30.08 80 88/71 17 9.2 

6 10 10 Trace 30.06 30.15 76 35/66 12 6.9 

7 9 8 0 30.08 30.16 79 88/69 7 4.3 

8 S 5 0 30.01 30.11 81 94/68 7 4.5 

9 2 1 0 29.91 30.03 82 97/67 14 4.2 

10 3 S 0 29.77 29.92 82 96/68 20 5.4 

11 5 4 0 29.81 30.03 76 87/64 18 8.4 

12 7 5 0 30.04 30.16 71 79/59 16 6.9 

TABLE E-18 

U.S. WEATHER SERVICE METEOROLOGICAL DATA-
NEWARK AIRPORT  

Av. Max/Win Wind Av. 

Sky % Cover Rain Pressure (in) Tinp. T8mp. Speed Speed 

Date *SR_SS MM.001 (in) From 	To ( F) ( F) (Rats) (Rats) 

22 5 3 0 30.02 	30.09 74 84/64 14 6.0 

23 9 7 0 30.08 	30.12 71 78/63 14 7.3 

24 10 10 .45 30.05 	30.09 66 70/61 14 8.9 

25 10 9 0 30.05 	30.12 69 76/61 13 7.8 

TABLE E-19 

PARTICLE SIZE DATA 

Test DIte Stage 
Mass on Stage 

(mg) 
cumulative Mass 

(mg) 

D 

Microns 
8 Less Than 

Size 

4-10-74 1 0.8270 1.2556 5.80 29.7 
7.5 

2 0.2786 0.3729 2.84 

3 0.0887 0.0943 1.57 0.45 

4 0.0056 0.0056 0.75 

4-13-74 1 0.5579 0.8625 5.60 35.3 

2 0.2380 0.3046 2.70 7.7 

3 0.0635 0.0666 1.50 0.36 

4 0.0031 0.0031 0.72 

4=17-74 1 / 	0.0762 
0.1377 5.30 44.7 

14.7 
2 0.0412 0.0615 2.50 

3 0.0187 0.0203 1.38 3.16 

4 0.0016 0.0016 0.65 

5-1-74 1 0.0630 0.1196 5.30 47.3 
19.9 

2 0.0381 0.0566 2.60 

3 0.0177 0.0185 1.40 0.7 

4 0.0008 0.0008 0.66 

5-31-74 1 0.1253 0.2431 5.30 48.9 

2 0.0722 0.1199 2.60 19.4 

3 0.0277 0.0476 1.40 8.22 

4 0.0199 0.0199 0.66 

-20-74 I 0.0459 0.1030 5.30 55.4 
2 0.0318 0.0571 2.55 24.6 
3 0.0142 0.0253 1.38 10.8 
4 0.0111 0.0111 0.65 

6-30-74 1 0.0256 0.0802 5.30 68.1 
2 0.0295 0.0546 2.55 31.3 
3 0.0163 0.0251 1.38 11.0 
4 0.0088 0.0088 0.65 

7-10-74 1 0.0350 0.0831 5.20 57.9 

2 0.0237 0.0481 2.50 29.4 

3 0.0109 0.0244 1.35 16.3 
4 0.0135 0.0135 0.62 

7-18-74 1 0.0738 0.1583 5.00 53.4 
2 0.0495 0.0845 2.40 22.1 
3 0.0165 0.0350 1.29 11.7 
4 0.0185 0.0185 0.60 
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Figure E-34. Particle sizing. 
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Figure -35. Particle sizing. 	 Figure E-33. Particle sizing. 	 LA 
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Figure E-38. Particle sizing. 
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Figure E-36. Particle sizing. 
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Figure E-39. Particle sizing. 	 Figure E-37. Particle sizing. 



Member of samples 1 Examined on (datz)7-29- Particle size(s) 20-30 
74 

Photanicrographs taken Yes XNo_Lightimg Top BottomS 00th 

Visual Appearance Brown  

Lab No 
	 Microsropist K. Kosiza 

Date 7-29-74 

Figure E-41. Report of microscopic examinations(s) sample #1. 
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REPORT OF MICROSCOPIC EYj'JdINATION() 

Sample 91 

Ot Sample(s) of articulote collected by C. Itsuale at (tine)9:30 AN 

on data of 	4-17 	1974, at (location or address) Alema Aven 

in City (or vicinity) of tJ_otarPark , Cttnoents:_______________ 

- 	 Sampletakenfromfilterpaper tdnrnsweeping  

asphn].tsurface. 

RESUlTS: Quartz is estimated tohe at least 20%. Identified 
from photonicrographs in Reference 8. Particles 
are transparent and hava conchoidal fracture. Par-
ticles are identical to those collected as sand and 
artificially crushed. Size from 20 to 30 microns 
noted. 

Sane organics noted irregular shape. 

_C) 
C 

- 	
0  N 	 - 

Qt 
 

(NO3rn) BZIS 313I141d 3IiYN10O3Y 

REPORT OF MICROSCOPIC DIONINATION(S) 
Sample 82 

Sample(s) of particulate_collected by -C. Manele at (time) 9:30AM 

on date of 	4-173974, at (location or address) Aloma 

in City (or vicinity) of Winter Park 	, Cm,uncnts:__ .  

Sample taken from filterwhensubgradepreparation 

work was in progress. 

RESULTS: Quartz identified as in first sample,samller in size, 
lOp. At least 25% of sample is this material. 

Calcite (limestone) noted. From photenicrographs from 
reference 8 and cemparitive sanplieg of subgradc mat-
erial. Very small particles ella. 

Some clay, Bentonite,appears to be present. Other or-
ganics present. 

REPOST OF MICROSCOPIC EXI44flthTION(S) 

Sample 13 

Sample(s) of 	des collected by C. Menele at (tin(,) 9:30/01 

on date ef4-17l974 at (locution or address) AlexuAvenue 

in City (or vicinit)') of 	Iiietrr _Park 	, Ccmannents:  

Taken f torn fallouticr - suhyrarlc-preParation 

in Drotress. 

IIESUI,TS: Quartz identified. Size approximately 2Ip.  At 
least 201 of sample. 

Limestone present as ag510neta too. 

Organic particles noted. 

Manber of samples 1 	Examined on (date)7-25-Particle size(s) 	ll 
74 

Photcanicrographs taken YcsX No Lighting Top_Bottom_Both__ 

Visual Appearurre 	Brown  

khonber of macpies 1 	Examined on (date)_7-20-_Particle nice(s) 2l 
'P 

Photmnnicrogruphs taken Yeo500  Lighting Top BottomXBoth_ 

Visual Apinearance 	Browntotray. 

Lab No. 	 MicroscopistK.Rushy 	 Lab No. 	 Microscopist K.tosky 

Date 7-29-71 
	 Date 7-29-74 

Figure E-42. Report of microscopic examination(s) sample #2. 	Figure E-43. Report of microscopic examination(s) sample #3. 
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REPORT OF ulggc,coplc EXtINATl0N(S) 
f.amplc 14 

Sample(s) ofparticulatecollected byC. 'tenele at (tine) 93O 

on date of 4-17 	1974, at (location or address) Aj(xsa Avenue 

in City (or vicinity) ofl4inter Park 	, Cmcnnts:  

Taken from, fallout jrwhen subgoudejgpp.aranion 

RESULTS: Q.2artz identified. Larger particles than sample !3 39 	At least 30 of sampic. 

LimeStone only present in .Sa11 quantities as 
agglomerates. 

Little oigaiiic. 

bS.zttbcr of samples 1 	Examined on (date) 7-29- Particle size(s) 	30 - 
Photonicrographs tatcn YesX No Light imp Top_BottomXRotli  

Visual Appearance_________________________ 

MicroscopistX.Xosky 

Hate 749-74 

Figure E-44. Report of microscopic examination(s) sample # 4. 

Figure E-45. Sand—undisturbed. 
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Figure E-46. Sand—crushed. 
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Figure E-51. Fallout jar—subgrade preparation. 
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Figure E-49. Filter paper—sweeping, asphalt surf ace. 
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APPENDIX F 

HYDROCARBON TESTING PROGRAM 

As described in the body of this report, series of tests 
were performed on grab samples of air taken in the vicinity 
of highway construction operations involving both asphalt 
paving and the application of cutback asphalt as a prime 
coat. These tests were made to evaluate the contribution of 
the highway construction industry to the attainment of the 
ambient air quality standard for hydrocarbons. The back-
ground, test procedures, and results associated with the 
hydrocarbon testing program are discussed in this appendix. 

An asphaltic paving mixture is obtained at the plant by 
mixing and drying different screenings and types of mineral 
aggregates. By using specified proportions of chished stone, 
gravel, and sand aggregates mixed with approximately 5 to 
10 percent (by weight) asphalt cement in the form of a 
liquid at 300 to 350 F, a paving asphalt material is formed. 

Cutback asphalt is a liquid asphalt cement product that 
has been fluidized by treatment with a light solvent—such 
as gasoline, naptha, or kerosene. It is thus possible to obtain 
a penetrating asphaltic solution of a given viscosity at a 
lower temperature than that necessary to mix asphalt 
cement with aggregates. The evaporation of the "oil" or 
solvating agent after application leaves the asphalt cement 
residue in an unsegregated form to adhere to the aggregates 
and thus stabilize a low volume road base or parking lot 
base. 

The order of volatility of petroleum distillates is given in 
the following listing, with each of those distillates being 
composed of many organic compounds having approxi-
mately the same boiling point: 

Gaseous hydrocarbons with boiling points above 60 C. 
(hexane); 
Gasoline and light solvents such as naptha; 
Kerosene and light burner oils; 
Diesel oil; 
Lubricating oil; 
Residual fuel oil; and 
Asphalt—air refined and steam refined. 

Road oils are normally designated as "slow cure" (SC 
grades) and are a blend of air-refined asphalt and an oily 
distillate. Kerosene cutback asphalts normally use kerosene 
(and sometimes gasoline) solvents to form medium cure 
asphalts (MC grades). Naptha and gasoline cutback 
asphalts are designated as "rapid cure" (RC grades) be-
cause of the greater volatility of these solvents. Emulsified 
asphalts are blends with water and have RS, MS, and SS 
designations. RC cutback products provide the greatest 
amount of hydrocarbon fumes for a given temperature level 
relative to other asphaltic products, thus their selection for 
field testing. 

All hydrocarbons are divided into two main structural 
classes: (1) the aliphatic compounds whose molecules are 
normally open chained to have cyclic analogs of the open 
chain and (2) the aromatic compounds that are various  

forms and derivatives of benzene and other hydrocarbon 
compounds resembling benzene in chemical behavior. 
From an environmental viewpoint, aliphatic hydrocarbon 
fumes are not harmful to the health per se and become 
harmful only when, by combining with oxidants in the air 
(with energy from the photosynthesis process), they are 
formed into photochemical smog and PAN (peroxyacetyl-
nitrate). Benzene is considered toxic at concentrations 
above 25 ppm and can have other physiological effects. 
(During sampling of one of the RC storage tanks, one of 
the researchers obtained a strong wiff of the vapors that 
seared his throat and resulted in a very husky voice for a 
period of two days thereafter.) 

Today "solvent naptha" generally is used for cutback 
purposes because of the high demand for gasoline. Al-
though both gasoline and naptha may have similar vola-
tility and solvating capabilities, gasoline will normally have 
a large percentage of aliphatic hydrocarbons whereas 
naptha's principal chemicals are xylenes, coumarone, and 
phenols that are aromatic compounds (28). 

Experimental data resulting from the exposure of ani-
mals and humans to various hydrocarbon compounds indi-
cate that: aliphatic and alicyclic hydrocarbons are gen-
erally biochemically inert, with no effects reported at levels 
below 500 ppm; systemic injury can result from inhalation 
of vapors of aromatic compounds if concentrations in ex-
cess of 25 ppm are experienced (29). However, eye irrita-
tion and pulmonary effects are experienced by animals and 
humans when exposed to smog concentrations, which can 
be the photochemical product resulting from reactive hy-
drocarbon concentrations in the atmosphere. Formalde-
hyde, one of these products, has been estimated to cause 
eye irritation when the concentration is between 0.01 and 
1.0 ppm; acrolein has a similar effect at concentrations 
between 0.25 and 0.75 ppm. It was concluded by the 
reference reviewed (29) that: "Our present state of knowl-
edge does not demonstrate any direct health effects of the 
gaseous hydrocarbons in the ambient air on populations. 
Injury to sensitive plants has been reported in association 
with ethylene concentrations of from 0.001 to 0.5 ppm 
over a time period of 8 to 24 hours." 

SAMPLING STRATEGY AND DATA COLLECTION 

The testing of hydrocarbons was performed on two basic 
highway construction operations. The first phase of sam-
pling involved those hydrocarbons emitted during an asphalt 
paving operation, and the second phase was concerned with 
those more volatile fumes from the placing of a cutback 
asphalt during a prime coat operation. 

The initial strategy for sampling was to obtain air samples 
both adjacent to the paving machine on its downwind side 
and at various locations downwind to determine the dilution 
and mixing effects of wind and temperature. This overly 
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simplified approach was soon found to be inadequate be-
cause of the variability of the ambient conditions and the 
low RH-C roneentralions generated by the paving npera 
tion. Later, the strategy was modified to ascertain the 
reliability of measuring the fumes given off from new 
paving, their contribution to atmospheric concentrations, 
and their decay factors. On each field trip, samplers were 
rcscrved tor sO-ca!lcd tca1*gcts  of upioi tuitity" such dN an 
idling, nonloaded paving machine during its morning warm-
up; the THC contribution from the auto traffic flow during 
pavint operations and nonpaving times etc. The last two 
sampling days were directed to sampling other related THC 
sources to provide comparative data on the production of 
THC by other activities. Sampling strategies in the future 
should be directed to more definitive objectives and statisti-
cal verification of this investigation. 

Two general areas were used during the first phase of 
testing for the field sampling operations. During the period 
July 31 to August 7, 1974, paving operations were con-
ducted on US 50 on the east side of Orlando (see Fig. F- I). 
Paving operations involving the widening of a previous 
four-lane concrete highway with a median strip to a cix-
lane, asphalt-paved highway with appropriate middle turn-
ing lanes at intersections were being completed during this 
period. The paving project was bounded on the east by 
Semoran Blvd (SR 436) and on the west by Bennett Rd., 
a dktance of approximately 1141 mi The wetern 1 iiii of 
this stretch was bounded on the south by the city's Herndon 
Airport (not used by large commercial jets, but having 
moderate light plane traffic), and on the north by various 
commercial stores and activities. The eastern /8 mi is 
completely commercial on both sides of the highway with 
Lake Barton behind the southern line of stores and a resi-
dential area behind the northern line of stores. 

The second area used for field sampling during the period 
August 21 to August 26. 1974 was a section of State Road 
436 (now running east and west in this area) extending 
westward from Interstate 4 to State Road 434, a distance 
of approximately 13/4  mi. This Forest City area is approxi-
mately 5 mi north of the Orlando city limits. Except for 
the afternoon of August 76, 1974, all sampling was done 
iii the viLiuuity of the State Road 436 oveupass of liuteu state 
4, an area of heavy traffic flow and new commercial and 
apartment activity to the west of Altamonte Springs. Sam-
pling on the afternoon of August 26 and on the morning of 
August 28 was the only occasion of sampling performed in 
nonurban areas (see Fig. F-2). 

The second phase of testing involved the evaluation of 
RC fumes given off during paving operations. These fumes 
would give the highest concentrations because RC-70 has 
the lowest viscosity and the highest dilution with a volatile 
solvent of the commercially available asphalt products. 
RC-70 is used in the Orlando area primarily for the prime 
coat of compacted limestone base. 

The sampling plan involved obtaining ambient readings 
throughout the sampling period. Sampling began with the 
hand spray of curbing and of irregular areas and was fol-
lowed by samples obtained downwind during tank truck 
application. Samples from a point ½ in. above the surface 
(to minimize wind mixing effects) were obtained immedi- 

- 	
.... .- ''i' 	., 	. .....' ...... . - 	. 	.- . . 	.—, 	..- 

Figure F-i. Paving operations with traffic US 50. 

4- 4  

ligure F-2. Wetted steel roller .rlzowing vapor generated. 

ately after application at 15, 30, and approximately 60 mm. 
Normally, at least two samples were obtained for the same 
condition but at different locations. When noticeable fumes 
were observed, a sample was taken at nose height for com-
parison ptirposes. 

On October 10, 1974, two samples of fumes were ob-
tained from a tank, at the Orlando Paving Company's mix-
ing plant, containing RC-250 at 150 F. 

On October 16, 1974. a single lane of about 1,000 ft of 
limerock base on Aloma Avenue in Winter Park, Fla., was 
primed with an application of RC-70 (see Fig. F-3). 
Twenty-one air samples were obtained in approximately a 
I-hr period. 

On October 21, 1974, a limeroek-based parking lot 
(140 ft x 700 ft) was primed by 12 to 14 truck passes 
after an initial hand curb spray. (see Figs. F-4 and F-5). 
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Truck spraying was completed in about 20 min after an 
initial 20 min of hand spraying at various points on the lot. 	-- 

Twenty-four samples were collected over a 2-hr period at 
this site. 	 _____________ 
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Figure F-3. AIo,na Ave. RC-70 priming area—Winter Park, Fla. 

On October 22, 1974, fume samples were taken from 
two RC-70 storage tanks of 4,000-gal capacity each. Both 
tanks were at a temperature of approximately 76 F (25 C). 
The north tank was about half full and the south tank was 
three-quarters full (see Figs. F-6 and F-7). 

All hydrocarbon analyses were performed on a modified 
Hewlett-Packard gas chromatograph (see Fig. 4). Samples 
were taken with a small "propane tank" (available at most 
hardware stores). The tanks were modified by evacuating 
the propane gas, removing the central "backflow" spring 
valve, and attaching a hose extension to the manual valve 
line. Figure 5 in Chapter Two shows a recording of a tank 
sample. 

Prior to a field trip for samples, the tank was evacuated 
by means of a laboratory vacuum source. The tank valve 
was then opened in the field with the hose inlet located at 
the desired sampling position. Only grab samples were 
obtained because there was no method of measuring the 
amount of sample collected when the valve was opened. 
After the air sample was collected, the valve was closed to 
prevent dilution during transport to the lab. At the labora-
tory, each tank was pressurized to 15 psi gage with helium, 
thus reducing the RH-C and methane concentrations to half 
of their field value. It was found necessary to "up-end" 
these bottles several times just prior to injecting their sam-
ples into the sampling line of the GC in order to minimize 
stratification of gases within the tank. However, when 
stratification did occur, this was quite evident on the chart 
record in that the proportional heights of the helium and 
air signatures were changed. 

DATA ANALYSIS 

In the following analysis, the instances showing unex-
pected characteristic reactions or results can be related to 
statistically insufficient data. The fact that the collected 
grab samples do not accurately represent the general or 
average concentration of a nonhomogeneous mixture re-
quires a statistical approach. An ambient value that was 
not representative of the general ambient conditions tends 
to conceal the reaction existing when a downwind or later 
measurement is made. In a few instances during the first 
phase of testing, unexpected decreases in ambient concen- 

Figure F-4. Shopping center parking lot, looking NE—A Itamonte 
Springs, Fla. 
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trations of H-C were measured. In such cases, the investi-
gator has presented the data, as obtained, with a comment 
on the lack of sufficient data to draw fiuiii cuiielusiuiis on 
the unexpected results. However, in the second phase of 
testing, the confidence level in the data obtained was greatly 
increased because of a gain in operator experience and the 
availability of some 20 sampling tanks during a single field 
sampling expedition. In all runs where measurable RH-C 
concentrations were found in this portion of the investiga-
tion, the characteristic "tail-off," designated as "heavy" 
Rh-C during the initial tetiiig, wu, experienced whcn 
measuring RC-70 and RC-250 fumes. Figure F-8 shows 
typical examples. 

Evaluation of Ambient Air Measurements 

During the first phase of testing, 20 individual ambient 
air samples were collected and analyzed; 6 samples were 
taken in the afternoon and the remaining 14 samples were 
collected on 12 different days. Table F-i lists the reactive 
hydrocarbon and methane concentrations found—along 
with the weather, date/time, and site location. The follow-
ing is a summary of the average morning and afternoon 
concentrations of RH-C and methane for the samples 
collected during July and August 1974: 

RH-C METHANE 

Avg. Std. Avg. Std. 
Value Dev. Value Dev. 

Average a.m. values 0.85 0.94 3.6 2.51 
Average p.m. values 0.42 0.52 1.8 0.47 
Over-all average 0.72 0.86 3.0 2.24 

It is apparent from Table F-i that (1) there is a high degree 
of variability in the data, and (2) the average values exceed 
the ambient standard established by the Environmental 
Protection Agency. 

The data variability demonstrates that single grab sam-
ples inadequately describe what is probably a nonhomoge-
neous mix of hydrocarbons from many sources. Composite 
and statistical sampling is necessary if valid data are to be 
obtained at a high ronfidence. level. This is expensive and 
time consuming and needs to be weighed against the worth 
of the improved validity. A correlation of the ambient 
recorded data was made based on whether the sample was 
collected in the morning or early afternoon. I he morning 
values of both the reactive hydrocarbons and the methane 
concentrations were twice their afternoon average value. 
Although many of the high concentrations of RH-C pos-
sibly can be explained by local heavy traffic, some of the 
samples were collected at times and places that no apparent 
H-C production source was evident. 

On 8 of the ii mornings that samples were collected, a 
reactive hydrocarbon content considerably in excess of the 
0.24 ppm EPA standard was determined. Only 2 of the 6 
afternoon measurements showed excessive reactive hydro-
carbons, and on the 21st a "haze" was noted in the weather 
observation. 

The 5 or 6 independent ambient air measurements dur-
ing the cutback asphalt sampling operations decreased the 
probability that some unknown contaminant from the sur- 
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rounding environment was inadvertently measured during 
I H-C measurements. The ambient air data obtained on the 

z 16th and 21st of October (set Table F-i) appear reasonable . 
and provide a range of the variations that can be expected  
in RH-C and methane for the particular location and a.? 
weather conditions. The variations that can be expected in ci' 8' 8 
RH-C concentrations found along Aloma Avenue appar- 

E. 
2 	. 	8fl 

ently are the result of the variable traffic flow that existed s  
v immediately adjacent to the lane being primed. The oppor- 8 8 	.1 4)  8 

tunity to measure RH-C during the priming of a parking r.2 .4.4 44 	4.4 	4.4 	444.4 444.4 	4404 	4.4 	.44)fl 	4.4.44 540 

lot with a zero background concentration was fortuitous. •- 
Definitive data could not be found in a brief search of the U 

current literature on the proportional distribution of RH-C 8 	8  fi 
to methane normally existing in rural and urban areas. One 05 	0 0 	44 	00 	44 00 	Cl 	44 	.4.0 	40 	40 	40 

source indicates that in nonurban areas less than 10 percent z 
of the hydrocarbons would be RH-C, primarily terpenes > 
and other biological emissions (29). This source also states .4 

that: 
Z. .. 	44 0 .... 

Yearly averages of monthly maximum 1 hour average 
hydrocarbon concentration including methane 	recorded o o.-.o 	.- 	00 ')Co.-OCo 	C4Co 	CoCo2 	2. 
continuously in various stations of the Continuous Air 2 
Monitoring Projects, have reached maximum hourly val- 4 
ues of 8 to 17 ppm (as carbon), but at least half of this  
amount is probably the photochemically unreactive meth- 
ane component in all cases. 0  2 

It is noted that the average ambient air H-C measurements  
obtained in this project show the reactive hydrocarbons to 
be approximately 20 percent of the total hydrocarbons. 2 	 . 2 
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Evaluation of Air Samples Adjacent to Paver 

Thirteen of the 14 samples collected in the immediate 
vicinity of the operating paving machines were considered 
valid. These results are tiven in Table F-2. In 5 samples, 
an unknown H-C component (designated as "heavy" H-C) 
was measured and is indicated by asterisks; these values are 
discussed later in this appendix. The data show that there 
is an increase in the reactive hydrocarbon concentrations 
in the immediate vicinity of asphaltic paving machines in 
ii of the 13 measurements. The average incremental in-
crease in RH-C adjacent to the paving machine is 2.64 ppm 
with a standard deviation of 4.08 ppm. 

The variability in concentrations indicated by the large 
standard deviation value again demonstrates the difficulty 
in obtaining meaningful and valid quantitative measure-
ments when wind, temperature, location, and paving ma-
chine types were varied. Qualitatively, tumes emanating 
from the screed vent, the asphalt hopper, the engine ex-
haust, and the burners, when undiluted with ambient air, 
show higher than normal concentrations. The concentra-
tions of H-C in samples adjacent to the paving machine will 
be dependent on the proximity of the sampling inlet to such 
point sources and the dilution occurring prior to the 
sampling point. 

Evaluation of Air Samples Adjacent to Tank Tri.urk SprayPr 

Hand spraying RC prime coat over irregular areas and 
along curbs and gutters is performed in one application, as 
shown in Figure F-9. 

The Aloma Avenue application was performed with a 
tanker spray truck at an estimated speed of about 5 to 6 
mph, thus necessitating the "sample taker" to trot adjacent 
to the truck in order to sample during the truck application. 
In the parking lot application, an instrumented truck 
equipped with a special speedometer and a flowmeter for 
the RC-70 was used; the application rate was 140 gal/mm 
at a speed of about 340 ft/mm (about 3.9 mph) (see Figs. 
F-b 0 and F-il). The spray applications at both sites were 
performed during a period of above-average winds (about 
10 mph plus), thus resulting in sampling being performed 
at a greater distance from the sprayer than was done with 
the asphalt paving machine. Additionally. in the case of 
the parking lot application, the truck passes were made in a 
N-S direction with the east and west edges being primed 
first and the later passes working toward the centerline of 
the lot. Thus, after the fourth pass, samples could only be 
taken from the wect cide of the lot in spite of these pre.-
cautions and limitations to sampling adjacent to the sprayer, 
one white shirt worn by the sample taker was found to have 
20 to 30 small asphaltic particles per square inch on its 
front after the sampling was completed. 

The results in Table F-3 indicate that the reactive hydro-
carbons given off to the atmosphere by RC-70 sprayer 
operations (with measurements made at 5- to 30-ft down-
wind) are considerably greater than those emitted from the 
asphalt payers, with measurements made within 1 ft of the 
machine, downwind. Wind and distance tend to attenuate 
the concentrations through dilution with larger volumes of 
air; although, in the case of RC-70. winds may have a 

f tf 
c' 

greater (faster) drying effect resulting in a more rapid 
vaporization of the solvent. On the basis of these samples, 
the concentrations of RH-C of 5 to 6 ppm can be expected 

at distances of 5 ft from a sprayer operating in light-to-
moderate wind when making a single pass. In the case of 
parking lots, where the fumes from previous passes are 
additive, concentrations of 4 to 5 ppm of RH-C may be 
found 30-ft downwind from the sprayer with light-to-
moderate winds. 

The application of RC-70 at the Aloma Avenue site had 
little, if any, effect on the ambient methane concentrations; 
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howevcr, in the parking lot application there appeated to 
be a small increase, about 0.5 to 0.7 ppm, in the measured 
methane because of the spraying operations. 

Evaluation of Downwind Fumes from Paving Operations 

The concentration increase over ambient, approximately 
25-ft downwind from paving operations, averages 2.12 ppm 
for 	12 samples with a standard deviation of 	1.47 	(see 
Table F-4). Downwind measurements of paving operations 
include increases in H-C concentrations because of the 
traffic flow on the highway being paved. 	The ambient 
dilution of H-C generating sources is illustrated by the re- 
duccd magnitude of the standard deviation. 

Evaluation of Downwind Fumes from Spray Operations 

Only 3 samples of downwind conditions at varying times 
after application were obtained, because the previous series 
of samples had shown little consistency and correlation with 
measured parameters. 	In the instant series, these samples 
were considered as "samples of opportunity" and were 
taken only when a strong fume odor was noted (see Table 
F-5). 	When the samples were analyzed in the laboratory, 
little, if any, RH-C concentrations above ambient conditions 
could be found. 	It appears that the RC-70 will normally 
evaporate a large proportion of its solvent within an hour 
after its application and, combined with mixing wind action, 
will provide ilmnct no meacurahlc RH-C concentration at 

the end of this period at nominal distances from the appli- 
cation site. 

Special Investigations 

ira/ftc Generated 11-C Concentrations—During the 
first phase of testing, downwind curbside samples were 
taken on three occasions in an attempt to determine the 
automobile traffic contribution to the THC measurements. 
This attempt was unsuccessful because, in each instance, 
the ambient concentrations were relatively high and ex-
ceeded the RH-C concentrations measured. The incre-
mental differences between the ambient reading and the 
downwind curbside readings were, in ppm as methane, 
as follows: 

DATE/TIME 	 RH—C 	 CH4  

8/6/74/0730 	—2.16 	 +2.2 
8/ 6/ 74/1230 	—0.96 	 +1.3 
8/7/74/0800 	—2.25 	 +1.0 

The apparent similarity in readings was considered note-
worthy; however, because of the small sampling and the 
high ambient concentrations, it was not considered appro-
priate to draw any conclusions from these data. 

H-C E,nissions from Asphalt Paving vs. Time—
Listed in Table F-6 (data abstracted from Table F-9) are 
the incremental differences from ambient measured con-
centrations against time intervals after paving. In the last 
two sample sets, air and asphalt temperatures at the point 
of sampling were also taken and are included. 
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TABLE F-4 

AIR SAMPLES DOWNWIND FROM PA-VING OPERATIONS, 
PPMV AS METHANE 

Air T. React. 
Date 	Time 	0 F Il-C Methane remarks 

7/31/74 	0815 	02 11.L61 11. 4  :e'ecd erbiept corilition 
0.10 1.7 !2 07. dennaind is-em spars-hog Povor 
1.00 1.9 .53 It. downwind from ops-ratiog per 

8/41/74 	0000 	OP [0.55] [1.9] Meases-ed ambient canditien 
0.30 i.s :15 it. downwind Fran epes'ating Paver 

sam1,ler 12 
2.81 1.0 Same position. swamis-c 	3, volatile 	H-C 

3mm') on tail-nfl' 	s-mi, 	bevy Il-C, 	sampler 13 
1415 	95 [0.23] [1.7) lIs-aure4 ,'aAienh condition 

8.84 1.4 li ft. downwind fred paving ops plus jm'ietween 
1's-is-lie 

4.64 1.7 Sr! positior nod conditio.as, dif. sampler, 
os-Intile li-C 

**22250* lined on tail-off area, hcav.v H-C, sampler sane 
IS z1hove 

8/02/74 	0011 	82 [3.00] [1.7] 7 is-ss-rcd aehiemt condition 
0.67  4.2 .13 It. downwind paving ops, fames onticabie, 

sampler 02 
0.00 0.6 .Ssson position, an odor duo light wind and rising 

0/01/74 	0330 	85 [0.00] [3.3] Mnas'.srcd ambient conditron 
1.54 1.7 .13 ft. doss-clad paving ops, tank sampler 01 
0.00 1.8 Sass-c position, sno3ilnr /3 

8/06/74 	0730 	78 [3.01] [3.6] Measured ambient (in vicinity of Eartlnnnvers) 
16.15 2.6 25 ft. downwind paving ops pins inbetween traffic 

1230 	07 [8.47] [2.3] :':casorcd ambient coeditiow 
2.47 3.0 25 ft. dmmreaind paving ops - Paver 

8/22/74 	9200 	85 [0.011] [1.6] Ideasared ambient comditinm 
0.00 1.0 11) ft. downwind in traffic line, visible vapnrs 
1.10 2.3 20 ft. dnwns nd pies isbetween traffac, nntncable 

odor, no visible fumes.  
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It would seem that the high RH-C reading on August 2, 
1974 is not representative of normal emissions obtainable 
from recent paving operations. However, the wind direc-
tion on this occasion was from an area not previously or 
subsequently measured and could have a high H-C produc-
tion source located therein. During the collection of sam-
ples on August 7, the gusty wind conditions were particu-
larly noted, and it is likely that considerable mixing of 
ambient air with the fumes in the 2-in, surface layer was 
occurring. The factors of wind and temperature appear to 
have a strong influence in obtaining valid measurements of 
paving emissions with time. The two sets of data obtained 
on August 26 provide a qualitative indication that the 
emission rate of RH-C from new paving is halved in about 
the first 20 min and apparently completed at the end of 
45 mm. It is considered unlikely that the fresh paving can 
act as a sink for methane concentrations and that the nega-
tive values are the result of obtaining either nonrepresenta-
tive ambient values or the measurement of differences that 
are approaching the measuring precision of the equipment, 
or a temperature effect. 

3. H-C Emissions from RC-70 Prime vs. Time-The 
decay of RH-C emission with time was tested to provide a 
data comparison with the paving information previously 
obtained. The results are given in Table F-7. 

The Aloma Avenue application was sanded 10 to 14 mm 
after application. Although this did not appear to have any 
immediate effect on emission, approximately 20 min later 
the measurement of an unsanded spot of the RC-70 that 
had not penetrated the aggregate thoroughly exhibited a 
stronger emission concentration than the surrounding 
sanded portions. 

The parking lot application was not sanded, and the sam-
pling was performed at two locations: one area had the 

TABLE F-6 

H-C PAVING EMISSIONS VS. TIME 

PPMV  as tH4  Increase abnve Ambient 

Time after RH-C 	C104  Inlet Air Anphait 
paving ht. temp. nF temp. °F 

8/2/74 1330 1mb. Air Temp. = 	91 nF Wind 811 	10 MPH 

15 mm. 11.23 	0.0 1/2 	in. 

0/7/74 1338 Anrb. 	Air Temp. - 	90 °P Wind I gnnty to 15 MPH 

0 mm. 0.75 	-'1.1 2 	in. 
10 mm. 0.75 	-0.) 2 	in. 
20 mm. 1.33 	7.3 2 	in. 

8/26/74 0800 4mb. Air Temp. - 	04 °F Wind 0 2 MPH 

0 nm. 1.91 	-3.9 1/2 	in. 826 273 
10 mm. 0.59 	-4.2 1/2 	in. 120 259 
20 mm. 0.82 	-4.3 1/2 	in. 118 244 
45 mm. -0.81 	-4.3 1/2 	in. 113 241 

8/26/74 	1330 4mb. Air Temp. - 102 °F Wind SE 3-7 MPH 

0 nm. 1.02 	-0.8 1/2 	in. 151 266 
(paving rolled 	at 	H nm.) 

14 mm. -0.17 	-0.2 1/2 	in. 131 230 
20 nm. 8.82 	0.1 1/2 	in. 120 208 
43 mm. -0.17 	-0.2 1/2 	in. 115 172 

desired application dosage that penetrated well and was 
relatively dry in about 30 mm; the other area had a greater 
quantity of RC-70 applied per square foot and had not 
completely penetrated at the end of 70 mm. In general, 
higher emissions were obtained from the latter location, 
although the exact same spot was not measured each time. 

Apparently sanding tends to slow down the evapora-
tion process of the solvent, although this cannot be con-
cluded from the available data because of the lack of con-
trol of other variables (especially the wind conditions). 
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TABLE F-7 

CUTBACK H-C EMISSIONS VS. TIME 
PPMV  as CR4  Increase above Ambient 

Time after 	 Inlet 	Air 	Asphalt 
application 	RH-C 	Ch4 	ht. 	temp. OF 	temp. OF 

1C/16/74 1430 Ambient Air Temp. = 90°F Wind WSW 10 MPH 
Average Ambient RH-C = 0.6 ppm CH4  = 1.5 ppm 

0 mm. 	51.4-55.4 0.1-0.1 1/2 in. 	-- 	150(-) 
12 mis. 	5.4 	0.2 	1/2 is. 	-- 
15 mm. 	5.2-7.0 	0.1-0.0 1/2 in. 	(sanded) 
30 mis. 	5.9 	0.3 	1/2 in. (well sanded by shovel) 
34 mis. 	7.4 	0.1 	1/2 in. (unsanded spot) 
50 mis. 	0.5 	0.1 	1/2 in. 	(sanded) 

10/21/74 1330 Ambient Air Temp. = 80°F Wind F 10-20 gusy 
Average Ambient RH-C - 0.0 ppm OH4 = 1.0 ppm 

0 mm. 	76.2-60.5 0.6-0.7 1/2 in. 	-- 	160(-) 
15 mis. 	3.1-7.0 	0.8-0.4 1/2 in. 	-- 	-- 
30 mis. 	3.3-0.1 	0.9-0.4 1/2 in. 	-- 	-- 
30 mm. 	3.2-0.0 	0.6-0.4 1/2 in. 	-- 

It does appear that a 90-percent reduction in emission 
concentrations of RH-C occurs within the first 15 min of 
application and thereafter the reduction depends on wind, 
temperature, and the amount of RC applied. 

4. H-C Measurements vs. Height Above New Paving-
Sample sets were made obtaining data at varying heights 
above freshly paved surfaces to ascertain if a "layering" 
effect, or the effect of diffusion with height above the 
surface, could be noted. Selected data appropriate to this 
search, from Table F-9, have been combined in Table F-S. 

On the basis of the limited data for analysis in Table F-8, 
it is difficult to arrive at conclusive results. A case can be 
made, however, that a characteristic RH-C concentration 
pattern with height might be: 

PPM OVER 

HEIGHT 	 AMBIENT 

surface 1.06 
2 in. 0.75 
6in. 0.51 
1 ft 0.37 
3 ft 0.00 

This would be based on the assumption that some of the 
samples measured on August 21 and 22 were not represen-
tative. It is probable from these data that some form of 
layering or stratification of the methane does exist. It is 
possibly temperature related, wherein the ambient methane 
concentrations (normally taken at chest height) are reduced 
in layers close to the surface. Considerably more data 
would be necessary to substantiate this hypothesis. 

5. Paving Equipment Emissions When Parked-On two 
occasions, air sample measurements in the close vicinity of 
the parked paving machine were taken in an effort to 
isolate various machine-related H-C emissions from those 
directly associated with its paving function. At 0730 on 
August 6, a sample was taken immediately adjacent and 
downwind of the paver that was parked with its engine 
and burners on, its asphalt hopper empty, and the asphalt 
delivery trucks not present. This sample indicated an emis-
sion of 1.99 ppm of RH-C above ambient and a reduction 
of the ambient methane concentration of 3.6 ppm to a 

TABLE F-8 

H-C PAVING EMISSIONS VS. HEIGHT 
PPMV  as OH4  Increase above Ambient 

it. abovn 	RH-C 	CR4 	 Air 	 Aspholt 
Surface 	 temp. F 	 temp. F 

8/7/74 	1330 4mb. Air Temp. 	= 90°F Wind F gusty to 15 MPH 

2 	in. 0.75 -0.1 

8/21/74 1230 4mb. Air Temp. 9U°F 	Wind NE 0-5 MPH 

6 	in. -0.65 -1.2 ---- 	 290 
3 	ft. -0.05 -1.1 ---- 	 290 

8/22/74 0800 4mb. Air Temp. 860F 	Wind NE 0-3 MPH 

1 	ft. -1.35 0.1 ---- 	 239 

1200 4mb. Air Temp 	= 950F Wind N 3-6 MPH 

1 ft 	0.37 	0.0 	 ---- 	 257 

8/23/74 	0800 4mb. Air Temp. 	= 81°F Wind N 0-3 MPH 

surface 	1.06 	-2.0 	 100 	 266 
6 in. 	0.51 	-1.7 	 93 	 266 
1 ft. 	0.37 	-1.2 	 90 	 266 

(freshly layedand roiled immediately 
6 in. 	0.22 	0.4 	 90 

concentration of 0.3. These readings can be supported on 
the basis of the emissions from both the internal combus-
tion engine powering the paver and the warm-up burners, 
which would provide this increase in RH-C while the screed 
warm-up burners were either consuming (oxidizing) the 
ambIent methane concentration 01 (siloic probably) were 
creating a layering or stratification (as discussed in the 
previous section). 

On August 6 the paver was parked with the engine on, 
burners off, but with the hopper about half full of asphalt. 
A point having the strongest asphalt odor was found to be 
about 25-ft downwind from the parked machine and a 
sample was taken at this point. On analysis, the sample 
exhibited a volatile RH-C concentration of 7.93 ppmv  above 
ambient. 

The sample obtained on August 7 was designed to dupli-
cate the sample of the previous morning with the paver 
parked during warm-up, the engines and burner operating, 
and the hopper empty. The sample analysis showed a 
2.44 ppm decrease in RH-C concentration and a 1.2 ppm 
increase in methane (over ambient)-just the opposite from 
the previous morning. It is considered probable that the 
sampler used to take the ambient conditions had residue 
contamination from the previous day's operations. 

6. Spray Equipment Emissions When Parked-Two sam-
ples were obtained from the vicinity of the spray trucks 
when parked and prior to their spraying operations. At the 
Aloma Avenue location, very little odor from the truck 
could be detected (engine and burners off) and a sample 
6 in. from the spray nozzles provided a measureable con-
centration of RH-C above the average ambient conditions 
in the vicinity of about 2.0 ppm. At the parking lot site, 
the tanker truck arrived with the RC at a temperature of 
95 F. It was thus parked for about 20 min with its engine 
and propane burners on while bringing the RC up to a 
temperature of 160 F. During this period, a sample was 
taken approximately 12-ft downwind where the odor from 
the burner appeared greatest. An RH-C measurement of 



8/23/74 0000 	81 	[0.58] 	[4.7] 

	

1.64 	2.7 

	

1.09 	3.0 

	

0.95 	3.5 

	

0.80 	5.1 

8/26/74 0800 	84 	[0.481 	(6.5] 

0330 	102 

8/27/ 74 0030 85 

8/28/74 1045 85 

2.39 
1.07 
1.30 
0.37 

((1.17] 
1.19 

0.00 
0.09 
0.00 

JO.Sl] 
1.33 

0.50 
17.51 

845. 
1,071. 

24,100. 

[0.00] 
0.94 

311.7 
31)7,. 
768: 

2.6 
2.2 
2.2 
2.2 

[1.8) 
1.7 

1.6 
1.0 
1.6 

[1.8] 
4.0 

3.7 
3.1 

50.0 
23.8 
97.6 

11.5] 
2.1 

36.5 
209. 
695. 
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TABLE F-9 

AIR SAMPLES FROM TARGETS OF OPPORTUNITY AND SPECIAL 
INVESTIGATIONS, PPMV AS METHANE 

Air T. React. 
Date 	Time 	n p H-C Methane Remarks 

8/02/74 	1330 	91 [0.00] 11.6] leisured ambient condition 
11.23 1.6 in. above paved surface, 15 rim, after Pavir.g 

8/06/74 	0730 	78 [3.01] (3.6] Measured anAient, Earthmover 	ops in vic:nity 
0.85 5.8 10 paving ons, curbside downwind of traffic 
500 0.3 Fumes adj acent Cedarapid paver, burners en, engine 

idling, no asphalt in hnyur 
123)) 	87 (1.47j [2.3] l,s,'tirud 	ed,icmt 	coiiiiitii'ia 

0.51 3.6 No pavin 	epa, coils ide downwind of traffic 
9.40 1.4 Strung fumes from asphalt hopper during idle, 

volatile H-C. 
Based on tail-off area, heavy hydrocarbon 

8/07/74 	OSOO 	79 [2.86] [2.5] 'leisured amhicnt condition 
0.42 3.3 ('aver parkeil, no asp1ii It 	in hopper, Iiui aers 	0 

0.61 4.4 
cix iiie on 
Nc paving ops, curbside, dowms'ind two traffic 
limes 

1330 	50 1.17 1.7 Sasmle inlet 2 in. abov2 fresh paving 
1.17 1.7 4ame position 10 minutc5 later 
1.75 4.1 Same position 20 minUtes after paving 

8/21/74 	1230 	90 [0.65] [2.8J Measured arihient condition 
0.00 1.6 Sample inlet 6 in. above fresh paving, asphalt 

0.60 1.7 
temp. = 290 F 
inlet 3 ft. above fresh paving, asphalt ter.. =290°F 

8/22/70 	0809 	86 1.35] [2.6] Measured ambient condition 
0.00 2.7 InJet 1 ft. above fresh pavir;, asphalt temp. 

239°F 
1200 	95. [0.00] [1.6] Measured ambient condition 

15.37 1.6 Octet 1 ft. above fresh paviro, aspsalt temp. = 
2 57°F. 

1)ea'i,rcd ambient condition 
Inlet at surface fresh PilV11i, Air 	1000F, 
Asphalt = 266F 
Inlet 6 in above fresh paving, Air = 93°F, 
Asphalt = 256017 
Inlet 1 ft. above fresh paving, Air = 900F, 
Aiphalt = 2660F 
Inlet 6 in. above freshly layed and tolled 
asphalt (in surface manors) visible condennate 
in syringe, Air = 90°F 

Measured ambient condition 
Sample inlet ½ inch above surface of paving 
Time after paving Air°F 	Asphalt °F 
O mm. 	 125 	273 
10 mm. 	 120 	259 
20 mm. 	 110 	244 
45 olin. 	 113 	241 
Measured ambient condition 
I) min 	 151 	266 (Rolled 
at S mm.) 
.10 mm. 	131. 	230 
:zo nm. 	120 	238 
45 mm. 	115 	172 

Measured ambient condition at asphalt mixing plant 
h,o in. above freshly loaded arphalt delivery 
truck 
(Isa heater exhaust asphalt (AC) storage tank 
lures inside asphalt delivery truch from Tampa. 
AC temp. = 320°F 

6 feel oil tank ftomcs, FlU utility building 
Diesel fuel tank fumes, TJ r.aintcnamrce building 
Gasoline fumes in filler neck Ford Bronco gas tank. 

ibruient FlU Lmigr. Blilg. parking lot 
In auto exhaust stream, S It. from eidmaas I 
In auto exl,auat sIren,,, 4 ft. from rx!laemst 
n auto exhaust stream, 2 ft. from eaim:rast 
In auto eaiiaust stream, 1 ft. from exhaust 

TA,\K FUME MEASURESINTS (Note: 	Ambient air mining is uncontrolled after opening hatch to 
obtain sarmp..e) 

** 8/27/74 0930 85 17.5 3.1 AC delivery tanker, asphaI8 cement temp 320°F 
** 845. 50.0 #6 fuel oil tank, temp. BSQ F 
** 1071. 24. Diesel fuel tank, terap. 85 F 

10/10/74 0830 75 4250. 124. RC-250 storage tank, temp. 150017 - H-C 
samples ranged from 490. to 3440. 

10/16/74 1240 88 2310 84. RC-70 Spray Tank, temp. lSOF 
10/21/74 1220 76 1250 23. RC-70 Spray Tank, temp. 	950 g 
10/22/74 1030 71 244 11.5 RC-70 Storage Tank, temp. 76 F, H-C samples 

ranged from 208. to,250. 
FINES P10(04 PARKED PAVING/SPRAYING VEHICLES 

** 3/01/74 0730 78 5.0 0.3 AC paving machine, burners on, engine on 
** 8/06/74 1230 87 9.4 1.4 AC paving machine with asphalt in hamper 
** 9/07/74 0800 79 0.4 3.3 AC paving machine, burners S engine on 

10/16/74 1250 88 2.6 1.4 Sampler inlet 6" from coated nezzlis on 
parked tanker, engine and burner off 

10/21/74 1240 88 7.2 1.7 parked tanker, engine S burner on (heating 
RC-70 from 95 to 060 F) 12' dovanoind 

**Indjcates data from banic report, listed here for comparison purposes. 
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TABLE F-9 (Continued) 

!latr Time 
Air T. 

F 
React. 

Loc. 	1 
fl-C 

L.o;. 	2 
Methane 

Lc'c. 	1 	Lee. 	2 Rranks 

R77S 	SZ7Ji21 1/2 42E PAVOD OR SPRAYED SU53A31 

8/02/74 1350 91 11.2 1.6 25 mis.. after AC paving 
** 5/23/74 OSOO 01 1.6 2.7 0 s.is.. after AC saner 
v 	/6/74 0900 84 2.4 2.6 0 nm. after 'e 

1.1 2.2 10 sis.. o7trr At; 
1.3 2.2 27 eu 	.a1tar AC pe.,n 

** 0.4 2.2 45 elm. afte r AC uavinz 

10/16/74 1430 90 52.0 56.0 1.6 1.6 0 min. after spray r.C-70 
6.0 1.7 12 mis.. after spray 20-70 

5.8 7.6 1.6 1.5 19 rta. afta'-  spray RC-70-sas.4ed 
6.5 1.8 Itt :n. efter - -'ci] 	rrded 

8.0 1.6 34 min. efter - ej1sjedc,3 sect 
1.1 1.0 50 nun, after - 

10/21/74 1330 80 76.2 60.5 1.6 1.7 0 rim, after RC-70 sprey 
3.1 7.0 1.9 1.4 15 ala. after RC-79 spray 
3.3 trace 1.1 1.4 t en. 211cr rC.77 sproy 
0.0 3.2 1.4 1.6 70 rutn, after RC-70 spray 

** Indicates data free, basic report, listed here for ccearison purposes 

7.2 ppm was obtained, but it is considered to consist almost 
entirely of gas emissions from the burners and the truck's 
exhaust; RC odors were not noticeable (see Fig. F-12). 

7. "Heavy" RH-C Measurements-Eight of the more 
than 80 samples used in the first phase of testing exhibited 
a different RH-C signature on the gas chromatograph rec-
ord than was obtained on the majority of runs and calibra-
tions (see Fig. F-I 3). In these particular signatures the 
normal RH-C peak was followed by a "tail-off" that would 
last for approximately 3 min before the baseline datum was 
reached, an indication that the substance in column 1 of 
the GC was not eluting rapidly from the column during 
the backwash of the hydrocarbons from the column and 
into the detector. For samples exhibiting this character-
istic, the analysis procedure was to measure the normal 
RH-C peak that occurs at the 1.9-min point in the run and 
to estimate the area under the tail-off by counting the 
0.01-in.2  squares. The volatile RH-C and CH3  concentra-
tions were computed and recorded, as normally, by com-
parison with the calibration peak value for a known con-
centration. The area under the methane calibration peak 
was also measured in a similar manner to that used under 
the tail-off, and the ratio of the areas times the methane 
calibration concentration is quoted as the "total reactive 
hydrocarbons" (i.e. volatile plus heavy RH-C). These 
total RH-C concentrations are given in Table F-b (see 
also Tables F-3, F-4, and F-9). 

Every GC run in the second phase of measurements that 
obtained a measurable RH-C concentration from the RC-70 
and RC-250 fumes exhibited a signature tail-off that in, the 
first phase of testing was unexplained and tentatively desig-
nated as "heavy hydrocarbon" (see Fig. F-8). On the basis 
of this series of runs and the signature characteristic ap-
parently provided by the solvating agent, it can be hypothe-
sized that the tail-off is caused by solvent vapors condensing 
on the column material and eluting more slowly from the 
column than the reactive hydrocarbon gases having a lower 
boiling point. A clarification, or redesignation, of the term 
"heavy hydrocarbons" appears to be in order in view of 
this additional evidence of the source and/or cause of the 
tail-off type signatures. The sharp peak with no tail-off 
signature should be interpreted as a gaseous hydrocarbon 
concentration having a boiling point temperature below the 
GC oven temperature. Where the tail-off signature is found, 
the sample is contaminated with aerosol particles of hydro- 

5 

carbon compounds that have a boiling point above the GC 
oven temperature and, condensing on the column material, 
are gradually eluted from the column during the back-
flush of column A. As liquid aerosol particles, they repre-
sent RH-C concentrations in the atmosphere and may be 
subject to chemical reactions forming smog. However, if 
these particles are aromatic compounds, their toxic effects 
need also be considered in determining allowable emission 
concentrations. The actual heavy compound molecules that 
make up asphaltic cements (C3 ,+) are nonvolatile and are 
therefore nonpolluting to the atmosphere either as smog-
forming or toxic agents. It would therefore appear that with 
respect to pollution emissions to the atmosphere one's 
concern and attention should be directed to solvating 
agents and temperatures required in order to utilize asphal-
tic cements in their many applications, and not with the 
asphalt cement itself. 
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8. Other H-C Producing Sources-To provide compara-
tive data on the seriousness and magnitude of the H-C 
concentration contribution to air pollution resulting from 
asphaltic paving and cutback asphalt operations, a visit to 
the asphalt mixing plant revealed that H-C emissions from 
various plant activities were considerably less than the 
paving operations themselves. Referring to Table F-9, the 
data taken on August 27 indicates that the fumes from a 
freshly loaded asphalt delivery truck had a 0.82 ppm con-
centration above ambient. The heaters used for maintain-
ing the asphalt in its liquid state and for the aggregate 
drying kiln were gas fired and provided a very small RH-C 
contribution. 

On August 27, 1974, fume samples were obtained from 
the asphalt tanker truck delivering asphalt at a temperature 
of 320 F to the mixing plant. The RH-C and methane 
concentrations of these fumes were then compared with 
fumes from a #6 fuel oil storage tank, from a diesel oil 
storage tank, and from the filler neck of the Ford Bronco 
gasoline tank. Fume sampling from all of these tanks was 
accomplished by climbing on top of the tank, opening the 
hatch, and inserting the sampling tube as far as the tube 
length or liquid level would permit. The amount of mixing 
of ambient air through the opened hatch was therefore not 
controllable, and the measurement values obtained should 
therefore be used for qualitative comparisons only. 

During this second phase of testing, measurements 
brought out very strongly the effect of temperature on H-C 
concentrations in storage tank fumes. The results of these 

TABLE F-b 

"HEAVY" RH-C INSTANCES, PPMV AS CH4  

Total 	Volatile 
RH-C 	RH-C 

8/1/74 0900 12.0 3.46 Adjacent to machine 
6.56 2.85 25 ft. downwind from paving ops 

1415 81.1 15.40 Adjacent to machine, gas syringe 
4.92 1.04 Adjacent to machine, medical syringe 

22.2 4.64 25 ft. downwind opu 

8/6/74 70.8 9.40 25 ft. downwind porked paver with 
asphalt in hopper. 

8/21/74 1230 31.0 8.31 PF-120 screed exhaust, burner off 

8/22/74 0800 	4.76 	2.02 	Fumes from asphalt hopper 

TABLE F-il 

COMPARISON OF VOLATILITY OF 
PETROLEUM PRODUCTS 
RH-C (FPMv) 	C114 (FPll) 	 Source 

17.51 3.1 Asphalt Tanker Truck (AC temp 3200F) 
238-280 11.5 RC-70 0  760F 

845 50.0 116 	fuel oil 	(1  85 	F 
1071 23.8 liesel fuel 	tank 
1250 23 RC-70 9 95°F 
2310 84 RC-70 9 150°F 
4250 124 RC-250 8 150°F 

24,100 97.6 Auto gasoline tank 

Figure F-13. "Heavy hydrocarbon" tail-off recording example. 

tests are summarized in Table F-il and provide a relative 
comparison of the volatility of these petroleum products. 

During the initial modification checkout, a syringe 
sample of the investigator's personal auto exhaust was 
obtained and used to develop a technique for handling very 
high H-C concentrations on the gas chromatograph. A 
sampling plan was formed, on the basis of the experience 
gained from this early run, to measure in the exhaust gas 
stream the decay of RH-C concentrations with distance 
from the exhaust. The auto used for these runs, a 1971 
Plymouth Cricket, was equipped with a crankcase vapor 
feedback to the carburetor; its mileage was approximately 
31,000 mi (50,000 km). The results are, as follows, in 
ppm above ambient: 

DISTANCE 
FROM 

RH-C CH4  EXHAUST 

0.94 0.6 8 ft 
39.7 35.0 4ft 

307. 298. 2ft 
768. 695. 1 ft 

The test was conducted in a wind-protected area, and 
demonstrates the high diffusion rate that occurs because of 
the exhaust gas velocity only (the choke had been set for 
a fast idle and a rich mixture). These data (auto exhaust 
and fuel tank fumes) are presented as an indication of the 
magnitude of the concentrations of RH-C that exist in a 
normal environment. 
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