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NOTICE

This document is disseminated under the sponsorship
of the Department of Transportation in the interest
of information exchange. The United States
Government assumes no Tiability for its contents or
use thereof.

The contents of this report reflect the views of the
contracting organization, which is responsible for
the facts and the accuracy of the data presented
herein. The contents do not necessarily reflect the
official views or policy of the Department of
Transportation. This report does not constitute a
standard, specification, or regulation.


http://www.fastio.com/

ChhPD

TECHNICAL, REPORT STANDARD TITLE PAGE

1, Report No. 2. Government Accession No. 3. Recipient’s Catalog No,

FHWA-RD-72-38

4. Title and SubhﬂeAIR QTJALITY MANUAL: 5. Report Date
Vol. VI, Analysis of Ambient Air Quality for AR —
Highway Projects
7. Authorls) 8. Performing Organizstion Raport Mo,
John L. Beaton, Andrew J. Ranzieri, Earl C. Shirley
and Jobn B. Skog _ CA-HWY-MR6520825 (5)~72~07
9. Porforming Organization Name and Address 10. Work Unit No.
State of California FCP 33F3032
Department of Public Works - Division of Highways 11, Centract or Grant No.
1120 ¥ Street, P. 0. Box 1139 FH=11-7730
Sacramento, California 95814 13. Type of Report and Periad Covered
12, Sponsoring Agency Name and Address Interim Report
U. §. Department of Transportation June 1971 thru April 1972
Federal Highway Administration
Weshington, D.C. 20590 14. Sponsoring Agency Code

15, Supplementary Notes

FHWA's project manager: Howard Jongedyk, HRS-42,
This is the sixth in a series of 8 volumes under this same general title.

16. Abstract

Highway engineers must play an important role in the enhancement and protection of
the environment, They will have to consider a variety of factors in the
environmental impact of any highway project and complete a number of studies prior
to writing an impact statement, One of these studies is concerned with the
gathering of fleld data, analysis of such data, and writing an air qualilty report.
This manual explains the interactlon between air pollutant sources and meteorologics
conditions contributing to the ambient air quelity of a community. Air pollutant
sources within a highway corridor normally inciude stationary and mobile sources.
Stationary sources include domestic heaters, industrial installations and power
plants. Moblle sources inciude motor vehicle traffic on highways, local roads

and streets. Guldelines are presented to: (1) determine the present ambient

alr quality along a proposed highway corridor from existing air monitoring station
data, (2) determine the present ambient air quality by performing an on-sgite air
quality survey, and (3) perform a mesoscale analysis of ambient air quality.

17. Kay Words 1B, Distribution Statement
Ambient air quality, Air pollation, Availability unlimited. The public an
Environmental effects, Environmental obtain this document through the WNational
impact statements Technical Information Service,
Springfield, Vitginia 22151

19. Security Classif. (of this report) 20. Security Classif, (of this page) 21. No. of Pages | 22, Prica

Unclassified Unclassified' 111

www.fastio.com

Form DOT F 1700.7 (s-s9}


http://www.fastio.com/

ClibPD

FOREWORD

A number of studlies must be completed prior to the writing of
an Environmental Impact Statement for a highway project. One
of these studies is concerned with the gathering of field data,
analysls of such data, and writing an air quality report.

The California Division of Highways has embarked on a program
of equipping and training district personnel to prepare air
quality reports. This requires a two-week tralning course and
the preparation of air quality manuals to be used as guides iIn
the gathering of fleld data, analysis of results, and writing
the report.

This volume 1s the sixth in a series of elfght volumes,

‘of which follows:

1.

2.

8.

Meteorology énd Its Influence on the Dispersion of
Pollutants from Highway Line Sources.

Motor Vehicle Emission Factors for Estimates of
Highway Impact on Alr Quality,

Traffic !Information Requirements for Estimates of
Highway impact on Air Quality.

Mathematical Approach to Estfmating Highway !mpact
on Air Quality.

Appendix to Volume 4.

Analysis of Ambient Air Quality for Highway
Environmental Projects.

A Method for Analvzing and Reporting Highway Impact
on Alr Quality.

Svynopsis of Air Quality.

The material presented in these volumes Iis subject to change as
further research provides information. The following items are
not discussed or, if presented, are subject to care in the
interpretation of results,

1.

2.

www fastio.com

There is no accepted emission factors for oxides of
nitrogen relating emissions to speed,

There are no statistically valldated photochemica?
models for different meteorological conditions which
will permit calculations of oxidant formed downwind
from a line source.

Further research is required to fully validate model
calculations when winds blow parallel to the line
source.

ii
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INTRODUCTION

Air pollution generally results from the interaction between
pollutant sources and meteorological conditions. Sources of
air pollutants within a highway corridor normally include
stationary and mobile sources. Stationary sources may include
domestic heaters, industrial installations, and power plants.
Mcbile sources include the motor vehicle traffic on freeways
and local roads and streets. 2all sources contribute to the

ambient air guality of a community.

The primary pollutants emitted from motor vehicles are carbon
monoxide (CQ), hydrocarbons (HC), oxides of nitrogen (NO_) and
particulates (mainly lead). Hydrocarbons and oxides of nitrogen
combine in a photochemical process to form smog. The formation

of photochemical smog is extremely complex and is related to the
amount of ultraviolet radiation present, the relative concentrations
of each primary pollutant, and the time for this reaction to take
place. Carbon monoxide is a stable gas and does not take part

in the photochemical process. .

The California Air Resources Board (ARB) made studies [1] of the
percentages of pollutant loads attributed to stationary and mobile
sources for the Los Angeles Basin, San bDiego, and the San Francisco
Bay area. The average percentages of pollutant loads for these
areas indicate that about 90%, 61l%, and 64%, respectively, of CO,
HC, and NO_ are attributed to motor vehicles.

The primary purpose in determining ambient air guality is to
aid the planner to evaluate the impact of the proposed highway
on the air environment in terms of existing air quality. The
ambient pollution levels describe the air gquality before a high-
way is constructed. The pollutants generated f£from future high-
way traffic are estimated from a highway line source dispersion
model [2]. The total pollutant concentration within the highway
corridor is the additive sum of ambient concentrations and
highway generated pollutants.

The main cbjectives of this manual are to present guidelines to:

1) Determine the present ambient air gquality along a proposed
highway corridor from existing air monitoring station data.

2) Determine the present ambient air guality along a proposed
highway corridor by performing an on-site air guality survey.

3} Perform a mesoscale analysis of ambient air guality.
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OBTAINING AMBIENT AIR QUALITY INFORMATION FOR THE QUANTITATIVE AIR
: QUALITY REPORT

Ambient air quality information may be obtained from existing
monitoring stations or by the use of sampling procedures within
the corridor of the proposed highway. In either case the data
must be comparable with that derived from the highway line

source dispersion model {2] in order to determine total pollutant
concentrations.

Arbient air quality is directly related to meteorological
conditions. In order to use the information in terms of the
mathematical model [2], data must be collected at certain
periods related to the traffic load. In summary, ambient air
quality data should be collected and analyzed for the following
time periods and meteorological conditions.

1. Peak traffic hours (A.M. and P.M.)
2. Free flow traffic hours.

3. Wind direction and speed associated with the most
probable and worst meteorclogical conditions.

These conditions may be fulfilled by collecting and analyzing
both ambient air quality and meteoroclogical data for the
periods, 7-9 A.M., 11-1 P.M. and 4-6 P.M. as described in
detail below. 'Other time periods may be dictated in special
circumstances.

Assurance that ambient air quality data are collected under
similar meteorological conditions depends on the amount of mete-
orological data that are available. Ideally, to collect data

for similar meteorological conditions, measurements of surface
wind speeds, wind-directions, and the vertical temperature
structure (which is a measure of the base of ground or elevated
inversions) are required. Measurements of the vertical temperature
structure are generally made twice daily at 4 A.M. and 4 P.M.
Presently, inversion measurements in California on a scheduled
daily basis are made at (1) San Diego, (2) Los Angeles International
Airport, (3) El Monte, (4) Oakland, (5) San Jose, (6) Sacramento,
and (7) Fresno. The primary purpose for analyzing the inversion
base is to determine the mixing depth or height of the "1id"

for the dispersion of pollutants. This is directly related

to ambient air quality*. The inversion height can be analyzed

- with a frequency analysis** using a 500 foot class interval, from

the surface up to 3000 feet. From the frequency analysis, the

*It should also be stressed for mesoscale analysis that the mixing
depth is a parameter used in other mathematical models {[10][11] and
fl12). However, at the present +time the Division of Highways does
not have a mesoscale analysis using the mixing depth as a direct
input to estimate pollutant concentrations.

**For a complete discussion on frequency analysis see Appendix B.

-2-
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most probable inversion base interval can be determined. This
will represent the most probable meteorclogical condition in
terms of mixing depth. This analysis should be made for the
A.M. and P.M. measurement period. The worst metecrological
condition in terms of mixing depth will be a surface based
inversion. This corresponds to a class interval from the
surface to 500 feet. This generally occurs for the A.M. period
for all seasons of the year. For the P.M. measurements it is
very probable that no surface based inversion will exist,
especially during the spring, summer and fall seasons. If this
is the case, the worst meteorological conditions are for the -
observations that occur in the class interval closest to the
surface of the earth. :

Once the mixing depth is determined, the surface wind speeds and
directions must be considered. For the mathematical analysis of
the impact of highways on the environment computer programs [7]
S8TAROS* and WNDROS give prevailing wind speeds and directions for
the most probable and worst surface atmospheric conditions. These
are the wind speeds and directions that are used in the highway
line source dispersion model [2].

Analyses of the most probable and lowest inversions base height,
along with surface winds, will serve as guidelines for the collection
of ambient air quality data. The following procedure is recommended
to enable cellecting anbient air gquality data under similar
meteoroclogical conditions:

1. Perform a frequency analysis of the A.,M. and P.M. inversion
data if these are available. This will indicate height
distribution of inversion bases. From this analysis
calculate the most probable and the lowest inversion base
height interval. This analysis should be made on a
seasonal basis consistent with the guidelines presented
in reference [7].

2. Perform a wind rose analysis [7]. This is the same analysis
used in the mathematical model [2]. This gives the prevailing
surface wind speeds and directions for the most probable and
worst surface atmospheric conditions for time periods of
interest throughout the day.

3. Collect air guality data under meteorclogical regimes
©  ecorresponding to the most probable and lowest inversion
base height intervals (Step 1), most procbable and worst
base wind directions and speeds {(Step 2) for the time
periods involved (A.M. and P.M. peak traffic).

4, Collect air guality data for off-peak traffic hours (mid-.
day) under conditions corresponding to the most probable
and the lowest inversion height and for surface wind
speeds and directions associated with this time period.

¥The STARZ computer program has replaced the STAROS program.

-3
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The data collected (based on this appreach) can probably be
analyzed numerically. A frequency analysis can also be used
to supplement the numerical analysis. These forms of data
analysis are discussed in detail later in this manual.

In many areas of California no measurements are made of the
vertical temperature structure for determlnlng inversion bases,
For these areas the collection of ambient air guality data for
similar meteorological conditicns is very difficult. Until
such time as the Division develops capability for inversion
nmeasurements, the follow1ng procedure can be used as a
guideline:

1. Perform a wind rose analysis [7] (same as used in the
mathematical model}). The time periods should be
generally for 7-9% A.M., 11 A.M.-1 P.M. and 4-6 P.M. This
gives the prevailing surface wind speeds and directions
for the most probable and worst surface meteorological
conditions. -

2. Collect air quality data corresponding to the time period
for which the wind rose analyses were made and corresponding
to the prevailing wind speeds and directions.

It is very probable that the distribution of the collected
data will be skewed. If the data are skewed (data taken from
-different populations or insufficient data available) it is
recommended that a frequency analysis be made as will be
discussed later.

Existing Ambient Air Quality Data

There are various air pollution districts and organizations which
have air monitoring systems to measure ambient air guality. These
organizations will give assistance and guidance to the Division

of Highways in the collection of existing ambient air gquality
_data. Some organizations may have very limited records. Ambient
air quality data can be cbtained from:

1) California Air Resources Board (ARB)
2) Local Air Pollution Districts

3) State and local Departments of Public Health, private
consultants, and various colleges and universities.

The California 2air Resources Board publishes a quarterly report
termed "California Air Quality Data". This report is a summary
of all the data from the continuous air monitoring stations in
California. Appendix A illustrates the summary of ambient

ClibPD WL lastio.com
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levels for June, July and August 1971. Copies of this report
for other geasons of the year can pe obtained from the Air
Resources Board, whose address is as follows:

Air Resources Board
1025 P Street ,
sacramento, CA 95814

air pollution control districts in californias
Table 2 gives the locations and addresses of air pollution control

districts in california that have air monitoring stations. Also
indicated are the dates when the districts became activated. The
1ist was cbtained from the State Air Resources Board and stations

are listed in alphabetical order.

" B
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TABLE 1

AIR POLLUTION CONTROL- DISTRICTS
: IN CALIFORNIA

BAY AREA APCD

839 Eliis Street

San Francisco, ca 94109 _
(415) 771-6000 Activated September 1955
Mr. J. D. Callagan

Chief Administrative Officer

CALAVERAS COUNTY APCD

Government Center

El Dorado Road :
Sah,Andreas,‘CA'95249 )
(209) 754-4251 Activated March 6, 1970
b. L. Albasioc, M.p_*

Senior Sanitarian

COLUSA COuNTY APCS

County Court House

Colusa, ca 95932

(916) 458-451¢ Activated .June 3, 1969
Mr. Andrew R, Clark

Executive Secretary +o Board of Supervisocrs

FRESNO COUNTY aAPCD
516 South Cedar Avehue
Fresno, ca 93702
(209) 485-30¢0 Activated August 8, 1968
William A, DeFries, M.D.#*
" Health Officer
Mr. R. E, Bergstroni** .
Director of Environmental Sanitation

HUMBOLDT COUNTY APCD

5630 South Broadway

Eureka, Cca 95501 .
(707)443-3091 Activateq February 4, 1944
Mr. Charles p. Sassenrath

Air Pollutien Control Director

INYO COUNTY APCD

P. O, Box 218 o

Independence, ca 853526

(714) 878-2411 Activated May 18, 1970
Victor H, Hough, M.D.*

Health Officer

Walter s. Carrington, R.g, **
Director Division of Sanitation

ClihPD wavw fastio (l_()_‘l\__"___
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KERN. COUNTY. APCD

P. O. Box 997

Bakersfield, CA 23302

(1700 Flower Street) _

‘(805) 325-5051 Activated March 12, 1968
Owen A. Kearns, M.D.*

Health Officer

Mr. Citron Toy**

Senior Sanitarian

KINGS COUNTY_APCD

1221 West Lacey Boulevard

Banford, CA 93230

(209) 582-3211 Activated March 19, 1968
Douglas B. Wilson, M.D.*

Health Officer

Mr. Tony Maniscalo

Director of Sanitation

LOS ANGELES COUNTY APCD

434 South San.Pedro Street

Los Angeles, CA 90013

(213) 629-4711 Activated October 14, 1947
Mr. Robert L. Chass

Control Qfficer

MADERA COUNTY APCD

216 West Sixth Street

Madera, CA 93637

(209) 674-4641 Activated June 11, 1968

. Douglas F. Pratbt**

Director of Sanitation
(Acting APCO)

MARTIPOSA COUNTY APCD

P, O, Box 5

Mariposa, CA 95338

(on Hwy. 140, next door to Frosty Shop)
(209) 966-3689 Activated April 2, 1968
Robert John Evans, M.D.*

Acting Health Officer

Mr. Herb Davig*¥*

Chairman, Board of Supervisors

County Court House

(209) 966-2396

Home (209) 966-2109
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MERCED COUNTY APCD
P. 0. Box 1350
Merced, CA 95341
{240 East 15th Street,
next to General Hospital)
(209) 723-2861 Activated January 14, 1969
A. Frank Brewer, M.D.*
Health Officer
Mr. Bill Norman**
Director of Sanitation

MONTEREY-SANTA CRUZ COUNTY UNIFIED APCD
"P. O. Box 487

Salinas, CA 93901

{Courthouse) .

{408) 758~3583 or 424~8611 Ext., 383
Activated July 1, 1968

Mr. Edward W. Munson

Control Officer

NEVADA COUNTY APCD
Willow Valley Road

East Basement Wing
Nevada City, CA 95959
(916) 265-2461 Ext. 264
Activated April 28, 1970
Peter J. Keenan, M.D.*
Health Officer

Mr. Hal Cox**

Senior Sanitarian

ORANGE COUNTY APCD

1010 South Harbor Boulevard

Anaheim, CA 92805

(714) 774-0284 Activated September 1950
Mr, William Fitchen

Contrel Officer

PLACER COUNTY APCD

155 Fulweiler Avenue

Auburn, CA 95603

{916) 885-4517 Activated March 3, 1970
Geordon Seck, M.D.,*

Health Officer

Mr. Albert A, Marino**

Chief, Division of Environmental Health

PLUMAS COUNTY APCD
P, 0. Box 207
Quincy, CA 95971
(916) 283-1800 Activated May 18, 1970
Robert H. Hunter*x
Supervisor
- William Cullen
" .Chief Sanitarian

ClibPD www fastio.com
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RIVERSIDE COUNTY APCD
Room 234, Health-~Finance Building
3575 Eleventh Street
- Riverside, Ca 92501 , ‘
{714) 787-2416 Activated June 13, 1955

SACRAMENTO COUNTY APCD

2221 Stockton Boulevard

Sacramento, CA 95817 .
(916) 454-5458 Activated December 7, 1959
James T. Harrison, M.D.*

bPirector of Public Health

Mr, Philip S. Tow**

Chief, Division of Air Sanitation

SAN BERNARDINO COUNTY APCD

172 West Third Street

San Bernardino, CA 92401

(714) 889-0111, Ext. 376, 456, 548, 549
Activated June 19, 1956

Mr. Jcochn H. Fairweather

Control Officer

SAN DIEGO COUNTY APCD

Civic Center

1600 Pacific Highway

San Diego, CA 92101

(714) 239-7711 Activated May 1955 .

J. B. Askew, M.D.*

Health CGfficer

Mr. Clark L. Gaulding**

Chief, Air Pollution Control Services

SAN JOAQUIN COUNTY APCD

P. 0. Box 2009

Stockton, CA 95201

{1601 East Hazelton Avenue)

{209) 466-6781 Activated May 9, 1967
Mr. J. Don Layson

Director of Environmental Health

SANTA CRUZ (See MONTEREY-SANTA CRUZ)

SAN LUIS OBISPO COUNTY APCD

P. O. Box 1499

San Luis Obispo, CA 93402

(2191 Johnson Avenue)

{805) 548-121 Activated April 6, 1970,
Mr, Jim Gates**

Director of Sanitation

ClibPD www . fastio.com
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SONOMA COUNTY APCD
3313 Chante Road

. Santa Rosa, CA 95404

(707) 527-1111 Activated March 30, 1970
Walter C. Clowers, M.D.*
Health Officer

STANISLAUS COUNTY¥ APCD

902 Scenic Drive

Modesto, CA 95350

{209) 524-1251 Activated August 20, 1968
Robert S. Westphal, M.D.*

Health Officer

Mr., James Rankin*¥*

Pirector of Sanitation

SUTTER COUNTY APCD

Department of Agriculture

142 Garden Way .

XYuba City, CA 959291

(916) 742-3276 Actiwvated July 28, 1969
William A. Greene¥®

Air Pollution Control Officer

TULARE COUNTY APCD

County Civic Center

Visalia, CA 93277 '
{(209) 732-5511 Activated June 25, 19268
Lowell F. Chemberlen, M.D.¥

Health Officer

Mr. Pete Hanson#*#*

Director of Sanitation

VENTURA COUNTY APCD

3147 Loma Vista Road

Ventura, CA 93001

(805) 648-6181 Activated March 12, 1968
Stephen A. Coray, M.D.¥

Health Officer

Mr. Richard B. Atherton**

Air Peollution Control Engineer

SAN BENITO COUNTY APCD

439 Fourth Street

Hollister, CA 95023 :
(403) 637-5367 Activated August 24, 1970
James G. Telfer, M.D.*

Director of Public Health

-10-
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SANT2, BARBARA COUNTY APCD
P, 0. Box 1ig

4440 Calle Real

Santa Barbara, ca

(805) 967-2311 Activated September 14, 1970
Joseph T, Nardo, M.p, '
Director of Public Health ang Acting arco

~-11-
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problems in Using Existing Fixed Location Air Quality Data
for a pistant Highway Locations :

The primary purpose of air monitoring gtations is to meagure the
representative ambient air quality for an area. The location
where the gample is drawn is extremely important. special
attention must be given to the data from an air monitoring
station when using this data for estimating‘the ambient air
guality for a proposed highway. FOT example, an air monitoring
station may pe located within the downtown area of a community.
rraffic in this area may be heavy and possibly congested. This
station would measure the ambient air quality for the downtown
area. HowevVel: if a proposed highway is to be located some
distance away from the downtown air monitoring station, the
question arises as to the applicability of those measurements

to the ambient jevels in the vicinity of the proposed highway.
To answer this gquestion special consideration should be given
to the following:

1) 10cal stationary or mobile sources between the proposed
highway and the air moni toring station.

2) placement of the sensor in a location such that it is takind
a representative air sample. ,

3) Changes in topography and terrain features between the
proposed highway and air monitoring station.

4) Changes in meteorologioal-conditions {wind speed and direction)
petween the air monitoring station and proposed highway route.

5) Natural removal processes of the atmosphere petween the air
monitoring station and the proposed highway route.

studies made by Johnsen [3]1 show that local aerodynamic effects

on the air flow in street canyons and around puildings <an sometimes

cause CO concentrations to vary as much as & factor of 3 from one
aide of the street to the other. Aan air monitoring station may
have the sensor jocated in & street canyon or around buildings.
The ambient air quality measured may be biased and not
representative of the proposed highway route.

Recent studles made by Ott [4] indicate that, in general, if a
sensor is located gufficiently remote from city streets it may
pe expected to provide data representative of the general area
rather than levels asgociated with specific sources. Ott [41
has also shown that ambient co concentrations will not change
significantly ogver an extensive area and that & single sensor

,properly located (about 200 feet from the nearest surface streets)

can provide representative data for the entire area.

Topography can have & significant effect on the. air quality at
different locations within an area. Local channeling of the
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. surface winds may occur if hills are located between the air

monltorlng station and the proposed highway route. In this
case the major part of the pollutants may be dispersed and
transported by the channeling wind. This may possibly result
in lower ambient air quality for the proposed highway route.

Measurements of HC, NOy; and O3 at an air monitoring station
may not be representative of the ambient air guality in the
vicinity of the proposed highway route. The reason is that

HC and NO; are involved in a photochemical reaction to form
smog. 03 is a product of this photochemical reaction. This
reaction can occur within a period of 20 minutes to 2 hours
[15] depending on the amount of HC and NO, present and the
amount of ultraviolet radiation received from the sun. Another
important reaction is that of nitric oxide (NO) and ozone which
form nitrogen dioxide (NOj).

Consider the following example: A proposed highway'is located
s8ix miles downwind from an air monitoring station. Surface

"winds are light at 4 to 7 miles per hour. Are the concentrations

of HC, NOz and 03 measured at the alr monitoring station
representative of those at the location of the proposed highway?

With a wind speed of 4 mph, it would take pollutants approximately
one and half hours of travel to reach the propeosed highway.

puring this time interval, photochemical reaction may possibly
occur, reducing the -concentrations of HC and NOz while increasing
the O3 concentrations. The same thing would happen for a wind
gspeed of 7 mph. Conversely, if the freeway were built, local
ozone concentration would be considerably reduced due to the
reaction of nitric oxide with ozone [9] which would result in

an increase in the nitrogen dioxide concentration.

Therefore, special consideration is given to carbon monoxide in
prediction of future air guality because it is a stable gas and
is mostly attributed to motor vehicles.

The localized removal of material from the atmosphere may occur
in a number of ways. Particles large enough and heavy enough
will settle to the ground due to the action of gravity. Some
gaseous pollutants may be removed by absorption upon particulate
matter in the atmosphere or by chemical reactions changing the

" material into a new compound (photochemical smog). Absorption

may also take place at the earth's surface or by wvegetation.
Impaction of particles onto bulldlngs and vegetation and
turbulent impaction upon the earth s surface are very 51gn1f1cant
removal processes.

All of the items discussed above should be given special consideration
when analyzing data from a permanent or temporary air monitoring
gtation when applied for the ambient level for the proposed highway
route. It is recommended that before any data are cobtained, a .
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field survey be mide of the (1) air monitoring stations for proper
location, (2) generxal sources within the area and (3) general
topography and terrain features.

Ambient Air Quality Data to be Obtained from Existing Stations:
Obtain from station data sheets the average hourly results for
carbon monoxide, hydrocarbons, nitrogen dioxide, oxidant,
particulates and lead. Record these data in the form shown in
Figure 2 and evaluate as noted in the section on statistical
analysis of ambient air guality data.

The State of California and recently the Environmental Protection

"Agency of the Federal Government have published ambient air

quality standards. These standards are compared in Table 2., If
comparisons are to be made with these standards one should
carefully note the averaging time. As an example note that
carbon monoxide has different maximum concentrations for
different averaging times.

It should be stressed again that ambient air quality, in terms of
use with the Division of Hidhways mathematical model [2] shall be
stated in terms of hourly averages corresponding to the time
periods of the meteorological data.

On-site Ambient Air Quality Survey

An ambient air quality survey is reguired when an air monitoring
station is not located in the vicinity of the proposed highway
or when such a station is not measuring representative levels as
previously discussed. This survey may be performed by using a
bag sampling method or a mobile van or a combination of both.
The basic procedure detailed below applies to both sampling
methods but at the present time the bag sampling method is
stressed.

www . fastio.com
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Table 2

AMBIENT AIR QUALITY STANDARDS
APFLICABIE IN CALIFORNIA

California Standerds

Federsl Standards*

Averaging - .
Pellutant ‘Time oncentration” Methedh Primary?»? Secondary®»? Hethod®
Thotochemical
Oxldents 0,10 ppm Neutral 150 ygfr® 8 Seme as Cheniluminescent
{Corrected for KO,) 1 hour {200 ug/m?} Buffered {0.08 ppm} Primacy 5td. Method
. KT
Cnrbon Monoxide 12 hours 10 rpm —
(11 mg/m®) Non-Dispersive Home as Hon-Dispersive
5 hours n—— Tnfrared 10 ma/m” Primary Infrared
{9 ppm) .
" Spectroscopy Standards Spactroscopy
"1 hour 50 ppm 10 mg/m®
(46 mg/m} (35 pem)
Witregen Dioxide Annual Aversge -— 100 yg/m@
Baltzmen (0.05 pom) Same &8s Colorimetrie
Primary Method Using
1 hour 0.25 ppn Hethod Stendard NaCli
(470 va/e) ===
Annuel Averesze -— 80 pg/m® 60 pg/u®
N 0,02
Sulfur Dioxide (03 ppa) (0.02 ppm)
24 howr: 0.04 ppr’ v £60 2
= (105 ﬁgh/lmﬂ) Conductimetric %g? ]_TF épm) (0_1gg$m) Porsrosaniline
3 hours - - 1300 pe/m .
Hethod (0.5 vpm) Hethod
1 hour Q.5 pom
(1310 po/r®) - -
Suspended | Annuel Geemetrie (80 ug/m? 75 pe/rd 60 ye/od
Tarticulate Heen High Volume liigh Volume
Sempling Sampling
Hatter 24 hours 100 pg/ud 260 pa/md 150 yg/ud
Tead {Particwlate} | 30 Day 1.5 pe/ed .igh Volume ——— - —
Average Sempling,
Dithizone
Hethod
HEydyrogen Sulfide 2 hour 0.03 pomt Cadmivm — - —
{42 g/m) Hydroxide
STRectan
Method
Hydrocarbons 3 hours . — 150 yg/ud Bome &8 Fleme Ienization
{Corrected for (6-9 a.n.) {0.24 ppm) Primary Detection Using
Hethane} _ Standard _ Gos Chromatography
Visibility 1 observation In sufficient cmount to re- — ——— -—
Reducing duce the preveiling vislbilitys
Particles to 10 miles when the relative
humidity is less than T0%
HOTES: .

1. Any equivalent

2. Uationsl Primary Standards:
protect the public health.
state's implementation plan is approved

procedure which can be’ shown to the satisfaction of the Alr Resources Board %o glve equivalent
resuits ot or near the level of the air guaiity stendard may be used. '

3. National Secondery Standards:

known or anticipated mdverse sffects of o pollutant.

fizapsonable time" efter implementation plan is ampreved by the FPA.

The levels of air quality necessary, with an adegquete margin of safety, to
Epch state must sttain the primary standards ne later .than three yeers after that
by the Environmental Protection Agency (EPA).

The levels of alr quality neceasery to protect the public welfere from any
Each state must atteih the secondery standards within a

L, Federal stendards, other than those based on annual averages or annual geometrie mesns, are not to be exceeded

more than once

Ter year,

5, TNeference method as descrived by the EPA. An "equivelent method® of measurement may be used but must have a
"eonsistent relationship to the reference methed™ to be approved by the EFA.

6, Prevailing visibility is defined as the greatest visibility which is stfalned or surpassed around at least helf

of the horizon circle, but not necessarily in continuous sectors.

7. Concentratlon expressed first in units in vhich it wes promulgoted.
are based upon a referenceé temperature of 2

8. Corrected for 50, in sdditien to NO,.

www.fastio.com
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At thée present time, the California Division of Highways is
completing two mobile vans for performing an ambient air quality
survey. These vanz will be egquipped to measure carbon monoxide,
hydrocarbons, nitrogen dioxide, oxidant, and particulates includ-
ing lead. They will also be equipped with a wind system which
will provide a record of meteorological conditions at the van
during measurements.

‘The two vans will be field tested for six months to one year by
two large urban districts: the San Francisco and Los Angeles
areas. At the conclusion of this study, an addendum to this
manual will be provided. This addendum will provide complete
-information on the operation of the van together with test
methods and calibration procedures.

- Sampling Procedures
The basic procedures for an ambient air guality survey are
presented below:

1. Locate all existing air monitoring stations within the
viecinity of the proposed highway. The exact locations of
air monitoring stations can be obtained from the local

air pollution district or thé California Air Resources
Board.

2. Consider the proper exposure of the air monitoring station.
This applies to aerodynamic considerations in taking a
representative air sample. This is extremely important
if the air monitoring station is near a pollutant source.

3. Ambient air quality surveys will be made initially with bag
samples. Each bag will be filled by a portable pump. The
time to fill the bag should be one hour. This sampling time
will not only tend to smooth out the instantaneous peaks, but
will serve as a comparison to the state health standards
for a one hour duration of exposure. The one hour sampling
time will also reduce the manpower requirements for changing
the sample bags. Hourly bag samples should be taken
throughout the day beginning with morning peak traffic and
continuing through the evening peak traffic hours.

4, To reduce the amount of time reguired for bag sampling in the
vicinity of the proposed highway, a correlation of actual
field measurements should be made with historical data from
the nearest permanent air monitoring station. .Before any
ambient air gquality survey is made, the air intake for the
sample should be located near the permanent air monitoring
station air intake. In this way both are sampling the same
air and a correlation of the different analyzers and of the

-16-
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different sampling procedures can be evaluated. This may
require one to perhaps five days of measurement, depending on
meteorological conditions, before a correlation can be made.

5. Once the correlation between the air monitoring station and

field measurement has been established, the number of sampling
sites must be considered. The exact number of sites will

depend on the variety of homogeneous areas within the vicinity

- of the proposed highway corridor. Homogeneous areas can be
selected on the basis of land use patterns, common meteorologlcal
regimes, types of highway design, and sensitive areas.

Following are a few examples.of each:

A. Land Use Patte;:ns.

1) Forested areas

2) Agricultural areas
3) Urban areas

4} Industrial areas

B. Meteorologlcal Regimes. .

1) Effects of topography

2) Winds parallel to highway alignment

3) Winds not parallel to highway alignment
4) Localized drainage winds.

C. Highway Design Features.

1) Major highway interchanges

2) Location of peak traffic volumes on a given segment
of a highway .

- 3) Areas of possible potential traffic "bottlenecks"

4) Types of highway design

a) At grade section
b) Elevated sections

c} Cut sections
d}  Pill sections

5) Metered ramps

D. Other areas where special consideration should he
given to sampling are:.

1) _Sensitive receptor areas
a) . Schools
b) Hospitals ‘
¢} Parks for children's activities

a) Convalescent Homes
e) Residential areas

-17-
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2) Areas where a freeway is located on a fill that
crosses a valley or canyon which will influence
the wind flow pattern immediately upwind and
downwind for sea breezes and drainage winds.

3) Any location where air pollution considerations
are a special focus of public interest.

All of these features should be considered and

may be plotted on a map of the area. Ideally,

air samples should be taken at each of the different
homogenecus sections along the highway corridor. However,
manpower requirements may possibly restrict the number of
sampling sites to those which are the most critical areas
along the proposed route.

After a field measurement program is established, all sites
along the highway corridor should be sampled simultaneously
over the same time period to provide a temporal and spatial
distribution of pollutants.

The exact location of the bag samples at each site should be
sufficiently removed from any local point source, or street
with traffic, to minimize non-representative samples. The
bag samples should be taken 5 feet above the ground surface
except where higher level receptors are found.

The field measurements should be correlated with measurements
made at the closest aﬁr monitoring station. This correlation
(if it exists) should indicate the temporal trends at the air
monitoring station corresponding to the temporal trends of the
field measurements. Once this correlation is established along
with the previocusly mentioned correlation of analyzers and
sampling techniques, the historical records can be used to
extrapolate ambient levels for other pericds of the year.

This approach can significantly reduce the number of bag
samples required and is recommended if it is possible.

If no correlation of temporal trends exists between the
field measurements and the closest air monitoring station,

a more extensive field measuremant program is in order. This
field measurement program should last at least one year to
fully consider seasonal variation in pollutant levels.

Field measurements are not necessarily required for every

day of each month. If a nearby meteorological data source
records cloud cover, ceiling height, wind speed, and direction,
the probability of the surface atmospheric conditions can be
estimated from computer programs STAROS or WINDROS [7].

This will serve as a guide to months having similar
meteorological conditions and months having the worst
meteorclogical conditions. During the months which have

the greatest potential for air pollution, field measurements

-18=


http://www.fastio.com/

of the ambient air guality should be made daily. During
months with more favorable meteorological conditions, field
measurements can possibly be reduced, excapt during an air
pellution episocde in which sampling should be done on a daily
basis. As a guideline for reducing the number of days of
sampling, historical air quality data {(maximum hourly average
concentrations) should be analyzed by month. For example

it may be determined that during the month of January for
the past ten years that sampling once every 3 days is 95%

as accurate as daily sampling. The Materials and Research
Department is currently investigating this approach and any
guestions regarding it should be directed to this office.

The bag sampling program should continue throuchout the day
from peak morning through peak evening traffic hours. This
approach may change depending on available manpower. Special
cases may warrant 24 hour monitoring depending on receptor's
location with respect to the hlghway route. In the absence

of any meteorological source to give surface atmospherid
stabilities, consult with the Materials and Research Department
in Sacramento for guidance and assistance for evaluating the
months for the greatest air pollution potential.

10. All the ambient air gquality data from the field program
should be summarized for a one hour averaging time.
Concentration contours can be plotted on a map of the
area indicating any possible high concentration areas.

Figure 1 shows a flow chart for an ambient air guality
survey.

=19~
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LOCATE ALL EXISTING
AIR MONITORING STATIONS.

'

ESTABLISH CORRELATION
BETWEEN ANALYZERS &
SAMPLING PROCEDURES.

'

DETERMINE POSSIBLE
NUMBER OF SAMPLING SITES
(HOMOGENOUS AREAS).

REVISED NUMBER OF
SAMPLING SITE BASED ON
AVAILABLE MANPOWER.

AVAILABLE

MANPOWER

REQUIREMENTS,
7

LOCATE BAG SAMPLES
5 FEET ABOVE GROUND ot
SURFACE AT EACH SITE.

'

MAKE FIELD MEASUREMENTS
8 CORRELATE WITH AIR
MONITORING STATION.

18
THERE A
METEOROLOGICAL
SOURCE WITHIN
THE AREA?

-DOES
CORRELATION
EXIST ?

BAG SAMPLING TIME AT

EACH SITE MAY BE REDUCED CONSULT WITH M&R IN
& CORRELATED WiTH SACRAMENTO TO EVALUATE

HISTORICAL DATA. WORST METEOROLOGICAL
CONDITIONS FOR SAMPLING.

y

YES

ANALYZE THE
DATA FOR
SURFACE
STABILITY TO
INDICATE WORST
METEQROLOGICAL
CONDITIONS,

MAKE EXTENSIVE FIELD MEASUREMENTS TO
ESTABLISH AMBIENT AIR QUALITY FOR YEARLY GYCLE,

ANALYZE & SUMMARIZE THE
AMBIENT AIR QUALITY DATA,

|

Figure 1 FL.OW CHART FOR AN AMBIE’NT AR QUALITY SURVEY
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 Statistical Analysis of Ambient Air Quality Data
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The primary purpose in collecting and analyzing ambient air quality
data is to obtain a representative estimate of existing air quality
within the project area. Air guality can have considerable temporal
variation depending on the meteorological conditions and upon the
growth of the community. The meteorological conditions that signifi-
cantly influence air quality are (1) wind speed, (2) wind direction,

-{3) surface based inversions, and (4) elevated inversions. These

meteorological conditions must be considered when collecting and
analyzing air quality data. When using the highway line source
dispersion model [2], the concentrations of pollutants are estimated
for the most probable as well as for the worst surface meteorological

-conditions. This involves a particular stability class associated

with a prevailing wind speed and direction. To obtain
representative air quality data, the samples must be collected
under similar meteorological conditions. This will make possible
a statistical analysis using data taken from the same population.

bata may be presented either graphically (or tabular) or numerically.
The following describes each type of presentation:

I. Graphical or Tabular Presentation

a. Freguency distribution

b. Relative frequency distribution

c. Cumulative frequency distribution

d. Relative cumulative frequency distribution
€. Histograms :

II. Numerical Presentation

~a. Central tendency
b. Dispersion

When analyzing aerometric data, there are various statistical
distributions of pollutant concentrations that may exist.* One
possible distribution is the gaussian or normal distribution which
1s characterized by a mean and a standard deviation. These are
measures of the central point and spread of the bell shape
distribution curve. Much of the data analyzed on air pollutant
concentrations indicate that a normal -distribution is usually not
characteristic [13] and {[14].

Larsen [15] has shown that the lognormal distribution more accurately
describes the pollutant concentrations measured in the atmosphere.
In the lognormal distribution the concentrations must be transformed
to their logarithms of base 10. Once this transformation has been

'*The following discussion was extracted and summarized from a

paper "Simplified Methods for Statistical Interpretation of
Monitoring Data" by B. E. Saltzman,
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made, a statistical analysis of the data can be performed. Anti-
logarithm of the mean logarithm is then known as the geometric

mean. The antilogarithm of the standard deviation of the logarithms
is known as the standard geometric deviation.

The easiest method of examining the data distribution is by plotting
on logarithmic probability paper. The cumulative frequency distri-
bution is plotted. If the numbers follow a lognormal distribution,
a straight line can be fitted to the data. The concentration
related to the 50% value is the geometric mean. The slope of the
line is a measure of the standard geometric deviation. The

standard geometric deviation is numerically egual to the ratio of
the 15.85% concentration to the 50% concentration.

In drawing the line of best fit, more attention should be given to
points near the center of the distribution than those near the
extremes. Tails are bound to show scatter since the actual
number of cbservations in that region is usually small.

It should be stressed that lognormal distribution is applicable
only if the sampling is random. The concentrations of pollutants
in the atmosphere fluctuate in cycles depending on meteorological
conditions. Random samples of pollutant must be collected over

a period of time long enough to include many cycles. Sampling
over a period as long as one month can in some cases deviate
seriously from random sampling relationships. When neither the
normal nor the lognoxmal distributions are representative of the
data the use of nonparametric statistics is recommended. 1In this
case, no assumptlons are made about the underlying distribution of
the data, and it is assumed the ohservations are made 1ndependent
of each other.

Some of the advantages of nonparametric statistics [13] are:

{1) they are more appropriate for non-random data (2) statistical
tests are more desirable especially with small samples and (3) effects
of outliers are minimized. It should be stressed that if the
underlying distribution is known, the use of a nonparametric analysis
is not the best approach. Under these conditions the use of classical
statistics is recdommended.

In the analysis of ambient air gquality data the mean and standard
deviation are calculated from the same set of data and then the t
distribution is applied to determine the confidence interval of tﬁe
mean. The following equation can be used:

Confidence Interval = ¥ + tn_l[—g—] (1)
' vy
where X = mean
S8 = standard deviaticn
n = number of samples
t-1 < tabulated statistic for wvarious confidence

limits and degrees of freedom.
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Example calculations of confidence intervals are presented in
Appendix B.

At the present time the Division of Highways is developing an-
additional training manual on the procedures and applications of
nonparametric statistics in analyzing aerometric data. Until
this manual is completed the above procedures should be followed
when analyzing aerometric data in environmental impact reports.

If sufficient data are available, it is recommended that a
numerical analysis be made. However, in many cases, lack of
historical data or data collected from different meteorclogical
regimes may result in skewed distribution of the data. For
this condition a frequency analysis should be made along with
numerical averages for a given meteorological condition,
Appendix B describes in detail the graphical and numerical

. analysis. Figure 2 shows a work sheet for logging air gquality

www . fastio.com

data for statistical analysis.
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DATA RETRIEVAL NO!

STATION NAME: LOCATION __
MONTH: YEAR:_ TIME
METEOROLOGICAL CONDITIONS
WIND INVERSION | POLLUTANT CONCENTRATION (PPM)
SPEED BASE
DAY DIRECTION WSPEED . | INTERVAL | CO |NOp | HC | O3 |PARTICULATES LEAD

www.fastio.com

Fig.2 WORK SHEET FOR COLLECTING

AMBIENT AIR QUALITY DATA
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MESOSCALE ANALYSIS OF AMBIENT AIR QUALITY DATA

The mesoscale analysis of ambient air gquality is important in
assessing the impact of the highway on the environment. There
are three primary purposes for this analysis: (1) to estimate the
amount of pollutants transported into the project area from other
areas, {(2) to estimate the effects that emission control devices
have on air quality and (3) to estimate future trends in air
guality. '

" Transported Rir Pollution

Air pollutants can be transported many miles. On-site pollutants
may be generated many miles distant. Under certain meteorological
conditions these pollutants may be transported to a downwind :
location. This can degrade ambient air quality for the downwind
area especially when added to the area's own scurces of pollution.

" Typical examples of areas where transported air pollutants occur
in California are: ' '

1) From the Los Angeles Basin into the Riverside and upland
. desert areas.

2) From the San Francisco Bay Area into San Jose.

3) From the San Francisco Bay Area into the Central Vvalley of
California.

In all cases the transport of air pollutants is primarily caused

by surface winds. The first step in a mesoscale study is to analyze
the surface wind streamlines. 2An analysis developed by Crawfordé]

involves a tracer pollutant (usually CO) and meteorclogical records

for the proposed highway route area and the upwind pollutant source

area. The procedure is as follows:

1) Select typical'days-where historical data show adverse air
pollutation conditions for the downwind location.

2) Compare the wind data for both the upwind and downwind
stations for these days to make sure that surface winds
could have transported the poliutants from the upwind source
to the downwind receptor area.

3) For thege typical days plot the data for concentrations at
the downwind location vs. time of day.

4) Estimate the transport of pollutants from the dual peaks
(if they exist) from the curve plotted in Step 3.

Figure 3 illustrates this concept. The travel time, as indicated
on Figure 3, should be correlated with the wind speed and direction
and distance of the upwind source from the downwind area. The
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travel time is the time it takes the surface winds to transport
the pollutants from the upwind source to the downwind area. The
percentage of transported pollutants into an area can be estimated
by the following egquation:

% transported = H - L x 100% (expressed as a % of the (2)

L low peak concentration)
Where H = pollutant concentration at higher peak
L = pollutant concentration at lower peak

~26-
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POLLUTANT
CONCENTRATION

‘ l TRAVEL TIME ‘

TRANSPORTED
POLLUTANTS

|LOCAL GENERATED
POLLUTANTS

0600 AM 200 1800 2400

Fig.3 ESTIMATES OF TRANPORTED POLLUTANTS |
FROM OTHER AREAS BY DUAL PEAK ANALYSIS
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Another possible approach to estimate the amount of pollutants
that are transported into the highway project area from an
upwind source area is to give special consideration to wind
speeds. The procedure is as follows:

-1, Select typical days both within the highway
project area and the upwind source area where
historical meteorolegical conditions indicate
light winds (less than 4 mph).

2, TFor these typical days (light winds), within the
project area, plot pollutant concentration vs. time of
day. This can indicate the pollutants generated
within the project area.

3. Select typical days when the meteorological
conditions indicate moderate to strong surface
winds blowing from the upwind source area to
the highway project area. Moderate surface
winds can be considered as winds 8 to 12 mph
while strong surface winds are greater than
13 mph.

4. For these typical days (moderate to strong winds),
plot pollutant concentration vs. time of day.

5. Estimate the transport of pollutants by differences
in concentrations (if they exist).

Figure 4 illustrates this concepf.
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Transported Pollutants

~Moderate to strong

Pollutant winds.

Concentration

Light winds

) ' 1 \ ]
0600 1200 1800 2400

TIME

lFig.4 ESTIMATES OF TRANSPORTED POLLUTANTS FROM
OTHER AREAS BY SURFACE WIND ANALYSIS
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Time History of Number of Adverse Days

An adverse day is said to exist when the pollutant concentration
on a given day exceeds an arbitary upper limit. A tabulation of
the number of adverse days per year can be made for all the years
from which historical data are available. Figure 5 illustrates
this analysis for a hypothetical situation. '

Number
of Adverse
poys

1 ] 1 i —
1967 1968 1969 1970 1971

TIME
Fig. 5 NUMBER OF ADVERSE DAYS
AT AIR MONITORING STATION
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Figuré 5 shows a gradual increase in the number of adverse days
up to 1969, ¥From 1969 to 1971 there are significantly fewer

(2) the increasing number of vehicles that have emission control
devices, and (3) the combined effects of both. 170 distinguish
between the effect of meteorological conditions ang emission
devices on vehicles, the méteorological records should pe
studied. This Study should include: wind rose analysis of

surface winds to compare wind speeds and directions, and

available). 17 there were no significant changes in meteorology
from 1967 to 1971, as in thisg eXample, the reduction in the :
number of adverse days can pPossibly be attributed to the
increased number of vehicles with emission control devices
(assuming the emissions of pollutants from industrial sources
are controlied)., rf there ware changes in meteorological
conditions, the Teduction would be due both to these changes

-and . to emission control devices on vehicles,

-3
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pPollutant Burden Concept

A method of estimating pollutant bur
discussed in an earlier report [2]1. Figure 6 shows typical
curves of pollutant burden vs. time as described in that report.
The total pollutant burden is that attributed both to the
freeway and the local traffic network. The curves in Figure 6
are the product of the daily vehicle miles traveled both on the
freeway and on the local traffic network and the corresponding
emission factors. These curves <an pe constructed for €O and HC.

den within an area was

Total ' '

Poflutant b ©/
- -

Burden S — —

Tons/Day T~
b ~ —_ @
B ——
! : ] S
Present ETC

ETC +20

Fig.6 TOTAL POLLUTANT BURDEN VS TIME
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motor vehicles, Curve 3 indicates an opposite Sitvation where
the rate of traffic increase ig offset by the effectiveness of
emission controls on vehicles, :

The three curves in Figure ¢ may aid in estimating future air
Pollution potential. For exdmple: Suppose that Figure 5
represents an actuval number of adverse days per Year from air
monitoring station records. Assume that curve 3 in Figure ¢
represents the Projected pollutant burden of He within the area

-33-

ChihPDF - www.fastio.com


http://www.fastio.com/

PREDICTION OF FUTURE POLLUTANT CONCENTRATIONS

This analysis for predicting future pollutant concentrations
ig limited to CO pecause it is 2 relatively inert pollutant
and is generated primarily by motor vehicles. The analysis
further assumes that traffic originating from future changes
in land use 1is considered in the rraffic estimates and is
based on & master plan of development for the impact ared.

Tt is important to emphasize that highways san have a very
significant influence on jand use patterns. It should be
determined whether the master plan actually includes the
highway o freeway in guestion. New industrial point sources
will not normally make significant contributions to cO concen—
tration as compared to highways. However, land use plans should
pe examined for future point source locations and their effect
on future arbient air quality estimated.

When evaluating the impact of a highway on the air anvironment,
it is necessary to know the existing ambient air guality within
the proposed highway corridor and impact area. For a complete
analysis, an air guality comparison must be made with and withoub
the new highway for a period encompassing the estimated time of
completion (ETC) and twenty years afterward (ETC+20). It is
necessary to make this estimate of ambient air guality for ETC
and ETC+20 using only existing and historical data. Knowing
the historical ambient air quality associated with given
meteorological conditions,-estimates or predictions of future
pollutant-concentrations‘within the highway impact area can

be made. :

Beaton, et al [2] discussed an analysis for the critical year

of the total CO burden. Those pasic techniques can also be
applied to future estimates of pollutant concentrations of CO
within  the highway corridor and impact area. Figure 6 summarizes
three possibilities of the critical year concept.

The estimates of future CO concentrations can be made with the
following assumptions:

1. ambient air gquality, as represented by €O, is influenced
by the proposed highway and the associated changes in
traffic on the surface network.

2. Future predictions of ambient CO concentration can be
based on analysis of the present and historical air gquality
for different geasonal meteorological regimes and time

periods as previously discussed in this manual.

3. The change {increase or decrease) in future ambient co

concentration can be predicted from an analysis similar
to that shown in Figure 6.

-34-

hD Y S
ClibPD www . fastio.com


http://www.fastio.com/

ClibPD

www . fastio.com

Figure 7 illustrates a future change in.CO levels (assuming a
curve of Type 3 in Figure 6). Figure 7 is for a particular
meteorological regime; for example, winter months, a.m. peak-
traffic period. Similar curves can be made for other seasons
and time periods as discussed in reference [7].

Existing Ambient Air Quality Base Line.

N

“Total CO
Pollutant
" Burden % Change
Tons/Day
Future Ambient Air Quality Including Freeway.
. L 1 -
Prsent- ETC " ETC+20
YEAR
Fig. 7 FUTURE CHANGE IN CO BURDEN

UNDER A PARTICULAR METEOROLOGICAL REGIME
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In Figure 7 the percent change is defined as follows:

| CrPRY, = (TPB)
¥ Change = (TPET

x 100% (3

Il

where (TPB)n total pollutant burden in tons per day at
future time "n"

(TPBIP

1

total pollutant burden in tons per day at
present time "ph.

A negative percent change indicates that ambient air quality is
improving while a positive change indicates a degradation in
ambient air quality. The percent change can be determined on an
incremental basis from the present to the end of the period.

To make future eatimates of CO for a given meteorological condition
the procedures are as follows:

1. Determine the present air guality for CO from existing
sources or field measurements. This analysis should be
made for the most probable and worst meteorological
conditions for each peak and off~peak traffic period.

2. Determine the percent change for future years in the
total pollutant burden using equation 3.

3. Reduce or increase the present (as determined in Step 1)
pollutant concentration to estimate the future ambient
level. This reduction or increase is determined in
Step 2.

Figure 8 illustrates the future estimates of average ambient CO
concentration, based on the example shown in Figure 7.

Future ambient CO levels within the proposed highway corridor
should be estimated with and without the new facility included
in the analysis. In this way a comparison of the future ambient
CO levels can be compared if the freeway is or is not built.

It may be possible to apply this same predictive analysis to hydro-
carbons and oxides of nitrogen. However, since these two pollutants
enter into photochemical reactions, the conditions for meteorological
similarity should include radiation, temperature, and humidity in
addition to wind speed and direction and inversion height. Also,
since substantial amounts of these pollutants come from sources

other than the internal combustion engine, the calculation of

total pollutant burden becomes more complex.

-36-
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Concentration
cCO PPM

- | i R e
Present ETC ETC+20

Fig.8 FUTURE ESTIMATES OF CO
FOR A GIVEN METEOROLOGICAL CONDITION
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Appendix A presents typical pages from a copy of the report
"california Air Quality Data for June, July and August 1971".
This report was prepared by the California Air Resources Board
and is typical of the quarterly reports for other years.
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CALIFORNIA
AIR QUALITY DATA
JUNE, JULY, AUGUST 1971
The following tables provide detailed information on the quality of the ambient
air over California cities. The information is provided largely by cooperating

Air Pollution Control Districts and from air monitoring stations operated by
the California Air Resources Board. The station locations, the contaminants

- measured, and the agencies collecting the data are listed on pages 48 through 52,

The air quality information supplied to the Air Resources Board by the cooperating
agencies usually consists of hourly average concentrations (see below for definj.
tions) and the daily peak concentrations. Some stations report only the maximum
hourly average concentrations and the peak concentrations. Some measure only one
contaminant, others as many as eight. Most stations are permanent instellations,
although circumstances or planning sometimes require relocation or discontinuance
of a station. :

The contaminants usually measured are oxidants, carbon monoxide, sulfur dioxide,
nitric oxide, nitrogern dioxide, total oxides of nitrogen, total hydrocarbons,
and suspended particulate. Sampling methods and reporting units are described
below. . ' . .

The information reported in the quarterly tables consists of the maximum hourly
average concentration for each day, the highest of these values for the month,
the monthly average of these values, and the peak concentration reached during
the month. The peak concentration is usuvally higher than the highest hourly
average reported; it can be the. same, but not less. Tables presenting values
for the daily average and highest reported reading for particulate matter by the
ATSI method and 24-hour values for particulate matter by the High Volume filter
method are included. Also included are tables defining values equalling or
exceeding the various ambient air quality standards for oxidant, carbon monoxide,
and nitrogen dioxide. Selected summary tables are also given from time to time.
These tables frequently cover more than one quarter and, on occasion, may cover
periods later than this particular quarter.

In addition to the information reported here, detailed summaries ineluding a
variety of frequency distributions, tables of diurnal variation, daily averages,
hourly averages, etc., for past years for the entire State are available for
inspection (but not for distribution) in the Air Resources Board office in
Sacramento and in the offices of the cooperating agencies. Copies are also sent
to the National Aerometric Data Bank, EPA, Research Triangle Park, North Carolina
27711. The latest yearly summaries are for the 1971 calendar year.

DEFINITION OF TERMS, SAMPLING METHODS AND REPORTING UNITS

HOURLY AVERAGE: The average concentration for a 60-minute period, usually the
clock hour. - This is an integrated value, usually read from the strip chart by
eye. Some parts of the hour have lower values than the. average, some higher.
There are twenty-four such values each day, starting with hour 00 and ending
with hour 23, -
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DAILY PEAK CONCENTRATION: The highest concentration reached during 24 hours of
sampling, and may be of only a few moments duration. The monthly peak concentra-
tion is the highest concentration reached during the month.

DATLY MAXIMUM HOURLY AVERAGE: This is the highest of the 24 hourly average
values repeorted during the day. The monthly maximum hourly average is the
highest such value reported during the month.

TOTAL OXIDANT: The term refers to all substances which may be present in the
atmosphere that oxidize potassium iodide (KI) to form iodine (I,) such as ozone,
nitrogen dioxide (NOZ) and organic peroxides. Specifie spectroscopie measurements
indicate ozone is thé principal oxidant in California air. Concentrations are
measured with continuous recording analyzers using potassium iodide and ave
reported as parts of oxidant per million parts of air. The analyzers are stan-
dardized against ozone. All are colorimetric instruments, except those operated
by the Bay Area Alr Pollution Control District which are coulometric analyzers.
Results are reported as ppm by volume. ‘

NITROGEN OXIDES: Continuous measurement of NOo is performed by serubbing the
sample air with an absorbing solution (Saltzman type reagent) in an automatic
recording analyzer. Reaction with the NO; forms & red azo dye which is measured
photometrically and recorded on the strip chart as ppm NOs.

NO is determined by First passing the air sample through an acid permanganate
bubbler (oxidizer) which converts the NO to NOj. The NO plus NOp originally
present is recorded as NOy value (parallel mode). In the series mode NO is'
measured by leading effluent gas from the NO, absorber containing only NO to
the oxidizer followed by a second NOp absorber. The resulting color is recorded
as ppm NO.

San Diego and Los Angeles measure nitrogen oxides by the series mode. All other
‘districts and the state-operated stations use the parallel mode. Peak concentra-
" tions in all cages are read independently.

CARBON MONOXIDE: Carbon monoxide is measured continuously by measuring the
absorption of nondispersed infrared radiation (NDIR) by the CO molecule.. Irradia-
tion from a hot filament is directed to & detector through two cells: A reference
cell filled with dry air or nitrogen and a sample cell through which the air is
continuously drawn. The difference in infrared absorption between the reference
and sample cells creates a pressure difference in the detector. This pressure
difference is transduced to CO concentrations in parts per million. The principal
interferences in this method are caused by water vapor and carbon dioxide. Water
vapor in the sampled air results in slightly higher values when compared with dry
air,

SULFUR DIOXIDE: Sulfur dioxide concentrations are usually monitored by scrubbing
sample air with a dilute solution of sulfuric acid and hydrogen peroxide. The
80, is converted to HpS04 upon absorption in the solution, thus increasing the
conductivity which is recorded as ppm S05.

HYDROCARBONS: Hydrocarbons are measured with continuous flame ionization analyzers
standardiged against methane at all stations of the Los Angeles County Air Pollution
Control District. All others are standardized against propane. Results are reported
as parts of methane per million parts of air. :
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SUSPENDED PARTICULATE MATTER: Particulate matter samples are taken by automatic
AISI samplers using two-hour sampling cycles at most stations, although one station
uses a three-hour cycle, and one station uses a one-hour cycle. Values are cal-
culated by comparing light units per 1,000 linear feet of air passing through the
filter. COH units less the 1.0 indicate relatively clean air. Daily average
vialues are tabulated regardless of the number of readings reported.

Suspended particulate matter samples are also taken by a High Volume sampler using
a 24-hour sampling period. Values are calculated by weighing the filters before
and after the sample is collected, the difference being expressed as micrograms
of particulate matter per cubic meter of air drawn through the filter.

COMMENTS ON THE TABLES

Oxidant. One of the more smoggy days this quarter was June 15. On this high-
oxidant and mostly cloudless day, the circulation over the Bay Area and southward
was dominated by high pressure aloft. Maximum hourly oxidant concentrations above
.08 ppm were reported by 40 stations in five air basins, viz. San Francisco Bay
Area, San Joaquin, South Coast, San Diego, and Southeast Desert.

One of the least smoggy days this quarter was June 10. - On this low-oxidant day
the circulation over California was dominated by low pressure aloft.

The proximity of these two June days provides an opportunity to look at the maximum
temperatures and mean wind speeds associated with a high-oxidant and a low-oxidant

type day. '

As shown in Table 1, maximum temperatures on the high-oxidant day were some 17°F
higher than maximum temperatures on the low-oxidant day. This 17°F difference
between the median values of the maximum temperature is seen. in the data for sach
of three basins, although there is variability between individual stations. Thege,
and other data, indicate that summertime high-oxidant values typiecally occur with
above normal maximum temperatures.

The inclusion of mean daily wind speeds in Table 1 provides a look at another,
somewhat more complex, meteorological variable. As shown, these wind speed data
vary from basin to basin and from station to station. The San Francisco Airport
mean speed of 12.5 mph appears relatively windy for e high-oxidant day. At

Los Angeles Airport and Long Beach Airport the mean speeds are greater om the
high-oxidant day. These and other data indicate that mean daily wind speeds from
coastal stations may mask the fact that the morning winds are conducive for the
accumulation of oxidant type pollutants, as was the case at San Francisco Airport
on June 15.
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Table 1

MAXIMUM DATLY TEMPERATURE AND MEAN DAILY WIND SPEED
FOR SELECTED CALIFORNIA STATIONS - JUNE 1971

Maximum Temperature (°F) Mean Wind Speed (mph)
P p D

Station ' June 10%  June 15%% June 10% June 15%%
San Francisco City - 59 77 not available

San Francisco Airport 67 83 13.5 - 12.5
"Qakland Airport ‘ _ 63 80 10.5 6.8

Bay Area (median) ‘ 63 80°F 12.0 9.6 mph
Stockton Airport 82 100 9.9 7.9
Freano Air Terminal 82 99 10.4 6.2
Bakersfield Air Terminal 80’ 98 10.1 6.6

San Joaquin Valley {medisn) 82 99°F 10.1 ' 6.6 mph
Los Angeles City 66 93 not available

Los Angeles Airport 67 70 6.2 6.9
Long Beach Airport 70 84 7.3 8.3
South Coast (median) 67 - 84°F 6.7 7.6 mph

* a low-oxidant day
*% g high-oxidant day
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Carbon Monoxide. The federal air quality standard of 9 ppm average concentra-
tion for 8 hours was exceeded at eight cities during the quarter. The maximum
8-hour average carbon monoxide concentration, 14 ppm, was recorded at Palm Springs
on July 13. Palm Springs also recorded the greatest number of occurrences (9).

The federal standard of 35 ppm for one hour was not exceeded during this quarter.

Nitrogen Dioxide. The State air quality standard of .25 ppm for one hour was
exceeded at ten stations, all in the South Coast Basin. The maximum hourly
average concentration reported was .56 ppm at Los Angeles on June 15. The Burbank
station reported 67 hours at or above .25 ppm during the guarter.

Suspended Particulate Matter. The maximum particulate concentration reported
during the quarter was 453 pg/m® at Indio on June 10, a day with low oxidant
levels statewide. TFor the State, 2537 of the samples exceeded the State standard
of 100 pg/m®. A summary of high-volume sampling data by basin is given in
Table 2.

Table 2

PARTICULATE LOADINGS (BY HIGH-VOLUME SAMPLER)
June, July, August 1971

No. of No. Exceeding

Bagin Samples 260 pp/m- 150 pg/m- 100 ug/m®  Max, Min.
North Coast 146 1 4 20 352 pg/m® 9 pg/m®
San Francisco Bay 385 0 1 19 165 10
North Central Coast 43 o "0 5 124 25
South Central Coast 36 ) 3 4 232 16
South Coast 177 0 33 94 255 13
San Diego 28 0 1 8 159 38
Northeast Plateau . 17 o 9] 0 72 18
Sacramento Valley 64 0 1 9 155 30
San Joaquin Valley = 166 5 42 101 425 37
Southeast Desert 43 3 10 17 453 8

The evaluation of high-volume sampling data is sometimes complicated by the
fact that one sampler may "see" a specific local source emission while another
nearby sampler may not. The degree of, or lack of, bias is more easily recog-
nizable wherever two samplers are operated near to each other. However, such
bias may exist and be hard to recognize wherever a sipngle sampler is operated.
Hence, care must be taken in locating a high-volume sampler to ensure that its
exposure is representative. An example of this kind of bias can be seen in the
two Ft. Bragg samples taken on July 10; the concentration found at one station
was 59 pg/m” while the concentration found at the other station was 201 pg/m=.
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Lead. In July 1971 the Air Resources Board started to take atmospheric 1ead
samples at five stations. As seen from the quarterly table, none of the
stations exceeded the State standard during the quarter,

1971 Air Quality Summaries

given at the end of this issue, Severa: Summary tables of 1971 oxidant
experience are given just shead of the particulate summary, The oxidant
tables show the number of days, by station and by month, that the maximum
hourly oxidant concentration exceeded .0H ppm. For stations‘submitting
hourly average oxidant concentrations, the total number of hours ip excess
of .08 ppm is also given. The oxidant tables ‘include only those stationg
reporting throughout 1971.
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APPENDIX B

STATISTICAL ANALYSIS OF AMEIENT AIR QUALITY DATA
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The primary purpose of this section is to describe certain statis-
tical terms tHat can be applied in the reduction of ambient air
guality data. The information discussed is briefly summarized.
More complete details can be obtained from numerous reference
bocks on elementary statistics as indicated at the end of Appendix.

A, GRAPHICAL OR TABULAR PRESENTATION OF DATA

I. Frequency Distribution or Frequency Table

A tabular arrandgement of data by classes together with the
cortresponding class frequencies.

II. Cumulative Frequency Distribution

Total fréquency of all walues less than the upper class
boundary . of a given class interval.

I1X. Relative Freguency Distribution

_Frequency of the class divided by the total fregquencies
of all classes expressed as decimal or percentage.

Iv. Relative Cumulative Frequency Distrubtion

Cumulative frequency dlstrlbutlon exXpressed as a
decimal or percentage.

V. Histogram
Plot of a frequency distribution
General Rules for Forming Frequency Distributions:

1. Determine the largest and smallest numbers in the
raw data and thus find the range.

2. Divide the range intc a convenient number of eclass
intervals.

3. Determine the number of cbservations falling into
each class interval.
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B, NUMERICAL ANRLYSIS NORMAIL DISTRIBUTION

I, Measure of Central Tendency
' =Xi

a. Mean X = -

sum of all observations

5
L]
o
M
_X
i

total number of cbservations

b. Mode = value of the chbservation which occurs
most frequently

c. Median - is the middle observation when the
ocbservations are ranked or arranged
in order of magnitude

II. Measure of Scatter or Dispersion

a. ' Range — difference between highest and
' lowest observation

b, Standard Deviation

(=X
n

where SSxx = ‘éxi_z -

g = S$Sxx
n—t

To compute the mean (X) from a grouped frequency table, use
the following formula:
= _ =5 X
T =g

Where X; = nidpoint of class interval

fi = frequency in the class interval

7o compute the standard deviation from a grouped-frequency
table use the following eguations:

206 %V - (Ef'__qn_xi_)a

S=
: n-1
Where X; = midpoint of class interval
fi = frequency in the class interval
n = total number of cbservations
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C. - . NUMERICAL ANALYSIS LLOGNORMAL DISTRIBUTION

For a lognormal distribution the arithmetic mean (%), geometric
mean (X ), standard deviation (8) and standard geometric deviation
(Sg) ard related as follows [15]: '

n

2
Sg = exp [lno'5 (-—)§(—§+‘l)]

= X
: 2
exp (0.5 in“ Sqg)

-89

ClibPD WL lastio.com


http://www.fastio.com/

D. SKEWNESS

ChhPDF -

Right Skewed

e

-
...——'/ _—-—'E’

re

Normal or
og~normal

istribution

Left Skewed

RELATIVE FREQUENCY DISTRIBUTION
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E. DATA PLOTTED ON PROBABILITY OR
LOG PROBABILITY PAPER

\
® co Left Skewed
PPM
0.01 99.99
_ Right Skewed
@ GO
PPM
0.0l 99.99
@ co Straight Line
PPM { Normal or Log- normal)
0.0l 0999

PPM

®

0.0l 99.99
RELATIVE CUMULATIVE FREQUENCY DISTRIBUTION %

~Curves | and 2 probably indicate lack of data _meusureménts.
Curve 3 is a normal or log-normal distribution of random data.
Curve 4 probably indicates data taken from different populations.

=-101-
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7.

CO PPM
Upper Class

- NORMAL AND LOGNORMAL DISTRIBUTION ON PROBABILITY PAPER

Boundry

0.0l | 50 : 98 99.99

RELATIVE CUMULATIVE FREQUENCY DISTRIBUTION %

In drawing the "best" line pay more attention to points
near the center of the distribution than those near the
extremes. Tails are bound t¢ show scatter since the
actual number of observations in that region is usually
small.

For a normal distribution the:

Mean corresponds to the 50% probability.

Standard Deviation corresponds to 34% to 50% probability

or 50% to 85% probability.

Both X and ¢ can be read from the plot directly.

For a lognormal distribution the geometric mean corresponds
to the 50% value. The geometric standard deviation is equal
to the ratioc of 15.85% concentration to the 50% concentration.

The ordinate in the curve above could have been any other
parameter such as concentration of hydrocarbons, etc.

=102-
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IX.

www.fastio.com

Since probability paper does not have 0% or 100% probability
values, modify the relative cumulative freguency distribution
by the following equation:

. : . i =f;
= 1
Relative Cumulative Frequency Distribution i

Where fi = frequency within a class interval

n = total number of all observations

Note: By adding one to the total number of observations,
probabilities of 0% or 100% are not encountered.
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G. CONFIDENCE INTERVALS

‘A NOMOGRAPHIC REPRESENTATION FOR THE CONFIDENCE
INTERVAL AND LEVEL OF SIGNIFICANCE IS PRESENTED BELOW.

100 £000 -1~ 10,000
80 50001 g go0
4,000 4
&0 - 6,000
50 3,000 1~ 5600
40 . ‘ 2000 T 2000
30 ' - 3,000
1 L
0 - 2,000
e3¢ oo~
4 800
3.0 0 600~ 1000
- 24 100 . 00—
£ Lot °® 0 ® soot 800 _
2 1se o o 9 30800 &
T % 5 40 : e o
~ K 4 s s 200 I 40 n
® 4 & K -
- N 3 = 20 2 =200 %
A T I
8 g2 310 & 8 200 I
g E 2.8 3 g 100 8
= 5 e 1836 2 § B0 o
. £ £ 63 4 3 -] -] g
5 Lio—! s = 5 S eo—Flo §
] F o8 5 5.5 14 = & s0-L 80 -
5 'los & o =2 -, g -~ =
T hos-d-0s 5 3 re2 E L e B
¢ IO5—-05 £ & & g - 2 s =
- = = — s T
$ 10404 9 BT i be o £ 40 B
= $ 2310 g 20 3
= 103 03 g 2 2 10506 £ H a0 2
= = 2 - =1 o
§ o2-f-0z E§ pE'OTO4E - g
= ©zE = 5 ~20 %
= S Loed-o02 P £ 10 N
3 » o N
©  rot—-ou voi-l-01 E 2 g =
i.008 ©.08 M 0:08 ‘% . é
1,006 ——0.06 0.06 s
1.005 —— 0.05 0.04 |
1.004 u.bg
1003 -} 0.03 0.02 P ol
. -6
1002 — 0.02 0.0t
L 5
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Flgure k. Confidence Intervals for the mean of a group of random samples.

For a normal distribuiisn, use numbers on right sides of center and left scales, A straight line
connacls refatcd values of the confivence interval (sbove and balow the meal), the standard
deviation, and the numher of samples (n) in the group for either 9,53 or 0,93 confidence coed-
ficients {calculated from the t,_; wistributions), Ef desired, the numbers on both the standard
doviation seale and on the confidence interval scale may be muitiplicd by the same tactor (e.a.
0.1,0.01, 0,664, etc.)

For a legnormial digtribution, use numbaers on left sldes of center and left scales. A straight line
connects ralated values of the confidence interval factor (with which to multiply ar divide the goo-
metric mean), the standard geomettic deviation, and the same stales tof aumbe: of samples in
the group,

SOURCE: "Simplified Methods for Statistical Interpretation of Monitoring Data " by
B.E.Scltzman Journal of Air Pollution Control Associdtion, Feb. 1972.
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