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Preface

This workshob provides an overview of the characteristics, soufce
and effects of air pollutants and newly developed techniques useful in
quantifying source impacts. The goal of the short course is to provide
a basic knowledge of the major practical aspects of controlling urban
air pollution problems throogh the selective application of source
apportionment techniques, cost effective emission controls and flexible
air resource management policies. Emphasis has been placed on the identi-
fication and control of particulaté emissions using chemical receptor

models.

New improvements in air sampling and analytical techniques have made
available, for the first time, detailed information on the chemical and
physical nature of the ambient aerosol and of source emissions. Using
these chemlcal Mfingerprints', particle morphology and the natural varia-
bility of airshed sources, recent developments in receptor models have
provided new techniques of assigning source contributions within non-attain-
ment areas. Application of these tools by regulatory agencies, promotlon
by consultants and increasing interest by industrial groups require that

professionals understand the capabllltles and limitations of these methods.

This manual is intended for use in conjunction with workshops presented
by NEA, INC. The purpose of this manual, and the workshaop, is to acquaint
regulatory professionals with receptor models, their applications, limita-
tions and potential value to regulatory programs.. EPA is encouraging the

use of these techniques in the development of future SIP programs.
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1. INTRODUCTION

1.1 Historical Perspectives

Before Industrial Revolution in 1600-1700's

Weather

Topography

Probable
Sources

Illnesses

No. deaths
Deaths ‘

Natural sources; forest fires, volcanoes, windblown dust.

Smoke & fumes from cooking and heating fires within closed spaces,
odors from decaying refuse.

Health effects can be traced to the Egyptian empire, discoloration

of buildings in early Rome.

Pollution Problem

Health - Annoyance

Economic Loss
Damage to Furnishings

Increasing Death Rate

Great Stinking Fog

Major Air Pollution Episodes

Meuse ‘Valley
Germany, 1930

Inversion - high
pressure - fog

River Valley

Industry - steel
& zinc plants

Chemical irrita-
tions of exposed
membrane surfaces

60

yes

among those
with cardio-
resp. disease

Ratio Illness 100:1

to death

Pollutants

Max. SO,
Conc. Est.

"

S0x, TSP
40 ppm

Earliest Reference

Records in Britian.

1257 -

1377
1512

1658
1662
1691

1930 -~ 1952

Donora, PA
1948

Inversion - high
pressure - fog

River Valley

Industry - steel
& zinc plants

Same

18

yes

75:1 - 300:1

Sox, TSP
2 ppm

Nottingham

I

Digby
Grant
Gadby

London
1952

Same

River Plain

Household
coal burning

Same

4,000

yes

Illness not
in expected

prop. to deaths

SO0x, TSP
1.34 ppm

Complaints about air in

Assize of Nuisance

Earl of Northumberland

Poza Rica
Mexico, 1950

Inversion
& fog

River Plain

Unburned H,S

Same

22

no

15:1

H,S




1.2 Global Sources

Tropospheric Aerosol Production Rates

Source ,Metric Tons/day Percent
Natural
Primary
Windblown dust 2 X 10* - 10° 9.3
Sea spray 3 X 10° 28
Volcanoes 10" 0.09
Forest fires 4 X 10° ‘ 3.8
Secondary
Vegetation . 5% 10° - 3 X 10° 28
Sulfur cycle o 105 X 10° ' 9.3
Nitrogen cycle 2 X 18° 14.8
-Volcano (gases) 102 0.009
Subtotal . 947
Man-Made
Primary
Combustion, Industry 1 x 10% - 3 X 10° . 2.8
Cultivation dust 102 - 103 ) 0.009
Secondary
HC gases . 7 x 108 0.065
S0, 3 X 10° 2.8
NOj3 6 X 10" - , 0.56
+ .
NHy 3 x 10° . 0.028
Subtotal 6.7 X 10° 6

TOTAL 10.7 X 10° ‘ 100%




Sulfur Compounds - Global
( X 10° tons/year)

Industry, heating, transportation (SO,, H,S) 70
Fertilizer application to soil (SOy) 11
Rock weathering (SOy) 14
Biological decay (H,S) 98
Sea spray (SOy) ) N
Volcanoes (H2S, SOz, SOy) Small
237
Nitrogen Compounds ~ Global
(X 10°® tons/year NO,)
Nitrous oxide (bacterial action) 592
NO, (forest fires) 0.8
NO, (industfial)
Coal 26.9
Petroleum 22.3
Natural gas 2,1
Incineration 0.5
Wood 0.3
TOTAL 645 X 10° TPY
Pollutant - Global Sink Processes, (typical)
R{OI Precipitation scavenging, oxidation to 804, absorption by soils
H»,S Oxidation to S04
O3 Reaction with vegetation, soil, snow, ocean surfaces
N,0 Soil absorption & microbial destruction
CO, NO, Soil reaction, conversiom to NO3, precipitation scavenging
(60] ' Stratospheric reaction to OHx, soil uptake
CO» Absorption in oceans, photosynthesis
HC Conversion to particles




1.3

1.4

Nature of Atmospheric Contaminants

I. Classified by Physical State

A.

B.
C.

Gases

1. Natural
2. Asphyxiants
3. Irritants
4, Toxic

5. Nartcotizing
Vapors

Aerosols

IT. Most Important Contaminahts

A.
B.
C.
D.
E.
"~ F.
G,
H.

S Compounds
Fluorine Compounds
Chlorine Compounds

Carbon Compounds

L. NOx

Organic Compounds
Toxic Elements

Asbestos

IIT. Reaction Products

IV. Odors

V. Material Damage

VI. Visibility Reduction

VII. Health Effects

Air Pollutant Descriptions and Effects

SUSPENDED PARTICULATE

~So0lid and liquid particles

of soot,

dust, aerosols and

fumes ranging from 0.1 to 100

microns

2 microns in size (1 micron =

1/2540")

-Sources:

and averaging about

Combustion sources,

cars, industry process losses,
fugitive dust, field and slash

burning
such as

and natural sources,
ocean spray and wind-

raised dust.

—Damage:

Aggravates chronic

lung disease, heart and lung

disease

symptoms., Causes

material damage and visibility
reduction.

SULFUR DIOXIDE
A colorless, pungent irritating gas.

-Sources: Oil and coal combustion
and industry process losses.

-Damage: Aggravates asthma, heart
and lung disease in the elderly,
irritates lungs, is corrosive to
metals and marble, and causes plant
damage.




HYDROCARBONS _

-A large family of compounds
consisting of hydrogen and
carbon.

~Sources: Autos, evaporative
fuel losses, industry and
combustion processes.

-Damage: Hydrocarbons actively
participate in oxidant forma-
tion and cause plant damage.
Methane is produced naturally
by decay of organic matter and
is not significant in oxidant
formation.

NITROGEN DIOXIDE
-A reddish-brown gas, toxic in
high concentrations. :
-Sources: Formed by conversion
of nitric oxide (from autos &
combustion sources) and from
industrial sources.
-Damage: Increases chronic
bronchitis and irritates lungs.

1.5 The Atmosphere

Composition of the homosphere is:

78.09 % Nj
20.94 % 02

0.93 % Ar
0.032 % COy

CHy 1.5 ppm
N,0 0.5 ppm

CARBON MONOXIDE
-A colorless, odorless gas that
is highly toxic.

-Sources: Incomplete combustion
sources, mostly cars.

-Damage: Interferes with the blood's
ability to carry oxygen, causing
heart difficulties in those with
chronic diseases, reduces lung
capacity and impairs mental abilities.

PHOTOCHEMICAL OXIDANTS

-Mostly consists of ozome which is

an odorless, toxic gas.
—Sources: Photochemical processes

in the atmosphere by reaction between
oxides of nitrogen and hydrocarbons
in the presence of sunlight.

~Damage: Eye irritation, damage to

lung tissue and lung functions;
material damage and plant damage.

H, 0.5 ppm
He 0.52 ppm

Altiwure
tiles km
- 180 .
110
Temperature 1
1004 160 pe i 1400
) Air temperature s {200 km}
90- Aumosomeri® —so'c  0°C +100°C & -
140 (;)rac(lon ‘of | | . . é Molecular nitrogen
80+ sea-level value) = layer (N}
- @
-120 1 - &
70 100,000 ' i w
- 100 THERMOSPHERE
. >
50480 ———F—— e Mesopause 1 1 '.", D'“”
1 ,,4 ~
40 10,000 . /m-a'f’ Ten
w # C,
- 60 MESOSPHERE | @ | 7 4° G
1 Wi 7l .
301 566 = CHEMOSPHERE
- 40 1 3
20 e e B~ Stratopause %
L 20 STRATOSPHERE| T
10+ Tropopause
o TROPOSPHERE <

Figura 2. Structure of the atmosphere (3). (A N. Strahler, “The Earth Sciences,”
2nd ed., pp. 18-62. Copyright 1971, Reprinted by permission of Harper and Row,
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1.6

Tahle I

Summary of Sources,

The Polluted Atmosphere

Comparisons of Trace Gas Concentrations (ppm)

Clean Polluted
Pollutant _Adr Air
Co, 320 400
co " 0.1 40-70
CHy, 1.5 2.5
N»0 0.25 ?
NO, 0.001 0.2
03 0.02 0.5
S0, 0.0002 0.2
NH; 0.01 0.02

Ratio

1

.3

400-700

1.

200
25
1000

3

Z

Concentrations, and Major Reactiens of Atmospherlc Trace Gases (20) {E. R. Robinson and

R. . Robbins, in “Alr Pollution Control” (W. Strauss, ed.), Part il, pp. 1-83. Copyright 1872, Wliey (interscience), New York,
N v York, Reprinted by permis’ion of John Wiley & Sons, Inc.]

Colculated
Major Estimaled emiseions {tons) Atmospheric almospherse Remoral
pollutian Natural backpround residence reactsons
C- ‘amingn! sources sources Pollutson Notural concenlralions fime ond pinks Remarks
S0y Combustion Volennoen 1406 X 10¢ No eatimate 0.2 ppb 4 dnys Oxidation to Photochemits |
ol cunl and aulfate by oxidation »ith
oil ornne or, niter NOs and HC
abrorption, by may be the
solid and liquid process needed
aerosols to give rapid
transformation
of 8§03y — 5O,
o Choemical Voleanoes, 3 X 10 100 X 10t 0.2 ppb 2 days Oxidation tc BOy Only one eet of
Processes, biological background
sewnpe sclion in concentrations
treatment swamp svaiisbile
BTEeRA
C Auto exhaust.  Forest fires, 304 X 10! 33 X 10 0.1 ppm <3 years  Prohably soil Ocean contributions
and other oceans, UrERTIAME te natural source
combuation terpene probably Jow
renctions 7
NO/NO, Combustion Bacterial 53 X 10% NO: NO: 0.2-2 ppb 5 days Osxidalion to Very little work
aclion in 430 X 10  NOi: 0.5-4 ppb pitrate sfter done on natursl
soil (?) 1 asorption hy processes
658 X 10t solid and liquid
acronols,
hvdrocarbon
photochemicsl
reaclions
NHjy Waste Biologienl 4 ¥ 10t 1180 X 10? 8 ppb to 20 ppb 7 days Reaction with Fotmatioo of
treatment deeay 80y to form sammonium
(N 1) 500 ealts is mejor
oxidation to NH; sink
nitrate
N None Biological None 500 X 10¢ 0.25 ppm 4 years  Photodissocintion  No information
action in : in stratosphere, on proposed
soil biclogical absorption of
action in nroil N:O by
vegetation
1 roenrbons Comhustion Biologiesl 88 X 10¢ He CHe: 1.5 ppm 4 yenrs Photochemical ‘“Reactive’”
exhnust, processes 1.6 X 100 non CHe: <1 ppb (CH) reaction with hydrocerbon
chemical Terpenes: NO/NO1 Ow emisnions from
provesaes 200 X 10t Inrge sink poliution =
necesnary for 27 X 10 tons
. Cli
Cos Combustion Biological 1.4 X 10 J1om 320 ppm 2-4 years' Biolngicnl Atmospheric
teeny, ndsorption snd concentrations
relenre photoaynthesia, incressing by
from abrorption in 0.7 ppm, year
oceans oceans




1.7 Introduction to Receptor Models

1.7.1 Development of Control programs requires knowledge of
source impacts or source apportionment analysis

[ SOURCE. AFFORT 10RENT HETIHODS J
1 : } -8
DISFERSION ,'{ EHISSTON MICRO- ’
.. SOURCE HODE]
{ HODELS LS RECEVTOR HODELS INVENTORY "1 _1wvesrory
®
§ :
RICROSCOTIC ‘ P51 CAL l
‘ METHODS ' l CHEMICAL HETHODS l HETHODS
pl!uninnn : !unnnu-'nn-nunl
£ H ¢
/ OPTICAL - i AJ [ TRAJECTORY AJ
sena) ‘ n;, ;;;; i ¥RD(3) ARALYSIS
H
Evrvens
AUTOHATED
SEH-XRF(2)
£ £ § 2
[ FADIOTSOTOFE J EHRICHIERT TINE SERIES SFATIAL SERIES
ANALYSTS FACTORS AHALYSIS ARALYSTS
N ! ' I
CHEHI CAL HASS WULTIVARIATE
BALANCE . ANALYSIS
X 7
|-unnlunuun-auuunnou-nlq ¢ & ¥
13 $ H 3
TRACER WULT) - ELENENT : KEGRESSION
AL
l SOLUTION OB J r o ! [ TACTOR ANALYSTS J [ ANALYSIS
H H

&

a
H

4

€1) Scanning Electron Hicromcopy

(2) ¥-Ray Fluoreacence I TIFA(L) ‘
(3} X-Rav Diffraction

{4) Terpet drenntforwatfon Feetor Anslyais

1.7.2 Major Differences Between Receptor and Dispersion Models

J/"

" " Start with: ‘\\\\\
Estimates ambient
concentrations
v +emission rates

+dtack parameters

cactivity

meteorology

et s

Source Hodels

s 4 e st 0 e @ o @ o e W @ B T @ Bt T ) % 7 g S 8 e s @ e -

Receptor Hodels

1
l\ © Starts wvith:
Estimates amblent wambleot axcosol
‘ concentrationg samples
Ugen:
“%-~“~“- . schenfcal "fingerprints”
svariability

¢ tj *marphology

Receptor wnodel-~
analyst

8




Source Models

« Predictive in Nature

+ Useful to evaluate
alternative scenarios

of control

« (Can identify impacﬁ

from one specific

source

Receptor Models

Accurate analysis of fugitive dusts
Useful for 24 hour worst case impacts
Identifiés uninventoried source impacts
Useful in complex terrain

Independent of emission inventory

1.7.3 FElements of Source-Oriented Studies

Limitation of Source Studies

1.7.4 Elements of Receptor-Oriented Studies

Limitations of Receptor-Oriented Studies

1.7.5 Monitoring Considerations

1.7.6 Types of Receptor Studies

1.7.7  Model Validation

1.7.8 Source Apportionment Method Selection

Method

PLM-Optical
Microscopy

SEM Microscopy
Automated SEM
Enrichment Factor
CMB

Multivariate
Dispersion Models
XRD _ "
Microinventory

Radiocarbon

—Capabilities— -Resource Requirements-—
' Man- Com
Coarse Fine Episodes power Skill puter Data

Sq - X 4 5 1 2
Sq Sq X 4 5 1 2
Qn - x 5 5 3 2
Sq Sq X 1 2 2 3
Qn Qn x 4 5 2 5
Qn Qn - 3 5 2 5
Qn Qn - 2 4 3 5
Qn - X 4 5' 1 2
Sq Sq - 3 2 1 2
Qn Qn X 5 5 1 2




Table 2.

Source Apportionment

Techniques

Source Apportionment - Receptor Model Advantages and Oisadvantages

Oisadvantages

Tools Advantaces
Microscooy
Optical Use of color, surrace textyre and

SEM

Automated SEM-XRF

Chemical
Enrichment Factors

Time Series Analysis

Spatial Series
Analysis

Chemical Mass Balance

Multivariate
Analysis

Radioisotope
- Analysis

Physical
X-Ray Diffraction

Qther

Dispersion Modeling

Trajectory Analysis

Emission Inventory

Microihventory

. composition.

- optical properties for particle

identification

Can be used with particles <1 pmm

Classifies particles by size, shape
and elemantal composition. Analyti-
cal speed, ability to count large
numbers of particles

Pravides evidence of a source's
impact by changes in aerosol
Simple

Provides clues to scurces; simple,
inexpensive o

Provides clues to sources, simple,
inexpensive

Provides quantitative estimates
based on real data. Impact
uncertainties provided

No prior knowledge of sources
needed to resoive element patterns,
compasiton required to identify
sources by common names

Direct, quantitative measure of
fossil carbon

Direct quantifaction of crystalline
particles

Estimates impact from future and
hypothetical sources

-

Helps identify approximate
source location

Traditional method of source
contribution anaiysis. Simple
to use

Qualitative estimate of nearby
fugitive dust and point source
imoacts

10

‘Coarse particles only,

Limited to particles >2 um,
semi-quantitative, highly
dependent on operator skill

Costly to use on large numbers
of particles, not useful for
amorphous species

Still in early stage of develop-
ment. Costly. Mot reliable for
organics, coarse fraction

only

Semi-quantitative method;
requires source composition
data. Often not specific

Generally does not provide
specific source impact
information

Does not provide source impact
information

* Source composition data

required; chemically non-
descriptive sources cannot
be identified

Large data sets required,
cannot provide short-
apportionment

Costly. Limited to fossil-
"modern” carbon apportionment

Not
useful for amorpnous aerosols

Difficulty in preparing accurate
emission inventory and transport
input data

Cannot guantitatively estimate
specific source impacts

Fugitive sources impessible
to inventory, background
aerosol not known; source
impacts incorrectly assumed
to be proportional to
emissions

Does not provide specific
source short terwm periocds.




2. BACKGROUND TO RECEPTOR MODELING

Overview

The physical and mathematical foundation for receptor models will
be developed in this session. Evaluation of receptor model principles
will be reviewed from before its first application in 1967 to the present,
and trends for future evolution discussed. The physical world and the
mathematical model describing the source-receptor relationship will be
developed. Optional approaches to applying the model to source appor=
tionment will be briefly presented and the concept of source resolution
developed.

Specific topics to be discussed include:

1. Introduction
1.1 Objectives of Source Apportionment Methods
1.2 Source Apportionment Methods

2, Evolution of Receptor Model Principles

2.1 Pre-1967
2.2 1967-1978
2.3 1978 to the-present and beyond

Break

3. Physical and Matheﬁatical Basis

3.1 Fundamental Receptor Model Equation
3.2 Basics of Vector and Matrix Concepts
3.3 The Model in Vector Space Graphics

4, Approaches to Model Solution

4,1 Mass Balance Methods
4.2 Multivariate Methods

5. Source Resolution

6. Overview of Model Requirements

11




ULTIMATE OBJECTIVE OF SQURCE APPORTIONMENT

"“MPROVED AIR QUALITY THROUGH ATTAINMENT OF
AMBIENT AIR QUALITY STANDARDS"

OPTIONAL APPORTIONMENT INTERESTS

INHALABLE PARTICLES (< 10um)
RESPIRABLE PARTICLES (< 2.6pm)
VISIBILITY DEGRADATION

HAZARDOUS CHEMICALS (Cd, POM, ETCS

ULTIMATE OBJECTIVE OF SQURCE APPORTIONMENT

"IMPRC)VED AIR QUALITY THROUGH ATTAINM‘ENT QF
AMBIENT AIR QUALITY STANDARDS

STANDARDS
e QUR TSP 260 (160) pglfms
iﬁN}(‘JAL TSE? 76 (69) gg/m»3
QUARTERLY LEAD 1.6 pg/m

WHAT IS REQUIRED TGO MEET OBJECTIVE?
ACTIONI

SV (NT B
FBIBTENT SIh0R0

PROBTIOHMENT

CIRCUMSTANTIAL SOURCE
p ﬁPPOHTIONMENT INFORMATION

,u{ U BRIDGE OF EVIDENCE ‘[ i

’y%% AMBIENT SAMPLER
G e MORPHOLOGY ¢ i
@ CHEMICAL FINGERPRINTS

8 TIME AND SPATIAL
VARIABILITY

& MODELS

QUANTITATIVE ‘
SOURCE e IMPACT
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1027
19386

1047
o568

1967

1947

1968
1969

1970
Tu72

1872

1978
1980

1880

1981
BEYOND

PRE~1967 ACTIVITIES

SPEARMAN SPEAHMAN-~THURSTON APPROACH T

THURSTOM FACTOH ANALYSGIS '

THURSTON MULTIPLE FACTOR ARALYGIS

LORENZ EMPIHICAL ORTHOGANAL FUNCTIONS AND

GTATISTICAL WEATHER PREDICTIONS

BLIFFORD AND A FACTOR AMALYGIS MODEL OF LARGE

MEEKER SCALE POLLUTION "
19671978

{

BLIFFORD & MEEKER, FIRST APPLICATION OF

RECEPTOR MODEL, MULTIVARIATE
PRINZ AND STRATMANN, FACTOR ANALYSIS
WINCHESTER ARD NIFONG, CHEMICAL

EMISSIONS
HIDY AND FRIEDLANDER, CHEMICAL THACERS
MILLEH, FRIEDLANDER AND HIDY, CMB

FORMALISM ESTABLISHED
—- 1078 LAHGE URBAN AEROSOL CHARAC-
TERIZATION AND SOURCE IDENTIFICATION STUDIES

¢

1
[

O ACHEXY — SOUTHERN CALIFORNIA
0 HARS - ST, LOUIS, MISSOURI
O NYSAS - NEW YORK, NEW YORK
O WASHINGTON, D.C.
SO TUCSON, ARIZONA
O PACS - PORTLANLD, OREGON

1978 AND BEYOND

WATSON RECEPTOR MODEL SYSTEMATICS ESTABLISHED
QUAIL RCOST RECEPTOR MODELS RECOGNIZED AS A
WORKSHCPR . DISTINCT DISCIPLINE
OREGON STATE CMB METHCDS USED'AS ROUTINE TOCL

FOR AIREHED MANAGEMENT
APCA | FIRST APCA SESSIONS ON RECEPTOR MODELS

® DEVELOPMENT OF SOURCE FINGERPRINT
LIBRARY AND CATALOG

. ® DEVELOPMENT OF UNFIED APPROACHES TO
. SOURCE APPORTICNMENT

® DEVELOPMENT OF MORE COST-EFFECTIVE
METHODS

@ HNATICNAL TECHNCAL DOCUMENTS
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AEROS0L MASS BALANCE

GASEOUS PASSIVE LOADING
STATE AND
FILTER ARTIFACTS
gas | SECONDARY |—
PHASE AEROSOL [T
CONDENSED
TotaL AEROSOL
EMISSIONS - FILTERED

— EVAPORATIVE
o ans MATERIAL |} LOSS

& AERCHIL )
——N|EVAPORATED

) AEROSOL (
N »
_/AﬁsgggL [‘/ DEPOSITION 1/
MEASURED ——«/1'\ AEROSOL MEASURED
AT SOURCE ON FILTER
DATA MATRIX
AMBIENT DATA TABLE AMBIENT DATA MATRIX
WMASS
{ug/m9)
CHEWMOCAL ALIER D B}
SPECIEG T4 3 4 8 .
C 10 8 2 15 20
504 6 4 2 10 76 o8 2 1B
Na T 068 G0 a 3 —— 1 06 0.1 3 3
S & 8 1 2 4 / 6 3 1 2 4
Fe 106 01 2 4 106 01 2 4
Pb 0-1 0«3 1 0-1 0A2 0 1 06 1 0..1 0‘2

i 3 A
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3, SOURCES, MEASUREMENT AND EFFECTS OF AIR POLLUTION

3.1 Gaseous Pollutants

3.1.1 Hydrocarbons

Source Category (U.S. X 10°% tons/year, 1970)

Fuel ceombustion, stationary source 0.6
Transportation ' 19.5
Solid Waste disposal 2.0
Industrial process losses 5.5
Agricultural burning 2.8
Miscellaneous 4.4

TOTAL 34.7

MITROGEN
DIOXIDE
(NOy)

SUNLIGHT
ENERGY

KITRIC
OXIDE
\ (NO)

HYDROCARBON
FREE RADICAL

OXYGEN
ATOM
{0}

OXYGEN
{(+09)

Floure 2.8, inigcaction of hydrocarbons with atmosphesic nitrogen dioxiae photolytic cycle.




MEASUREMENT :

Flame Tonization Detection (FID)

Hydrocarbon analyses using FID detectors mix the sample air in a
hydrogen fuel. The sample passes through a small jet with air supplied
around it to support combustion. The carbon-containing compounds
carried into the flame results in the formation of ions which are
collected by a voltage across the flame. The ion current is electron-
ically measured, amplified and recorded.

3.1.2 Carbon Dioxide

3.1.3

Source Category

Coal
Petroleum
Natural Gas
Incineration
Wood Fuel

Forest Fires

Total
Carbon Monoxide

Source Category

Fuel combustion -
stationary sources

Transportation
Solid waste disposal

Industrial process
losses

Agricultural burﬁing.

Miscellaneous

Total

Emissions (X 10° TPY) U.S., 1970
' 7.40
5.28
1.62
0.51
0.68
0.39

15.88

Emissions (10°® TPY, 1970) U.S.
0.8

111.0 (75%) "
7.2
11.4

13.8
3.0

147.0

Formation of Carboxyhemoglobin (COHbD)

CO + Hb ——  COHb

18




CO Effects

« 2.5% COHb Effects on Central Nervous System

« Impairment in time-interval discrimination
» Changes in visual activity

« Impaired psycomotor ability and visual discrimination

« Above 5% COHb ’
« Increased cardiac output
. Changes in coronary blood flow patterns

« Changes in myocardial tissue metabolism

MEASUREMENT: Nondispersive Infrared (NDIR)

Carbon monoxide gas absorption of infrared energy is used as the
basis of the method. Infrared energy is absorbed by the CO gas along
the length of the sample cell (40") and simultaneously through a
reference cell containing a nonabsorbing gas. The infrared energy
impinges on a detector causing a temperature and pressure increase

to an equilibrium condition. Carbon monoxide in the sample absorbs
some of the energy, creating an out-of-balance condition in the
detector. The imbalance is proportional to the amount of carbon
monoxide in the sample air and is electronically amplified and
yecorded.

3.1.4 Sulfur Dioxide

Source Category Emissions (10%° TPY, 1970) U.S.
Fuel combustion sources 26.5 |
Transportation 1.0

Solid @aste disposal ' 0.1

Process losses V 6.0

Agricultural burning Neg.
Miscellaneous ' 0.3

Total 33.9

Welfare Effects

Vegetation

+ Crop yield reductions at S0, concentrations 0.05-0.06 ppm, 2 weeks

. Undesirable ecological effects on forests at seasonal or annual S0;
concentrations of 0.05 ppm

. Cellular damage (necrosis) in a variety of agricultural crops as SO,
increases to 0.25 ppm ’

. Damage to many specie of forest trees at 0.25 ppm or less for 2 hours
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Acid Precipitation
Visibility

Climate

Material Damage ,

Health Effects

Health effects, in summary, include breathlessness, throat and eye
irritation, increased severity of bronchitis and respiratory disease,
aggravation of cardiac disorders and death. Effects have been noted
in association with SO, concentrations (long term) from < 0,10 ppm
often in association with elevated aerosol concentrations.

MEASUREMENT: Continuous Methods

~ TFlame Photometric Detection (FPD): Measurements are based on the
intensity of spectral lines resulting from excitation of sulfur atoms
in a hydrogen flame. Emissions from sulfur in the flame are detected
by a photomultiplier tube, amplified and recorded.

—~ Colorimetric Detection: A chemical solution, when mixed with ambient
air containing S0, turns from a clear to a magenta color which is
continuously recorded by passing a light beam through the moving
solution column. Light not absorbed by the colored solution is
detected by a photomultplier, amplified and recorded.

— Noncontinuous (Bubbler Method):
Pararosaniline Method: A nonautomated version of the colorimetric
method is used. Air is bubbled through an SO, absorbing solution for
24 hours. Upon return to the laboratory, the light absorbtion
measurements are made as before and the sulfur dioxide concentration
calculated.

3.1.5 Oxides of Nitrogen
Tnclude N,0, NO, NO,, NO; and others. Worldwide emissions are
approximately 53 X 10® tons per year of NO and NO, combined.

Emissions (10°® tons/

Source year, 1970) U.S.
fuel combustion - stationary sources 10.0
Transportation | 11.7
Solid waste disposal . 0.4
Industrial process losses 0.2
Agricultural burning . 0.3
Migcellaneous : 0.1
Total 22.7
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Welfare Effects

Vegetation

Health Effects

MEASU

3.1.6

Time

1
2
4
8

MEASU

REMENT: Chemiluminescent Detection

The air sample is continuously pumped into two paths within the
analyzer: One leading through a converter to reduce nitrogen dioxide
(NO,) to nitric oxide (NO) while the other path bypasses the converter.
Both samples reach reaction chambers where the NO is detected by its
chemiluminescent (light emitting) reaction with ozone. The light
emissions are detected by photomultiplier tubes, amplified and recorded.

Ozone (Secondary Pollutant)
Vegetation Effects
Projected 03 (ppm) producing a 57 Injury to
Economically Important Crops
(hrs) Sensitive Intermediate Resistant

0.10-0.25 0.20-0.40 > 0.35
0.07-0.20 0.15-0.30 > 0.25
0.05-0.15 0.10-0.25 > 0.20
0.03-0.10 0.08-0.20 > 0.15

”

Material Damage
Health Effects

REMENT: Chemiluminescent Detection

Photochemical oxidants are measured by a method specific for only
ozone. The chemiluminescence method is based on the intensity of

light emissions resulting from the reaction between ozone and ethylene.
Air is pumped into a chamber, mixed with ethylene and the light
emissions are measured on a photomultiplier tube, amplified and
recorded.
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3.2 Suspended Particulate Mass

gources include natural processes (volcanoes, windblown soil, forest
fires, biological sources, meteoric dust, sea spray, secondary aerosols
and anthropogenic sources from fugitive dusts, combustion processes and

process losses.

TSP Particulate Emissions (U.S.)

Source

Unpaved road dust
Industrial processes
Fuel combustion
Transportation

Solid waste disposal

All other

Total

Tons Per Year (109)

123,500
6,200
3,800
1,300

500
700

136,000

Selected Specific Sources

Source

Electrical utilities - coal
Crushed stone

Highway vehicles

Iron and steel

Cement

Grain milling and storage
Industrial boilers - coal
Forest fires

Primary non ferrous smelters
Material Effects
Vegetation
Health Effects

Visibility Reduction

Tons Per Year (109)

2,350

L,

22

340
900
830
780
730

700

500
480

(61% of combustion)




MEASUREMENT: Hi-vol Sampler

Samples are collected with High-Volume samplers (HV's) which operate
somewhat like a vacuum cleaner. The method uses preweighed 8" x 10"
glass fiber filters mounted on the sampler. Air is drawn through the
filter at about 50 cubic feet per minute. After 24 hours of sampling
(midnight to midnight) the sample filter is weighed and the micrograms
of particulate deposited on the filter per cubic meter of air sampled
is determined. Samples are routinely taken every sixth day at each
monitoring site.

3

Dichotomous Sampler _

The dichotomous sampler is a low flowrate (16.7 lpm) sampler that divides
the air stream passing through a 10 or 15 ym inlet into two portions that
are filtered separately. It is referred to as a "wvirtual' impactor since
the particle size separation is accomplished by pseudo-impaction into an
airstream of differing velocity, rather than. onto an impaction surface.
Current designs cut at 2.5 um. 37 mm teflon filters are used to allow

gravimetric and chemical analysis .

INLET COVER
FLOW \#////’ r—l——n

v,
FILTER
i
CONTROLLER .
FLOW
RECORDER
M"/ Wit~ 65 Ibs. N

Fig 1112, TSP Hi Vol used in 1P Network

INLET COVER

o

AT
e
FILTER //S__/

o | [ sTanoaroHi-vol

J SAMPLER
FLOW
CONTROLLER FLOW
FLOW ‘
RECORDER J L

Fig 13 880 Hi Vol used in IP Network
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4. AIR QUALITY STANDARDS

Micrograma of pollutant per cubic¢ meter of a‘ir.
Milligrams of pollutant per cubic meter of air.

Not to be exceeded on more than one day per year.

24-hour average not to be exceeded more than 15 percent of
tha time. R

A statistical standard, but basically not to be exceeded
more than an average one day per year based on the most
tecent three years of data,

The federal standards were revised in February, 1979, and
the state standard changed from photochemical oxidant to

ozone in June, 1979.

Proposed PM-10
Annual Arith mean 20-110 ug/m®
24 hr. max. 150-350 ~ 275-250
ng/m® probable

LIRS

M7 Hieisfonin
et

Tt A
PR MG T n

WManusd Dhehotrm o Srmplen Fliy Schematie 48%pira Kandel 244)

S0 LBS
SAMPLING

MOOULE

RERN: )

oo Karnpier wseed i 1P Hatweuk

CONTROL MODULE

MODEL 242

Table 1

Anbient Air Quality Standards for Oregon

Federal Standards

Primary Secondary Oregon
Pollutant Averaging Time {Health) (Welfare) Standards
Total Annual Ceometric 75 ug/m:" 60 ug/m:’ 60 ug/m3
Suspended Mean
Particulate 24 hours (b 260 uq/m:‘ 150 ug/m3 150 ug/m3
Monthly (2) - - 100 ug/m3
Ozone (4} 1 hour 235 uq/m3(3) 235 ug/n\“” 160 uq/m3(3’
Carbon Monoxidef 8 hoursl(l) 10 mg/m;“ 10 mg/mg 10 mg/m3
1 hour( ) 40 mg/m 40 mg/m 40 mg/m3
Sulfur bloxide | Annual Arithmetic 80 ug/m3 - 60 ug/m?
Average
24 hours (1) 365 ug/n3 - 260 ug/n’
3 hours - 1300 ug/m3 1300 ug/m3
Nitrogen Annual Arithmetic | 100 ug/n3 100 ug/md 100 ug/m3
Diox{de Average
Hydrocarbons 3 hougs (1) 160 uq/m3 160 uq/m3 160 ug/m3
(Nonmethana) 4]‘(6—9 acm,)
Lead Honthly - - 3 uq/m3
Calendar Quarter 1.5 ng/'mJ 1.5 uq/rnJ -
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Air Quality Standards for Selected Pollutani
of the World®

< in Several Counlries

Country Carbon monoxide Nitrogen oxides .Suspended particulates Sutfur oxides
Austria 38.9/1h Zone I {specially protected) Zone |
10.3/8h 0.12/24h 0.07-0.15/30min
(7 days/yr—not consecutive) 0.07-0.10/24h
Zone I (Urban) Zone 11
, 0.20/24h 0.20-0.30/30min
0.30-0.30/24h
Bulgaria 3/30min 0.085/30min 0.5/30min {SO9) 0.5/30min
1/24hr 0.85/24h 0.15/24h 0.05/24h
' Soot—0.15/30min
0.05/24h
Czechoslovalia 6/30min NO, 0.3/30min 0.5/30min 0.50/30min
1/24h 0.1/24h 0.15/24h 0.15/24h
Soot—0.15/30min
0.05/24h
Federal Republic  10/yr NO, 0.08/30min 0.15/24h 0.14/yr
of Germany NO 0.2/30min
Finland 40/th NO, 0.500/1h 0.15/24h 0.300/24h
{1% in 30 days) (2 times/60 days or 2% (2 times/30 days or 2%
of the time) of time in 1 y1)
10/8h 0.200/24h 0.08/yr 0.07/yt
(2 times in 30 days) 0.650/yr
(1% of time in 30 days)
France 114.5 instantaneous  NO2 0.200/24h 0.15/24h 0.25
57.3/8h (5% of the time) (5% of the time)
Hungary 6/30min NO; 0.5/30min 0.2/24h 0.5/30min
2/24h 0.15/24h 0.15/24h
0.15/30min specially B
0.05/24hr  protected
zones
[srael 35/30min 1/30min 0.2/24h 0.75/30min
11.5/8h 0.6/24h 0.075/1yr 0.26/24h ’
(1% of the time in 1 yr} (1% of the time in 1 yr)
Soot—0.3/30min
0.1/24h
(1% of the time in 1 yT)
Ttaly 57.2/30min NO; 0.6/30min 0.75/2h 0.75/30min
22.5/8h 0.2/24hr 0.3/24h 0.38/24h
(1 time in 8 h) (1 time in 8 h) (1 timein 8 h) {1timein 3 )
Japan 23/8h NQ, 0.075-0.1/2¢h 0.2/1h 0.26/1h
(average of hourly 0.10/24h 0.1/24h
values in 8
consecutive
hours) -
11.5/24h
(average of hourly
values)
Norway 0.4/1h 0.150/24h 0.4/1h
0.2/24h 0.06/6mo 0.2/24h
. (2% of the time) (2% of the time)
0.1/6mo {Oct to Mar) 0.06/6mo
(2% of the time}
Rumania 6/30min NO, 0.3/30min 0.5/30min 0.75/20min
2/24h 0.1/24h 0.15/24h 0.25/24h
Soot —0.15/30min
0.05/24h
USSR 3/30min NO; 0.085/min Inert nontoxic dusts
1/24h 0.085/24h 0.50/30 min 0.5/30min
0.085/24h 0.15/24h 0.05/24h
Sqot-—O.lS/BOmin
0.05/24h
Yugoslavia 3/30min NO, 0.085/30min 0.5/30min
1/24h 0.085/24h 0.15/24h

s Derived from P. Jarrault, Limitation des Emissions de Polluants et Qualite de 'Air—Valeurs Reglementaires en 1980 dans les Principaux
Pays [ndustnalises. Volume [: Normes de Qualite d'Aire. Institut Francais de UBEnergie, Publ. LE.E. No. 66, 1980. Values shown are in mym?,




Adir Quality Standards are adopted on the basis of criteria documents
summarizing the scientific evidence relating pollutant concentrations to

health and welfare effects. The criteria documents are descriptive
characteristics of the receptor. Standards are prescriptive in that they
prescribe exposure or jevels of effects that a political jurisdiction has
determined should not be exceeded in a specific area. Air quality standard
attainment then becomes the driving force behind control programs and
enforcement actions. Air Quality Standards are legally enforceable regulations
in the U.S.

¢

Other Standards Comments

Soiling Index 1.5 COH/24 hours

Dust fall 10 mg/m?/mo.

HF, particulate Fluoride, forage fluoride

Sulphation 0.4 mg S05/100 cm?/30 days

Be, As, Cd, Hg, 0.01, 25, 2.0, 2.0, 2.0, 2.0 ug/m® 24 hr.,
Ni, V respectively

H»oS ) 15 ug/m3, 1 hr. average

Odorsx Less than thresholé, 2 tests 15 minutes apart
PSI Composite index of 100

5. REVIEW OF EMISSION CONTROLS
5.1.1 Filtration - Tabric Filters

Maximum Continuous

Fabric Operating Temperatures Tlexibility
Cotton ‘ . 82°C Very Good

Dacron 135°C Very Good

Oxlon 127°C Very Good

Teflon 233°C ' Fair

Nylon 93°C Excellent

5.1.2 Precipitation
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Gas flow in
Gas flow out
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Figure 7-4. Gas tlow through a wire and plate precipitator.

Figure 7-3. Gas flow through wire and tubular pipe precipicators,

Fractional Efficiency Equation:
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B o= [1~e ) Vp“l 100
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FIGURE 4.3 Removal efficiency as 2 funcuion of paricle nize for an elecurostate
Precipitator on a coal-tired power plant

parameter

5.1.3. Particle Scrubbing
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5.2

5.3

Water
injection e
nozzle

Adjustable throat

Clean gas

Figure 9-19. Variable throat venturi scrubber,

Gaseous Emissions

Control of S0,, NOx and condensible vapors that form secondary

particles.

Fugitive Emissions

Traffic-related

Paved road dust

Unpaved road dust

Construction trackout
Ice & snow control

Unpaved parking lots

Industry~related

Material transfer
and storage

Process losses
On-site traffic

Construction

Other
Tilling

Wind entrainment from
bare fields

Reduced VMT, curbing, washing, sweeping (?)

Paving, chemical surface treatment, soil
stabilizers, watering

Enforced cleanup, truck washing, paved roads
Rapid removal of materials

Paving, chemical stabilizers

House cleaning, watering, stabilizers, covers

Enclosure
Paving, stabilizers

Watering, truck bed covers, chemical stabilizers
permits

Moist fields, enclosures over implements

Continuous cropping, wind breaks, soil stabilizers,
irrigation, mulch

30




CONTROL_

praciicaTity

TECUNIQUES

FOR_FUGLTIVE DUST SOURCES

Chemical stabilization

Control Method

Control

‘Efficiency

Paving and right of way improvemenﬁ
Surface treatment with penetration chemicals
S0il stabilization chemicals worked into the

Chemical stabilization of completed cuts and

Treatment of temporary access and haul roads
on or adjacent to site

Minimal exposure periods (controlled by permit;
good practice with watering or chemical stabil

Continuous cropping

Limited irrigation of fallow fields

Inter~row plantings of grain on widely-spaced

Stubble, crop residue, or mulch left on fields
after harvest for wind protection

Spray-on chemical stabllization

Chemical stabilization

Combined chemical-vegetative stabilization
Continuous spray of chemical on material going

Watering of haul roads and storage areas
Treatment of haul roads and traffic arcas
Watering (sprinklers or'truck)

and water alone

85%
50%
50%

25 mph-25%
20 mph-35%
15 mph-401%

50%
80%

50%

208

5%
15%

10%

40¢
80
65%
90%
to 90%
50%
50%
80%

80%
401

Source B of Regulatic .
tnpaved 2-3
Roads 4
3
roadbed
1-2 Spced control
Construction 1-2 Watering
Aoetivity 2
fills
3
ks
ization)
Agriculture 3
3
5 Windbreaks
5
row crops
5
5
Tailings 2
Pile 2-3 Vegetation
2
Aggregate 2
Storage storage piles
1-2
3
N 2
Cattle Fecd 5 Manure scraping
Lots 4
1 = Excellent 2 = Goocd 3 = Fair 4 = Pgor

Control Method

Paving (no curbs)
3" bituminous surface
single chip seal

Chemical stabilizers
prepared surface
unprepared surface

-

Speed control

Constyruction site watering
Stabildizing cufs and fits
Material storage - chemical sp
Trackout manual street cleanin

Reduction in VMT
Ridesharing programs
Expanded bus services
Composite program (70% ride
30% bus)

Benefits (fuel saving, maintenance

roads)

prepared bed

5 = Not Recommended

Cost

$20,000—$26,000/mi1e
$8,500~-514,000/mile

$2,000-$3,000/mile
$1,000-$2,000/mile

negligible

~-$5/acre/day
$150~8400/acre
$150-$400/acre
$7,000/site

manpower

rays

g

1¢/VMT reduction
40¢/reduced VMT

share 13¢/reduced VMT

$53 mil

31
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(30% efficiency assumed)
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5.5

Mobil Sources

Auto Exhaust Control

Measures

Recirculation of crankcase gases

Reduction in Lead content of fuel

Regulation of visible emissions

Inspection and maintenance programs

Catalytic converters (secondary aerosols)

VMT reductions .

Diesel Exhaust

Engine maintenance and proper fuel system adjustment

Fuel modifications - additives (?); use of fuels with lower

certain numbers

Reduced VMT

Control of visible emissions

Control System Costs

I DETERMIMES COLLECTION EFFICIENCY i

\\]

| CONTROL EQUIPMENT ALTERHATIVES
Y Y ¥ ]’ Y
FABRIC ELECTROSTATIC WET CENT%?gUGAL AFTER-
co TO
FILTER PRECIPITATOR LLECTOR COLLECToR BURNER
GAS STREAM PARTICLE
CHARACTERISTICS ¥ CHARACTERISTICS
YOLUME JGNITION POINT
TEMP ERATURE SIZE DISTRIBUTION

MOISTURE CONTENT
CORROSIVENESS
ODOR .
EXPLOSIVENESS
YISCOSITY

PROCESS

ABRASIVENESS
HYGROSCOPIC NATURE
ELECTRICAL PROPERTIES
GRAIN LOADING

DENSITY AND SHAPE
PHYSICAL PROPERTIES

{

WASTE TREATMENT
SPACE RESTRICTION
PRODUCT RECOVERY

PLANT
FACILITY

WATER AVAILABILITY
FORM OF HEAT RECOVERY
(GAS OR LIQUID)

X

POWER

WASTE DISPOSAL

WATER

MATERIALS

GAS CONDITIONING!

L ABOR

TAXES

INSURANCE

RETURN ON INVESTMENT

ENGINEERING STUDIES
HARDWARE
AUXILIARY EQUIPMENT
o]
LAND é%ﬁ;gi
STRUCTURES
INSTALLATION
START-UP
SELECTED
GAS CLEANING SYSTEM
DESIRED EMISSION RATE
Fioune 6-1, Criteria for selection of gas cleaning equipment.
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OPERATIONAL
VARIABLES INFLUENCING
CONTROL COSTS

AGE [ SIZE I

VOLUME

{

GAS STREAM

[

FPOLLUTANT

Frours 6-4. Dingram of cost evaluation for a gan cleaning system.

Control System Costs can be broken down as follows:

« Capital Investment

GAS CLEANING §

YSTEM

FACTORS INFLUENCING

CONTROL COSTS

_ COST AREAS DETERMINING
THE NET COST OF CONTROL

TYPE

WASTE
DISPOSAL

SIZE

CONSTRUCTION
MATERIAL

EFFICIENCY

PRESSURE DROP

POWER AND FUEL

WASTE
MATERIAL
UTHIZATION

}

BENEFIT
COSTS

LANO

SITE
PREPARATION

CONTROL
HARDWARE

ST

AUXILIARY
EQUlf’MENT

INSTALLATION

MATERIALS AND
SUPPLIES

MAINTENANCE
AMD OPERATION

CAPITAL
CHARGES

Engineering studies, land, control hardware, auxillary equipment,
operating supplies, installation, staxrtup testing, structural

modifications

+ Maintenance and Operation

Utilities (electrical, water, etc.), labor, supplies, treatment
and disposal of waste materials

+ Capital Charges

Taxes, insurance,

interest

Capital Investment - Approximate Installed Cost of Control Systems in 1970
(100,000 ACFM, $U.S., medium efficiency)

Control System

Wet scrubbers
High voltage ESP
Low voltage ESP

Baghouse (medium temp.)

% Include depreciation, taxes, interest,

Installed

Cost

$ 50,00
$110,00
$200,00
$ 80,00

0
0
0
0

33

Annualized Cost*

$ 50,000
$ 17,000
$ 30,000
$ 25,000

¢

insurance, maintenance and operation




6. FUNDAMENTALS OF CHEMICAL MATRIX THEORY

PHYSICAL BASIS FOR RECEPTOR MODELS
In general, the aerosol mass, Mj’ collected at a receptor during

a sampling period of length T due to a source J, with constant

emlssion rate Ejg is
My = D%y ~ | )
wvhere
T .
Dj %j’{; ci[u,(t),. a(t), xj]dt (2)

ig a dispersion factor depending on wind velocity, u, atmospheric
gtability, o(t), and the location of source j with respect to the
receptor, Xj, If a number of sources exdst, P, the total aerosol

mass measured at the receptor, m, will be a linear sum of the

contributions from individual sources,

P P
= ,%. M, = ,L.D.E, 3
m = gl My T kP | <)

Similarly, the mass of element 1, m is gilven by

. : R} P .
= gk Figt . ()

P
i ’
my = Ey FigDiE; (5)

vhere Fij ia the fraction of mass contributed by gource j

composed of element i.

Source~Dispersion Model (Equation 5)
e I, measured
e D. determined from meteorological measurements and Equation 2
¢ m and/or Mi calculated

Receptor Model (Equation 4)

® measured

Py
° Fij measured and/or calculated

e M, calculated

3
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L.

3.

b

Se

CRITICAL REVIEW OF BASIC ASSUMPTIONS
¢ Linear combination

¢ Onition of unique factor

. Conservation of mass and chemistry
e Independent variables
CHEMICAL MATRIX EQUATIONS

Data Tables

Imput Data'Matriceﬂ

Approaches to the solution of the chemical matrix equatilons

MATRIX NOTATLONS
MATRIX OPERATIONS
CENERALIZED LEAST SQUARES SOLUTION
GENERALIZED MULTIVARTATE SOLUTIONS

BASIC MATRIX DEFINITIONS

Column matrix: A single column of ordered mmbers

wclﬁ

Co1
§

¢ = [ o] |

nxzl : Cil
I
C'
nl

s el

Row matrix: A single row of ordered number

R =]r we | © Tyomw= L, === T
[ lj] Yyem [ 11 12 13 lm]

Vector: A row or column matrix
Null or zero matrix: A matrix in which every element is zero

Diagonal matrix: A square matrix (nwmj in which all off-dlagonal

entries are zexro

3 G 0
0 < 0
0 0




6. Scalar matrix: A diagonal matrix with equal diagonal entries

3 0 0
0 0
0 3

7., Transpose: The transpose of a matrix A = | a is a
nXm i3 nm
matrix obtained from A by interchanging rows and columns

s0 that

nXm

Transpose A = (Am> T m(&ij) T = (aji)m s Afmn

1 4 T 1 2 3
1# A=]2 5|, thenA = .
' 36 A

8, Symmetrix Matrix: A square matrix which is equal to its transpose

SECORNC

9, Identity matrix: A gcalar matrix in which each diagonal element is

equal to unity
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10, Sign Matrix: A diagonal matrix with some -1 diagonal elements

snd the rest + 1

1 0 0
Ael O -1 0
0 -1

RELATIONSHIP OF SPECIAL MATRICES

Square
M o= n)

Symmetric Nonsymmetric

Diagonal Other

Scalar Sign Other

Ay Other

37
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1.

2.

3.

BASIC MATRIX OPERATIONS

ADDITION: Matrix addition is accomplished by adding corresponding entries

assuming they are of the same order

c = A + B
nxm XTI nxm

if and only if

C:L:j ﬂaﬁ-+b“

for 1 = 1,2==-n; j = 1,2~=m

[2 & 3 5 3 5
A“[l -1 5 b=z -2 -2

=2 % § 4 4+ 3 34 5.
C=A+B=] 4349 .2-1 .52

Examples:

SCALAR MULTIPLICATION OF A MATRIX: The scalar product of a scalar k and a

matrix A is a matrix whose entries are the product of the scalar_k

and each entry in A, That is

- D = kA
nxm XA

if and only if

dyy = kay,

for 1 = 1,2,~~n; § = 1,2-—n

Fwamples
R -2 4 3 ~10 20 15
C=50=51, 5 - 5 -5 25

SUBTRACTION: Matrix subtraction is defined as a two-step ﬁrocess in which the
matrix to be subtracted is first multiplied by -1 and then the

two matrlces summed

C=A-B=h+ [(-1).3B]
if and only if

Cyq = B4y 7 Pyy

for 4 m 1,2,~—mj } = 1,2,~=p
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4, PROPERTIES OF MATRIX ADDITION AND SCALAR MULTIPLICATION

e Commutative

A4+ B =3B+ A and A(kB) = (kA)B
¢ Assoclative
A+ (B+C)=A+B+C=(A+B)+C and

ky (kod) = (k) kz) A

e Scalar multiplication is distributive
(ky; 4 ko)A =k A+ ky A

o Matrix subtraction is neither commutative nor associative

5. MATRIX MULTIPLICATION

Fach entry of a product matrix, C, is the sum of the products obtained

by multiplying the entries of each row of the prefactor, A, by the
corresponding entriles of each column of the postfactor, B.

Matrix multiplication is defined as

for 1 = 1,2,=-mj j = 1,2,===p

Example
r 7 =1 2 il
P 2 T T R
%3 2 4 3x3 5 2 2
C,..=A, _.B ]

2x3 2x3 T3x3
[(-1x-1) + (3x-2) + (2x5)] [(~1x2) + (3x4) + (2x2)] (~1xl) + (3x1) + (2x2)]

C ]
e [(2x-1) + (5x02) + (4x5)] [(2x2) + (5x4) + (4x2)] [(2x1) + (5x1) + (4x2)] N
5 14
C I
2x3 g 32 15
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6. CONFORMABILITY: The condition of conformability i1s necessary for matrix multdi-
plication. ‘A prefactor matrix Anxk and a postfactor Bjx
are conformable if and only 1if k = jJ.

A B = (.
nx Xp nxp
Interior Dimensions
7. PROPERTIES OF MATRIX MULTIPLICATION
e In general, matrix multiplication is noncomnutative, i.e.
AB = BA
o Assoclativity - assuming conformability
(AB)C = A(BC)
e Distributivity - assuming conformability
A(B+C) = AB + AC
(B+C)A = BA + CA
&‘Transpose product
(AB)T - BTAT
e The product of any matrix and its transpose is symmetrix, i.e. both AAT
and ATA are symmetric.
MAJOR DIFFERENCES BETWEEN SCALAR AND MATRIX ALGEBRA
Scalars Matrices
1. ab = ba 1. AB% BA in general
2. If ab = ac and a = o 2. If AB = AC and A = 0, then it
then b = ¢ is not necessary that B equals C
3, If ab = 0, then elther a = 0 3, If AB = 0, then it is not necessarily

or b = 0 or both a and b = 0

1f ab = 0, then ba = 0 b

4¢

the case that either A = 0, B=0 or
4,B = 0

If AB = 0, then BA does not necessarily
equal O




DISTANCE BETWEEN TVO VECTORS

(Euclidean Distance)

- 2
HA-BH = [(81 - b)2 + (ag = b)) H == (a, = bp) ]lﬁ

n 1
b - 2] %
[ £ (e = Py ]
For a position vector

- [

DIRECTION COSINES

CoS o = 21 -

1

a% + a% + a%]lﬁ 3

’COS B L] az = 'g_

: 2 2 2]} 3
[al + aj + as} <

cos o = 83 L= 2

. 3

[?%-+ a% <+ a%]lﬁ

cos ¢, =

a

. T

1l |

If COS @i = 0, then the angle jg 90° and the vector 1ls saild to be orthogal

A

(perpendicular) to the ith reference axis.
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COVARIANCE AND COORELATION

Covariance c - .% AT A

Matrix = myI mxn = nXm

wvhere A = mean corrected data matrix
Correlation _ R - s g -V - c v %
Matrix XTI m mXn nxm m¥m & mxm o mxm
where S = standardized data matrix

V = diagonal matrix of variances, 02~

C and R are square, symmatric matrices

R

[* a COS
by

v
xy 2 | % 2 | %
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Ccos gll

£

1" CoS Qll ey +

f2 = COS8 912 ey +

= (C0S 922 =

Ccos 621 e, = 0.86?

1

a

&

]

]

s “’005

Ccos Glz

0.867

0
1

2 [5] 2]

7 on £ basis

X 2
] = [l] one hasis

CcoS 911 el‘f Ccos @21 e,

COS ©;, @) *+ COS 0,, e,

43
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Cos € e.

£, 1 ©os 05y 1
£, cos 8, €08 9,9 e,
M S 4
Transformation (Rotation) Matrix
B F-3 *
a = a%
)
* cos 6., COS @ C a
N 11 21 1 ‘\
%
az | L CcOS @lz Cos 922 a, J
. y
aq 0.867 0.5 2 2,23
* f g
=0, 0.867 1 =0.13
az i 0.5
%
A = TA
DETERMINANT
Determinant of A = l Al
X X
If A =] 11712
X X
21 “22
th A = -
ten l I X, %5, "X 2
! X2 X3
If A= | %21 X2 x03
X X
31 “32 “33
then IAI = X X X = ¥ X X +X X X
o %11 T22 T3 11 32 “23 21 32 T13
- X X + X X - X X
21 712 "33 31 12 23 31 22 13
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In General

lA‘ = Xi1-Cil + Xiz Ciz tom— Xip Cip

where Cij = the ith jth cofactor

= (—-1)1.?_j times the determinant formed from A by removal

Cij
of the ith row and the jth column

If Anxn is symmetric.

An orthogonal transformation T can be found such that A can be nade

diagonal, 1.e.
D=T AT

4

- where D is diagonal, and the columns of T are eigenvectors of A,
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QUESTION

REAL WORLD

FPormulate s Physical Model

In Terms of Real World Parameters

MATEEMATICAL MODEL

Convert Physical Hodel to Abstract

¥quations Expressing Interdependence of Variables

ABSTRACT SOLUTIONS

Obtain Abstract Solutions to

Mathematical Model

REAL SOLUTIONS
Select Real Solutions From Set

0f Abstract Solutions

REAL, WORLD

Convert Real Solutions to Solutilons

With Physical Meaning in the Real World
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QUESTION How much of the aerosol mass collected on a high volume TSP sampler

vas contributed by source j?

REAL WORLD
PHYSICAL MODEL

g -
= -
Dispersion Model Receptor Model
MATHEMATICAL ’

= - M

| MODEL My =Dy By A
Z L]
Hy = Dy (noixy) Bty Fay
T AR+ - g ,
SOURCE RECEPTOR e -
g S . Lo
“ Source mass is dependent Receptor mass is dependent
varisble varisble ’ T
{
;
DATA MATRIX
{ .
{ AMBIENT DATA TABLE - AMBIENT DATA MATRIX
MASS

( © (ug/m?®)
. aemical ¥ilter ID SR
l Species T 7 g A s 10 8 2 15 20
/’ c 10 8 2 15 20 5 4 2 10 15
’ 50, 5 4 2 10 15 B —. 1 0.5 0.1
7 Ha 1 10,51 0.1 3 3 3 1
i si 5 3 1 z 4 0.5 0.1
} Fe 1 §0.5] 0.1 2 4 © 0.1 0.5 1 0.1 0.2
| ¥ 0.1]0.5 ] 1 0.1 0.2 |- — , . 6x5
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A MATRIX IS AN ORDERED SET OF REAL NUMBERS (SCALARS)
ARRANGED IN RECTANGULAR ROWS AND COLUMNS '

dip dpp === dyy e == dyy
DATA MATRIX = D___ = | d . di2
nxm 1] l rovs
nxm
/ \ di' dp == -4y 1
row - - e - o e
column dnl dnz din am
o
o COLUBNS i

BASIS VECTORS

e, = (1,0,0)
eZ g(ov'tO)'
ez = (0,0,l)

A =le +2ep + 2egx

f
A = ‘jg' !K‘ ei
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INPUT DATA

[ 50N NN

1. Ambieni Chemical Data Set

Yime or Location

. “

Cy Gz "Cu " Cim Chot Cno2™ "Choum | 3

©

Cay Cg.t a

T . . ol

Coum * Cit Ciz==-Ck ® {an]nxm £ C‘AI.I 3
: i £

Cal CAZ"'an"“cnm Cpb,1 &

2. Source Compositio'n Data Sel

Sourco
"
Fyy FIZ—""FIi""FIp Frna, Auto Fria Marine Fro, Krott™™" 'g
@
Fai : ) . Frg, Auto &
i
' = . —
Foaxp = Fin Fiz=-Fij [Fu],‘xp = FlAz,Aum 3
i ' E
Fat Fnz""Fnj""an Fpb, Auto g
UNKNOWN

Time or Locotion
PR

>

Isn Siz=="Siu=="5im . |Savte.t Sauto,2 "7 Saute,m
SIZI ' ] N Suarine,} 8
S s 4 = IS e s 5
prm it Sj2="Sp =" Sim [ ”‘]wm ;“"‘"-' 8
1
]

i
Spi 592""59_k""‘spm Spa

APPROACHES TO THE SOLUTION OF THE
CHEMICAL MATRIX EQUATION

.

[Cik]nxm = [F“]ngp [Sik]pxm

p
Cik = Z Fij Sik

/ }

A

AMBIENT CORRELATIONS CHEMICAL MASS BALARNCE
(Time, Spoace, Other) : METHODS
MULTiVAF%l'ATE METHODS ‘- TRACER LEAST SQUARES
\ : _——
. Y

HYBRID METHODS
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7. CHARACTERISTICS OF SOURCE AND AMBIENT AEROSOQLS

Overview

A brief description of source categories and their chemical and

physical features will be presented.

of ambient aerosols will be reviewed and specific features discussed.

Topics to be presented include:

Source Emissions

1.

Distinguishing Features of Source Emissions

1.1 Physical (Aerodynamic size, radioactivity, shape,
color)

1.2 Chemical Composition

1.3 Time Dependence (Diurnal, weekly, seasonal)

Source Categories According to Size and Chemistry
2.1 Large Particles (> 2.5 um)
2.2 Small Particles (< 2.5 um)

Regulatory Source Categories

3.1 Point Sources
3.2 Area
3.3 Mobil

Ambient>Aerosol

.

2.

3.

Aerodynamic Size Distribution

Chemical Composition

Typical Ambient Aerosol Characteristics

3.1 Urban
3.2 Industrial
3.3 Mining
3.4 Remote
3.5 1Indoor

50

The chemical and physical features
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MOTOR VEHICLE EXHAUST COMPOSITION
SUMMARY FROM LITERATURE VALUES

ST. LOUIS, MO PORTLAND,OR  WASH.,DC MEDFORD,0R
SPECIE % QOF MASS % OF MASS % OF MASS % OF MASS -
TOTAL CAHBOM 56.3 50.8 - 62.20
Mg 0.8 - - .26 -
Al - 1.1 - .06
] b 0.g2 - 0.28
P 0.00 - - -
[} 0.6 0.4 - 1.53
604 - 1.3 - 1.40
1] 1.0 3.0 ' 1.0 1.83
K - 0.72 - - -
Ca - 1.25 0.5 0.60
Mn 0.06 - - -
Fo 1.0 2.1 0.5 0.83
Nl - 0.010 - -
Cu - 0.078 - -
n 3.0 0.380 0.15 0.20
Br 3.7 5.00 3.0 3.44
11 0.09 - 0.13 -
’h 14,80 20.00 10.0 0.09
NOY - [{R{}} - 12.60
TOTAL 62.1% 00.0% 14.1% 03.0%

CHEMIGAL MASS BALANCE INPUT
SGURCE  COMPOSITION CONSIDERATION

SOURCE CLASS LITERATURE REVIEW CONSIDERATIONS

MOTOR VEHICLES 8

sciLy

CHEMICAL

SOURCE COM

SCURCE CLASS

LEADED/UNLEADED/DIESEL
VEHICLE MIX -
Br/Pb RATIO (FRESH OR
AGED AEROSCL)

SMOKE SUPPRESBANT USE

IN DIESEL FUELS
TRAMNEPORTATION SOURCE MIX
MEAR THE RECEPTOR

STUDY AREA SCIL CHEMICAL

YENRICHMENT® BY LOCAL

EMISSION DEPGSITION

LGCAL SOIL COMPOSITIOM CONSISTENCY
WITH LITERATURE VALUES .
IMPORTANCE OF LIMESTONE TO LOCAL 80ILS

MASS BALANCE INPUT

POSITION CONSIDERATION

LITERATURE REVIEW .CONSIDERATICNS

RESIDUAL OIL COMBUSTION @ SIMILARITY IN THE FUEL

COAL COMBUSTION

ELEMENTAL COMPOBITION
USE OF FUEL ADDITIVES
COMBUSTION SYSTEM SIMILARITY

SIMILARITY IN CHEMICAL COMPOSITION
QF INPUT FUEL

SIMLARITY {4 COMBUSTION PROCESS
AND CONTROL SYSTEM TYPE

AND EFFICIENCY
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CHEMICAL MASS BALANCE INPUT
SCURCE COMPOSITION CONSIDERATION

SOURCE CLASS LITERATURE REVIEW CONBIDERATIONG

VEGETATIVE BURNING @ SIMILARITY IN TYPE OF .
FUEL BURNED
@ POINT(9) WITHIN THE CUMBUSTION
CYCLE WHERE SAMPUNG OCCURRED

METALS INDUBTRY © SPECIFIC PROCESS SAMPLED .
CONTROL EQUIPMENT USED AND CHEMICAL
COMPCOSITION OF THE ALLOY .
@ POINT(SY WITHIN THE PROCESS CYCLE
SAMPLED

ANNALS NEW YORK ACADEMY OF SCIEMCES

GHEMICAL GOMVEFRISION
' F GALELD TU
1

HOMUHSENMEOH CORLIENSATION
MUOCGLEATION GROWTH
NOE MOCLE]

- Y—

GOAULATION

RAINOUT

ANCH
WALHOUT . :
SHE TEDIMENTATION
Vi WV
T

L T T
[IRIR tN] i 100

1
PARTICLE DIAMETER, MIGROMETER

FINE PARTHCULATED GOAFILE PARTICULATES
60—
50 cotbstore. ca /‘ﬂ}
n-a-7

AVIA|09 Dpv 0

um3/cm3 30

PARTICLE DIAMETER, um
SOURCE: AIIBORNE PARTICLES, NAC
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CHEMICAL COMPOSITION OF TYPICAL URBAN AEROSOL NOTES
CARBON :

HYDHOGEN

24.8
OXYGEN®
%
POTAGGIUM
1Hon a.3% .
*PERCENT OXYGEN ESTIMATED CALCIUM

FROM OXIDES OF

MEASURED ELEMENTS

1.7%

1.0% LEAD

SODIUM
1.7% MAGHRESIUM

4% ALUMINUM
Jo.ax SWICON
"y, NITHOGEN

N alan  SULFUR
Ah%Tse  MISC. ELEMEMTS (Ti, CY,

V, Cr, Mn, ¥, Cu, Zn, Br)

to® |- - -
'0-‘ i g ﬂ H"YNCAL VALUE o :
1ty -
5 o ’ i ' B
u 3 B 3
‘ﬁ‘ 10% - " ﬂ l ) PP a | 4
gm‘ [ H ) i mh ﬂ i ™ -
:; ] B ! ‘ H a Gw ] I n Hﬂs- Y
%Io" 3 3 ® afls g H » . 0 3
g 3 U Ly ,‘e U R
5 ’0": a ’ g ., H gg Hn; ?%? ® —3
it EI: k g B”"I?B 0i ]
i0-2- ] U ' -
'0-3‘ ATOMIC KUMBER
TYPICAL URBAN AIR
PARTICULATE CONCENTRATIONS
ELEMENT Alﬁ(UG/MB) PARTICULATE(%)  FILTER (PPM)*
’ TOTAL 100.000 100 ' 10.600
6i 10.000 10 1000
s 5000 5 500
Fe 4000 4 400
Pb 1.500 1.5 150
Ti 300 0.3 30
Br .150 0.16 15
Ba 080 0.08 8
Zr 010 0.01 1
Hg. Bi, Ag 001 .00 0.1
Be, In, Hf 0001 0.0001 0.01

v 1 mI/eme on 10mg/ecm2 Fiter
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AEROSCL LEAD CONCENTRA TIONS

N 3
LOCATION Hg/m
PRISTINE ATMOSPHERE . 0008
NORTH CENTRAL PACIFIC 0010
NORTH INDIAN CCEAN 0040
ANTARCTIC 0005
WHITE MOUNTAIN, CALIF. (MR 00712
REMOTE CONTINENTAL us (AVG OF 10 SITES) 022
URBAN LOCATION (TYPICAL 2.000

SMELTER REGION 20.000

COMPO SITION OF URBAN AEROSOLS
CHARLESTON, W. VA. (Jg/m3)

SPECIES FINE COARSE
i 893.400 27 100
’c'xma & 200 3200
N 3.300 0.460
oL 355 e
v a1
0410 - .
gx 0.040 ) 2080
K 0.100 0.290
Ca 0.100 0.960
Ti 0.011 0.077
Y 0.007 0090
.00 . )
?‘Q 0016 0.680
Cu 0.020 0.004
In 0.032 . 0010
As 0.026 -
Be 0.007 -
Br : ' 0.160 - 0089
Pb : 0.660 0.120

COMPQSITION OF URBAN AEROSOLS
PORTLAND, OR ( ug/ms3 )

- URBAN RURAL
SPECIES FINE COARSE FINE COARSE
Maas 25 000 39.000 .14.300 16.300
c 6.800 6.900 4.100 3.000
N 0.560 0360 0.250 0.240
80,2 2.600 1060 1.830 . 0.710
N 0.280 0.750 0.250 0.400
Al 0,180 1.900 0.110 0.690
5i 0.200 6.000 0.180 2200
Gl 0840 0810 6.380 0.520
K 0.160 0320 0.120 0.1£56
Ca 0120 ... 1270 0.065 0.470
Ti 0.00%~ 0.160 0.004 0.048
v 0.012 6.012 0004 . 0003
Mn 0.0a32 0.055 0.008 0.018
Fe 0.200 1.600 0.060 0.400
cu 0.026 0.058 0017 0.062
Zn 3.062 0.070 0019 0.012
Aa 0.004 0.001 0.003 -
Se 0.002 0.001 . 0001 -
Br 0.240 0.095 - 0.038 -
Pb 0.646 0.410 0.100 0.040
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COMPQSITICN OF URBAN AEROSOLS
ST LOUIS, MO. € ugim3 )

URBAN RURAL
SPECIES FINE COARSE FINE COARSE
Maaa 23.100 23.100 17 000 16.200
C — — - —
N, - - - -
oy 8.500 0.980 7.400. 0.4€0
Na —~ - - —~
Al 0.170 * 0.960 0.070 0.600
5i 0.260 3.400 0.170 2.400
cl 0965 0520 0020 0.100
K 0.180 0.500 0.110 0.240
Ca 0.130 2 600 0.100 1.800
T\} - 0.180 . - 0.055
Mn 0.024 0.027 0.005 '0.014
Fe 0240 1.000 0.110 0615
Cu 0.046 0.011 0.010 0.003
in 0.140 Q.110 0,060 0.02%
° o h g M
8e 0.003 - 0.002 -~
Br 0.145 0.030 8(1325 0056

Pb 0.630 0.190 2170 0.080
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8. MEASUREMENT OF STACK EMISSIONS

8.1 Receptor Model Source Testing Requirements

+ Sources selected must be representative of others in the airshed

. Samples must be taken at representative times during the process
cycle and should represent important emission events

. ‘A sufficient number of samples must be taken to reflect actual
variability in emission chemical composition

. Sampling protocol must be consistent with analytical requirements

- Sampling size cuts should be compatible with ambient sampling
methods :

« Documentation on process materials (fuels), process conditions
and control equipment status should be obtained

* Source samples should be representative of the emissions as
perceived by the receptor due to condensation, agglomeration
and vaporization. (organics, Se, Hg, As)

8.2 Categories of Sources Requiring Sampling
8.2.1 Point Source Sampling

8.2.2 Process Fugitive Sources

8.2.3 Passive Fugitive Samples

8.3. Source Characterization Costs

Cost Assumptions (Point Sources)

+ Required equipment is on-hand
+ Scaffolding - source access is available

- 4 sources per site are to be characterized, 5 sample sets
obtained per 'source (2 filters/sample set)

« Analysis of all samples by XRF, NAA, IONS, organic/
elemental carbon to provide full characterization

+ Transportation and per diem costs not included

On~site - Direct Labor 4 days, 2 persons @ $40/hr $2,560
Preparation - Direct Labor 1 day, 1 person @ $40/hr 320
Subtotal $2,880

Analytical (10 samples). $2,700
Reporting & Documentation 2,000
‘ Total $7,580
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v s\

Threaded Connector
Thermometer

Thermal Anemometer
Static Pressure
Magnehelic

Pressure Sensor (in stack)
Blower Motor

Dichot Inlet Pipe
Thermometer

Filter Holder
Dichot Head

Dichot Control Unit

10.2 cm,ﬂ,PVC pipe
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9. AIR POLLUTION METEOROLOGY

9.1 Wind Speeds & Direction

Pressure
Gradient
High . Force
Pressure
Low Preésure
Coriolis
Force
(2R2sing)
Frictional
Force

Meteorological
Scales of Motion

Macroscale

Synoptic Scale

Mesoscale

Microscale

Predominant force influencing
wind speeds - caused by the
mass of the atmosphere.

~

Force depends on latitute -

turns winds to the right in

northern hemisphere and left
in southern.

Depends on surface roughness
which decreases with height.

Macro - 3000 km to planetoxry
(global)

Synptic - 200-1000 km (weather

systems)
Meso - 2-200 km appliable to
area sources

Micro - less than 2 km

building turbulence




Single
Cell

Polzr Trogopssas

Poiar
Haozih Polt 1]
~

.

METEOROLOGICAL FACTORS
" AFFECTING DISPERSION

Wind Spsed
Wind Direction
Stability
Turbulence

Concantrdton = W_

D e

o a8 wind speed increasas,
! ! concentration of poilutant
} \ decreases progorucnally

—

Lo
a

60

Without rotation - caused by
differential heating at the
equator. Would result in
weather only at the equator.

With rotation. Results in
development of cellular patterns
and zonal flow creating complex
and varied weather.

¥

Effects. on polluﬁion.

Dilution 1nversely proportional
to u reduces concentrations.




Wind Speed Instruments

Propeller Hot Wire

Wind
Direction \W%
=

36 point
faoece
T Sl 7 Point
Wid T Source
Direction DR TN
Shitt h
Area
Source
TR
< Mean Wind =1
S (1 hour average)
&=n TER

Flat Plate Splayed Alrfoil Bivane
Vane Vane Vene
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9.2 Atmospheric Stability

R —————

Stable Neutral Unstable
\\ \\\ \\
LN %-
| N ‘ % 1 N
r<ry r=ry r>r,

[ = environmental lapse rate
[, = dry adiabatic lapse rate

T T

A 1. Superadiabatic

Dry Adlabatic
~1C/1I00 ™

2.
1 2 3 4 5
3. Subadiabatic
4. lsothermal
5. inversion
C .

Temperature, °

Helght, meterc

[
Stable Suyﬁse Sunit
Unstable \/
1 !
7 am 7 pm
Plume Types
E—;C,_—;—;-sﬂm Fanning
[
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9.3

-

Turbulence and Dispersion

Turbulence and
Dispersion

Lacations of Turbuljance

e
Ha, 2

7
O Q_

7 ]
o/ Wind
/' Vane

\f\ Fluctuatons
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rm Mechanical
(i;{jri:;;jf~vWA2 Convective

LLimaarw-—-—-l"artlbollc e

Plume
Growth

0 100
Distance, meters

9,4 Effects of Topography on Dispersion
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Land
Sea

1
IS

S . "
m"»\ o ety
Q A p N Y U )

7

Roughness Factor

Stability: neutral to unstable . -

Geometric Effect
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Flow Near A Ridge

i
s air cools near-
surface causing
denser alr to
sink along
slopes
e IR
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10. AIR QUALITY MANAGEMENT

10.1 Managing Air Resources

B IR PR

MANAGING THE
AIR RESOURCE

» Air Resource Management
Concept

Air Resource Management

Systems Approach:
e analysis/description of effects

» determination of air quality
standards .

¢ control of emissions

¢ monitoring/assessment of
air quality

¢ revision of control strategy

Purpose

e countrol of nature/rate/
location of emissions

e explicit conditions for
control strategy and its
evaluation

o efficient allocation of
resources

implementation

* Air Quality Coatrol Regions
(AQCRs)

¢ Afr Quality Criteria and
Control Techniques

+ National Ambient Air Quality
Standards (NAAQS)

* Implementation Plans R

o Contlnuing Monitoring and
Cross-Checking

MANAGING THE
AIR RESOURCE

* Air Resource Management
Concept

I

¢ Other Concepts
¢ Best Practicable Means Approach
¢ Economic Strategies
¢ Land Use Control
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Attainment and Maintenance
Measures

Attainment Maintenance

L
Air Quality Data
Data Monitoring Reports
Retwork to
EPA
fr— e,

Non-Interference with
Other States

e NAAQS

* PSD

* notification of
pew sources
with interstate
impacts

° petition to EPA

¢ Is for camphliance with
Sdute standards

¢ lateriochs wilh Federat
programe

* relates to 111 review
aad Pederal/tate
envircanmentat lupact
review
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Control Strategies

° purpose
e attainment/maintenance
of NAAQS
e approach
e development of emission
reductions/ilimitations

Control Strategies

(continued)

* methods

.« e

region-by-regios
emisslon data
air quatity data

emission reductions/
Himitations

¢ demonstration

example reglon
modeling

Compliance Schedules

Variance

Increments

°
Progress

Emergency Episode
Prevention

¢ purpose

¢ to prevent poilutant concentration
from reaching high levels “which
could cause significant harm to
the heaith of persons’’
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Emergency Episode
Prevention
(continued)

* requirements

at least 2 jevels of zction

public announcement .
adequale emission controf actions
forecast data from RS

source inspection )
COMIAURICALIONS procedures

10.2 Program Elements to Assessing Source lmpacts

Traditional approaches to source impact assessment are based on
regional Emission Inventories and dispersion modeling as key tools
to identify and track source impacts.

e T Emission
= — Inventories
_ = e ¢ information

o s ey base for strategy
T 4 development

] and validation
- s quantitative
" description
of sources and
—~ amounts of
= emissions

Uses of Emission Inventories

* ambient monitoring network
. design ' :
s control strategy design
¢ dispersion modeling input
° control strategy progress
evaluation

Requirements
for Emission Inventories

¢ Nonattainment Area Plans
* comprehensive
* current
* complete

* General
¢ categorization
¢ criteria pollutant coverage
* units
* location
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Revision of
Emission Inventory

* continuing
e periodic

Air Quality Data

° information base for initial
or nonattainment area
strategy development
and evaluation

Existing Data

° baseline for initial or
pnonattainment area
strateqy development

¢ monitoring network
* measurements

Projected Data
o data for evaluation
of control strategy

e monitoring network
* measurements

Control Strategy

s combination of
measures to
achieve overall

- entission

reductions

needed for HAAQS

i attainment and

maintenance
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10.3
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e

Control Program Overview

r

« EMISSION
INVENTORY

+ AIR & METEOROLOGICAL
MANAGEMENT & ANALYSIS
« EMISSION INVENTORY DATA

..

-

« AIR QUALLITY

s oo g
MODELING

i
e GO |

plIIlllllllllllllllllilllll e sy .

oo e o e e e g

DETERMINATION OF
AIR QUALITY
STANDARD
RON-ATTAINMENT

&

! - AIR QUALITY DATA
e ——

- METEOROLOG1CAL
DATA

- — — -

* TRANSPORTAT1ON
PLANNING AND

-

AIR OUALITY
COYTROL
STRATEGY
DEVELOPHENT

——-.—-—---—-m.—.—._._.—-._—i

N} LARD USE COORDINATION

h-——-—.-—-—--—.--—'-—--,

—dpmmamaied + SCIENTIF1C ]
STUDILS H

PUBL1C COORDINATION

l'III.l'lllli..l"llll..lllll'lll_l.'
‘

CONTROL PLAN REVIEWS

|

REGULATION

ADOPTION

|

TAX CREDIT ANALYSIS
INDIRECT SouRcL [

STRATEY 1MPLEMENTATION <#==] . ENGINEERING AND

REVIEW
» NEW SOURCE REVIEW

'

TECHNICAL ASSISTANCE

3

SOURCL TLSTINC
< PERMIT PROCESSING L]

STRATEGY COMPLINNCE
ENFORCEMENT

- AIR HONITORING OF
SOURCE IMPACTS

R
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[ | STRATEGY TRACKING AND {
[ ¥ N N s
1 REPORTINC 1 DATA ANALYSIS OF
.__._.....___% [, AIR QUALITY TRENDS
AIR QUALITY ANALYSIS ‘;‘:EEE\T%:\S,?;‘:EWS
REPORTS PREPARED STRATEGY " e
EVALUAT10N

b

sxonansnnonravsonsnanyg ATTAINMENT OF
STANDARDS

RON-ATTAINMENT OF  Luyenssanasansaresvossanse
STANDARDS.

BIUETEESSBCERECIONTNURRERENRTRERANINNE
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10.4

a

Control Strategy Development

CURRENT YEAR DATA BASE
» Emission Inventory

+ lleteorology

+ Stack Parameters

+ Operating Schedules

CURRENT SOURCE DATA BASE
~-SOURCE COMPOSTTION

v

AMBIENT AEROSOL
* Chemistry
* ornhology

v

Y

Dispersion Hodel
Analysis

Receptor lodel
Analysis

|

J

1

Ccmparative
Analysis
Dispersion Model
Analysis
; Projections
« Point and Area
Source Emission
Possible Control el Vallda;zgeglsper51on === . Meteorological
Strategy Scenarios
Analysis of Control Cost and Energy
Scrategy Scenarios Analysis/Scenario
Future Year l
Projections Strategy Selection
(All sources) ‘
SIP Revision Process
SIP Adoption/Approval
. ossible Measures
Possible Measures P ‘ hid
Y iss) i Motor ranspo on
Emission Limitations g;‘l\q‘a?é::ﬁ:osl)TaxesH ( Vehicie Controls _ Cointrols )
- P > I TN WA - N s SR TV
U ¢ = 2 "'*;-é,-. g A x,‘b\wﬁx
- = ‘:%E:} Et:fi> "‘(? O~ = L‘?Lf _—
Facility Operating Land Use Controls 8tth‘Mca§urcs/
ac ' . ombinations
Closings/Relocations{ | or Process Changes S = o]
) o —E T T ;
Jreiony =1 =12 9 9
This Focuity : ® - ) (6] o]

CLOSED
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Reduction Estimates

» Methods
¢ roliback
* dispersion modeting
* simulation modeling, EKMA, etc.
* Allocation
s to areas
* to source categories
e to specific sources

10.5 PSD and Alternative Air Management Techniques

s Area Classifications
s mandatory Class I or II

e initial Class Il for all others
petter than secondary NAAQS
or unclassifiable

[ERrRESaT
o Ceilings and Increments

¢ for TSP and SO,

e jncrements - maximum
permissible increases in

" concentration

o ceilings - concentration in no
case to exceed lowest NAAQS

e special cases

PSD INCREMENTS

Class I | Class I | Class T

‘TSP N '

Ann. geom. mean 5 19 37

924.hr. max.* ' 10 87 75
SO, -

Ann. arith. mean 2 20 40
~ 24.hr. max.? 5 : 91 182
i 3-hr. max.* 25 512 700

Figure 15-2. Basic PSD increments®.

“Concentration increases (in pg/m?) not to be exceeded
for class and pollurant in question.
’Not to be exceeded more than once per year.
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Emission Trading Policy

Purpose - to encourage use of emission trades to permit greater flexibility
in meeting NAAQS. Includes bubbles, netting, offsets as well as banking.

’

Bubble Policy

Allows existing plants to decrease or eliminate needs for controls at 1 or
more source in exchange for compensating increases in control of other
sources if the emission limits of the bubble proposal is equivalent in terms
of ambient impact and enforceability. Bubbles cannot be used to meet
requirements placed on new sources.

Netting

Removes requirements of New Sources Review from expanding plants in PSD

and nonattainment areas as long as increases in plant-wide emissions are -
insignificant. Sources may thereby be exempted from preconstruction permits
including modeling and monitoring, installation of BACT or LAER and offset
requirements. ' ;

Emission Offsets

Major new sources in nonattainment areas may be required to secure significant
surplus emission reductions to” more than "offset" their increased emissiouns.
This allows industrial growth in nonattainment areas while improving aixr
quality. '

Emission Reduction Banking

Banking lets firms store qualified emission reductions for later use in bubble,
netting or offset transactions. Banked Emission Reduction Credits (ERC) can
then be sold to others. ERC's must be surplus, enforceable, permanent and
quantifiable. Surplus ERC's are those not required by law-established by
defining an emission baseline against which surplus emissions are calculated.
Quantifications can include emission factors, monitored impact or by modeling.
All trades must be for the same pollutant and not increase hazardous pollutants.
11.0 RELATIONSHIP OF EMISSION SOURCES TO AIR QUALITY

Urban air quality simulation models are numerical techniques based on physical
principles, for estimating pollutant concentrations in space and time as a
function of emissions and meteorology. They are typically used to answer:
Model Applications
. Emission reductions required to meet standards
. Relative contributions from various sources
+ Siting of new sources

« Air quality improvements associated with alternative scenarios

« Projections of future air quality

11.1 Alternative Models (Particulate) -

Proportion "roll-back" Models

Existing AQ — Standard % 100
Existing AQ - Background

% Reduction Required =
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Numerical Model

Gaussian Models: Crosswind plume concentration districution is
Gaussian in form.

Q y? h?
X(X,y) = -——=— exp - > + ~
ﬂOonU 20y‘ 204
where:
X = Ground level concentration at coordinates (x,y)
Q = Emission rate
U = wind velocity in x direction

0y,02==Std. dev. of concentration function in vy and z directions

(x,0.0)

Figure 31. Coordinate system showing Gaussian distributions in the horizontal and vertical,

I3

Gaussian Model Disadvantages
Cdncentrations are not time dependent; they are quasi-steady
state in that input variables are changed at fixed intervals (hourly)
Spatial variability in meterology cannot be incorporated (terrain)
Calculations become unstable at low wind speeds
Does not account for reaction, deposition

Intended for use in relatively flat terrain (dispersion coefficients

Ox’»gy’ g, at default are for jevel topography)
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Conservation of Mass Models: FEulerian and Lograngian

Eulerian/Lagrangian Model
Advantages/Disadvantages

Advantages

More accurate area source treatment than Gaussian models

Cost-effective if a large number of receptors are specified

Able to simulate terrain influences on surface meteorology

Disadvantages

Data-intensive

Computational costs are much higher than Gaussian

Tend to "smear" out point source impacts with a grid or cell
P P

Most cannot track individual source impacts

Common Dispersion Modeling Deficiences

Inadequacy of area source emission inventories

Inadequacy of meteorological data bases

Dry and wet deposition, secondary aerosol algorithms

Bias in TSP data used to validate urban models

Inability to compensate for terrain and meteorological

complexity

Difficulty in constructing actual, 24 hour inventories for

worst case analysis

Multiple Source Particulate

Dispersion Models
Averaging Time Source Type Terrain Depo- Plume Rise Wind
Model Type Annual 24 hour Point Area Type sition Point Area Fields
(Larsen) . none
CLMQC* G X x b3 X Flat Exp. Briggs |calculated | Constant
RAM G COX X X Flat Exp. Briggs - Constant
(urban) ° R
Deposition, Finite
IsC G X X X x Flat Downwash Briggs |Crosswind Constant
Flat or Algorithm [Briggs or|Line source
Valley(s) G X X X X Complex Exp. Assigned |Assigned Constant
mixed Wind flex
Grid E X X X X Complex Exp. Briggs |in Ist celljthrough
-terrain
Notes: G = Gaussian * Recommended by EPA for urban multi-source
E.= Eulerian complexes in the absence of complex terrain
Exp = Exponential - or meteorology.

Screening Model
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11.2

CMB Impact Esiimuie,ug/m3
)
o

Join

™
R

a

t Application of: Source and Receptor Models

Model Validation Protocol

Identification of "target' sources

+ Availability of good source tracers

« An important contributing source

+ Point and area sources

Program Design Elements

« Key data elements

» Concurrent data sources

. Sampling network design

Independent Dispersion Modeling Effort
Independent Receptor Modeling Program
Comparison of Source Apportionment Results
. Correction of EI and met deficiencies

. Correction of model assumption errors

Portland, Or. Dispersibn Model —
Predicted Road Dust Impact”®

3

Initial Prediction(A)

11

CPAB Impuact Estimate ug/m

Y0

Dispersion Model Predictea

(pe/m3)

orth wind regime
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Observed TSP (ug/m?)
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20

Portland; Oregon Dispersion Model

Annual Predictions

Initial Simulation
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Following EI Improvements
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12. TFUNDAMENTAL PRINCIPLES OF RECEPTOR MODELING

AMBIENT DATA CUBE

(Size Range X)

T
] T
g A ' .
. gl ey
z wee B -- .. Tima Sarles Slice
P ~TL Fo <1l -.. . d
< T ae da T g ' ’. .. 1 Pollen
& M. ] > LT D SOOI e
L peel e LT > >
s g P4 E <> <> >
> P AP Y L > > INiC% Nso
L - L1 |/ NG " L 4
N . ~ V\_\\ \>\1 ﬂ< 7 L1
Tl AL L e® al | ol
(N P ?}’\ Spacial Seriea N g . o
f&) >\/ A\ Slice H /i/ . LA
’ 9 \ A Datum Gell (R or Q Analyasis) ™ |
\ \ 1 / L¢
\ N
Location H f
Location Cross-sgectional Slice
Time Feature (Space/Time)
P

"‘}kn i F;l Mywr -
Feature l Feature Sourcel ]
Time Source Time .
Location Locatlon

GRAPHICAL REPRESENTATION OF
DATA CUBE INFORMATION

HISTOGRAMS

¢ Feature Pattern

« Faature Variability

. VECTORS

» Feature Vector in Filter Space

s Filter Vector In Feature Space
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-HISTOGRAMS

FEATURE PATTERN

[ -1
2 2
K] 3
I b
-1 €
L ]
Q (3]
[ [-3
Q Q
Q Q
'l 1 A 1 J 1 i 1. L d
A B C X Y Al 8i 8O, Pb NI
Feature
FEATURE VARIABILITY

] 2
2 P
@

= E
[-3 2
b =
s H
3} <

L " L L ' TR S S ST T

1 4 3 4 5

Fliter Numbaer
(Time/Location)

123458738910

Fiitar Number
(Time/Location)

VECTORS

FEATURE VECTOR IN FILTER SPACE

- Feature *X* r
=t 2
21 21
Feature Aluratnum
: | Vector =L (3, 3)
s s :
g £t
A 1 Il il J 1 ] 1 1 J
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A MATRIX IS AN ORDERED SET OF
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ELEMENTAL SPACE (Pb, V, Si)
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METHODS OF PRESENTING

TIME DEPENDENT DATA
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UNIFIED SOURCE APPORTIONMMENT AND MODEL CALIBRATION STUDY
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14.

14.1

14.2

STUDY

PACS

MACS

IOWA

WILLIAMETTE
VALLEY

. Summary of Study Designs

REVIEW OF RECEPTOR -MODEL STUDIES

Purpose of Studies

Portland Aerosol Characterization Study (PACS) 1975-78

. Identify sources contributing to TSP nonattainment

» Quantify source impacts on visibility

. 1Isolate impacts to fine_particle fraction influencing public health

. Provide a state-of-the-art data base for dispersion model validation-

. Improve technical basis for regulatory policy

Medford Aerosol Characterizafion Study (MACS) April 79-March 80

Towa Source Apportionment Study 1980

- Quantify impact of fugitive dust on TSP attainment

. Measure concentrations of toxic trace elements

. Chemically characterize the IP & TSP aerosol between sites

Williamette Valley Study 1978

. Quantify impacts from field and aslash burning on the valley

. Impacts on nonattainment areas

. Determine short-term impacts from smoke intrusions

. Measure the geographical extent of smoke impact

COST

$1,000,000

<y

214,000

21,000

611,000

NO. SAHMPLING NO. SIZE AVERAGING ANALYTICAL SOURCE DISP. MODEL MET
SITES METHODS SAMPLES RANGES TIMES HETHODS PROFILES VALIDATION DATA
6 HV, LVTSP, 2,000 < 2, 4, 8, 24 1C, XRF 37 sources, yes upper air
HV Impactor, 2-30 ¢ hours NAA, EC/OC special EI & surface
cyclone seq. the
4 Hv, LVISP, 300 < 2.5 12, 24 1C, XRF 11 sources, yes upper air
HV lmpactor, 2.5-30 u hours tue, special EI & surface
SFU, dichot. . EC/OC, NAA
cyclone seq.
8 HV, SSI 175 < 15, 24 XRF, 1C, soils only no none
< 30 pm  hours gc/oc, €03,
XRD
11 HvV, LVISP 10,462 < 2, 2, 24 1C, XRF soils, no surface
SFU, dichot 2-15, hours TC, 14¢ 10 point
HV impactor < 30 ynm sources
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Key Design TFeatures

« All major chemical species determined

+ All major source emissions characterized

. High level of Quality Assurance

. (CMB calculations include major errors

. Fine and TSP sources included

. Results directly applicable to standards

. Concurrent development of dispersion model data base

(optional)

Criteria for Sample Analysis Selection

, Study
o Air pollution episodes (worst case) P, M, WV
. Occurrence of pre-selected meteorological P
patterns (regimes)
. Sample mass exceeds air quality standard Wwv, L
- Days of visibility reduction below miﬁimum WV
criteria
« Source activity criteria
. Periods of source shutdown 4 M
Periods of atypical emissions or weather . WV
. Routine schedule (6th day) M, WV
+ Intensive sampling periods . P, M, WV

Typical Program Budget

Air monitoring capital outlay $117,800 20.3%
Meteorological capital outlay 13,000 2.2%
Operating supplies 43,000 7.4%
Program planning & data analysis . 53,000 9.1%
Elemental analysis 30,000 5.2%
Other analytical costs 15,026 2.6%
Project manager ‘ ' 453000 1.7%
Field & Lab personnel 142,788 24.7%
Mobil monitoring van & staff¥® 37,100 6.47
Air monitoring equipment® 12,400 2.1%
Aircraft program® 50,500 8.6%
Laboratory* services* 21,000 3.7%

* in-kind support
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Comparison of Program Results

(% of Aerosol Mass)

PACS (1)
Source TSP Fine
Soil Dust 53.7 10.1
Burning 8.5 16.4
Auto Exhaust y6.7 14.3
Industry 4.6 3.7
Residual 0il 0.7 1.5
Marine 2.3 3.0
Nitrate 4.1 6.9
Sulfate 4.1 9.1
Organic C 6.6 14.2
Elemental C 1.9 3.9

Other - -

(1) Annual Average
(2) 4 month average (summert)
(3) Davenport average

29.
31.

2.
14.

TSP

15. REVIEW OF RECEPTOR MODEL STUDIES II

90

MACS (1)
Fine
9 4.3
1 65.7
8 3.4
8 19.4
0 1.
1.4
.8 0.3

WILLIAMETTE
© VALLEY (2)
I8P Fine
54.9 7.1
26.5 48.8
3.2 5.5
5.3 12.3
- 2.3
0.5 -
0.5, 0.5
1.0 1.0
3.8 5.5
13.6 -

IOWA (3)

TSP

27.

~J

19.

o

1

Fine

19.8

2
8.3

11.0
11.2

not
meas.

0.5




16.

OPTIMIZING SOURCE RESOLUTION

The objective of optimizing source resolution is to maximize the impact
of source(s) of interest while minimizing the impact of other interfering

sources.

Analagous to optimizing signal to noise ratio.

Opportunities for Improved
Source Resolution During
Study Design

. Source Characterization’

Testing process cycles that may emit uniquc tracers

Choice of sampling protocol compatible with analytical
methods for tracer elements "

Optimizing size cuts that will maximize the tracer
component

+ Analytical Program Design

.

Choice of filters with low blanks for species of interest
Low area mass density filters for improved sensitivity

Choice of appropriate techniques for optimum precision
and sensitivity

+ Quality Assurance

.

Short term samples

Optimized size.rgsolution

Intensive sampling during source shut downs
Locating sampling site in maximum impact areas

Locating sites between 2 similar sources with wind
stratification

Selection of samplers with adequate flow rates
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17. DEVELOPMENT OF STUDY DESIGN

— — — — O — S 0 G N SIS G S VS U S D R O S S - DR — e WS S

SAMPLING METTKDS SAMPLING ARALYSIS ' ’ DATA MHALYSIS RESULAS

| T e e T R e e e e e e e e i3 Aonldeen et —_
! Nephelometer ! Mass Bourly ' 1
I | (contimious Light } Estimate visibllity 1 i
] Scattering i Data i L visibility i
] Pyuations visibility

' ' -1 Sof tware Source 1.D.
1 I 1 }
| | | ]
i Low Volume | Elements | |
{ Impactors | Mass 1/3 ' } 1

Fine

| | Ions ! particule | | |
| ) . 11 ow i
| ' 1 (24 hour} |} I
| i volume | Carbmn | ] ] Fine particle
I Impactors 1 Hass 1/3 Tracers ' | Source I.D.
! | E — 1 I
i ganica -
! | : -

i ] [
11 Lov votume | Elements | I
i Total Particulate | | Mass 1/3 | i
' ' fons | 1 ‘
' ' _— ' Total '
] | particulate l Total
1 N -H aB particulate

i volume | Carbon 1 (24 hour) { | soucce 1.0..

] Total particulate | | Mass L 1/3 l | i
| I Organfcs B | ' Standard
I | i J—k Attalrment
] i [ ! I Analysis
b [ swoke 1ntrusiens | Elewents | | Fine | Smoke
i stort-term | Mass | rparticle i Intrusion
] Impactors ' aB N Source 1.D.
l | Tons 2 nour 1

. ! L

PURPOSE OF DESIGN

® DEFINE OBJECTIVES

& AS3ESS ADEQUACY OF EXISTING DATA
o ESTIMATE MANPOWER ANOD FUNDING

e ASSIGN RESPONSIBILITIES

® COMPONENT COMPATIBILITY

BESIGN AREAS

EXISTING DATA
AMBIENT SAMPLING
SOURCE SAMPLING
LABORATORY ANALYSIS
DATA MANAGEMENT
QUALITY ASSURANCE
DATA INTERPRETATION
REPORTING
MANAGEMENT

8 ¢ 2 6 8 B8 &8 &8 ®
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TYPICAL PROGRAM COSTS

APPROX. COST

STUDY SCALE

ACHEX UABAN £3,000,000
GURE REGIONAL $7,000,000
PACS URBAN %$1,000,000
MACS URBAN $250,000
DENVEH UFIBAN $700,000
EVANSVILLE, IND. UREBIAN . $35,000
BRIDESBURG, PA, NEIGHBORHOOD £$40,000
INDUSTHY X MICHO £5,000
INDUSTRY Y MIDDLE $400,000

DESIGN AREAS

EXISTING DATA

8 AMBIENT SALPLING

8 SOURCE SAMPLING

@ LABORATORY ANALYSIS
® DATA MAMAGEMENT

® QUALITY ASSURANCE

® DATA INTERPRETATION
@ REPORTING

8 MANAGEMENT

STUDY DESIGN

SOURCE REVIEW £30.000
MET & AQ DATA REVIEW 0,000
SITE SELECTION & MCROINVENTORY, £1,000/61TE
SAMPLING, ANALYSIS, QA & MANAGEMENT PLAN 5,000

SAMPLING

$6,000/SAMPLER
ggbOOO/SITE
$500/SITE/MONTH
$50/SITE/DAY T

FIELD
SAMPLING DEVICES
INSTALL & TAKEDOWN EQUIPMENT

SITE MAINTENANCE
FIELD SERVICING

SOURCE  SAMPLING

3TACK OR DUCT $1,000/SAMPLE
SOURCE *GRAB" SAMPLE $1OO/SAMPLEE

STANDARD LABCRATORY ANALYSIS

FILTER PHOCESSING
X—RAY FLUORESCENCE 540/8AMPLE
NEUTRON ACTIVATION ANALYSIS £120/SAMPLE
AUTDMATED COLORIMETRY (IONS) £20/8AMPLE
{ON CHROMATCGRAPHY £30/SAMPLE
ELEMENTAL & ORGANC CARBON £36/BAMPLE
] - ’ 2, / o
SPECIALIZED LABORATORY ANALY oIS
K~RAY DIFFRACTION : $100/SAMPLE |
OPTICAL MICROSCOPY $400/SALPLE
CARBON=14 S500/8AMPLE
AUTOMATED SEM $GOOIS;§MPLE

GCMB FOR ORGANIC SCREENING

S10/5AMPLE
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DATA MANAGEMENT

MICROCOMPUTER & SOFT
SYSTEM SETUP WARE $5o000
DATA PROCESSING 000

_ 53.00/safnple/analyais‘

GQUALITY ASBURANCE

STANDARD OPERATING PROCEDURES $2000/PROCEDURE

REPLICATE,BLANK : 8 STANDARD ANALYSIS 12% OF AMALYSIS COSTS
FIELD AUDITS S5/SITE/DAY
LABORATORY AUDITS 5% OF ANALYSIS COSTS
DATA VALIDATION

® LEVEL | $.50/SAMPLEIANALYSIO

8 LEVEL I a : %1.00/SAMPLE/AMALYSIS

® LEVEL Il . $.50/SAMPLESANALYSIS
INTERLABORATORY COMPARISONS ?

OATA INTERPRETATION

RECEPTOR MODEL SETUP $20,000/MODEL
CHMB CALCULATIONS $25/BALANCE
MULTIVARIATE/STATISTICAL $100/RUN
THINKING 2 WRITING $60/HOUR

REPORTING

TYPING $6.00/PAGE
FIGURES - $650/FIGURE
TABLES . $30/TABLE
COPYING $.06/PAGE

BINDING  ° $1.00/COPY

EDITING ‘ $6.00/PAGE '

PROGFAM MAMNAGEMENT
10% OF ALL OTHER COSTS

CABE STUDY

SAMPLING ASSUMPTIONS

8 SAMPLING SITES

12 MONTH3 OF SAMPLING

3, 8-HR. SAMPLES/DAY

2 SIZE RANGES

2 FILTER SUBSTRATES

120 DAYS OF SAMPLING (TOTAL)

30 DAYS FOR CHEMICAL ANALYSIS

30 SOURCE CHARACTERIZATIONS .
IN 2 SIZE RANGES

15 NEV/ PROCEDURES

& ©OOO0P0OLOO
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CLSE STUDY .

ANALYTICAL ASSUMPTIONS

e 4320 AMBIENT FILTER PROCESSING
(2 SUBSTRATES)

180 SOURCE FILTER PROCESSING
1280 XRF, ION, CARBON ANALYSES
20 OPTICAL MICROSCOPY

80 X-—-RAY DIFFRACTION

90 INSTRUMENTAL MEUTRON
ACTIVATION ANALYSIS

® 10 CARBON-14

26200

"DATA INTERPRETATION
AND REPORTING ASSUMPTIONS

e 2 MODELS (CMB AND MULTIVARIATE)

e 1280 CHMB CALCULATIONS .

® 100 MULTIVARIATE CALCULATIONS v

e 500 HOURS OF THINKING AND WRITING .

® 200 PAGES OF TEXT .

e 15 FIGURES :

o 25 TABLES

e 50 REPORT COPIES

TOTAL COSTS
DESIGN 571,000
FIELD SAMPLING $168,000
SOURCE SAMPLING (GRAB) $9,000
LABORATORY ANALYSIS £184,800
DATA MANAGEMENT $70,600
QUALITY ASSURANCE $82,000
DATA INTERPRETATION $70,300
PROGRAM MANAGEMENT $65,600
TOTAL COST $721,300

SOST SAVINGS

EXISTING RESOURCES

SOURCE, MET AND AQ DATﬂb REVIEW ON—HAND
AMBIENT SAMPLERS ON-—HAN

ION & CARBON ANALY?!S QrPHAND

DELETE CARBON—14 ANAL 818

COMPUTER SYSTEM ON—HAND

INM~HOUSE DATA. INTERPRETATION

IN-HOUSE PROJECT MAMAGEWENT

TOTAL BAVINGS:
REVISED COSTS:

FUMNDING STRATEGY

® PRESENT COST-BENEFIT ANALYSIS
® VALUE OF ORIGIONAL RESEARCH
@ MULTIPLE PURPOSES

95

SAVINGS

$££0,000
£36,000
£69,300
46,000
£26,000
00

£66,600

%£922,200
$399,100 .

" OTHER FUNDING SOURCES

e LOCAL INDUSTRY ORGANIZATIONS
® CHAMBER OF COMMERCE '
o TRADE ORGANIZATIONS

® EPA '

UNIVERSITIES

®




1. Regulatory Requirements

1.1

1.2

2. Airshed Characteristics

2.1

2.2

2.3

W
~

3.1
3.2

3.3

4., Aerosol Data Base

4.1

5. Air
5.1

5.2

Airshed Meteorology

- aerosol trace element, ion and carbon analysis.

Aerosol Study Design Support Documents

Descriptions of ambient air quality standards. The study will be
designed to address, regulatory deadlines or schedules that study
results must meet.

Geographical areas that must attain air quality standards.

Topographical maps of the airshed showing terrain features, the
location of major sources (map index number and accompanying
description), location of air monitoring and meteorological sites,
areas exceeding air quality standards. One map should be 21 X 28 cm
in size for use in reports.

Air Quality summaries of pollutant concentrations (annual and 24 hour)
by site, data on seasonal trends concentrations or spatial variability
by pollutant.

Air Quality data analysis reports describing source-receptor relationships
(dispersion modeling, statistical analysis, sample analysis).

Descriptions of the available meteorological data base -~ number and
location of sites, parameters measured, length of record available.

Summaries of dispersion characteristics - wind roses, seasonal
variation in mixing heights and air pollution episodes.

Description of the meteorological quality assurance program (if any).

Papers describing the mass size distribution; chemical or morphological
nature of the aerosol. Trace element, ion and carbon analysis is
especially valuable.

Summary of the length of record for measurements.

Identity, and data for, background or non-urban sampling sites.
Sampling site location criteria.

List of dite numbers and names.

Quality Assurance program descriptiod, standard operating procedures.

Is the data in machine-readable format?

Sampling Analytical Capabilities

Inventory of the air sampling and analytical equipment that will be
available for use in the project.

Analytical quality assurance procedures, especially as related to
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Appendix 1 ~ Continued

Emission Inventory

6.1

6.2

6.3

6.4

6.5

6.6

A summary EI describing particulate and gaseous emissions by major
source class (one page) based on actual emissions.

An evaluation as to the adequacy of the EI (how current is the data,
are fugitive emission included, is a spatially resolved area source
EI available?)

Information on the trace element content of fuel oils, Pb in gasoline,
diesel fuel additives.

Any information on the chemical composition (weight percent) of point,
area or fugitive dust emissions. :

A list, in order of priority based on expected source impact, of
sources that should be chemically characterized.

A brief description of major point source processes, expected periods
of shut down, degree of variability in the chemistry and mass emission
rate, control systems used,

Data Management

7.1

7.2

A description of current air quality/meteorological data flow
computer facilities and data auditing procedures.

Describe available data analysis software.

Available Resources

8.1

8.2

Describe total project funding, person-hours of internal and external
staff time, equipment loans and in-kind support available for use
in the project.

Describe limitations that may exist in expenditure of funds abroad.

Project Objectives
Describe, as fully as possible, program objectives including:

9.1
9.2
9.3

9.4

9.5

9.6

Particle size fractions to be studied.
Specific, priority source impacts that must be accurately identified.

Averaging periods that must be addressed (annual, gseasonal, monthly,
24 hour, 3 hour, etc.) :

Intent of use of the aerosol study results to validate an urban
dispersion model. '

Critical areas (sites) within the airshed that must be more thoroughly
studied than other (i.e., maximum concentration sites).

Critical periods of the year, meteorological conditions or source
activity periods that are of specific importance.
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18. ANALYTICAL METHODS AND LONG RANGE TRANSPORT

SOURCE APPCRTIONMENT FLCW DIAGRAM
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l ATMOSPHERIC AFROSOL SAMPLING l

lAm (~80bpb} l
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3

‘ CONCENTRATION

| | I 1 1
: ELECTROSTATIC
SETTLING e CIPITATION INTERCEPTION DIFFUSION IMPACTION
i
i | |

4

IMPACT ON RECEPTOR MODEL'S
ABILITY TO RESOLVE SOURCES |

IMPACT ON RECEPTOR MODEL'S ABILITY

rpAnTmLE stzmeJ

TO RESOLVE SOURCES

VOLUME SAMPLED
EFFICIENCY
BLANK CONTENT

REPRODUCIBILITY OF TARE WT
ANALY TICAL COMPATIBILITY

STAGE CONSTANTS

FLOW RATES
BOUNCE OFF

BRAKE UP
SHAPE AND DENSITY
LAST STAGE CUTOFF

1]

AWOoas XDYEELY OF FITwW 20 Ollwd

A | 1

City-Hide Traftic
(1913

{1972 TSP}

i 1 i

300 8. Hroed

FLOW RATE
PRESSURE DROP
URBAN RURAL REMOTE
SOURCE STACK
v
AMS Lab
i (Avg. 1373-74 r:;\
'/“" —_ﬂ’\\
5 / —y !
/s T
A VIR
" _‘\

DAY OF THB WEER

99




\ MAGH /

X-RAY FLUORESCENCE

(XRF)

¥ ¥

WAVELENGTH DISPERSIVE ENERGY DISPERSIVE
(WDXRF) {EDXRF)
y ¢

PHOTON EXCITATION PARTICLE EXCITATION

l ]

¥ é ¢ ¥ ¥
BREMSSTRAHLUNG MONOENERGETIC | | PROTON ALPHA ELECTRON

100




Fe (p.g/cms)

| POLAR ' . NON-POLAR

COUNIS PIR Cnasety

COUTS PIR CRANM(L

(XCHATION SOUALT. ) Mov MPHAS - 3
COMIING MATT ~om FiR J{COnD
FILTER out

g

Lud

"

A WW%
Wi . . i
P I R P T N

OXCITATION SOURCE: 4 8 PROTONS
COUNY G RATE - =& PR SECOHD
COUNTIRG INTERVAL. 10 MERITES
1o n

” c MW*W wwwm(

w il eriaty ..,.H..1.....“..r.........z......“.
Ctmmmmu
R
T A e e o o o L B L L BRI B
X-RAY FLUORESCENCE QUALITY CONTROL DATA
IRON CONCENTRATION ON QUALITY CONTROL FILTER
9k (XRF-3) 7
Number Filters Analyzed: 630
Maximum Devia*ion: <1.5%
18}~ ) N
| I —
17f00 Oooooooonnrmnn 0020054500 ounﬂnnnnononOOOQnOO OOOOOOOO——-—:
L:3.0%
164 -
QUALITY CONTROL = CONFIDENCE
15t -
P ‘IJlA'LJIllAlIl‘lAlllknllllxllllljl‘ll[Jll\ll[tlIJIAIIIII
] 5 0 15 20 .25 30 35 40 45 50 55 60
33 RUN NUMBER

TAJOR FRATTIONS OF CARBONACEDUS '‘AERQOSOLS

TOTAL CARBON
FRACTION

INSQLUBLE FRACTION

ldeUﬁLE FRACTION l
‘ 1

[ Acid ) [Buse ] [Hawiral)

sQ0T7
{(Combustion)

NON-S00T
Wood, Pollen, elc.

FOSSHL/CONYEMPORARY
TMERMAL GRADIENT COMBUSTION FRACT!ONS
SPECIFIC CHEMICAL SPECIES

k ' 101




" RECEPTOR MODEL APPROACH TO LONG RANGE TRANSPORT

The basic receptor model equation ®
P
m, = Z Fiij N

j=1

assumes conservation of mass, i.e., the components making up the M, are non-
reactive and their relative composition doesn't change with deposi%ion. (See
Appendix A for detail.) A variety of receptor approaches, including both mass
regression and variability analysis, can be used to solve equation (7) for

M. and develop imsight into its character. The accuracy and precision with
which M. can be determined with the receptor model can approach 5% relative to
the impgct. This is particularly the case if size-resolved samples of source
emissions are obtained using dilution sampling techniques to determine the Fij
values. ~ ‘

The use of receptor models to apportion reactive species was first dis-
cussed by Miller, et al., (27)and later by Friedlander and others. (28-30) Miller
modified the basic equation by adding a coefficient of fractionation, aij’

p
m, = aij Fij Mj (8)
j=1

which is equal to one for nonreactive species. This general equation will be
valid even for gaseous species if the impact mass, M., includes the mass of all
species measured at the source and used in the F,, cdlculation. Friedlander (31)
modified equation (8) by assuming that a reference or tracer species existed -
for each source and the ratio of reactive species to reference (tracer) species
at the source were known. In this case, equation (8) becomes

P
. . r
m, = :E: a,, r,., M, , (9)
i i3 1] ]
j=1
where
r.,, = ratio of species i to reference species as
H measured at source j. '
Mt = mass concentration of reference species for
J jth source as calculated by the receptor model.

The terms in equation (8) can be grouped and compared to the equation
developed from the dispersion model approach, equation (6)

m, = Z oy (rijMJ‘F) (8)
j=1
P p

ot = z - z (radh) ] (6)
j=1 j=1
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The similarities in these two equations are obvious if the ith component is
assumed to be the same reactive species as considered in the dispersion model
equation. Then, Miller's coefficient of .fractionation is clearly the same

as the product of the transformation and deposition attenuation factors and
the L M, term is equivalent to the M) term. Thus, a more general form of
the eq&atlon for a reactive species is

P P

= ! = ..r..M. 9

m, Z % 4 Mij z o 57555 (9
j=1 =

j=1

where Mi. is the unattenuated contribution of the jth source to the ith
reactive  species as determined by any method and o,, is the attenuation coef-
ficient for the ith species from the jth source and”is equal to the product of
the transformation and deposition term. The o, term, however, is a cocmplex
function of transformation and deposition rates plus many other factors which
should be included before any regression analysis.

]
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Schematic {llustration of the major emission components and their fmpuct on
apcr a ruceptor.
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19. CHEMICAL MASS BALANCE AND MODEL VALIDATION

CMB APPLICATIONS

RESEARCH STUDIES
® LOS ANGELES
@ CHICAGO
® 8T. LOUB
@ WASHINGTON, D. C.
@ DENVER
- CONTROL STRATEGY APPLICATIONS
@ OREGON-PORTLAND, MEDFORD,
WILLAMETTE VALLEY
@ MONTANA-MIGSOULA
© IDAHO-KELLOGG, LEWISTON
DISPERSION MCDEL VALIDATICN
CONTROL STRATEGY' TRACKING

EMERGENCY ACTION PLAN DEVELCOPMENT

SOURCE CLASSES
IDENTIFIED BY CMB

SOURCE GROUP UNCERTAINTY

® CRUSTAL +HO%
-~ S0l DUST — ROCK CRUSHING
- ROAD DUST - CDAL FLYASH
6 TRANSPORTATION
~ LEADED AUTO EXHAUST  — DIESEL EXHAUST +10%
~ UNLEADED AUTO EXHAUST
® VEGETATIVE BUANING +17%
" — RESIDENTIAL — SLASH BURNING
— LAND CLEARING - FOREST FIRES
©® CALCIUM SOURCES -
-~ CEMENT DUST - SLAG DUST '

= UMESTONE - DEMOUTION DUST

SOURCES IDENTIFIED

‘SOURCE UNCERTAINTY

MARINE "AEROSOL ' +13%
RESIDUAL OIL COMBUSTION +10%
FERROMANGANESE FURNACE - +30% .
JRON AND STEEL +14% -
HOG FUEL BOILERS -
KRAFT RECOVERY FURNACE +6%
ALUMINUM PRODUCTION +22%

PAINT PIGMENTS -
SMELTERS (COPPER, LEAD, ZINGC)
MUNICIPAL INCINERATORS
SECONDARY AEROSOLS
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CHEMICAL MASS BALANCE PRINCIPLES

AHALYSIS AMMOSPHERKS
MO ICATIONS

« CONDENSATION
+ SEDIAENTATION

s REACTIONS

* BECONOAAY AEROSOLS
o STATIC LOAGHHG

CHEMICAL MASS BALANCE
THEORY

Steel impact {,,g/mY)
B - ¢« Auto
=€ « Soil
m [ - 'm' + Olh:r
Aeroso! mass (,ig/md
Si (Steel) pg/m?
: e
Y + o)
m=* 'm,, & Si {Other)
'= Si concentration, ,g/m?
i
F” = 10% of Steal is St
m,=F, m m, ~ 20 jug/m Steel Impact
Then:
m - 2 hg/md Si
b
Assume F'l = Fii Emission Compasition is Unchangad
- —
m =y Fii m, Substitute F, m, for m
I=1
.m. r F
i < i n_1| Divida by mass
m (=7 m
C, = . Fifs' Redefine: m, c. ™
s i —tmg; bes
o m (P )
Solve {or S‘ Set of Simulaneous Equalions




, )
Cro= 3 Fre.son| Ssoi |+ Fro.sieot | Ssteet + Fre, Auto S auto
1= .
P
CA‘ = Z FAI. Soil SSdll + FAI. Steel SSleel + FAI. Auto SAU(O
it .
[
Csi = > Fsisoit | Ssoil + Fg steat | Ssteer | T Fa1, auto S auto
It
P .
Cpp = = Fpb, soit] Ssoit + Fpy, steat | Ssteot | T Fro, Auto Sauto
f=1 .
SOLUTIONS TO CMB EQUATIONS
TRACER PROPERTY SO_@.UT!DN
@ SIMPLE
e TRACER REQUIRES
© UNIQU: EMISSION TRACER
© CONSTANT FRACTION OF MASS
© EASILY AND ACCURATELY MEASURED
LINEAR LEAST SQUARES FITTING
© MINIMIZES DIFFERENCE BETWEEN MEASURED
AND PREDICTED SPECIES .
@ SPECIES WEIGHTING (oGy)
EFFECTIVE VARIANCE FITTING
‘@ SPECIES WEIGHTED BY oGy AND oF
“& PROVIDES "GUALITY DF-FTT* INDICATOR
© CALCULATES SOURCE IMPACT UNCERTAINTY
A : ,
Y, =8, + 8 X5 ¥ 50080 Xni PREDICTED Y EQUALS LINEAR COM-
BINATION OF OTHER VARIABLES,
X. FIND THE A's. ‘
No weight : ’
A
2= & (v, MINIMIZE SUM OF SQUARES
gz OF MEASURED MINUS
.. - PREDICTED.
Ordinary Weight
-
n (Y~ YP MINIMIZE SUM OF SQUARES ;
2= = rera OF MEASURED MINUS PREDICTED
It Y DIVIDED BY VARIANCE
OF DEPENDENT VARIABLE Y.
Effective Variance Weight
A
o I (v, Y2 MINIMIZE SUM OF SQUAFF:ESIC .
X2= ¥ mrr e OF MEASURED MINUS PREDICT
o OFF 2 Ofa? DIVIDED BY VARIANCE
=t OF DEPENDENT AND
- : INDEPENDENT VARIABLES,
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SOURCE

MARINE AIR

CHEMICAL MASS BALANCE
REPORT FORMAT

URBAN DUST

AUTO EXHAUST
RESIDUAL OIL COMB.
YEGETATIVE BURNING
FERROMANGANESE FURNACE

MTRATE
SULFATE

TOTAL

ug/m3

41

B9
1.17
1.65
7.54
6.48

85
8.3

26.80 .

18
28

o

-q
NN SR a0
OOy
Om~NO~N SR

CHEMICAL MASS BALANCE

SPECIES

NO
804_
Na
Al
Si
Zn
Br
Ph

REPORT FORMAT

MEASURED CALCULATED RATIO
(ug/md)

(ug/m?3)

1.197
9.806
0.416
0.149
0.277
0.371
0.084
0.247

1.1897
8.806
0.417
0.168
0.281
0.049
0.074
0.243

TRANSPORTATION - MEDFORD, OR. 1880

WEIGHT PEACENT

o

- URBAN DUST COMPOSITION

WEIGHT PERCENT

CHEMICAL SPECIES

(calc/meas)

1.00 -
1.00-
1.002
1.062
©1.014
-0.132
1.168
0.882

ik :
PR t)‘\\ REAURLIR AN 1:‘$V‘v*v>h»°1

«wwwww¢~*+wﬂ*ww‘»wp¢wwws
CHEMICAL SPECIES
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FINE PARTICLE COMPOSITION-1/27/78-PORTLAND
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CMB FITTING PROCESS
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CHEMICAL SPECIES
UDUST, AUTO SOURCES
2
=
2
&
u)
H
[
2
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o
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CHEMITAL SPECIES,

PLRCENT UNEXPLAINED
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CHEMICAL SPELICS
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UDUST, AUTO, FERRO SOURCES

0o J
[-]
w
z
3 50
pat
&
5
g
2 4
=3
-
F4
“ 0 .
S
w
4
20 ]
oc J - - nE -

RC U PSSR S I R O e Ak S A =1 w0
X

CHEMICAL SPECIES
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“gec. 307, 0° CHEMICAL SPECIES

CMB MODEL INPUT
REGUIREMENTS

SOURCE COMPOSITION DATA

@ PREFER SIZE—RESOLVED

@ LOCAL SOURCE TESTS PREFERRED
@ DATA FROM LITERATURE

©® UNCERTAINTIES

ANALYTICAL METHCODS

® XRF

@ INAA

6 AAG

8 IC

® CARBON
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CMB MODEL INPUT
REQUIREMENTS
AMBIENT AEROSOL COMPOSITION
" ® SIZE-RESOLVED
® MASS BALANCE
& ANALYSIS REQUIREMENTS (AMBIENT AND SOURCE)

Masa cl Fe 80 !z1

Na K 43 NO 3

Mg Ca Cu CRGANC CARBON
Al v Se ELEMENTAL CARBON
Si Cr Br

8 Mn Ba

Aa Sr Cd

Sn Sb Po

@ UNCERTAINTIES

VALIDATION OF CMB RESULTS

INTERNAL VALIDATION

© CALCULATED/MEASURED SPECIES

~ AND MASS RATIOS

© REPRODUCIBILITY

e PREDICTED/MEASURED SIZE DISTRIBUTORS

EXTERNAL VALIDATION
@ SOURCE ACTIVITY

® SPATIAL & TEMPORAL PATTERNS
© RECEPTOR & SOURCE MODELS

COMPLEMENTARY TECHNIQUES
EMISSION INVENTORY SCALING

TRACER SOURCE -

% ‘ T6 dpy) TS (CMB), pg/md
3‘5 1 2 apy) | % Hg/m3
REQUIRES SIMILAR: :

8 DISPERSION

® SOURCE A

& PARTICLE DEPO!)ITION
6 SPATIAL/TEMPORAL

ACCURATE El DATA
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COMPLEMENTARY METHODS
EMISSION INVENTORY SCALING

TRAGER GCURCE

APPLICATIONS:

URCNOWN BOURCE *TRACER® SOURCE

BEEADED AUTD BXHAUST LEACED AUTO EXHAUST
DIECEL ExHAUST : ‘
DISTILLATE OIL~RRED GOILERS RESIDUAL OIL~FIRED ROILERG™

COMPLEMENTARY TECHNIGUES

SOURCE MODELS

8 NOHDISTINGT SOURCED

& APPORTICH CHEMICALLY
SIMILAR SCURCES

@ PROGRAM DESIGN

RECEPTOR MODELS
12¢/14C

XRD )

BOURCE ACTIMITY-TRANSPORT
MICROINVENTCRY

FACTOR AMALYSIS
MICROSCOPRY

EMISSION INVENTORY

© MCROINVENTCRY

scenee

CHEMICAL MASS BALANCE ADVANTAGES
' AND DISADVANTAGES

ADVANTAGES
@ QUANTITATIVE METHOD

® CAN BE APPLIED TO DATA FROM A SINGLE
SAMPLE.  RECQUIRES SMALL DATA SET8

® CAN BE APPLIED TO DATA COLLECTED
FROM SHORT TERM SAMPLE (<24 HOUR®)

® PROVIDES AN EGTIMATE OF SOURCE
{MPACT UNCERTAINTY

6 INTERNAL CONSISTENCY CHECKS OF
ANALYSEIS QUALITY CAN BE MADE

@ \DENTIFIES SOURCES/SOURCE CLAGBES
BY COMMON NAME
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CHEMICAL MASS BALANCE ADVANTAGES
AND DISADVANTAGES

DISADVANTAGES
© REQUIRES SOURCE COMPOSITION DATA

© CANNOT RESCLVE SOURCES OF SECONDARY
AERQBOLS

‘e TYHOALY UNABLE TO ACCOUNT FOR
ALL MEASURED Ca, Cu, Zn, and carbon

B ASBUMES THAT ALL SPECIES EMITTED BY
‘A SOURCE, WITHIN A GIVEN SIZE RANGE,
HAVE THE SAME RESIDENCE TIME

@ CANNOT DIGTINGUISH SOURCES OF
EIMILAR CHEMICAL COMPOSITION

MODEL VALIDATION

CONGIGTENCY
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IMPRECGISE BUT ACCURATE PRECISE BUT INACCURATE

INTERNAL CONSISTENCY

QUALITY ASSURANCE (FIELD & LAB)

SPIKED SAMPLES—ACCURACY
REPLICATE ANALYSIS—-PRECISION

FLOW AUDITS—ACCURACY

COLLOCATED SAMPLERS—-PRECISION
CONTAMINATION/HANDLING PROCEDURES

G080 029

STATISTICAL MEASURES (DATA)

MASS BALANCE (PREDICTED VS OBSERVED)
SYNTHETIC DATA SETS

SENSITIVITY ANALYSIS

CONFIDENCE INTERVALS

VARIANCE EXPLAINED

OO0

CMB MODEL REPRODUCIBILITY: " - .
(20% UNCERTAINTIES) -~

"TRUE SOURCE AVERAGE RESULTS

SOURCE CONTRIBUTION pg/m@ N =8 . ‘N = 23

MARINE AIR 20 . 16.613.6 15.0+2.2

URBAN DUST a5 | 20.216.1.. 32.0t4.9

AUTO EXHAUST 30 | 09.618.0 . 27.043.8

RESIDUAL OIL - 35 - 93912.07  14.6118
) Co }

TOTAL 100 ‘ 89t11 . 907 T
. o & .o '

n,‘.
o

N = NUMBER OF SPECIES INCLUDED IN THE AIT -
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EXTERNAL COMSISTENCY

e ACTIVITY OF SOURCES

® GSPATIAL PATTERNS / TRANSPORT
e DISPERSION MODELS '

o - EMISSION INVENTORIES

® OTHER RECEPTOR MODELS

e COMMON SENSE

COMPARISON OF CMB RESULT
TEMPORAL CHANGES V5. SOURCE ACTIVITY
CMB—-SQURCE :
CLASS SOURCE ACTIVITY INDICATOR

MOTOR VE%I(':)LE DIURNAL, WEEKDAY—WEEKEND TRAFFIC
. VOLUME CHANGES :

MARINE AIR MARINE AIR FROMTAL PASSAGES .
VEGETATIVE SMOKE INTRUSION REPORTS BY FOREETRY
BURNING R AGENCIES, HEATING DEGREE DAYS

INCUSTRIAL LABOR STRIKES, MAINTENANCE SHUTDOWHNS
PFROCEGSING CHANGES IN CONTROL BYSTEM EFFICIENCY

FREQUENCY ROSE

K
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PORTLAND, OR DISPER

S1OM MODEL—

PREDICTED ROAD DUST IMPACT

INITIAL PREDICTION (&3

CORRECTED INVENTORY ®)

30 A Pat 30 1
v C 4 e v C

CLB IMPACT | LA ' 7 CMB IMPACT Ay
ESTIMATE, 20}~ e ESTIMATE, 20 PR
pglm8 ’ e pglm3 e

D

10
° 10 20 80 © 0 20 30

DISPERSION MODEL PREDICTED

(pa/ n‘? )

MICROINVENTORY

POINT SOURCES WITHIN 5 MILES

DISTANCE

DIRECTION

EMISSIONS :

SOURCE CHARACTERISTICS

- AREA SOURCES WITHIN 1 MILE

o EMISSIONS
& DIRECTION
o SOURCE CHARACTERISTICS

e9208@

COMPARISON OF TTEA AND CMB ANALY SIS
On 5T LOUIS RAPS DATA

SOURCE CLASS TTFA cMB
. FINE
SULPATE B4% 60%
COTOR VEHIOLES 0% ‘5
boRes Ve 3% 22%
COARSE
SULFATE 1% 7%
CRUSTAL 70% 77%
SOIL/FLYASH 0% ~
OTHER 9% 0%

WMOTOR VEHICLES
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CHENICAL MASS BALANCE PROGRAM
" 7 Block Flow Diagram

/ urce Name File Pollutant Mame File Seurce Composition ource Compasition
(SONK) - (PONM) } Caarse File Fine File
(Sﬁm‘n (SORF) v

Ambient }%@msm ,
Data Set Imput of
(DATA) Initial Species
and Elements
"/ FETCH SUBROUTINE |
f (calls ‘DATA’ FILE) .
< Viorking .So.urca e F"t’cmg Ma‘mx
/ : Matrix
AN
{ ~
~

( BN
( SO A
( Sa CEBZ . \
z Start of erforms the CHiB
( Display Interactive ——— — effective variance
i( fitting Matrix ﬁetwwk and ordinary ‘weighted

on Screen least squares

( // \\ calculations

{ M tic St IMPACT SUMKARY
agne g:ia orage Summary File C#8 Output File PRINT FILE
(% AGSTO) (suwmv) (C%%BOUT) (IMPSUM)

” ‘ate: The dash lines (----- ) represents the constant interaction between' the two hlocks.

;ﬂm solid lines | _) represents the flow of one hlock to arother.
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DE-DELETE AN ELEMENT FROM THE FIT

HEZ-{DD

IE-DELETE R
CME-PERFORM A CME

IPECIE

FINFO-FEINTZ
POATA-PREINTE
POOMC-FRIMNTZ

MR ITE-R]TES

H

TFECIFIED

CLRRENT

AL CMEOUT CIHE:~
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MEATURELD

TOURCE TO THE FIT
ROURCE FROM THE FIT
CRLCULATION WEING

CUERENT STRTUE
ERM=LE
FIre

IaTH
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CHME CALCOLARTION OUT TO
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CRITERIR FOR CME FITTING

FEDUCED CHI LESS THRM 2.0
RRATIO BETWEEN .S AND 2.0
MFA T - EHOULD BE WITHIM 20% OF MERTURED

FITTIMS ELEMENTE INCLUDE IF:
MERZURED WHLUE IZ 67 ITE UMCERTAIMTY
204 N0 MUET BE TRECIFIED IF ZECZO4 O ZECHOS
ARE THCLUDED AT ZOURECES:
DATAR QUARLITY IZ AYIURED

FITTIM: ZOURCESR IMNCLUDE IF:
IMPHCT EZTIMATE IZ 5T ITE UMCERTHRINTY
IMCLUDE 204 AMD HOZ A% LAST REZORT
EXCLUDE 20OURCET OF ZIMILAR COMPOZITION
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¥#s  CHEMICAL MASS BALANCE MODEL(CMB) - WORKSHOP EXAMPLE  #us

TYPE YES OR NO.

~TES

“RKING SOURCE MATRICES HAVE BEEN CODED

SOURCES:
WURCE &

" EMENTS:

SOURCE HNAME

MARINE
CRUST
TRANSP
TRANS
RESOIL
CASORC
VBURN1
VBURNZ
STEEL
FERRO
RSDNVC
SECHO3
SECS04
SECCAR
SECVC
DUMMY ]

LWEMENT # ELEMENT NAME

[

I TASE INPUT INITIAL AUTOFIT INFORMATION

INITIAL SOURCE
INITIAL SOURCE
TNITIAL SOURCE
INITIAL SOURCE
INTTIAL SOURCE

1 .TIAL SOURCE
INTTIAL SOURCE

1:
2:

3:

1:
21
3:

XX
XX
XX

T XX

MARINE
CRUST
TRANSP

P! EASE INPUT SPECIES

1. .TIAL SPECIE
>3
1...TIAL SPECIE
> 1
InA{TIAL SPECIE
> N
L TIAL SPECIE

INTIAL SPECIE
INITIAL SPECIE

INITIAL SPECIE

13

XX

XX

XX

¢ XX
XX

XX
xX

125
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¥¥%  CHEMICAL MASS BALANCE HODEL(CMB) - WQRKSHOP EXAMPLE %3

>13

INITIAL SPECIE 8: XX

~14

(NITIAL SPECIE 9t XX

15

SNITIAL SPECIE 10: XX

16

LNITIAL SPECIE 11: XX
20

INITIAL SPECIE 12: XX
24

INITIAL SPECIE 13: XX
25

INITIAL SPECIE 143 XX
0

INITIAL -SPECIE
JITIAL SPECIE
TNITIAL SPECIE
AITIAL SPECIE
THITIAL SPECIE
ALTIAL SPECIE
TNITIAL SPECIE
~AITIAL SPECIE
“NITIAL SPECIE
-HITIAL SPECIE 10 @ TI
"NITIAL SPECIE 11 : FE
«NITIAL SPECIE 12 : BR
MITIAL SPECIE 13 : PB

. as
x

OO NS M D LN
o
Il

* INITIAL AUTOFIT SOURCES AND SPECIES
ARE CORRECT,» TYPE YES , IF HOT TYPE NO
'ES
ENTER COMMAND
IELP
HELP-LISTS THESE COMMANDS

=== DATA ACCESS AND SEQUENCING ----
JTOFIT-SEQUENCES AUTOMATICALLY TO NEXT DATA SET
RESUM-RESUME AUTOFIT
. <LECT-SELECT DATA SET FOR CMB
FXIT-CLOSE FILES AND LEAVE

- === CHMB OPERATIONS =~==

. -=ADD AH ELEMENT TO THE FIT
"S-DELETE AN ELEMENT FROM THE FIT
».o~ADD A SOURCE TO THE FIT
""-DELETE A SOURCE FROM THE FIT

- {B-PERFORM CNB, EFFECTIVE VARIAMCE
“'BOHL~PERFCRM CHMB, OHLS

~= SCREEN DISPLAY -=~=-
rLHFO-PRINT CURRENT STATUS ON SCREEN
ATA-PRINT CURRENT CMB RESULTS ON SCREEN
PCOHCS-PRINT HMEASURED FINE AND COARSE CONCENTRATIONS TO SCREEN

==== DATA STORAGE =~w--
ITE-HRITE PRESEMT CHMB RESULTS TO FULL PRINTOUT,
SUMMARY, AND MAG TAPE STORAGE FILES

——— BACKGROUND SITE OPERATIONS =mw-w
cKOUT-SELECT AND SUBTRACT A BACKGROUND DATA SET
BACKIN-ELIMINATE CURRENT BACKGROUND SUBTRACT

~=== YVARIOUS AMD SUMDRY =ww==
. IT1-INITIALIZE FITTING ELEMENTS AND SOURCES
CALCON-GET CALCULATED CONCENTRATIONS
. .TER COMMAND
>RELECT
. .PUT DESIRED CHB ID #: XXXXXX
~100001
v..TER TYPE OF DATA SET
"~ FOR FIME-TOTAL OR FC FOR FINE-COARSE
I
" 'PUT DESIRED SIZE FRACTION:(1 OR 2)
24

TA SEARCH FOR 000001 BEGUN

, CAMS 000200

v

DATE 091881




##% CHEMICAL MASS BALANCE MODEL(CMB) - WORKSHOP EXAMPLE

TRIAL 000207
CAHS 000001

R

FINE SITE: CAMS  DATE: 780127 SAMPLE .DURATION: 24 W/ START HOUR:

REDUCED CHI: 41.466 DF: 10
1 MARINE # 1.501+= ,188 UG/M3
2 CRUST * 1.637+~ .139 UG/M3
3 TRAHSP ® 7664~ 114 UG/M3
TOTAL: 3.904
MEASURED MASS FINE/COARSE/TOTAL:
38,100+~ 1,500/ 48.300+- 3.176/ 86.600+~ 2.800
PRESS TRANSHIT TO CONTINUE OR ENTER C FOR NEXT COMHAND
>0
INPUT ERROR.
PRESS TRANSMIT TO COHTINUE OR ENTER C FOR NEXT COMMAND
>

KURHHRHHIINH KRN RS U R UMEASHR KR UK HRUUURCALOHIOOE R U U U HRAT T OHH MMM H U R MR

¥#HCURRENT STATUSHH#
SAMPLE DATE: 780127 SITE CODE: 2614176
DURATION: 24 START HOUR: o
HAS BACKGROUND BEEN SUBTRACTED: NO
FITTING ELEMENTS
HA
K
S04

127

1ve ® M < .00l .5764= ,095  .00+- .00
2 NA % LGl6+=  .058 L6214= 060 1.49+~ .25
3 TC H < .001 L6354~ 122  .00+=- .00
4 K ¥ 1.5204- 120 L0384~ ,003 .03+~ .00
5 16 < .540 L0934« 015 93, I24-wMin
6 S 2,937+- .240 L0594~ .020 .02+~ .01
7 S06 % 9,803+~ 1,037 J67+= 060 . .02+= ,01
8 No3 1.197+-  .166 .007+~ ,003  .0l4= .00
9 Hve n < .00l L0594~ 027  .00+= .00
10 NH& M < .00l .000+=  ,000 .00+~ ,00

11 cL % 1.026+= .103 L6234- 150 L614= .16
12 F * M < .00 L000¢=  .000 .00+~ .00
13 AL % L1694+~ ,020 L1834~ 045 1.034~ .33

14 ST % L2774~ .030 J3714= L018 1.36G4- .16
15 CA % J15L4= 016 L0714~ 008 .47+~ .07
16 TI  # .012+- ,003 L010+= ,002  .87+=- .28
17 v L0633~ .004 L000+= ,000 .0l+- .00
18 CR .054+= .005 L0014+~ .000  .0l+- .01
19 M 1.1014~ .078 .002+~ .000 .00+~ .00
20 FE % G094= 034 J1lG4= 012 .25+4= .03
21 NI ) L0804~ .007 L0004+~ .000  .00+=" .00
22 CcU .028+=  .004 .001ls= .000 .04+~ .01
23 ZN .371+-  ,038 L0044~ .00l  ,0lé= L00
24 BR % .064+= 006 L0624= 013 .65+~ .21
25 PB % L2474~ 022 L1594= 023 L64+= .11
ENTER COMMAND

SDE .

INPUT CODE OF DELETED ELEMENT

> 1

INPUT CODE OF DELETED ELEMENT

>12

INPUT CODE OF DELETED ELEMENT

>0 .

ENTER COMMAND

>AE

INPUT CODE OF ADDED ELEMENT

>19

INPUT CODE OF ADDED ELEMENT

>17

INFUT CODE OF ADDED ELEMENT

>21

INPUT CODE OF ADDED ELEMENT

>0

ENTER COMMAMD

>AS '

INPUT CODE OF ADDED SOURCE

> 5

IHPUT CODE OF AUDED SOURCE

>10

INPUT CODE OF ADDED SOURCE

>0

ENTER COMMAND

>PINFO

ve
NA
TC

K

HG

S
504
NO3 -
NVC
HH

0

DATE 091881




¥tk CHEMICAL MASS BALANCE MODEL(CMB) - HORKSHOP EXAMPLE %% DATE 091881

NI
FITTING SOURCES
MARINE
CRUST
kY TRANSP
4 RESOIL
1 FERRO
5] ENTER COMMAND
T e
FINE ~SITE: CAMS  DATE: 780127 SAMPLE DURATION: 26 s START HOUR: 0
REDUCED CHI: 11.727 DF: 9

1 HARINE * <856+~ (172 UG/M3
2 CRUST # 86%94= 154 UG/M3
3 TRANSP % 1.216+4=  ,196 UG/M3
B RESOIL 1.885+~ ,299 UG/M3

10 FERRO * 6.5344~  .548 UG/M3
- TOTAL: 11.360
» MEASURED MASS FINE/CDARSE/TOTAL:
-38.1004= 1.500/ 48.3004~ 3,176/ 86.4004~ 2,800
PRESS TRANSMIT TO CONTINUE OR ENTER C FOR NEXT COMMAND
>

#H %***%******%**%*%ME‘\S%%* %*%M*****CALC*%*X*%*%*%*RATIO%*%%%%%%%%%**%* .

1 ve il < .00 1.430¢=  .170 .00+~ .00 vC
2 NA % 4L6v~ 058 <622+~ 051 1,49+~ .24 NA
3 TC H < L001 1.0614~ ,220 .00+~ .00 TC
4 K * 1.520+= ,120 «7134= 255 474- ,17 K
. 5 HG . < 540 +0524= 268 52.394-unuin MG
‘ 6 s 2.937+= 260 »3984= 052 ,144- ,02 S
/ 7 506 % 9,805+~ 1,037 1.286¢~ .228 134~ .03 sS04
‘ 8 NO3 1,197+~ ,166 «3964=  ,183  .33+= ,16 MOI
9 NVC H < L0001 <1214~ 060  ,004- ,00 NVC
10 NH4 .M < .001 <0004~ 000 .00+~ .00 NH4
1nc * 1.024¢- ,103 <406+~ 087 .40+~ .09 CL
12 F Moo < L001 +020¢~  ,005 .00+~ .00  F
13 AL % L1694- 020 <142+4= 026  ,954- .22 AL
14 SI % 2774 ,030 <2864~  ,024 1.034- ,14 ST
15 CA  # L1B1+- L0164 <163+~ .017 1.084- .15 CA
16 TI Dl24= 003 «011l+=  ,002 .89+~ .27 TI
17 Vv #* L0634~ 004 <067+~ 014 1.064~ .26 V
18 CR .0544= 005 -0044- 000 .07+~ .01 CR
19 MN % 1.101+~ 078 1.1324~  ,065 1,03+~ .09 MN
20 FE % L469+= 034 <2714~ 093 .60+~ .21 FE
21 NI  * .080+~ ,007 <101+~ ,023% 1,274- ;31 NI
22 cu L028+= 004 <605+~ ,00). .18+~ .03 cCU
© 23 ZN 374,038 -0514~  ,017 .14+~ .05 2N
24 BR % L0644+~ 006 <073+~ 025 1.15+- .41 BR
' 25 p8 % “267+=  ,022 <851+~ ,037 1,02+~ .17 p8
ENTER COMHAND
Y'Y}
, INPUT CODE OF ADDED SOURCE
> 8
INPUT CODE OF ADDED SQURCE
>9
INPUT CODE OF ADDED SOURCE
>0
ENTER COMMAND
>CHB

FINE SITE: CAMS  DATE: 700127 SAMPLE DURATION: 24 W/ START HOUR: o
REDUZED CHI: 4,541 pF: 7

1 MARINE * (2644~ 269 UG/M3
2 CRUST #* +B354= ,275 UG/HS
3 TRANSP % 1,096+~  ,194 UG/M3
5 RESOIL 1,766+~ ,293 ug/M3
8 VBURMN2 # 23,0684+~ 7.629 UG/M3
9 STEEL ® 287+~ 529 UG/M3
10 FERRO ¥ 6,145+~ 644 UG/N3
TOTAL: 33.142
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w¥¥ CHEMICAL MASS BALANCE MODEL(CMB) - WORKSHOP EXAMPLE - w3

\HEASURED HASS FINE/COARSE/TOTAL:

. 38.100+- 1,500/ 48.300+4~ 3,176/ 86.400+- 2.800

"PRESS TRANSMIT TO CONTINUE OR EHTER C FOR NEXT COMMAMD
~, 20

INPUT ERROR.

- PRESS TRANSHIT TO CONTINUE OR ENTER C FOR NEXT COMMAND

> .
**ﬁ****%%%*KN***%*%*HEAS%%**%%**%*%%CALC*%*******%RATIO%**%*%%%*%**%N*

' 513

1 Ve M < .00l 12.121%- 2.195  .00+- .00 VC
L2 NA ¥ .4164+- .058 4244—  .087 1.024- .25 NA
3 7C M < .001 12.780+- 2.888 .00+~ .00 TC
4K * 1.520+= .120 2.023%~ .626 1.334¢= .42 K
5 MG < .540 L0384=  .252 38.26+-%¥%% MG
6 S 2,937+ .240 L7064~ 168  .2G4- .06 S
7 504 # 9.805+~ 1,037 2.3104= 1.01&  .26G+= .11 S04
. 8 NOF 1.197+= .66 (5774= 270  .40+= .23 NO3
9 NVC Mo < ,001 1.1204= .694  .004= .00 NVC
10 HH4 H < .00l L0004= .000 .00+~ .00 NH&
11 cL % 1.0264- ,103 . 88G4~ .G62  .B6%= .46 CL
12 F M < .00l L0194- .005 .00+~ .00 F
13 AL % .1694- .020 ,1884- .071 1.26+- .51 AL
14 ST ¥ L2774~ 030 .2904~ .051 1.05+- .22 SI
15 CA ¥ .1514- ,014 L2684~ 071 1.64+= .49 CA
16 TI % .012+= 003 L0094~ ,002 . 7G4= .22 TI
17 V % L0634- 004 L063+=  ,013  .99¢= .22 V
18 CR 054+~ 005 L0llé= .004  .20+= .08 CR
19 MN  ® 1.1014~ .078 1.0604= L061 .99+~ .09 MH
20 FE ¥ LG494= 034 J3744= 166 .83¢= .37 FE
2L NI % 0804~ .007 .097+= 021 1.21+- .29 NI
22 CU .028%~ .006 L0314~ .092 1.09+-3,30 CU
23 ZN (3714=  .038  .05le= 016 .14+- .04 ZN
24 BR ¥ L0644~ ,006 L08Ge= ,028 1.314- .46 BR
25 PB % 2474~ 022 L2354~  ,034 .95+~ .16 B
ENTER COMMAND
>0S
INMPUT CODE OF DELETED SOURCE
> 9
INPUT CODE OF DELETED SOURCE
>0
ENTER COMHAND
© >AE
~ INPUT CODE OF ADDED ELEMENT
' > 8
INPUT CODE OF ADDED ELEMENT
>0
_ ENTER COMMAND
' 5AS
_ IMPUT CODE OF ADDED SOURCE
b1z
IHPUT CODE OF ADDED SOURCE
THPUT CODE OF ADDED SOURCE
>0

, ENTER COHMAND

>CHMB .
FIHE SITE: CAMS DATE: 780127 SAMPLE DURATION: 24 W/ START HOUR:

REDUCED CHI:
1 MARINE
2 CRUST
3 TRAHNSP
5 RESOIL
8 VBURNZ

10 FERRO

12 SECHO3

13 SECS04

X XK K X X X X X

<361+~
.7004-
1.132+4=
1.642+~
14,056+~
6-301+w
b924=

- 7,996+~

TOTAL:  32.877

MEASURED MASS FINE/COARSE/TOTAL:
38.100¢- 1.500/ 48.300+~- 3,176/ 86.400+- 2.800

PRESS TRANSMIT TO CONTINUE OR ENTER C FOR NEXT COMMAND

ﬁ***********%%*****%MEAS****%M*ﬁ****CALC*%***%%R**RATIO****%%***&*****

>

1 ve

2 NA ¥

3 TC |
4 K *

5 MG

65

<

G164~
<

1.520+~
: <

2,937+~

¢

.887 DF:

7
.215
.204
192
271

5.461
.570
261

1.314

.001
.058
001
.120
.540
240

UG/M3
UG /M3
UG/n3
UG/H3
UG/H3
UG/M3
UG/n3
UG/H3

79374~
G394
8.189+~
1.509+=
L0264~
5554~

1.344
.060
1.768
.429
257
.108

.00+~ .00
1.06+- .21
.00+~ .00
994 .29
26 GO % HH*
194~ .04
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¥%#  CHEMICAL MASS BALANCE MODEL(CHB) - WORKSHOP EXAMPLE ¥

P 7 s0G %

8 NO3 %

9 NVC M
10 HHG M
11 CL 3#

12 F M
13 AL *
1481  #
15 CA #
16 TI  »
17 v ¥*
18 CR

19 MN %
20 FE %
21 NI #
22 cU

23 ZN

2% BR %
25 PB %

IHTER COMHAND
SHRITE

INTER COMMAND
SEXIT

OXQT PAGE

9.805+=~

1.1974~
<
<

1.0264=
<

L1494~

2774~
L1614~
20124~
L0634~
0564~
1,101+~
G494
.080¢-
0284~
3714~
0664~
2474~

1.037
166
.001
.001
.103

.001

.020

.030°

.014
.003
. 004
.005
078
03¢
.007
.004

9.805+~-
1,197+
.7254%=
.000+%=
6406
0194~
A7V 4=
286 +~-
L2004=
L0094+~
0584+~
.006+4=
1.092+~-
275+
.088+=
L0204~
0484
J0794=
2384 =

.751
.220
425
.000
. 284
.005
047
036
. 045
.002
.012
.001
062
.123
.020
056
016
.026
.034

1.00+~ ,13
1.00¢~ .23
004~ ,00
L00+- ,00
b3+- ,28
004~ 00
1,15+~ .35
1.03%~ .17
1.334= .32
W77+~ .23
L9244~ .21
08+~ .02
994~ .09
Hld- 28
1,104~ .27
.71+-2.01
13+= ,05
1.23+- .42
.964= .16

DATE 091881




¥%% CMB HODEL ¢ OQUTPUT FORMAT OF 'CMBOUT' DATA FILE 3 DATE 091881

2ED,R CHBOUT.

‘READ~ONLY MODE

ED 16R1-FRI-09/18/81-14:55:19-(0,)
EDIT

CMBDEQ RESULTS FOR CMB # 000001

FINE PARTICULATE FRACTION .
SAHPLING DATE: 780127 SITE: CAMS SITE CODE: 2614176
SAMPLIHG DURATION: 24 HRS. WITH START HOUR: 0

BACKGROUND SITE SUBTRACTED: NO

EFFECTIVE VARIAMCE FITTING. REDUCED CHI SQUARE: .867 DEGREES OF FREEDOM: 7
CODE SOURCE FLG UG/H3 Z
1 MARIN ¥ 3614~ 215 L9464 565
2 CRUST # 700+~- 204 1.8374- 540
3 TRANS ¥ 1.132+= ,192 2.9704~ 517
5 RESOCI * l.642+- .271 4,310+~ 731
8 VBURH % 14.056+- 5.461 16.892+-14.407
10 FERRO ¥ 6.3014~ .570 16.528+4= 1.631
12 SECNO ¥ 692+=-  .281 1.8164~ .741
13 SECSDO  * 7.994+~ 1.314 20.961+~ 3.545
TOTAL: 32.,877+= 5.670 86.290+~15.265
SPECIE FIT MISS FINE SUSPENDED PARTICULATE .
CODE FLG FLG MEAS. UG/M3 PERCENT CALC. UG/M3 RATIO
1 Ve | < .000 < L003 7.937+~ 1.344 L0004= ,000 VC
2 HA * 4l64- . 058 1.092+- .158 LG439%= 060 1,056+~ .211 NA
3 TC M < .000 < .003 8,189+~ 1.768 L0080+~ .000 TC
4 K # 1.5204- .120 3,990+~ 352 1.509+= .G29 .992+~ .397 K
5 NG < 001 < 1.417 J0264= 287 26.40L4-kER¥x MG
6 S 2.937+~ .240 7.709+~ 699 5554=  ,108 .189+~ .038 §
7 S04 * 9.8054- 1,037 25.735+- 2.904 9.805+~ 751 1.,000+- .108 5S04
8 HNO3 # 1.197+~ .166 3,.162+- 453 1.197+- .220 1.000+~- .260 HNO3
9 NVC M RS 000 < .003 L7254= .428 000+~ 000 HNVC
10 NH4 Iyl < .000 < .003 .000¢-  ,000 L0004 .000 HH4
11 cL # 1.02644~ .103 2.688+= .290 640+- 284 625+~ 327 CL
2 F M < .000 < 003 019+~ ,005 .000+= .000 F
13 AL ¥ . 149+~ ,020 .391+- .055 1714 047 1,168+4- 485 AL
14 SI % JR277+= 030 JT274= . 084 ©,286+- 036 1.031+- .186 SI
15 CA - 3* 1B5l+=- (014 J396¢=  L040 L2004-  L045  1.327+- .493 CA
16 TI # L012+- ,003 .031+- .008 L009¢=  .002 L7704=- L169 T
17 v ¥ L0634- 004 L 165+= 012 L0684+~ .012 .9244~ ,268 V
18 CR . .0B4+= .005 W142+4- L0164 004+~ ,001 L0824+~ ,019 CR
19 MN * 1.101+- .078 2.890+~- .234% 1.092+~ .062 .992+~ .080 MN
20 FE * L449%-  ,034 1.178+~ .10l W275%-  .123 612+4- ,321 FE
21 NI ¥ .080+~ .007 L210¢-  .020 .0864= .020 1.105+= .370 NI
22 CuU L028+-  .004 L0734= (0Ll .020+- .0Bé .7144=-2,468 CU
23 2N L3714~ L038 L9744= 107 068+~ .016 L1304- .066 2N
24 BR ¥ L0644+~ ,006 .168+~ 017 079+~ ,026 1.234+- .637 BR
25 PB * L267v- 022 .648+4- -,063 L2384~ 034 L963+= 194 PB

MEASURED AMBYENT MASS (UG/M3): FINE: 38,1+- 1.5  COARSE: 48.3+~ 3.2 TOTAL:  86.644=- 2.8

EOF:56
NO CORRECTIONS AFPPLIED.

dXQT PAGE
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¥%% CHB MODEL : OUTPUT FORMAT OF °CMBOUY® DATA FILE ¥ DATE 0%

2ED,R CHBOUT. "
READ~ONLY HODE

ED 16R1~THU-09/Q3/81~C8:51:29~(0,)

EDIT

CHBDEQ RESULTS FCOR CHB & 000001
FINE PARTICULATE FRACTION
SAMFLING DATE: 780127 SITE: CANMS SITE CODE: 2614176
SAMPLING DURATION: 26 HRS. WITH START HCUR: 0
BACKGROUND SITE SUBTRACTED: HO
EFFECTIVE VARIAHCE FITTING. REDUCED CH1 SQUARE: .087 DEGREES OF FREEDOHM: 7
CODE SOURCE FLG UG/H3 4
1 HARIH ¥*
e CRUSY K
3 TRANS ¥ . .

5 RESOL # 1.642+- 271 L3104 731
8 VBURHN % 14.056+- 5.461 16.8924-14.407
10 FERRO # 6.301+~ .3570 16.5384~ 1.631-
1z SECHO . ,692+4= 181 1.8164- .7461
13 SECSO » 7.996+~ 1.314 29.9814~ 3.545

TOTAL: T2.877+~ 5.A70 £4.2904=15.265

SPECIE FIT HISS | FINE SUSFEHDED PARTICULATE

CODE FLG FLG MEAS., UG/M3 PERCENT CALC. UG/HM3 RATIO
1 Ve M < .000 < .003 7.9374= 1,344 L000+- L0000 VC
2 NA 3# L4l60- 058 1.692+- ,158 L4394= L0600 1,056+~ ,211 NA
3 TC Nyl < .000 < .003 8.18%+~ 1.768 L.600+= .000 TC
4 K * Y.52us~  L,120 3.990¢- 352 1.509+« .49 .992+- 397 K
5 MG < .001 < 1.617 L0264+« ,2B7 26.G0Ll+-wux¥x NG
6 S 2,937+~  ,260 7.7094-  .699 5554+~ ,108 .189¢= ,038 S
7 S04 ¥ Q.6054~ 1,337 25,735+~ 2.904% 9.8054- ,751 1.000+- .208 S04
8 HO3 ¥ - 1.197+=  ,166 3,142+~ 453 1.197¢~ ,220 1.000¢- .260 HO3
9 MVC 4] < .000 < ,003 L7285~ (425 L0000+~ ,000 HNVC
10 MNHé M < .000 < .003 L0004+~ .000 L0004+~ .000 HHG
11 CL % 1.9244- L,103 2.6884=- .290 L6G0= . 284 L625¢- ,327 CL
12 F M < 000 < .003 L0194=-  .005 L0004+~ ,000 F
13 AL # 109¢- ,020 391+~ ,055 LJ1714= 047 1.1483+- ,485 AL
14 SI # L2774= 030 L7274~ 084 .286+~ .036 1.03l+- ,186 SI
15 CA # 151+~ 014 396+~ ,040 L200+= .045 1.327+- .493 CA
16 TI # Al2e~  ,003 L,031¢- ,008 L,009+=  ,002 L7714 169 TI
17 Vv #* L063r= L 004 L1654« ,012 L0658+~ ,012 .924+4= ,268 V
18 CR L0564+~ ,005 L4228  L016 .004¢= ,00L 082+~ .019 CR
19 MN % 1.101+- ,078 2,890+~ .234 1.092+~ ,062 .992+= .080 HMN
20 FE # LA449k= 034 1,178+~ .10l L2754+=  ,123 612+~ .321 FE
21 NI ¥ ,08C¢- 007 2104~ ,020 .088+¢~ .02 1 1054~ ,370 NI
22 CU - L0284+~ .004 L073+= .01} L0204+~ .056 L714+4-2.468 CU
23 ZIN . 371¢- ,038 L9744+~ 107 L0648+~ 016 L1304~ ,064 ZN
24 BR *® L0644+~ ,006 .168+~  .017 0794~ .026 1.236+- ,637 BR
25 PB * 247+~ .022 L6484-  ,063 L2384~ 034 L963+- ,19¢ PB

MEASURED AHBIEHT HMASS (UG/M3):  FINE: 38,L+- 1.5 COARSE: 48.3+- 3.2 TOTAL: 86.4¢=- 2.8

CHRDEQ RESULTS FOR CMB # 000001 .
COARSE PARTICULATE FRACTIOM

SAMPLING DATE: 780127 SITE: CAMS SITE CODE: 2614176

SAMPLING DURATIOM: 24 HRS, WITH START HOUR: O

BACKGROUND SITE SUBTRACTED: NO

EFFECTIVE 'VARIANCE FITTING. REDUCED CHI SQUARE: 4,460 DEGREES OF FREEDOM: 7

CODE SQURCE FLG UG/H3 %
1 MARIN %  =,107+~ .478 L495+= .990
2 CRUST % 19.501+- 1.369 40.374+- 3.884
3 TRAUS *® 407+ 257 .843¢~ B35
5 RESOI # 1.1304-  .262 2.340+- .563
8  VBURH % 31.345+4-12.355 64.8974-25.935
10 FERRO % 10.451+~ 1.371 21.638+= 3,176
12 SECNO  # L3504~ 539 J5594= 1,117
13 SECSO % 11,146+- 3.117 23,077+~ 6.629
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®¥¥% CHB MODEL : QUTPUT FORMAT OF 'CMBOUT' DATA FILE it
TOTAL 74.2234~12,915 153.671+-28,584
SPECIE FIT MISS COARSE SUSPEHDED PARTICULATE
CODE FLG FLG  MEAS. UG/M3’ PERCENT CALC. UG/M3 RATIO
1 vC k| < 000 < .002 16.607+- 2.986 000+~ ,000 VC
2 HNA # 7184~ 147 1,687+~ 320 2737¢= 114 1,027+~ .228 HNA
3 TC ly| . < .000 < 002 18.495+~ 3,933 .000+- ,000 T7C
4 K ® 2.124¢- .311 G.5984=~ 706 3.150+~ .883  1.483+~ 744 K
5 MG < 647 < 2.683 295¢- 420 456+~ (713 MG
6 S 3,386+~ 564 7.C10+- 1,258 7964= 224 235+~ ,068 S
7 S04 * 13.705+- 2.682 28.475¢~ 5,857 13,705+~ 1,465 1.000+= ,151 S04
8 No3 ¥* 1.240+=-  ,33] 2.567+= 705 1.240+- .407 1.000¢~ ,46G }NO3
9 HNVC M < .000 < .002 1.889+- .950 000+~ 000 NVC
10 HH4 i < .00C < .002 .000+-  ,000 .000+~ 000 HH4
11 cL # 1.103+- .239 2.28%+~ ,518 . 985+~ 627 893+ 762 CL
12 F M . < 000 < .002 032%-  .008 000+~ ,000 F
13 AL % 1.728¢~ .140 3,878+~ .374 1.471+=  .166 .8bl+= 126 AL
14 sI # 4.62T+=  ,378 9.580¢+~ 1,005 5,672+~  .301 1.226+- .103 SI
15 CaA * 1.107+~  ,094% 2.2924= .246 868+~ 105 .786+4- 120 CA
16 TX ¥ 178+~ 017 J2694+- L0G3 <203+~ 035 1.141%~ .299 TI
17 v # L0374 ,009 G774 L0119 0474~ 009 1.265+~ ,382 V
18 CR .082+=- ,012 1704=- . 029 015+~ 004 .186+= 050 CR
19 HH # 1.757+- .217 3,638+~  ,508 1.829+- ,104 1.064l+- .085 HH
20 FE ¥ 2.979%- ,253 6.1684+~ 663 l.442+= 245 <484+- 091 FE
21 NI ¥ 0744 015 153+~ ,032 L062+=  ,014 .632¢- ,261 NI
22 Cu L166+= L 01C L34 041 L045¥= (125 W2734=- 783 CU
23 N 481+=-  ,07¢ W8964= 176 089+= 027 <186+~ ,058 ZN
24 BR * .060%=-  .012 083+~ 025 <064¢~-  ,033 1.591+-1.530 ER
25 FB ® 77+~ L0642 Ji66+=  ,091 .169¢=- 034 .954+¢=- ,267 FDB-
HMEASURED AMBILNT MASS (UG/M3): FINE: 8.1l+- 1.5 COARSE: 48.3+~ 3.2 TOTAL 86.4+= 2.8
CHBDEQ RESULTS FOR CM. # 002001
TOTAL PARTICULATE FRACTICH : .
- SAMPLING DATE: 780127 SITE: CAMS SITE CODE: 2614176
SAMPLING DURATION: 24 HRS. WITH START KOUR: 0
' BACKGROUHD SITE SUBTRACTED: NO
RESULTS DERIVED FROM FIML AND COARSE FITTINGS
CODE SOURCE FLG UG/113 ' 4
1 MARIN # 253 - ,574 L303+- L5607
2 CRUST # 20,299+~ 1.784 23,380+~ 1,772
3 TRANS # 1.54%+~ .21 1.781+~ .376
5 RESOI 3 2.772+~ .77 3,209+« ,448
8 VBURN ¥ 45,400+-13,309 52.547+~15.728 :
10 FERRO ¥ 16,75+~ 1,485 19.389+- 1.830
12 SECHO 3* l.062+- .608 1.206+- .705
13 SECSO ¥ 19,140+~ 3,382 22.153+~ 3.980
TOTAL: 107.100+-14.104 123.958+-16,812
SPECIE FIT HISS TOTAL SUSFEMDED PARTICULATE
CODE FLG FLG HEAS. UG/H3 PERCENT CALC. UG/H3 RATIO
1 vC ] < .000 < .001 24.543+¢~ 3,275 .000¢~ ,000 VC
2 HA * 1.136+= ,135 1.312+« ,162 1,177+~ .129 1.038+-~ ,164 HA
3 1C i < .000 < .001 26,685+~ 4,312 .000+= ,000 TC
4 K * 3.644+-  .287 4,218+~ 359 4,658+~ .982 1.278+- .437 K
5 MG . < .001 < 1.362 <3224 LG9 RN -AMRRE G
6 S 6,323+~ ,512 7.318+- ,638 1.352+= .249 L2146+~ L0640 S
7 S04 # 23.510+~ 2.6473 27.211+- 2.995 23,510+~ 1.647 1.000+- .09 504
8 HO3 * 2,437+~ ,286 2.821+- .343 2.437+~  .463 1.000+- ,268 NO3
9 HNvVC M < .000 < 001 2.61G+~ 1.041 0004+~ 000 HVC
10 HH4 M < 000 < .001 000+~ ,000 000+~ ,000 HHG
11 cL # 2.127+- 216 2,462+~ 262 1.628+= ,688 76G4= 4067 CL
12 F M < .000 < .001 052+~ ,010 000+=- ,000 F
13 AL * 1.877¢- ,139 2.172+- 176 l.662+= ,173 8754- ,122 AL
14 s§I * 4.9044= (377  5,676¢~ ,474 5,957+~ .303 1.215+- ,097 SI
15 CA ¥ 1.258+4~ ,093 1.456+- ,118 1.068+~ 114 .849+- 119
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T CHMB HIODEL : OQUTPUT FORMAT OF 'CHBOUT' DATA FILE ¥k DATE 090381

16 7I * 190+~ ,017 L220¢~  L02) L2124~ ,035 1.,118+-.277 TI
17 v # 100+~ .008 116+~ L0100 L1054+~ 015 1.050+- .220 V
18 CR 136+~ 012 157+-  .015 L0204+~  .004% .145+~ -,031 CR
19 EH . # 2.858+~ ,202 3.308¢~ .257 2.922+- .121 1.022+- .060 HMN
20 FE * 3.428+~ 251 3,963+~ 318 1.717+- . 274 ,501+~ ,089 FE
21 NI # J184+- 013 .178+- 016 1504=  ,024 L9764+~ ,219 NI
2z CU 219G+ 016 225+-  .020 .065+~" (137 .336+= 767 CU
23 ZN L8524~ (069 986+~ 085 .1384+-  ,032 162+~ .038 2ZN
26 BR ¥* 104+-  .010 L1204+~ L0122 «143+= 041 1.371+- 677 BR
25 PB # 4244=- L036 491+~ L0645 G074~ L 049 .959+- ,159 PB

- Ao R > U 2 D A B 8 Bt N D W e Yt e Gt A e R L 3 Y 3 N e S 7 DL O W WD e e O 2 e Y A e o e R 3 o e o o 0 e 7 e R e O 7 Tt 0t

MEASURED AMBIENT HASS (UG/M3): FINL: 38,1+~ 1.5 COARSE: 48,3+~ 3.2 TOTAL: 6.4+~ 2.8

EOF:168
HO CORRECTIONS APPLIED.

IXQT PAGE
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. rpB MODEL ¢ OUTPUT FORMAT OF 'SUMNRY' DATA FILE DATE 0906381 PAGE
), P SUMHRY .
t0 LY HODE
1/11-THU=09/03/81-06:51:43-(0, )
Iy
¥¥¥ CMBDEQ SOURCE CONTRIBUTION SUMMARY
CHBDEQ RESULTS FOR CHB # 000001
SAMPLING DATE: 780127  SITE: CAHS SITE CODE: 2616176
SAMPLING DURATION: 2¢ HRS. WITH START HOUR: 0
BACKGROUND SITE SUBTRACTED: NO
SC CE - FINE COARSE TOTAL
uG/13 % ' Us/H3 % UG/H3 Pa
HARIN 361 +-  .21B 946 4= 565  =.107 =  .478 L6495 4= 990 253 4~  .526G L2303 4= .607
WET 200 s- L2064 1.837 4= 560 19.50L - 1.369 40.374 - 1,884 20.200 +- 1.384 23.380 &= 1.772
TRANS  1.132 ¢~  .192 2,970 +- 517 L407 4= 257 ‘363 +-  .535  1.539 ¢= 321 1.78L &= .376
601 1.642 4~ .271  G.300 += 731 1.130 4- 262 2.340 4= 563  2.772 = 377 3.209 +- .44

VBURN 14.056 +- 5.46l 36.892 +- 16,907 31.365 +- 12.356 64.897 +- 25.935
(RROT 6,301 4~ 570 16.538 +~ 1.631 10.451 +- 1.371 21.638 +- 3.176
SECNO 692 - 281 1.816 ¢~ . 741 350 t- .539 559 ¢~ 1.117
LECS0 7.994 +- 1.314 20.98L +- 3.545 11.166 += 3,117 23.077 ¢~ 6.629

AL .MASS 32.877 +- 5.670 86.290 $- 15.565 76.223 += 12.915 153.671 +- 28.584
B2 HASS 36,100 - 1.500 ) 48,300 ¢~ 3,176

oF 7
) CORRECTIONS APPLIED.

XQ  PAGE

PN R T Y IRTITE S I e . -
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1.062 %= .608

107.100 += 164.104
86.400 +- 2.800




. ¥¥¥ CHMB MCDEL : OUTPUT FORMAT OF ‘MAGSTO' DATA FILE xx%

2ED,R HMAGSTO.
READ-QONLY MODE
ED 16R1L-THU-09/03/81-08:51:27~-(0,)

EDIT

03 2514176 CAMS 000001 PACS

30 8619176 780127 24 0O 1 38.1000 1.5000 86.4000 2.8000

30 2614176 760127 2% 00. 3 0.4160 0.0580 1.1340 0.1350

30 2614176 780127 24 00 5 1.5200 0.1200 3.6440 0.287

30 2614176 780127 24 00 7 0.0010 0.5400 0.0010 1.1770

30 2614176 760127 24 00 9 2.9370 0.2400 6.3230 0.5120

30 2614176 780127 24 00 10 9.8050 1.0370 z23.5100 2.4730

30 2614176 780127 24 00 11 1.1970 0.1660 2.437 0.2260

30 2614176 780127 24 GO 14 1.0240 0.103290 2.1270 0.2160

30 2614176 780127 24 09 16 0.1460 0.0200 1.8770 0.1390

30 2614176 780127 24 00 17 0.2770 0.0300 4.9040 0.3770

30 2414176 730127 24 00 18 0.1510 0.0140 1.2580 0.0930

30 2614176 780127 24 00 13 0.0120 0.0030 6.1900 0.0170

30 2614176 780127 24 00 20 0.0630 0.0040 0.1000 0.00&0

30 2614176 780127 24 00 2l 06.0540 0.09050 0.1360 0.0120

30 2614176 780127 24 GO c2 1.1010 0.0720 2.8580 0.2020

30 2414176 780127 24 00 23 0.4490 0.0340 3.4289 0.2510

30 2614176 780127 24 00 4 0.0£90 0.0070 0.1540 0.0130

30 2614176 780127 24 00 25 0.0280 0.0060 0.1%40 0.01¢0

30 2616176 780127 24 00 [ 0.3710 0.03¢8 06.8520 0.06990

30 2614176 780127 24 00 27 0.0640 0.00560 0.1040 0.0100

30 2414176 780127 24 00 c 0.2470 0.0220 0.4240 0.0360

40 2614175 73 127 24 0 1 1 .3605 .2148 -.107¢4 L4779

60 2614176 78 127 24 v 1 3 .l442 .0871 -.0429 -.1912

40 2616176 78 127 2% O 1 5 .0050 .C031 -.0015 -.0067

40 2616176 78 127 24 1 7 .0173 .01c8 ~.0052 ~.0230

40 2614176 78 127 ¢ n 1 9 .0119 .0ces -.0035 -.0158

40 2614176 75 127 24 0 1 10 . L0361 L0259 -.0107 -. 0680

40 2614176 787127 ¢ 0 1 14 L1462 L0932 -.0429 -.1915

40 2614176 73 127 ¢ 0 1 18 0050 L0031 -.0015 ~.0067

40 2616176 78 127 24 0 127 L0007 .0005 -.0002 -.0010

40 2614176 78 127 ¢ ¢ 3 1 .6997 .2040 19.5005 1.3691
© 40 2614176 78 127 24 0 3 2 0826 L0338 L6513 L1965

40 2614176 78 127 24 2 3 3 .0087 L0035 L3413 L0298

40 2614176 78 127 24 ¢© 3 4 .09355 .0453 L G535 L3115

40 2614176 78 127 &4 o 3 5 .0072 .0021 L2009 .0181

40 26161746 78 127 24 O 3 7 L0091 L0023 L3003 L0345

G0 2614176 73 127 24 0 3 9 .Q026 L0012 .0000 .0000
40 2614176 78 127 2 ¢ 310 .8029 .0023 .014% .0088

40 2614176 78 127 24 0 I 1 .0000 L0000 L0033 .0020

40 £614176 78 127 24 1V 3 12 L0129 L007% .3023 © L1343

40 2614176 78 127 24 O 3 15 .0000 .0000 L0016 L0014

40 2614176 78 127 2% O 3 16 L0619 .0c62 1.28790 L1637

40 2614176 78 127 2 0 317 J1ES0 L0461 5,4601 94822

40 2614176 78 127 24 O 3 18 L0171 L0057 L5850 .05%4

40 2614176 78 127 24 0 3 19 .0045 L0016 .1987¢ L0377

40 2614176 78 107 &4 0 3 20 .00¢2 L0001 L0053 L0010

40 2614176 73 127 24 0 3 21 L0003 .0002 L0038 L0034

40 2616176 76 127 24 O 3 ¢ .0009 .6003 L0155 .0025

40 2614176 78 127 24 O 3 23 .0420 L0129 1.117% L0967

40 2614176 78 127 24 O 3 2 .0001 .0000 .0008 L0006
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CMB Laboratory Model Instructions
-Preliminary Inputs-

Initial Sources

Crustal 2
Transp 3

Initial Species

Ve 1 F 12 Fe 20
Na 2 . AL 13 Ni 21
K 4 Si 14 ‘Br 24
SOy 7 Ca 15 Pb 25
Cl 11 Ti 16

Enter Command: ELECT

CMB ID #: 000001
Data Set: FT

Size Fraction: 1

Select Fitting Elements

Add and Deléte'Sources

Commands

AE Add element Mistaken Entry Control X

DE Delete element "EXIT Terminates program

AS Add source CMB Effective variance CMB
DS Delete source :

Pinfo Prints Information -
Pdata Prints last CMB

Sources
No. Name
1 MARINE Marine aerosol
2 CRUST Crustal components (soil dust)
3 TRANSP Transportation sources (Portland, 1978)
4 TRANS Transportation sources (Medford, OR 1980)
5 RESOIL Residual 0il Combustion
6 CASORC Calcium source (cement dust)
7 VBURN, Agricultural grass burning
8 VBURN » Wood burning
9 STEEL Electric arc furnace
10 FERRO Ferromanganese furnace
11 RSDNVC Residual non-volatile carbon
12 SECNO; Secondary nitrate
13 SECSOy Secondary sulfate
14 SECCAR Secondary carbon
15 SECVC Secondary volatile carbon
16 DUMMY Disregard
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